
CHAPTER IX. 

THE GEOLOGY OF 'rHE SOrrTHERN PORTION OF 

ST. LOUIS OOUNTY. 
(PLATE 88.)* 

By N. H. WINCHELL. 

General description. This plate includes an area that is very heavily covered 

with drift, and whieh is very monotonous and nearly flat throughout the western 

and northwestern two-thirds. In the vicinity of lake Superior and the lowerreaches 

of the St. Louis river, however, the country is much more interesting and descends 

ralJidly to the level of the lake over the brow of the gabbro hills. The descent of 

the St. Louis river from the upland to the lake level is over the Thomson slates 

(plate A), and is mostly within the limits of Carlton county (plate 56); and the 

special geology of the region of Duluth, extending eastward to near New London,' 

will be found in the chapter descriptive of plate 88. The same general topographic 

characters extend beyond New London, except that the elevation is less abrupt, 

which is doubtless due to the fact that the trend of the main gabbro mass recedes 

from the lake further toward the east. Between the strike of the gabbro hills, which 

rise 600 to 700 feet above the lake, and the lake shore, the surface is broken, not 

only by reason of the natme of the upper surface of the Cabotian flows, but because 

of the roughness of the drift. This roughness is in part due to the morainic nature 

of the deposit, and in part to the erosion that the streams have effected since the 

drift was deposited. N ear the lake these streams run frequently on the rock. 

Geo1ogical formations. The Thomson slates are scantily exposed in the area 

of this plate. Yet they have their most eastern and n;lOst northern known outcrops 

within this area, viz.: in the vaJley of Mission creek, near the section line between 

secs. 30 and 31, T. 49-15, and nearly on the town line next south. The most north

ern outcrop is N. W. t s. w. i sec. 27, T. 51-19, near the St. Louis river. Whether 

these outcrops are of some portions of the Animikie or of the upper Keewatin is con

sidered in the chapter on the Carlton plate (No. 87), to which the reader is referred. 

J *In the description of this plate, besides the field observations of the writer, are included those of Messrs. A. D. Meeds and 
.. E. Spurr. The contours about Duluth are reproduced from the Duluth sheet of the U. S. Geol. Survey. 

CHAPTER IX. 

THE GEOLOGY OF 'rHE SOrrTHERN PORTION OF 

ST. LOUIS COUNTY. 
(PLATE 00.)* 

By N. H. WINCHELL. 

General description. This plate includes an area that is very heavily covered 

with drift, and whieh is very monotonous and nearly flat throughout the western 

and northwestern two-thirds. In the vicinity of lake Superior and the lowerreaches 

of the St. Louis river, however, the country is much more interesting and descends 

ralJidly to the level of the lake over the brow of the gabbro hills. The descent of 

the St. Louis river from the upland to the lake level is over the Thomson slates 

(plate A), and is mostly within the limits of Carlton county (plate 56); and the 
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only by reason of the natme of the upper surface of the Cabotian flows, but because 

of the roughness of the drift. This roughness is in part due to the morainic nature 

of the deposit, and in part to the erosion that the streams have effected since the 
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of this plate. Yet they have their most eastern and most northern known outcrops 

within this area, viz.: in the vaJley of Mission creek, near the section line between 

sees. 30 and 31, T. 49-15, and nearly on the town line next south. The most north

ern outcrop is N. W. t s. w. i sec. 27, T. 51-19, near the St. Louis river. Whether 

these outcrops are of some portions of the Animikie or of the upper Keewatin is con

sidered in the chapter on the Carlton plate (No. 87), to which the reader is referred. 

J * In the description of this plate, besides the field observations of the writer, are included those of Messrs. A. D. Meeds and 
.. E. Spurr. The contours about Duluth are reproduced from the Duluth sheet of the U. S. Geo1. Survey. 
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Th~ samples collected at these places are numbered 446,447, and 200S, 201S, and 

202S, the last three having been collected by Mr. Spurr. Similar slates are exposed 

near the mouth of Stony brook, and at points near the railroad further southeast, 

and particularly opposite the mouth of Pine creek, where some vertical slates are 

slightly cut by the grade, but are also overlain by some fine clay of various colors

red, light-green, and yellow. Near the mouth of Stony brook, and especially at an 

island about a mile above its mouth (sec. 18, T. 51-18) these slates are visible. 

Probably they will be discovered at other places in the same region as the country 

becomes occupied by settlers. There are no features connected with the exposures 

mentioned, which need special description. As a whole these slates at this point 

present the facies of the upper Keewati:n more evidently than of the Animikie. 

The gabbro and the Beave'i' Bay diabase. This rock, its origin and age are 

discussed briefly in connection with the Duluth plate (No. 88), and more fully in the 

chapter devoted to the structural geology. The width of the gabbro belt transverse 

to its elongation is not over seven miles, at the southern termination, but 

where it leaves the area of this plate, north-northeastwardly, its width is about 

sixteen miles, and it widens still further in its course through the northern 

part of St. Louis county. It is mostly hid by drift, but its limits are approxi

mately determinable by the distribution of its boulders, or by the appearance of 

. boulders that pertain to the adjacent formations. For instance, having ascertained 

the general structure of the region, and knowing the direction of movement of the 

glacial abrasion, it is plain that gabbro boulders would not be distributed to the 

north and west of its line of northern and westward limits. To this statement an 

exception should be made for the southern portion of this area, since a westward 

movement of the later glaciers carried gabbro boulders as far west as the western 

side of this area, at least as far as Catlin, on the Duluth and Winnipeg railroad. 

For the same reason, although gabbro boulders may be found to the south of the 

commencement of the Cabotian flows, the debris of the Cabotian flows will not be 

found in abundance to the north of their most northern extension. This is of 

course subject to the same exception as mentioned for the gabbro boulders. 

As to the nature of the gabbro, it will be found described in more detail in that 

part of vol. v devoted to the" Petrographic Geology" of the crystaHine rocks, under 

the rock numbers collected in the area represented by this plate, mentioned at the 

end of this chapter. There is one feature, however, to which special attention may 

be called at this place. In Herman, which is northwestward from Duluth, in sec

tions 22, 2,5, and 27, this rock consists, in some places, essentially of labradorite and 

olivine, and varies also to a strongly magnetited rock, disturbing the magnetic 

needle. In the first instance it may have the name of forellensf,ein (Nos. 513, 514), 
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and in the latter it is aJmost an iron ore (512). These variations are characteriE)tic, 

according to professor Bayley, of the borders of the gabbro mass, whether on the north

ern or on the southern boundary.* It also presents here the microscopic peculiarity 

that the olivine, when present, is sometimes of later date than the plagioclase. A 

rare manner of disintegration of the gabbro is shown by figure 1, plate P. 

-Within the limits of Duluth city the gabbro is intimately associated with the 

so-called "red rock," and this can be traced northeastwardly, with more or less 

distinctness, to the northern limit of this plate. It is evinced by fragments in the 

drift, and occasionally by the red rock in situ, but it cannot be mapped independently 

of the gabbro itself. This is the case in Ts. 53-12.and 54-12, where it is, apparently, 

mingled with the basic flows, and is grouped with them. In no place, within the 

area of this plate, outside of the immediate vicinity of Duluth, is this rock found 

as a massive rock cutting the gabbro, and it is here mapped with the gabbro. 

The red rocks seen at the lake shore at New London and eastward are a part 

of the surface flows of the red rock series. The extension of Piedmont avenue, 

known formerly as the "Weller road," passes, at about a mile and a half from lake 

Superior, or two miles from the business part of the city, over some gabbro hills 

in which this rock is seen. It is like a scatte-rec1 blotch, on the side of the gabbro, 

and in thin veins in the gabbro, which is also affected by the contact (Nos. 

1540, 1541, 1542). The gabbro here seen is rather fine-grained, scatteringly 

porphyritic and sometimes marked by coarse irregularities of structure, and con

taining areas and nodules of silica of secondary origin, somewhat in the manner 

of a coarse amygdaloid. These features are also indicative of contacting on the 

clastics, and of nearness to the natural surface.t 

The gabbro outcrops frequently on the Cloquet river. Its most northerly 
exposure, within this area, is in sec. 15, T. 54-13, where a ridge running northeast 
rises on the south side of the river, causing rapids for about half a mile. Its hight 

is forty-two feet above the lower end of the rapids (specimens 19M and 20M). 
This rock is not very coarse-grained, weathering gray, and in some places it is quite 

dark with the prevalence of the pyroxene elements and of biotite. These sometimes 
give a sort of lamination to the rock, and it breaks along these planes. Olivine is 
also common. 

On sec. 31, T. 54-13, and extending in to sec. 5, T. 53-13, is an area of exposed gabbro, 
causing rapids in the river, and rising fifteen or twenty feet above the general sur

face. This is somewhat magnetic, but no large areas of iron ore were seen. It 
varies from fine to coarse-grained. N ear the river is a series of low, narrow ridges 

composed of boulders, principally of gabbro. They extend northeast and southwest, 
rising out of the swamp. 

"BAYLEY, W. S. The peripheral phases of the great gabbro mass of northeastern Minnes~ta. Jour. of Geol., ii, p. 814. 
t Compare the deseription of the gabbro at Short Line Park, plate 88, chapter xxxi. 
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On sec. 18, T. 53-13, gabbro occurs again (No. 43M), causing a waterfall of 

twelve feet, but the actual outcrop is small. A hill on the west side of the river is 
presumably composed of the same rock. 

A large boulder of nearly white feldspar rock, or anorthosyte, occurs at the 

dam S. E. 1, S. E. 1 sec. 19, T. 53-13. This weathers white, but has small areas of 

darker rock resembling dark gabbro (Nos. 44M and 44aM). It has been broken up 

and used for filling the piers at the dam. At the da,m the river descends about 

five feet. This dam is at the outlet of Alden lake. 

Gabbro appears frequently, and sometimes in large amounts, along the river in 

sees. 36; 35 and 34, T. 53-14, causing falls and rapids (Nos. 45 and 46). The petro

graphic characters of this area of gabbro are given in the chapters devoted to that 

subject. It is sometimes very coarse, and contains olivine in conspicuous amounts. 

Between these exposures on the Cloquet and those at Duluth nothing is known of 

this gabbro beyond the mention already made of the outcrops in Herman. 

The Cabotian smjace lavas. The entire lake shore from Duluth to the eastern 

limits of this plate is occupied by a variety of eruptive sheets of lava overlapping 

each other in great irregularity, and va,rying from basic to acid. These extend 

inland as far as to the gabbro range, but they cannot be much seen owing to the drift, 

which is abundant. They are exposed along several of the small streams, and form 

various waterfalls and rapids. They can be seen in Ts. 53 and 54-12 W., and their 

debris constitutes there a noticeable elmnent in the coarser drift, conspicuous along 

the streams. They outcrop S. E. 1 sec. 35, T. 54-12, and extend thence northeastwardly 

underlying the elevated tract in section 25 of the same town, and extending into the 

next range east. There is, however, no favorable opportunity, away from the im

mediate vicinity of the lake, for studying them. 

Along the lake shore they have been noted more carefully, and numerous 

samples have been collected and examined in thin section. These surface flows, 

. when basic, are supposed to have been derived from the gabbro as a primal source, 

and from the fused clastics of the Animikie and earlier rocks when acid (36M and 

37M). They probably lie upon the Animikie, or on the" red rock" which resulted 

from its fusion and normally separates the Animikie from the main gabbro intrusion. 

They issued from volcanic vents and fissures which existed along the strike of the 

gabbro mass, but which have now been lost by abrasion, and can never be located 

with precision. Owing to the prevalence of morainic drift in the area of these flows 

no attempt is made on the plate to separately represent the most of the red rock. 

From Rice's point eastward the line of the lake shore obliquely crosses their 

outcropping edges, and gradually ascends in the series to the eastern limit of the 

plate. There is first a phase of the gabbro, which Irving called" orthoclase gabbro," 
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due to the close intermixture of the basic and acid elements. The gabbro also is 

found to present a curious manner of disintegration. It is changed into a mass of 

more or less globular pieces from one to three inches in diameter, represented by 

the photograph (figure 1, plate P). At points farther west these pieces are much 

coarser (No. 1m. They were noted at a point between the Union depot and the old 

quarry opened by T. M. Newson. Then succeeds toward the east a considerable 

thickness of compact, brownish-red, often porphyritic surface-rocks which are basic, 

01' sub-basic, their upper surfaces becoming amygdaloidal. They are often variegated 

with red, especially by red feldspars disseminated through them. Sudden changes 

and overlapping irregularities characterize the structural succession. At times a 

fluidal surface is exposed; again a clastic stratum is intercalated, resembling a brown 

sandrock. These rocks are all split into numerous thin sheets parallel with their 

general dip (E. SE.), which often gives them the aspect of shales. The fragmental 

portions are tuffaceous, though still containing angular quartz grains.* The red 

rock that occurs in East Duluth and at New London (Nos. 55, 55A, 56, 58, 60, etc.) 

rises, in the form of a perpendicular or sometimes overhanging cliff, to the hight of 

ten to twenty-five feet from the water. It is more easily destroyed by the waves 

and by the ice, owing to its close jointing. This is sometimes porphyritic with 

bipyram.idal quartzes and anorthoclase, and exhibits a fluidal structure. 

Various porous, amygdaloidal and brecciated conditions occur eastward from 

New London. Sometimes the bedding is suddenly flexed and stands for a short 

distance nearly vertical, indicating strong dynamic pressure since the strata were 

formed.t, Still farther east, and reaching to French river, is much brown diabase, 

which is rather finn, but bedded, amygdaloidal and easily disintegrated. At French 

river this holds prehnite and native copper, and once was explored by shafting, with 

hope of discovering copper in paying quantity. East of this the Tock becomes 

heavily bedded and darker, the joints being lined with heulandite. The rock at the 

mouth of Knife river, and forming Knife island, is also a surface diabase, sometimes. 

compact and sometimes vesicular. It rises from the water at the east side of Sucker 

bay, and shows numerous irregular cavities in which are accumulated calcite, quartz 

and thalite, the last (No. 91 B) a peculiar mineral resembling saponite. 

The ,ivIanitou. The only representative of the Manitou igneous rocks that can 

be recognized at Duluth is the dikes that cut these surface flows. Their direction is 

usually about north and south, and there are many of them. They are of diabase, 

clark-green or black, and frequently show a horizontal basaltic structure, indicating 

the loss of heat into the adjoining older rocks. If these diabase dikes originally 

reached the natural surface and there overflowed, they must have formed a series of 

* These alternations are described more in detail in the Ninth Annual Rep01't, pp. 11 to 24. 
;- See illustration of this structure in chapter.=xi. 
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distance nearly vertical, indicating strong dynamic pressure since the strata were 

formed.t Still farther east, and reaching to French river, is much brown diabase, 

·which is rather firm, but bedded, amygdaloidal and easily disintegrated. At French 

river this holds prehnite and native copper, and once was explored by shafting, with 

hope of cliscovering copper in paying quantity. East of this the rock becomes 

heavily bedded and darker, the joints being lined with heulandite. The rock at the 

mouth of Knife river, and forming Knife island, is also a surface diabase, sometimes. 

compact and sometimes vesicular. It rises from the water at the east side of Sucker 

bay, and shows numerous irregular caNities in which are accumulated calcite, quartz 

and thalite, the last (No. 91 B) a peculiar mineral resembling saponite. 

The lVIaJlitoll. The only representative of the Manitou igneous rocks that can 

be recognized at Duluth is the dikes that cut these surface flows. Their direction is 

usually about north and south, and there are many of them. They are of diabase, 

clark-green or black, and frequently show a horizontal basaltic structure, indicating 

the loss of heat into the adjoining older rocks. If these diabase dikes originally 

reached the natural surface and there overflowed, they must have formed a series of 

"These alternations are described more in detail in the Ninth Annual Repo·,·t, pp. 11 to 24. 
t See illnstration of this strncture in chapter_xxxi. 
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basic lavas which would have been very much like those that now form the lake shore. 

Such may still exist farther to the south, buried under the water of the la,ke, and 

perhaps under cotemporary fragmental conglomerates and sandstones. Such frag

mentals are supposed to be those seen in the St. Louis valley above Fond du Lac, 

although at that point no actual Manitou lavas exist-except as debris forming erup
tive conglomerates. 

The drift. In general the area represented by plate 66 is deeply buried under 

glacial drift. The valleys have been occupied formerly by enormously larger streams, 

with the exception of that portion of the St. Louis valley below Carlton and of the 

small streams flowing southeastward into the lake below the level of about 500 feet 

above the lake. These ~ave excavated their channels in the drift since the retire

ment of lake Superior from about that altitude, and there is no known reason to 

suppose that these streams have been very much larger since that event. Above 

that level, however, the valleys are all subject to the expansion which is character

istic of valleys excavated during the prevalence or at the final retirement of the 

ice-sheet, when surface drainage was more copious and more violent. 

There is an extensive flat and often swampy region lying to the northwest 

from the Cloquet river, drained by the White Face, the St. Louis and the Floodwood 

rivers. In general this occupies the area between two morainic belts. 'fhe south

ern morainic belt extends from the gabbro range westward and southwestwardly 

across Carlton county; and the northern belt is about coincident with the Giant's 

range (of granite) which crosses the northern part of St. Louis county. 

While it is probable that during the acme of the Pleistocene glaciation the 

general direction of ice-motion was toward the south, it is also probable that 

after the formation of the Giant's range moraine, and perhaps as late as after the 

formation of the more southerly moraine mentioned, the ice dwindled to the size . . 

of a merely local lobe occupying the basin of lake Superior and moving southwest-

wardly. Inde~d, this latter movement is well established by the direction of glacial 

striffi about Duluth and by the direction of transport of gabbro and Keweenawan 

debris. This is further elucidated in the chapter devoted to Carlton county (plate 

56). It is yet unknown how extensive was this later lobe of the retiring continental 

glacier. . There are some indications that its northwestern border extended so far 

west as to include, at first at least, the whole of this plate south of the St. Louis 
river:* At any rate there came a time, which was probably many eenturies in 
duration, when it turned the St. Louis river from aeeess to the lake Superior basin, 

. as, explained in the report on Carlton county, and caused it to deliver its waters into 
the Kettle river, arid thus into the St. Croix and to the Mississippi valley at Hast-

* There ill reason to believe that the lake Superior basin was occupied by a much great~r lob~ of the retiring ;ice-sheet than is 
here suggested, and that it extended over several counties toward the west. Consult the d,scusslOn of the morames of southern 
Beltrami county by J. E. TODD, chapter vii. 
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ings. It was during this flooded condition of the St. Louis and its upper tributaries 

that took place those events which gave to the northwestern part of this area its 

present topographic and surface characters. There were seasons when a large lake; 

or a series of shallow lakes, covered most of this area, and some of them perhaps 

were permanent; indeed, at the present time these muskegs are half-filled -lake'~ 
basins on whose surfaces floats a peaty, shaking bog. The surfaces are not every:' I 
where level, though flat. Through these bogs is an obstructed, slow drainage>; 

toward the rivers, and thence toward the south. Generally, these bogs are not deep,,); 

The chift surface is close beneath, and consists frequently of very fine sand, rai'el~,t:;;. 
of clay, while in occasional island-like patches, characterized by larger growthot,;'> 

trees or even by different species of trees, the underlying unmodified till protrudes 

above the muskeg surface. The northern and southern borders of this swampy . 

tract are formed by the gradual elevation of the till-covered surface. Throughou~>i 

this flat country the immediately underlying drift consists, for the most part, ·of ., 

washed and perhaps wind-blown sands which are of a light color, varying to fine,. 

sandy clays. This character of the immediate surface also rises, about the borders 

of the swamp, considerably above the surface of the swamp, and is covered with a 

rich forest. It is then a kind of loam or lcess, and possesses the agricultllral qualities 

that mark the lcess of the Mississippi valley. That the surface deposits of this tract 

antedate, in part at least, the ice-lobe that occupied the lake Superior basin is indi

cated by phenomena reported by Mr. Spurr: "Between Grand lake and the Cloquet 

river, in numerous cases cuts show a veneer of till, with many boulders (chiefly 

anorthosyte and other rocks characteristic of the Keweenawan province), which covers 

an apparently deep deposit of fine, perfectly stratified sand." This is on the western 

fringe of the lateral moraine of the lake Superior ice-lobe. At the time this took 

place the appearances all along the ice-border may have been somewhat like those 

described by Mr. H. P. Cushing at the terminal margin of the Muir glacier ~hen 
that glacier is seen to be overriding stratified drift deposits. * 

Pleistocene chan,c;es of the level of lake Superior at Duluth. At a later stage of 

the retreating ice a lake was formed about its border, which had its outlet in Carlton 

county. This outlet changed its place from time to time as lower outlets' were 

uncovered, as mentioned in the description of Carlton county, forming beaches at 

varying altitudes, until the lake was finally drained toward the east. These beaches' 

are still visible, the highest one being at 534 feet above the lake. Subsequently, on' 
the entire withdrawal of the glacier from the continent, there was a return On~~!,~,. 
lake's water toward the west, causing the flooding of some territory that had b~ 

dry land, and the submergence of some of the lowest beaches. The lowest be~ 
* A1neriealL GeologIst, vol. viii, p. 207, plate III. 
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on being traced westwardly, appears, according to Mr. Upham, to run below the lake 
level at Duluth; about twenty-five feet.* The water of this lake (lake N emadji), 
even allowing for subsequent westward tilling, must have covered the region to the 
west from Duluth as far as to Carlton, in Carlton county, and must have received the 
waters of the St. Louis river at that elevation. That place is now 481 feet above 
the lake, but must have stood at 500 or 525 feet above the surface of the lake at the 
date of formation of this beach. 

Dr. A. C. Lawson has givent some details of the phenomena of these changes at Duluth as follows: 
West Dldldh. On the hills of the city of Duluth a very clear and excell~nt registration of some of the 

higher stages of the lake may be observed. The city, as is well known, is being built upon the steep lakeward 
slope of a massive, rounded range of coarsely crystalline gabbro, which within the city limits rises to an eleva
tion of probably 800 feet above the present level of the lake. On the upper portion of this slope the topography 
is such that it has been found a convenient and easy matter to construct, as part of the general embellishment 
of the city, a magnificent carriage drive around the brow of the hill. This carriage drive follows a contour line 
at an average elevation of perhaps 470 feet, and is known as the Lake View terrace, or Terrace boulevard. 

It requires but a cursory inspection to see that the particular phase of the topography, which has sug
gested and made easy the construction of this Lake View terrace, is due to the imposing upon the steep and 
rocky hill-side of a feature which has been developed along a former shore line of the lake. This feature consists of 
a pronounced natural terrace or shelf facing the open lake. It varies considerably in width, being narrow where 
it rounds the shoulders of the hills and widening out very much in the bays and recesses. It has a gentle but 
constant slope lakeward, and ends rather abruptly on its outer edge, dropping away into the general steep slope 
of the hill. The back of the terrace is limited usually by the rounded glaciated forms which characterize the 
upper portion of the gabbro mass. These rounded forms at the back of the terrace are in places replaced, 
however, by vertical cliffs of gabbro, with large blocks which have fallen from its face scattered about the rear 
of the terrace, and partly imbedded in it. This vertical face of rock, with its talus of angular blocks, represents 
undoubtedly a "sea-cliff," and is, like the terrace, a product of shore action. An example of such sea-cliff may be 
seen near the upper end of Ninth avenue west (plate P, figure 2). 

FIG. 21. SECTION AT THE HEAD OF NINTH AVENUE WEST, DULUTH. 
Elevation of terrace, 476 feet. 

The material of which the terrace is built consists of surf-rolled boulders, pebbles, gravel and sand. The 
arrangement of this material is well seen in the cuts which have been made at a few points in the construction 
of the drive. In the cut at the upper end of Ninth avenue west, about 150 feet in front of the sea-cliff just 
mentioned, the terrace has been sunk into so as to afford a vertical section of nine feet. The lower six feet of 
this section show sharply bedded gravel and sand with occasional boulders up to one foot in diameter (plate Q, 
figure 1). The upper three feet of the section, although composed of the same materials, is not ~istinctly bedded, 
but this obscuration of the stratification may be due to the action of vegetation. The strata mtersect the .ver
tical plane of the section usually in quite horizontal lines. At the south end of the cut, however, oblIque 
bedding of alternating wedges of gravel and sand is well seen, the dip of these beds being 25° an~ l~ss. . 

The relation of the various factors of the topography at the head of Ninth avenue west IS lllustrated m 
the diagrammatic section (figure 21, above). 

* There is an extensive recent literature pertaining to the levels of the great lakes, and their chan~es in consequence of the 
retreat of the ice of the Pleistocene. The reader is referred to the investigations of Upham, Taylor, Gllbert~, Spen/cerb L~w~oni 
and others, published in the American Geologist, American Journal Of Science, Jmwnal oj Geology, the Bulletm of t to eo ogwa 
t!ioc,ety of America, and in the reports of the Mmnesota Survey. 

t Twentieth Report of Minnesota Hurvey, for 1891. 
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The rear of the terrace in front of the sea cliff was found to be 475.9 feet above the lake. The structure 
of the terrace shows that while primarily it is a wave-cut feature, the cut shelf of rock and the slope below it are 
covered with current-sorted material which was probably brought down by minor drainage (plate P, figure 2). 

Evidence of shore lines at lower levels in the western part of Duluth was not satisfactorily observed, 
although they will probably be found if looked for on the slopes. between Duluth and Fon~ du Lac .. 

At a higher level, however, there is a great beach whIch spans an embayment lU the hIll front and 
stretches continuously between the two shoulders of rock which are at the head of Sixth and Eighth avenues 
west respectively. The Seventh avenue inclined railway, which was under construction at the time the examina
tion ~vas made, terminates on this beach, the crest of which was found to have an elevation of 534 feet. The 
presence of the beach is clearly revealed by the topography which it imposes upon the hillside. The contrast 
with the unaffected portions of the hill is striking. The horizontality of the beach crest is the feature which 
first attracts attention, the longitudinal profile of the beach with the rock on either side being not unlike that of 
the upper half of a dumb-bell, thus ~~. The transverse profile shows the characteristic undulatory front 
slope of shingle beaches, the descent being by a succession of rounded steps. The same profile shows also a well 
marked lagoon hollow behind the beach. The ground plane shows that this lagoon hollow is entirely enclosed 
by the straight beach in front and by the rocky slopes of the hill on the sides and in the rear, so that the con-
tour of its rim is roughly of the form of the letter D. ' 

At the south end the beach has been quarried for road ballast, and there the material which enters into 
its composition, and the arrangement of the same, are readily observable. The material consists chiefly of pebbles 
and boulders, which range in size from two to six inches and have a prevailingly rounded form. There area few 
large boulders up to two feet in diameter, and a good deal of finer gravel. Stratification is not discernible in the 
mass of the beach, and the pebbles and boulders are piled up in the irregular fashion so well exhibited by the 
living beaches of the lake. There was no longitudinal section which would permit of an observation as to the 
sorting of the material according to its relative coarseness. In the upper part of the beach there is some fine 
gravel and sand which shows a stratiform arrangement, but this is probably due to wash from the lagoon, since 
such drainage would doubtless have kept a way open for itself through the beach. 

The undulatory front slope of the beach extends from its crest at an elevation of 534 feet down to the 
rear of the terrace already described at an elevation of 475.9 feet, and the relations seem to warrant the inference 
that the higher strand line is the older, and that the water subsided by stages till it arrived at the one marked 
by the Lake View terrace, where it remained constant for a sufficient length of time to evolve the striking 
feature of the topography, the terrace being in fact cut into the slope of the older and higher beach. 

Duluth, Tenth avenue east. Near the head of Tenth avenue east, three distinctly marked strand lines 
are recognizable. The highest of these is a wave-built terrace of pebbles and boulders resting on a rocky slope 
and facing the open lake. Careful leveling established its elevation at 534.8 feet, which agrees within a foot with 
the altitude established by an entirely independent line of levels for the beach at the head of Seventh avenue 
west. From this elevation down to an altitude of 436.2 feet, or in round numbers a vertical distance of 100 feet, 
there is a continuous bank of beach material, comprising boulders, gravel and coarse sand, lying upon the slope 
of the hill. On the front of this great embankment there is a level terrace, which, while not very broad, is per
sistent, and on being traced southward is found to abut directly against the rocky slope at a place where the 
upper terrace is wanting. This second terrace was found to have 'at the rear an elevation of 473 feet, which 
again agrees very closely with the figures obtained for the rear of the Lake View terrace in West Duluth. The 
structure of the upper terrace is not revealed by any section; but below the 473-foot terrace there have been a 
number of excavations for road ballast, and in these it is seen that this lower part of the gravel bank is dis
tinctly stratified, with a dip in the direction of the slope of the hill, but at a much less angle. There is a small 
ravine to the left of the higher terrace, and there is little doubt that the stream which flowed down this ravine 
supplied the material of which the whole of the lOO-foot bank is constructed; and the development of the two ter
races and the stratiform:structure, seen below the second one, is probably explained by the following considerations: 

The bedrock of the ravine is much lower than the upper terrace, and was so when the lake stood at the 
level at which the terrace was built. The ravine, after becoming itself filled with detritus to the level of the 
lake, would supply the material for the terrace, and besides this there would be much which would be carried 
down to the subaqueous slope and arranged by the various currents into strata. As the level of the'lake sub· 
side~ the ravi~e would be cleaned out, and its accumulations spread out on still lower slopes, also in bedded 
fashlOn. In thIS way the IOO-foot bank of gravel, etc., stratified in its lower part, would have been accumulated. 
The lower strand line represents a stage in the recession of the water, at which, as in West Duluth, a second 
terrace was imposed upon the slope of the growing bank, partially cutting into the flanks of the upper terrace. 

At th~ foot of the rather steeply inclined lOO-foot bank of beach material, the slope suddenly changes and, 
~attens out mto a bl~oad, gently inclined terrace in which no rock in place is seen. The rear of the terrace was 
found to have an altItude of 436.2 feet. Its surface is composed of a dark earth in which are imbedded scat
tered bou~ders, and it is covered with grass or timber so that its substructure is not apparent. On following the 
r~ar ~f thl~ terrace northward. beyond the gravel pits, it is found to abut against the roches montonnees of t~e 
~Ill-slde WIthout the mterventlOl1 of the gravel. The age of this terrace relatively to the gravel terraces above It 
~s ~oubtful. It is uncertain whether the gravel bank rests upon the rear of this terrace or whether the terrace 
18 Imposed. upon the lower flanks of the gravel bank. Owing to the absence of natural sections no ready answer 
pr:sented Itsel.f to this .q~es~ion, and time was not taken to investigate it. It is possibly an older terrace, but 
eVidence of thIS SuppOSItIon IS lacking. 
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The rear of the terrace in front of the sea cliff was found to be 475.9 feet above the lake. The structure 
of the terrace shows that while primarily it is a wave-cut feature, the cut shelf of rock and the slope below it are 
covered with current-sorted material which was probably brought down by minor drainage (plate P, figure 2). 

Evidence of shore lines at lower levels in the western part of Duluth was not satisfactorily observed, 
although they will probably be found if looked for on the slopes. between Duluth and Fon~ du Lac .. 

At a higher level, however, there is a great beach whIch spans an embayment III the hIll front and 
stretches continuously between the two shoulders of rock which are at the head of Sixth and Eighth avenues 
west respectively. The Seventh avenue inclined railway, which was under construction at the time the examina
tion ~as made, terminates on this beach, the crest of which was found to have an elevation of 534 feet. The 
presence of the beach is clearly revealed by the topography which it imposes upon the hillside. The contrast 
with the unaffected portions of the hill is striking. The horizontality of the beach crest is the feature which 
first attracts attention, the longitudinal profile of the beach with the rock on either side being not unlike that of 
the upper half of a dumb-bell, thus ~~-~. The transverse profile shows the characteristic undulatory front 
slope of shingle beaches, the descent being by a succession of rounded steps. The same profile shows also a well 
marked lagoon hollow behind the beach. The ground plane shows that this lagoon hollow is entirely enclosed 
by the straight beach in front and by the rocky slopes of the hill on the sides and in the rear, so that the con
tour of its rim is roughly of the form of the letter D. 

At the south end the beach has been quarried for road ballast, and there the material which enters into 
its composition, and the arrangement of the same, are readily observable. The material consists chiefly of pebbles 
and boulders, which range in size from two to six inches and have a prevailingly rounded form. There are a few 
large boulders up to two feet in diameter, and a good deal of finer gravel. Stratification is not discernible in the 
mass of the beach, and the pebbles and boulders are piled up in the irregular fashion so well exhibited by the 
living beaches of the lake. There was no longitudinal section which would permit of an observation as to the 
sorting of the material according to its relative coarseness. In the upper part of the beach there is some fine 
gravel and sand which shows a stratiform arrangement, but this is probably due to wash from the lagoon, since 
such drainage would doubtless have kept a way open for itself through the beach. 

The undulatory front slope of the beach extends from its crest at an elevation of 534 feet down to the 
rear of the terrace already described at an elevation of 475.9 feet, and the relations seem to warrant the inference 
that the higher strand line is the older, and that the water subsided by stages till it arrived at the one marked 
by the Lake View terrace, where it remained constant for a sufficient length of time to evolve the striking 
feature of the topography, the terrace being in fact cut into the slope of the older and higher beach. 

Dul-uth, Tenth a'venue east. Near the head of Tenth avenue east, three distinctly marked strand lines 
are recognizable. The highest of these is a wave-built terrace of pebbles and boulders resting on a rocky slope 
and facing the open lake. Careful leveling established its elevation at 534.8 feet, which agrees within a foot with 
the altitude established by an entirely independent line of levels for the beach at the head of Seventh avenue 
west. From this elevation down to an altitude of 436.2 feet, or in round numbers a vertical distance of 100 feet, 
there is a continuous bank of beach material, comprising boulders, gravel and coarse sand, lying upon the slope 
of the hill. On the front of this great embankment there is a level terrace, which, while not very broad, is per
sistent, and on being traced southward is found to abut directly against the rocky slope at a place where the 
upper terrace is wanting. This second terrace was found to have 'at the rear an elevation of 473 feet, which 
again agrees very closely with the figures obtained for the rear of the Lake View terrace in West Duluth. The 
structure of the upper terrace is not revealed by any section; but below the 473-foot terrace there have been a 
number of excavations for road ballast, and in these it is seen that this lower part of the gravel bank is dis
tinctly stratified, with a dip in the direction of the slope of the hill, but at a much less angle. There is a small 
ravine to the left of the higher terrace, and there is little doubt that the stream which flowed down this ravine 
supplied the material of which the whole of the IOO-foot bank is constructed; and the development of the two ter
races and the stratiform:structure, seen below the second one, is probably explained by the following considerations: 

The bedrock of the ravine is much lower than the upper terrace, and was so when the lake stood at the 
level at which the terrace was built. The ravine, after becoming itself filled with detritus to the level of the 
lake, would supply the material for the terrace, and besides this there would be much which would be carried 
down to the subaqueous slope and arranged by the various currents into strata. As the level of the' lake sub
side~ the ravi~e would be cleaned out, and its accumulations spread out on still lower slopes, also in bedded 
fashlOn. In thIS way the IOO-foot bank of gravel, etc., stratified in its lower part, would have been accumulated. 
The lower strand line represents a stage in the recession of the water, at which, as in West Duluth, a second 
terrace was imposed upon the slope of the growing bank, partially cutting into the flanks of the upper terrace. 

At th~ foot of the rather steeply inclined IOO-foot bank of beach material, the slope suddenly changes and_ 
~attens out mto a bl~oad, gently inclined terrace in which no rock in place is seen. The rear of the terrace was 
found to have an altItude of 436.2 feet. Its surface is composed of a dark earth in which are imbedded scat
tered boulders, and it is covered with grass or timber so that its substructure is not apparent. On following the 
r~ar ~f thl~ terrace northward beyond the gravel pits, it is found to abut against the ?'oches motdonnees of the 
hIll-SIde WIthout the intervention of the gravel. The age of this terrace relatively to the gravel terraces above it 
~s ~oubtful. It is uncertain whether the gravel bank rests upon the rear of this terrace or whether the terrace 
18 Imposed. upon the lower flanks of the gravel bank. Owing to the absence of natural sections no ready answer 
pr~sented Itsel.f to this .ques~ion, and time was not taken to investigate it. It is possibly an older terrace, but 
eVIdence of th18 SUppoSltlOn IS lacking. 
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Series 3.' Hardy's schoolhouse. Near the eastern limits of Duluth, in the vicinity of Hardy's schoolhouse 
'there is a magnificent illustration of that phase of topography which is due to the development of a bar beach 
and delta deposit at the mouth of a valley, which has been the channel of a stream flowing into a lake at a level 
now abandoned. The altitude of the crest of the barrier beach was found to be 509.5 feet above the lake. North
ward from it there extends a forest-clad, rock-walled valley about a mile wide at the mouth where spanned by 
the barrier beach. About the mouth of the valley are several isolated rocky hills which evidently formed islands 
in the lake when it stood at this high level. They rise from out of the beach formation or from the flat-lying 
delta deposits farther out which represent the shoals of the old lake bottom. 'I.'he crest of the beach has a 
curvilinear form and extends in a southwesterly direction from the rocky /mob at the schoolhouse, which stands 
at its northeast extremity, to the rocky hills which rise at the back of the city. In a general way it seems concave 
towards the valley, but it is by no means a simple ridge. It has a very extensive areal distribution, and while 
on the side it presents sections, as along the line of the electric tramway, which arB simple lowly-arched ridges of 
beach material, towards the middle of the valley it spreads out and grades into a broad delta. 'fhe crest of the 
beach is higher than the valley bottom to the north of it, and also higher than the flat tract to the south. The 
section referred to on the line of the tramway near the schoolhouse is a cutting made in the construction of the 
road, and displays a vertical section of about six feet of evenly and obliquely bedded gravels, with some sands 
(plate Q, figure 2). 

On the lower slopes of the eastern part of the city of Duluth, and for many miles northeastward along the 
coast, there are definite indications and suggestions of terraces when the land is viewed from a distance. There 
are two circumstances, however, which interfere with the recognition and location of these terraces at close 
quarters. The first of these is that the geological structure of this part of the coast is such that the strata dip 
lakeward at about the same angle as the slope of the terraces, so that the changes of inclination in the transverse 
profile are not sufficiently accentuated to permit of reliable determination of the line of the abutment of the 
terraces upon the hill-side. The second unfavorable circumstance is the prevalence of timber, which obscures 
the surface but allows the general effect of a terrace to be sometimes dimly apparent at a distance. 

Mr. Upham has added the following further details of the beaches at Duluth: The upper limit of 
lacustrine action at Duluth and in its vicinity is marked by discontinuous beach deposits on the upper part of 
the steeply ascending bluffs at an altitude of 535 feet to 540 feet above the lake. In the recess between two pro
jections of rock at the top of the Seventh avenue inclined railway, where the hight of this shore was determined 
by Dr. Lawson, it appears as a small terrace of sand and fine and coarse gravel, twelve to flfteen rods long and 
five rods wide. The verge of this flat surface is on the level of the railway station floor, and thence the terrace 
rises four or five_feet to where it joins the till and rock slopes. In front the same gravel and sand fall off about 
twenty feet within a few rods and then spread out again in a similar lower and longer terrace, eight to ten rods 
wide, with its surface gently inclining lakeward, at 515 to 505 feet, approximately. These deposits were brought, 
partially by inflowing waters from above, being so far of delta character, and partially by shore currents, from 
wave erosion of the adjoining bluffs on each side, being for such portion more strictly beach accumulations. 
They mark stages of a lake whose mean levels here were ahout 535 and 510 or 515 feet above lake Superior. 

Next below these shore lines is the most definite and persistent beach of the entire series. This was gen
erally represented along the bluff face by a narrow beach terrace, or slight shelf, less steep than the slopes above 
and below it, so that its contour line, 470 to 475 feet above the present lake, has been used as the course of a 
driveway known as "the boulevard," which has been graded, and is much used for pleasure driving along an 
extent of four miles, above the principal part of the city of Duluth, from Miller's creek to Chester creek. Beyond 
these limits the boulevard is planned to be extended for distances of four miles more, both to the southwest 
and northeast, following the same altitude and shore line, giving a total length of twelve miles. 

Lacustrine clays. About the west end of lake Superior are extensive beds of 
laminated clays. These are always f3uperficially red, and in the immediate valley of 

the St. Louis river,as at Fond du Lac, and in the terraces that occur further east, 
that color prevails to the depth of several feet; but in the valley of the Nemadji, and 
and also at Wrenshall, in Carlton county, where extensive brick-making establishments 

are based on these clays, they are red only at the surface, becoming gray below at the 
depth of two to six feet. These clays were of course the result of the high-level 

stage of lake Superior at the closing up of the glacial epoch, and probably while the 
glacial drift of the region to the west and northwest was still subjeet to extensive 
wash and erosion by the high waters of the rivers and all their minutest tributaries. 

Rocks collected in the area of this plate. Nos. 1-91C; 443-448; 511-516; 807-809; 850, 853-853B; 856, 
857; 1540-1545; 1796-1806; 1942-1948; 1950-1954; 1966-1968. 

Nos. 188S-202S. 
Nos. 18M-20M; 36M, 37aM; 40M-46M. 
Nos. 925G-929G. 
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Series 3.' Hardy's schoolhouse. Near the eastern limits of Duluth, in the vicinity of Hardy's schoolhouse 
'there is a magnificent illustration of that phase of topography which is due to the development of a bar beach 
and delta deposit at the mouth of a valley, which has been the channel of a stream flowing into a lake at a level 
noW abandoned. The altitude of the crest of the barrier beach was found to be 509.5 feet above the lake. North
ward from it there extends a forest-clad, rock-walled valley about a mile wide at the mouth where spanned by 
the barrier beach. About the mouth of the valley are several isolated rocky hills which evidently formed islands 
in the lake when it stood at this high level. They rise from out of the beach formation or from the flat-lying 
delta deposits farther out which represent the shoals of the old lake bottom. 'Phe crest of the beach has a 
curvilinear form and extends in a southwesterly direction from the rocky knob at the schoolhouse, which stands 
at its northeast extremity, to the rocky hills which rise at the back of the city. In a general way it seems concave 
towards the valley, but it is by no means a simple ridge. It has a very extensive areal distribution, and while 
on the side it presents sections, as along the line of the electric tramway, which are simple lowly-arched ridges of 
beach material, towards the middle of the valley it spreads out and grades into a broad delta. 'fhe crest of the 
beach is higher than the valley bottom to the north of it, and also higher than the flat tract to the south. The 
section referred to on the line of the tramway near the schoolhouse is a cutting made in the construction of the 
road, and displays a vertical section of about six feet of evenly and obliquely bedded gravels, with Salle sands 
(plate Q, figure 2). 

On the lower slopes of the eastern part of the city of Dul uth, and for many miles northeastward along the 
coast, there are definite indications and suggestions of terraces when the land is viewed from a distance. There 
are two circumstances, however, which interfere with the recognition and location of these terraces at close 
quarters. The first of these is that the geological structure of this part of the coast is such that the strata dip 
lakeward at about the same angle as the slope of the terraces, so that the changes of inclination in the transverse 
profile are not sufficiently accentuated to permit of reliable determination of the line of the abutment of the 
terraces upon the hill-side. The second unfavorable circumstance is the prevalence of timber, which obscures 
the surface but allows the general effect of a terrace to be sometimes dimly apparent at a distance. 

Mr. Upham has added the following further details of the beaches at Duluth: The upper limit of 
lacustrine action at Duluth and in its vicinity is marked by discontinuous beach deposits on the upper part of 
the steeply ascending bluffs at an altitude of 535 feet to 540 feet above the lake. In the recess between two pro
jections of rock at the top of the Seventh avenue inclined railway, where the hight of this shore was determined 
by Dr. Lawson, it appears as a small terrace of sand and fine and coarse gravel, twelve to fifteen rods long and 
five rods wide. The verge of this flat surface is on the level of the railway station floor, and thence the terrace 
rises four or five_feet to where it joins the till and rock slopes. In front the same gravel and sand fall off about 
twenty feet within a few rods and then spread out again in a similar lower and longer terrace, eight to ten rods 
wide, with its surface gently inclining lakeward, at 515 to 505 feet, approximately. These deposits were brought, 
partially by infiowing waters froro above, being so far of delta character, and partially by shore currents, from 
wave erosion of the adjoining bluffs on each side, being for such portion more strictly beach accumulations. 
They mark stages of a lake whose mean levels here were ahout 535 and 510 or 515 feet above lake Superior. 

Next below these shore lines is the most definite and persistent beach of the entire series. This was gen
erally represented along the bluff face by a narrow beach terrace, or slight shelf, less steep than the slopes above 
and below it, so that its contour line, 470 to 475 feet above the present lake, has been used as the course of a 
driveway known as "the boulevard," which has been graded, and is much used for pleasure driving along an 
extent of four miles, above the principal part of the city of Duluth, from Miller's creek to Chester creek. Beyond 
these limits the boulevard is planned to be extended for distances of four miles more, both to the southwest 
and northeast, following the same altitude and shore line, giving a total length of twelve miles. 

Lacustrine clays. About the west end of lake Superior are extensive beds of 
laminated clays. These are always f3uperficially red, and in the immediate valley of 

the St. Louis river, as at Fond du Lac, and in the terraces that occur further east, 
that color prevails to the depth of several feet; but in the valley of the N emadji, and 
and also at Wrenshall, in Carlton county, where extensive brick-making establishments 

are based on these clays, they are red only at the surface, becoming gray below at the 
depth of two to six feet. These clays were of course the result of the high-level 
stage of lake Superior at the closing up of the glacial epoch, and probably while the 

glacial drift of the region to the west and northwest was still subject to extensive 
wash and erosion by the high waters of the rivers and all their minutest tributaries. 

Rocks collected in the area of this plate. Nos. 1-91C; 443-448; 511-516; 807-809; 850, 853-853B; 856, 
857; 1540-1545; 1796-1806; 1942-1948; 1950-1954; 1966-1968. 

Nos. 188S-202S. 
Nos. 18M-20M; 36M, 37aM; 40M-46M. 
NOB. 925G-929G. 
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CHAPTER X. 

THE GEOLOGY OF THE NORTH PART OF ST. LOUIS OOUNTY. 
(PLATE 67.) 

By N. H. WINCHELL. 

This large area includes a great variety of topography and of geology, in

volving many of the most important and complicated problems.* Its geological 

range is from the Archean gneisses and granites to the gabbro and other eruptions 

of the Cabotian. It is crossed by both iron ranges and within it are exemplified the 

varied economic as well as structural problems pertaining to the iron ores. 
In this chapter is given a general description of the whole area. The details of the geology of the most 

interesting and difficult, as well as the most important, portions will be found in connection with special plates, 
viz.: of the region of Vermilion lake, the Vermilion Lal{e plate (No. 86); of the Mesabi Iron range, the Hibbing, 
Mountain Iron, McKinley, Partridge River and Dunka River plates (Nos. 73, 74, 75, 76, and 77). The economical 
questions connected with iron ranges are presented by H. V. Winchell, in a special chapter. 

Topography and general j'eatlwes. Without entering into the geology, the fol

lowing brief descriptions of the topographic features of the various towns of this 

plate will serve not only as a guide to the character of the country in general, but 

as a basis on which some generalizations can be made touching the distribution and 

nature of the drift deposits. 
Special desc?'ipUons oj the towns. The following notes are derived from the field-books of members of the 

snrvey who have examined the region. In some cases, especially in the region north and west of Vermilion lake, 
th(;ly are derived in part from the United States surveyors. The list begins at the lower right hand corner of 
the plate. 

T.55-12. The highest point on the Duluth and Iron Range railroad occurs in section 36, 1,744 feet above 
the sea, about one mile north of Highland, with a cut of twenty feet in morainic drift. Throughout this town 
are scattered many large boulders of gabbro, and these are sometimes disposed in low ridges rising from ten to 
thirty feet above the general level. These occur particularly in the east-central portion. The Cloquet river 
runs on grabbro in sections 19 and 30. 

T.55-13. The surface is characterized by alternating swamps and low ridges extending northeast and 
southwest, with grabbro boulders along the river. 

• The compilat,ion of this description is based on field notes anel published reports of nearly all members of the survey. The 
fil:st field notes and first collectIOns made were by the writer, who crossed this area diagonally from northeast to southwest I~ 
1818, m malung an extended reconnOlssance from Grand Portage to the Mississippi river. This trip included a visit to the ~esabl 
Iron workmg III T. 5fH4. In 1884 another trip was made by the writer across the Mesabi range to Vermilion lake along the line. of 
the Duluth and Iron Range raIlroad. The seasons of 1886 and 1887 were largely devoted to the examination of this area, the ent.'re 
geologICal corps, consisting of three parties, having been engaged more or less. These parties were under the immediate direc~lOn 
of late Dr. Alexander Wmchell, Dr. M. E. Wadsworth, and the writer. Mr. Horace V. Winchell made independent observatIOns 
and reports III 1~86, 1888 and 1891, including portions of this area, and Dr. U. S. Grant in 1888; the latter also examined the inter· 
natIOnal boundary, cursorIly,. westward from the area examined in 1887 by Dr. A. Winchell. Later Mr. Warren Upham made 
80me examlllatlOn of the drIft III 1893, ancllYlr. A. D. lYIeeds did the topographic work on which the contours are drawn throughou~ 
the southern and central portions of the area. lYlr . .T. E. Spurr specially examined and reported on that portion of the MesabI 
range III Whldl are located the prmclpal recent developments. These, with special visits and re-examination; by the wrIter at 
Important POlllts ml888 and 1889, and also in 1896 and 1898, constitute the basis on which this report is founded. . 

. The earlier exammatIOns hy eha;. Whittlesey, and by H. H. Eames, should also be mentioned, the former being the earhest 
!,eologlst to leave a record of his observations in this region and the latter the discoverer of the iron ores of the Vermilion range 
111 1856. ' 
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By N. H. WINCHELL. 

This large area includes a great variety of topography and of geology, in

volving many of the most important and complicated problems.* Its geological 

range is from the Archean gneisses and granites to the gabbro and other eruptions 

of the Cabotian. It is crossed by both iron ranges and within it are exemplified the 

varied economic as well as structural problems pertaining to the iron ores. 
In this chapter is given a general description of the whole area. The details of the geology of the most 

interesting and difficult, as well as the most important, portions will be found in connection with special plates, 
viz.: of the region of Vermilion lake, the Vermilion Lake plate (No. 86); of the Mesabi Iron range, the Hibbing, 
Mountain Iron, McKinley, Partridge River and Dunka River plates (Nos. 73, 74, 75, 76, and 77). The economical 
questions connected with iron ranges are preseuted by H. V. Winchell, in a special chapter. 

Topography and general features. Without entering into the geology, the fol

lowing brief descriptions of the topographic features of the various towns of this 

plate will serve not only as a guide to the character of the country in general, but 

as a basis on which some generalizations can be made touching the distribution and 

nature of the drift deposits. 
Special ciescl'iptions of the towns. The following notes are derived from the field-books of members of the 

Sl\rvey who have examined the region. In some cases, especially in the region north and west of Vermilion lake, 
they are derived in part from the United States surveyors. The list begins at the lower right hand corner of 
the plate. 

T.55-12. The highest point on the Duluth and Iron Range railroad occurs in section 36, 1,744 feet above 
the sea, about oue mile north of Highland, with a cut of twenty feet in morainic drift. Throughout this town 
are scattered many large boulders of gabbro, and these are sometimes disposed in low ridges rising from ten to 
thirty feet above the general level. These occur particularly in the east-central portion. The Cloquet river 
runs on grahbro in sections 19 and 30. 

T.55-13. The surface is characterized by alternating swamps and low ridges extending northeast and 
southwest, with grabhro boulders along the river. 

• The compilation of thi~ description is based on field notes ancl published reports of nearly all members of the snrvey. T~e 
first field notes and first collectIOns made were by the writer, who crossed this area diagonally from northeast to southwest I'; 
1878, III makmg an extended reconnoissance from Grand Portage to the Mississippi river. This trip included a visit to the MesabI 
Iron workmg m T. 5!l-14. In 18S4 another trip was made by the writer across the Mesabi range to Vermilion lake along the line. of 
the Duluth and Iron Range railroad. The seasons of 1886 and 1887 were largely devoted to the examination of this area, the ent!re 
geologICal corps, conslstmg of three parties, having been engaged more Or less. These parties were under the immediate dll'ectlOn 
of late Dr. AlexanderWmchell, Dr. M. E. Wadsworth, and the writer. Mr. Horace V. Winchell made independent observatIOns 
anel reports in 1~86, 1888 anel1Sm, including portions of this area, and Dr. U. S. Grant in 1888; the latter also examined the inter' 
nahon~l b~undary, cUl'sonly,. westward from the area examined in 1887 by Dr. A. Winchell. Later Mr. Warren Upham made 
Borne exammabon of the dnft 111 1893, and Mr. A. D. Meeds did the topographic work on which the contours are drawn throughOu: 
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;ange m whICh are located the prmClpal recent developments. These, with special visits and re-examination" by the wrIter at 
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. The caI'hcl' exanl1natl0ns by Oha". Whittlesey, and by H. H. Eames, should also be mentioned, the former being the earlIest 
~eologIst to leave a record of h,S observat.ion" in this region, and the latter the discoverer of the iron ores of the Vermilion range 
111 1866. 
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Special descriptions of the towns.] 
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T.55-14. Surface is generally flat or moderately undulating. 
T.55-15. Crossed from northeast to southwest by the White Face river. The town is well drained, in 

general, but not uneven. 
T.55-16. The eastern half is slightly undulating or rolling, underlain by till, but the western is flat and 

occupied to some extent with muskeg, underlain by fine sand or gravel. 

T.55-17. Principally occupied by muskeg, underlain by washed drift. Dry land extends through sec
tions 6, 5, 4, 3, 10, 11 to 13 and 24. 

T.55-18. Mostly muskeg. 
T.55-19. Mainly muskeg, the better drained strips along the streams supporting a considerable growth 

of timber. Underlain by finely washed drift. 
T. 55-20. Flat, mainly muskeg, underlain everywhere by stratified sands and gravels. 
T.55-21. Nearly level, on the whole, but undulating with variations of ten to forty feet. The eastern and 

southern two-thirds are covered by muskeg, but the northwestern is dry. The town is underlain by stratified 
sand and gravel, becoming coarse toward the north. 

T.56-12. This town is crossed by a series of valleys and low divides running northeast and southwest 
wholly within the drift-sheet. No rock is known except boulders. The whole town is characterized by low 
undulations, with detached swampy tracts. 

T.56-13. Very similar to the last, but more flat toward the north. Numerous gabbro boulders are seen. 
T.56-14. Very similar to the last. With the gabbro boulders are some of granite, quartzyte and Animikie. 
T.56-15. Very similar to the last, but the low land is not so uniformly in the form of swamps extending 

northeast and southwest. The northwestern corner, including sections 18,7, 5 and 6, are flat and underlain by 
fine washed sand and gravel. 

T. 56-16. The till surface extends over about one-fourth of this town, in the southeast, and the rest of the 
town is flat and considerably covered by muskeg. The scattered dry ridges are somewhat timbered. 

T.56-17. Largely muskeg, but with patches a few feet higher than the general level, which support a 
growth of timber, laTgelyof pine. 

T.56-18. Level, stmtified dTift, with much muskeg in the eastern part. 
T.56-19. Mainly muskeg. 
T.56-20. Flat, mainly muskeg, underlain by sands and coarser washed drift. In the northwest corner, 

including sections 18, 7, 6, and portions of 8 and 5, the surface is of till. 
T.56-21. This town is also generally about flat, but becomes undulating in sections 3 and 4. The most 

of it is underlain by till, but str~tified sands cover the till in the southern sections. 
T.57-12. The valleys, which run northeast and southwest, are separated by low ridges composed out

wardly of drift, but probably based on gabbro, of which many boulders are scattered over the surface, and about 
the water courses. 

T.57-13. This town is similar to the last. Grandmother hill, composed of gabbro, situated on the line 
between sections 8 and 17, rises abruptly about 250 feet above the general surface. Much of this town is wet, 
with cedar and tamarack swamps. 

T.57-14. Generally dry, but flat. 
T.57-15. Generally flat, with some swamps, especially in the northwest. 
T.57-16. Level, washed drift, better drained along the Embarras and St. Louis rivers. Swamp in sec

tions 5, 6, 7 and 18, and smaller swamps scattered. 
T.57-17. This town is generally level, and underlain by washed drift. A rolling till surface, however, is 

found in sections 6, 5 and 4, where the land rises rather abruptly to 300 feet above Cedar Island lake. The town 
is swampy where flat, but not entirely of muskeg. 

T.57-18. This town is very similar to the last, but has more dry land. It is in general underlain by level 
sands and gravels. An elevated till-covered surface is found in section 1. 

T.57-19. Generally flat, although till underlies the northwestern one-third. Much muskeg and other 
swampy surface. 

T.57-20. A belt of dry land enters this town from the south, about a mile wide, along the stream in sec
tion 34. This runs northward to section 10, turning east to include sections 11, 12 and 14, and 13. In section 
28 it also branches westward, including parts of sections 20,29, and widens north and south from Hibbing to the 
southern side of the town. The rest of the town is low and often swampy. About Hibbing the till exhibits 
morainic characters. 

T.57-21. This town, wholly underlain by till, has a rolling or undulating surface, which in the northern 
tier of sections, and in sections 7 and 8, becomes morainic. There is more or less swamp, but not muskeg. 

T.58-12. In general the surface is of till and rather flat, with marshes. Numerous gabbro boulders and 
a few of granite are scattered about the lake shores and elsewhere. These boulders sometimes arB in bunches 
or low ridges, in the swamps and about the lakes. 

T.58-13. Similar to the last, probably underlain by grabbro (under till), on which is frequently much 
wet land. Ridges of gabbro boulders are conspicuous in sections 17 and 18. The extensive muskegs, of this 
region crossed by the Duluth and Iron Range railroad are represented by plate R, figure l. 

T.58-14. Ridges of gabbro, of irregular shape, occur from Allen Junction to Allen and eastward, over
strewn with many boulders, sometimes in low, loose ridges. The drift is of till, except when washed and 
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T.55-14. Surface is generally fiat or moderately undulating. 
T.55-15. Crossed from northeast to southwest by the White Face river. The town is well drained, in 

general, but not uneven. 
T.55-16. The eastern half is slightly undulating or rolling, underlain by till, but the western is fiat and 

occupied to some extent with muskeg, underlain by fine sand or gravel. 

T.55-17. Principally occupied by muskeg, underlain by washed drift. Dry land extends through sec
tions 6, 5, 4, 3, 10, 11 to 13 and 24. 

T.55-18. Mostly muskeg. 

T. 55-19. Mainly muskeg, the better drained strips along the streams supporting a considerable growth 
of timber. Underlain by finely washed drift. 

T.55-20. Flat, mainly muskeg, underlain everywhere by stratified sands and gravels. 
T.55-21. Nearly level, on the whole, but undulating with variations of ten to forty feet. The eastern and 

southern two-thirds are covered by muskeg, but the northwestern is dry. The town is underlain by stratified 
sand and gravel, becoming coarse toward the north. 

T.56--12. This town is crossed by a series of valleys and low divides running northeast and southwest 
wholly within the drift-sheet. No rock is known except boulders. The whole town is characterized by low 
undulations, with detached swampy tracts. 

T.56-13. Very similar to the last, but more fiat toward the north. Numerous gabbro boulders are seen. 
T.56-14. Very similar to the last. With the gabbro boulders are some of granite, quartzyte and Animikie. 
T.56--15. Very similar to the last, but the low land is not so uniformly in the form of swamps extending 

northeast and southwest. The northwestern corner, including sections 18,7, 5 and 6, are flat and underlain by 
fine washed sand and gravel. 

T.56-16. The till surface extends over about one-fourth of this town, in the southeast, and the rest of the 
town is flat and considerably covered by muskeg. The scattered dry ridges are somewhat timbered. 

T.56-17. Largely muskeg, but with patches a few feet higher than the general level, which support a 
growth of timber, largely of pine. 

T.56-18. Level, stratified drift, with much muskeg in the eastern part. 
T.56-19. Mainly muskeg. 
T.56-20. Flat, mainly muskeg, underlain by sands and coarser washed drift. In the northwest corner, 

including' sections 18, 7, 6, and portions of 8 and 5, the surface is of till. 
T.56-21. This town is also generally about flat, but becomes undulating in sections 3 and 4. The most 

of it is underlain by till, but str~tified sands cover the till in the southern sections. 
T.57-12. The valleys, which run northeast and southwest, are separated by low ridges composed out

wardly of drift, but probably based on gabbro, of which many boulders are scattered over the surface, and about 
the water courses. 

T.57-13. This town is similar to the last. Grandmother hill, composed of gabbro, situated on the line 
between sections Sand 17, rises abruptly about 250 feet above the general surface. Much of this town is wet, 
with cedar and tamarack swamps. 

T.57-14. Generally dry, but fiat. 
T.57-15. Generally flat, with some swamps, especially in the northwest. 
T.57-16. Level, washed drift, better drained along the Embarras and St. Louis rivers. Swamp in sec

tions 5, 6, 7 and 18, and smaller swamps scattered. 
T. 57-17. This town is generally level, and underlain by washed drift. A rolling till surface, however, is 

found in sections 6, 5 and 4, where the land rises rather abruptly to 300 feet above Cedar Island lake. The town 
is swampy where fiat, but not entirely of muskeg. 

T.57-18. This town is very similar to the last, but has more dry land. It is in general underlain by level 
sands and gravels. An elevated till-covered surface is found in section l. 

T.57-19. Generally flat, although till underlies the northwestern one-third. Much muskeg and other 
swampy surface. 

'1'.57-20. A belt of dry land enters this town from the south, about a mile wide, along the stream in sec
tion 34. This runs northward to section 10, turning east to include sections 11, 12 and 14, and 13. In section 
28 it also branches westward, including parts of sections 20, 29, and widens north and south from Hibbing to the 
southern side of the town. The rest of the town is low and often swampy. About Hibbing the till exhibits 
morainic characters. 

T.57-21. This town, wholly underlain by till, has a rolling or undulating surface, which in the northern 
tier of sections, and in sections 7 and 8, becomes morainic. There is more or less swamp, but not muskeg. 

T.58-12. In general the surface is of till and rather flat, with marshes. Numerous gabbro boulders and 
a few of granite are scattered about the lake shores and elsewhere. These boulders sometimes are in bunches 
or low ridges, in the swamps and about the lakes. 

T.58-13. Similar to the last, probably underlain by grabbro (under till), on which is frequently much 
wet land. Ridges of gabbro boulders are conspicuous in sections 17 and 18. The extensive muskegs, of this 
region crossed by the Duluth and Iron Range railroad are represented by plate R, figure 1. 

T.58-14. Ridges of gabbro, of irregular shape, occur from Allen Junction to Allen and eastward, over
strewn with many boulders, sometimes in low, loose ridges. The drift is of till, except when wash.ed and 
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deposited as gravel and sand, and much of. it is low and swampy. The northern two tiers of sections are 
frequently rolling, and especially about Partr~dge and Sunfis.h la~es. .. 

T.58-15. This town is mainly dry, wIth an undulatmg trll surface-rollmg m the north. The till. is 
frequently replaced, in the souther~ and cen:ral ~reas, b~ glacial ~ravels w~ich have a rather flat upper contour. 

T.58-16. This town is considerably diversified, with elevatIons rangmg from 1,400 to 1,700 feet above the 
sea; Esquagama lake being still lower, or 1,353 feet. The elevated ridge of granite, in sections 5 and 7, has its 
culmination in N. E. ~4 sec. 7. The region is covered with till, which also extends eastward-to Biwabik and 
Merritt. Southward from McRinley and Merritt the surface is composed of modified drift (chiefly gravel and 
sand), which, being fiat, is still mostly dry. 

T.58-17. This town is rough, not only by reason of the underlying rock, but by reason of the pose of the 
drift, which is everywhere till, except in sections 25,35 and 36. There are three points that reach an elevation of 
nearly 2,000 feet, viz.: N. W. 74 S. w. ~ sec. 21,1,927 feet; S. W. ~ S. W. ~ sec. 28,1,950 feet, and S. E.!4 
S. E. ~4 sec. 28, 1,990 feet. At Virginia and southwestward is an area of fiat and wet land, based on the till, 
with some overlying compact clay. 

T.58-18. This town vaTiesin altitude from about 1,400 feet in the southwest corner to about 1,700 in the 
northwest corner. It is principally occupied by till, which is morainic along the northern tier of sections, but the 
central southem area is flat and covered by washed drift, with a large area of swamp. 

T.58-19. The northem part of this town is about 350 feet higher than the southern, due to the underlying 
formations, but the whole town has a covering of till, which is morainic in the north, but undulating or flat in 
the southern. 

T.58-20. A morainic belt about a mile and a half or two miles wide crosses this town, from section 30 to 
section 12. Throughout this the surface is abundantly strewn, and sometimes almost covered, by boulders mainly 
of granite. The Test of the till is apt to be fine blue clay, though often stained red for several feet at the surface, 
and containing sparingly small boulders and fragments. Through all are occasional patches of washed gravels. 
Aside from this morainic belt, the drift is fiat or undulating, and the drainage is to the north and to the south, 
with much swamp toward the north. 

T.58-21. The morainic belt last mentioned covers, in this town, the lowest two tiers of sections at first, 
but its northern edge falls away in sections 28 and 29, and leaves the town at the point where the stream enters 
it in section 31. Toward the north is an undulating dTift-covered country with scattered small swamps. 

T.59-12. Mostly dry and level, higbest in the southeast. Till or gravelly till. 
'E. 59-13. Till, but mostly wet. Dry and elevated in N. W. )4 sec. 6. Probably underlain by gabbro. 
T.59-14. '1'he hights of the Giant's range are 1,850 feet, and occasiopally 1,900 feet, above the sea. 

From this the sm-face descends to 1,500 feet, and less, toward the northwest and toward the south. The drift is 
generally stony till, and through the central portions short sharp ridges of boulders of granite and of gabbro are 
common. Some swampy land, not muskeg, is found in the southern half of the town. 

T.59-15. The granite of the Giant's range crosses this town, rising to 1,900 feet in section 13, and to 1,850 
in section 20. Sabin lake is at an elevation of 1,380 feet. South of the Giant's range the country is dry, but it 
is swampy north of it. The Embarras river runs through an area of muskeg, which extends nearly to Sabin lake. 
A moraine crosses the town, Sabin lake being in a valley of north and south glacial drainage kept open through 
the moraine. On either side of this lake the drift hills rise from 250 to 300 feet above the lake, viz.: in sections 
29 and :30. 

T.59-16. The hill range covering sections 26 and 35 rises to over 1,750 feet above the sea, consisting of 
granite principally, buried under morainic drift. Pike river valley is another old drainage course kept open 
dm-ing the glacial accumulations. The moraine on the west side of this old valley rises to 1,900 feet in the 
N. W. 74 sec. 31. The highest land here is crossed by the town line. Aside from the swampy land that accom
panies the Pike river this town is generally dry. Along the immediate valley is considerable modified drift, 
northward from the moraine. The general level of the town is about 1,500 feet. 

T. 59-17. The high hill in section 28, composed of granite, obscured by till, rises to over 2,150 feet, and 
that in section :26 to 2,025 feet, the former being the highest point within the area represented by this. plate. 
The town is in general occupied by till, which is morainic in the southern half. 

T.59-18. The southern one-third portion of this town is morainic, and the remainder has a considerable 
swamp. Westward from Sandy lake is a belt about a mile wide, which is occupied by a superficial stratulll of 
coarse modified drift, which has a more or less rolling topography. The highest land is in north part of section· 
26, rising to 1,860 feet. 

T.59-19. The spur of the Giant's range crossing sections 35 and 36 rises to 1,820 feet. Morainic till is on 
it and extends about a mile north of it, and westward into section 32. A little more than one:half of the town is 
covere~ with gravel or gravelly till, with an undulating outline, its southern border running from the south side 
of sectIOn 20 east-northeast to the northeast corner of section 13. Between this area and the morainic surface 
is a belt a mile to a mile and a half in width which is occupied by ordinary undulating till. 

T.59-:20. Mainly a gravelly and till surface, dry, sloping north; mostly flat, bat more rolling in section 36. 
T.59-:21. Mainly fiat and gravelly, with some swamps in the northwest. 

_ T.60-12. An undulating or rolling till surface, with gravelly patches and small swampy tracts. The 
val'lo~s bra~ches of the Dunka river give it good drainage, and by their erosion a more broken surface. Some 
promment hills of granite belonging to the Giant's range are found in sections 7, 8 and 9. Low gabbro ridges 
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deposited as gravel and sand, and much of. it is low and swampy. The northern two tiers of sections are 
frequently rolling, and eSIJecially about Partr:dge and Sunfis.h la~es. .. 

T.58-15. This town is mainly dry, wIth an undulatmg tlll surface-rollmg III the north. The till. is 
frequently replaced, in the souther~ and cen:ral ~reas, b! glacial ~ravels w~ich have a rather flat upper contour. 

T.58-16. This town is consIderably dIversIfied, wIth elevatIOns l'angmg from 1,400 to 1,700 feet above the 
sea; Esquagama lake being still lower, or 1,353 feet. The elevated ridge of granite, in sections 5 and 7, has its 
culmination in N. E.;4 sec. 7. The region is covered with till, which also extends eastward "to Biwabik and 
Merritt. Southward from McKinley and Merritt the surface is composed of modified. drift (chiefiy gravel and 
sand), which, being fiat, is still mostly dry. 

T.58-17. This town is rough, not only by reason of the underlying rock, but by reason of the pose of the 
drift, which is everywhere till, except in sections 25,35 and 36. There are three points that reach an elevation of 
nearly 2,000 feet, viz.: N. W. 74 S. w. 74 sec. 21, 1,927 feet; S. W. 74 S. w. 74 sec. 28,1,950 feet, and S. E. :>4 
S. E. ~4 sec. 28,1,990 feet. At Virginia and southwestward is an area of fiat and wet land, based on the till, 
with some overlying compact clay. 

T.58-18. This town varies in altitude from about 1,400 feet in the southwest corner to about 1,700 in the 
northwest corner. It is principally occupied by till, which is morainic along the northern tier of sections, but the 
central southern area is fiat and covered by washed drift, with a large area of swamp. 

T.58-19. The northern part of this town is about 350 feet higher than the southern, due to the underlying 
formations, but the whole town has a covering of till, which is morainic in the north, but undulating or fiat in 
the southern. 

T.58-20. A morainic belt about a mile and a half or two miles wide crosses this town, from section 30 to 
section 12. Throughout this the surface is abundantly strewn, and sometimes almost covered, by boulders mainly 
of granite. The rest of the till is apt to be fine blue clay, though often stained red for several feet at the surface, 
and containing sparingly small boulders and fragments. Through all are occasional patches of washed gravels. 
Aside from this morainic belt, the drift is fiat or undulating, and the drainage is to the north and to the south, 
with much swamp toward the north. 

T.58-21. The morainic belt last mentioned covers, in this town, the lowest two tiers of sections at first, 
but its northern edge falls away in sections 28 and 29, and leaves the town at the point where the stream enters 
it in section 31. Toward the north is an undulating drift-covered country with scattered small swamps. 

T.59-12. Mostly dry and level, higbest in the southeast. Till or gravelly till. 
'r.59-13. Till, but mostly wet. Dry and elevated in N. W. )~ sec. 6. Probably underlain by gabbro. 
T.59-14. The hights of the Giant's range are 1,850 feet, and occasiop.ally 1,900 feet, above the sea. 

From this the smface descends to 1,500 feet, and less, toward the northwest and toward the south. The drift is 
generally stony till, and througb the central portions short sharp ridges of boulders of granite and of gabbro are 
common. Some swampy land, not muskeg, is found in the southern half of the town. 

T.59-15. The granite of the Giant's range crosses this town, rising to 1,900 feet in section 13, and to 1,850 
in section 20. Sabin lake is at an elevation of 1,380 feet. South of the Giant's range the country is dry, but it 
is swampy north of it. The Embarras river runs through an area of muskeg, which extends nearly to Sabin lake. 
A moraine crosses the town, Sabin lake being in a valley of north and south glacial drainage kept open through 
the moraine. On either side of this lake the drift hills rise from 250 to 300 feet above the lake, viz.: in sections 
29 and :30. 

T.59-1(1. The hill range covering sections 26 and 35 rises to over 1,750 feet above the sea, consisting of 
granite principally, buried under morainic drift. Pike river valley is another old drainage course kept open 
during the glacial accumulations. The moraine on the west side of this old valley rises to 1,900 feet in the 
N. W. 74 sec. 31. The highest land here is crossed by the town Hne. Aside from the swampy land that accom
panies the Pike river this town is generally dry. Along the immediate valley is considerable modified drift, 
northward from the moraine. The general level of the town is about 1,500 feet. 

T. 59-17. The high hill in section 28, composed of granite, obscured by till, rises to over 2,150 feet, and 
that in section 26 to 2,025 feet, the former being the highest point within the area represented by this. plate. 
The town is in general occupied by till, which is morainic in the southern half. 

T.59-18. The southern one-third portion of this town is morainic, and the remainder has a considerable 
swamp. Westward from Sandy lake is a belt about a mile wide, which is occupied by a superficial stratuID of 
coarse modified drift, which has a more or less rolling topography. The highest land is in north part of section 
26, rising to 1,860 feet. 

T.59-19. The spur of the Giant's range crossing sections 35 and 36 rises to 1820 feet. Morainic till is on 
it and extends about a mile north of it, and westward into section 32. A little more'than onechalf of the toivn is 
covered with gravel or gravelly till, with an undulating outline, its southern border running from the south side 
of sectIOn 20 east-northeast to the northeast corner of section 13. Between this area and the morainic surface 
is a belt a mile to a mile and a half in width which is occupied by ordinary undulating till. 

T.59-30. Mainly a gravelly and till surface, dry, sloping north; mostly fiat, bat more rolling in section 36. 
T.59-21. Mainly fiat and gravelly, with some swamps in the northwest. 

. T. 60-12. An undulating or rolling till surface, with gravelly patches and small swampy tracts. The 
vano~s bra~ches of the Dunka river give it good drainage, and by their erosion a more broken surface. Some 
promment hIlls of granite belonging to the Giant's range are found in sections 7, 8 and 9. Low gabbro ridges 
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prevail in the eastern half of ~he town. There is a heavy drift, probably of the nature of a moraine, running 
across the northern part of thIS town, the most northern of the later moraines of the lake Superior ice-lobe. 

T. 60-13. The narrow granite ridge of the Giant's range, which crosses this town from southwest to 
northeast, rises to the hight of about 1,SOO feet, its highest point being 1,SG5 feet, north side of section 23. '1'he 
rocks of the ~esabi.iron range form lower hills along the south side, and gradually slope to the low land drained 
into the Partndge flver. Toward the north the descent is more abrupt to the valley of the upper Embarras 
river, which flows through a region of swamp, and which rises in a small lake in section 3. The northeastern 
portion of this town is heavily drift-covered, charactistic of the region about the western and southern sides of 
Birch lake, and probably marks a marginal moraine belt of the lake Superior ice-lobe. The Giant's range begins 
to sink away in sections 14, 13, and 12, and is wholly lost, as a hill range, in the next town east. 

T.60-14. This town is considerably broken and rolling, with many swamps in the depressions, drained 
slowly by the Embarras river. The drift effectually covers the rocks. The surface rises about 250 feet in south
east part of section 36, caused by approach to the Giant's range. 

T. 60-15. The general character of this town is like that of the last. 
T.60-16. This town is heavily drifted, but the immediate surface is of l)ermeahle materials, making it 

generally dry. The uplands are of glacial gravels or of till, and the valley of Pike river is in washed sands and 
gravels of post-glacial date as to present pose, though probably originally of glacial origin. In the northwest 
corner, sections IS and 7, glacial gravels form a rolling surface. 

T.60-17. There is some till in the southern part of this town, in a belt about a mile and a half wide, but 
on the southern side (sections 35 and 36) it is limited by river-washed gravels, and toward the north, occupying 
the rest of the town, are glacial gravels forming an undulating or rolling surface, with much swamp. 

T.60-1S. This town is almost entirely occupied by glacial gravels, and has a rough contour, some of the 
hills rising 150 feet above the valleys. Yet in the northeastern corner are about four sections covered by marsh, 
which lies on both sides of the stream which flows from Rice lake. 

T.60-19. There is a little swampy land along the stream which flows westward in the northern part of 
this town, but it is otherwise dry and gravel-covered, with rather broken surface. 

T. 60-20. This town is probably occupied by glacial gravels, in a manner similar to the last, but it has not 
been examined. The surface is level or gently rolling, according to the United States surveyor. 

T.60-21. Similar to the last, but with a large swampy tract in the northeast. 
T.61-12. The contour of this town is rather diversified. The irregularities of the rocky surface have 

been generally toned down and sometimes entirely hid by the drift deposits, which are copious, and which have 
superimposed their own topography. There is evidence of a glacial lake having covered the most of the town, at 
least the southern portion of it, while the eastern end of Birch lake was obstructed by the glacier. A terraced 
condition of the drift deposits is noticeable along the south side of Birch lake (more visible in Ts. 60-12 and 
61-11), the drift being characterized by abundance of debris, which must have originated further south. 

T.61-13. This town is similar to the last. The outlet of th-e glacial lake mentioned above must have 
been through section 23, into Stuntz lake and thence northeastward to White Iron lake. In case the northern ice 
and the lake Superior ice-lobe co-existed at about this locality, the former then accumulating the Vermilion moraine, 
the outlet of this glacial lake must have been toward the southwest by way of the valley of the Embarras river. 

T. 61-14. This town has not been examined, but it is probably covered by glacial gravels with rolling 
contours. The lakes in the northern part are deep, with rocky shores. 

T. 61-15. This town is also heavily drift-covered, with occasional rocky knobs rising above the general 
surface, especially in the northwest. 

T.61-16. Generally dry and rolling, gravelly, with rocky knobs. A great many boulders are strewn over 
the surface, especially in the northern part. 

T.61-17. Surface rolling, gravelly, frequently wet, with spruce and tamarack swamps. 
T.61-1S. Surface rolling, with spruce and tamarack swamps. Drift generally gravel. 
T.61-19. Similar to the last, but rocky in the northeast. 
T.61-20. Level or undulating, probably gravelly. Uplands timbered with aspen, spruce and balsam fir, 

with scattering pine. Swamps with spruce and tamarack. 
T.61-21. Level or undulating, generally of glacial gravels. 
T.62-12. Surface is rolling, with hills of rock and of drift. Large deposits of terraced gravel, etc., occur 

about White Iron lake, especially in sections 23 and 26. 
T.62-13. Surface much broken and the rock frequently exposed, glaciated southwest-west. Generally 

dry, but with occasional swamps of spruce and tamarack. 
T.62-H. Characterized by rock ridges extending in general east and west. Country generally dry. 

Ridges from 50 to 100 feet, or 150 feet, above the valleys. Much rock exposure. . . 
T.62-15. About the shores of Vermilion lake is abundant rock exposure, the lake bemg at an altItude of 

1,357 feet. But the southwest shores are drifted throughout its whole length, with only rare rock exposures. 
A morainic belt is supposed to cross this town through the southern sections, n~med by Mr. Upham the Ver
milion moraine. The rock ridges from which iron is mined in sections 27 and 33, nse from 200 to 300 feet above 

Vermilion lake. . 
T.62-16. A range of morainic till skirts the southwest side of Vermilion lake (the V:rmilion morame). 

The rocks are but rarely exposed about the southerly shores in this town. Southwest from thIS belt the country 
is low and wet. -
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prevail in the eastern half of ~he town. There is a heavy drift, probably of the nature of a moraine, running 
across the northern part of thIS town, the most northern of the later moraines of the lake Superior ice-lobe. 

T. 60-13. The narrow granite ridge of the Giant's range, which crosses this town from southwest to 
northeast, rises to the hight of about 1,SOO feet, its highest point being 1,SG5 feet, north side of section 23. '1'he 
rocks of the ~esabi .iron range form lower hills along the south side, and gradually slope to the low land drained 
into the PartrIdge fiver. Toward the north the descent is more abrupt to the valley of the upper Embarras 
river, which flows through a region of swamp, and which rises in a small lake in section .'3. The northeastern 
portion of this town is heavily drift-covered, charactistic of the region about the western and southern sides of 
Birch lake, and probably marks a marginal moraine belt of the lake Superior ice-lohe. The Giant's range begins 
to sink away in sections 14, 13, and 12, and is wholly lost, as a hill range, in the next town east. 

T.60-14. This town is considerably broken and rolling, with many swamps in the depressions, drained 
slowly by the Embarras river. The drift effectually covers the rocks. The surface rises about 250 feet in south
east part of section 36, caused by approach to the Giant's range. 

T.60-15. The general character of this town is like that of the last. 
T.60-16. This town is heavily drifted, but the immediate surface is of permeahle materials, making it 

generally dry. The uplands are of glacial gravels or of till, and the valley of Pike river is in washed sands and 
gravels of post-glacial date as to present pose, though probably originally of glacial origin. In the northwest 
corner, sections IS and 7, glacial gravels form a rolling surface. 

T.60-17. There is some till in the southern part of this town, in a belt about a mile and a half wide, but 
on the southern side (sections 35 and 36) it is limited by river-washed gravels, and toward the north, occupying 
the rest of the town, are glacial gravels forming an undulating or rolling surface, with much swamp. 

T.60-1S. This town is almost entirely occupied by g-Iacial gravels, and has a rough contour, some of the 
hills rising 150 feet above the valleys. Yet in the northeastern corner are about four sections covered by marsh, 
which lies on both sides of the stream which flows from Rice lake. 

T.60-19. There is a little swampy land along the stream which flows westward in the northern part of 
this town, but it is otherwise dry and gravel-covered, with rather broken surface. 

T.60-20. This town is probably occupied by glacial gravels, in a manner similar to the last, but it has not 
been examined. The surface is level or gently rolling, according to the United States surveyor. 

T.60-21. Similar to the last, but with a large swampy tract in the northeast. 
T.61-12. The contour of this town is rather diversified. The irregularities of the rocky surface have 

been generally toned down and sometimes entirely hid by the drift deposits, which are copious, and which have 
superimposed their own topography. There is evidence of a glacial lake having covered the most of the town, at 
least the southern portion of it, while the eastern end of Birch lake was obstructed by the glacier. A terraced 
condition of the drift deposits is noticeable along the south side of Birch lake (more visible in Ts. 60-12 and 
61-11), the drift being characterized by abundance of debris, which must have originated further south. 

T.61-13. This town is similar to the last. The outlet of th"e glacial lake mentioned above must have 
been through section 23, into Stuntz lake and thence northeastward to White Iron lake. In case the northern ice 
and the lake Superior ice-lobe co-existed at about this locality, the former then accumulating the Vermilion moraine, 
the outlet of this glacial lake must have been toward the southwest by way of the valley of the Embarras river. 

T.61-14. This town has not been examined, but it is probably covered by glacial gravels with rolling 
contours. The lakes in the northern part are deep, with rocky shores. 

T.61-15. This town is also heavily drift-covered, with occasional rocky knobs rising above the general 
surface, especially in the northwest. 

T. 61-16. Generally dry and rolling, gravelly, with rocky knobs. A great many boulders are strewn over 
the surface, especially in the northern part. 

T.61-17. Surface rolling, gravelly, frequently wet, with spruce and tamarack swamps. 
T.61-1S. Surface rolling, with spruce and tamarack swamps. Drift generally gravel. 
T.61-19. Similar to the last, but rocky in the northeast. 
T.61-20. Level or undUlating, probably gravelly. Uplands timbered with aspen, spruce and balsam fir, 

with scattering pine. Swamps with spruce and tamarack. 
T.61-21. Level or undulating, generally of glacial gravels. 
T.62-12. Surface is rolling, with hills of rock and of drift. Large deposits of terraced gravel, etc., occur 

about White Iron lake, esuecially in sections 23 and 26. 
T.62--13. Surface ~uch broken and the rock frequently exposed, glaciated southwest-west. Generally 

dry, but with oeeasional swamps of spruce and tamarack. 
T.62-14. Characterized by rock ridges extending in general east and west. Country generally dry. 

Ridges from 50 to 100 feet, or 150 feet, above the valleys. Much rock exposure. . . 
T.62--15. About the shores of Vermilion lake is abundant rock exposure, the lake bemg at an altItude of 

1,357 feet. But the southwest shores are drifted throughout its whole length, with only rare rock exposures. 
A morainic belt is supposed to cross this town through the sou~hern sectio~s, n~med by Mr. Upham the Ver
milion moraine. The rock ridges from which iron is mined in sectIOns 27 and 33, rIse from 200 to 300 feet above 

Vermilion lake. 
T.62-16. A range of morainic till skirts the southwest side of Vermilion lake (the V:rmilion moraine). 

The rocks are but rarely exposed about the southerly shores in this town. Southwest from thIS belt the country 
is low and wet. " 
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T.62-17. Similar to the last. 
T.63-12. The general and much of the detailed topography of this town is due to the form of the under-

lying rock-surface, but there is also a large deposit of drift. There are terraced gravels south of Long lake 
west from Ely and bordering its north shore, as well as stoneless clays about the east end of the same lake. An 
elevated ridg'e, largely composed of rock, runs through sections 33, 34, 35, and 36, ar:d another alon~ the north 
side of Long lake. Indeed, the whole town is marked by a succession of east-west rIdges wrought 111 the rock, 
these ridges rising from 50 to 150 feet, and more, above the valleys (plate R, figure 2). 

T. 63-13. This town is similar to the last, but the lower portion of the valley of the Burntside river was 
covered by the glacial lake that occupied the valley of Long lake, and it is now covered by fine clay, extending 
nearly to the outlet of Burntside lake. The rocky areas also are not distinctly east-west ridges, but irregular 
knolls and hills. These-prevail throughout Burntside lake and northward, with scant drift. A hill range runs 

through sections 33, 34, 35, and 25. 
T.63-14. This town is rough, with frequent hills of granite, not having an abundant drift. The lakes are 

rock-bound. 
T.63-15. Rough, with the rocky structure (granite). In the southern portion some tracts more level, but 

still rocky. 
T.63-16. Granite and schists make this a rough town, the drift not being thick. 
T.63-17. Generally quite rocky and rough, but frequently wet, with more drift and uniform characters in 

the southwest, where boulders form the lake shores. 
T.63-18. Abundant drift covers the southwestern one-third or one-half of this town where the lake shores 

are of boulders. But toward the northeast the rock is more uncovered, and the country is more broken. 
T.63-19. This town is heavily drifted, with no known rock outqrops. The Vermilion moraine passes 

through the northeastern portion. Marginal moraine gravel deposits, with a rolling or undulating surface, are 
supposed to occur in the south. The town, however, has not been examined. 

T.63-20. This town has not been examined, but is probably quite similar to the last. 
T.64-12. This town is unexamined, but it is known from general considerations to be generally rough, 

with ridges and knobs of granite and gneiss, with rock-bound deep lakes. 
T.64-13. Similar to last. 
T. 64-15. Rough, with hills and ridges of gneiss and granite, varying to mica schist. 
T.64-16. Rough, with much rocky surface, with interspersed swamps; smoother in the north. 
T. 64-17. The river is wide and slow, occasionally with granite shores, but generally having drift shores. 

The country rises gently on either hand, but for the most part not exceeding twenty-five feet near the river; occa
sionally higher land appears at a distance, but the town, although underlain by granite rocks, is not very hilly. 

At the outlet of Vermilion lake, the water-surface goes down about fifty feet to a lower lake, with consid
erable tumult, over large boulders of coarse granite, without much exposing the underlying rock in situ along 
the river. The underlying rock is rather fragile mica schist, visible on the east side of the bay from which the 
river goes out, and represented by fresh slabs of that kind of rock scattered about the outlet (plate S, figures 
1 and 2). 

T.64-18. This town is moderately rough, with hills of gneiss and of granite, interspersed with small 
swamps. 

T.64-19. Elbow river runs through a very rough country in sections 24, 25, 26 and 34, the hills rising 
about 200 feet above the river, Bald mountaln being on the north side. The rapids are at. the outlet of Elbow 
lake and at a distance of two and a half or three miles below. The outlook from Bald mountain is over a for
bidding country of hornblendic and chloritic gneiss. The stream is remarkably free from rapids for so rough a 
country. Through sections 33, 29 and 19, the immediate valley is swampy and contains Rice lake. 

T. 64-20. The shores of Pelican lake are not very high, nor rocky, but mostly sandy or boulder-bound. 
There are reported considerable drift hills in central and southern portions of this town, the supposed location 
of the Vermilion moraine (Upham). The underlying rocks are granite, gneiss and mica schist. 

T.64-21. The Vermilion moraine probably passes through this town (Upham), but the interior of the 
town has not been examined. There is more reason to believe, however, that the Vermilion moraine lies to the 
east of Pelican lake. 

T.65-17. The Vermilion river passes through the centre of this town, which has not been subdivided. It 
has an extensive rapid over granite in section 35, with a fall of about eighty feet. There is another rapid about 
in section 27, with fall of about six inches. There is a fall of fifteen feet near the centre of section 22, over gneiss, 
and another in the southern part of section 9, of six feet, over gneiss. In general, this stream, however, is rather 
steady, in this town, with drift banks, the country being flat except at the points mentioned, where hills appear 
on either side. The stream is in contrast with the drainage courses farther east and north, which are composed 
rather of a succession of lakes. This flat country continues to Crane lake. 

T.65-19. Not examined. 
T.65-21. In only two places near Net lake is rock in situ known. This is on a small island, near the east 

side of the lake, just west of the Indian village. Mica schist also crops out in the midst of the Indian village. 
The portage from Pelican to Net lake is over a region of drift, with much gravel and sand, and many large 
boulders .. The Vermilion moraine probably runs to the east of Net lake, and from it a gravel-covered and 
finally a SIlted surface spreads out toward the west and southwest, incidental to the waters of lake Agassiz. 
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T.62-17. Similar to the last. 
T.63-12. The general and much of the detailed topography of this town is due to the form of the under-

lying rock-surface, but there is also a large deposit of drift. There are terraced gravels south of Long lake 
west from Ely and bordering its north shore, as well as stoneless clays about the east end of the same lake. An 
elevated ridg'e, largely composed of rock, runs through sections 33, 34, 35, and 36, a~d another alon~ the north 
side of Long lake. Indeed, the whole town is marked by a succession of east-west ndges wrought III the rock, 
these ridges rising from 50 to 150 feet, and more, above the valleys (plate R, figure 2). 

T.63-13. This town is similar to the last, but the lower portion of the valley of the Burntside river was 
covered by the glacial lake that occupied the valley of Long lake, and it is now covered by fine clay, extending 
nearly to the outlet of Burntside lake. The rocky areas also are not distinctly east-west ridges, but irregular 
knolls and hills. These-prevail throughout Burntside lake and northward, with scant drift. A hill range runs 

through sections 33, 34, 35, and 25. 
T.63-14. This town is rough, with frequent hills of granite, not having an abundant drift. The lakes are 

rock-bound. 
T.63-15. Rough, with the rocky structure (granite). In the southern portion some tracts more level, but 

still rocky. 
T.63-16. Granite and schists make this a rough town, the drift not being thick. 
T. 63-17. Generally quite rocky and rough, but frequently wet, with more drift and uniform characters in 

the southwest, where boulders form the lake shores. 
T.63-18. Abundant drift covers the southwestern one-third or one-half of this town where the lake shores 

are of boulders. But toward the northeast the rock is more uncovered, and the country is more broken. 
T.63-19. This town is heavily drifted, with no known rock outqrops. The Vermilion moraine passes 

through the northeastern portion. Marginal moraine gravel deposits, with a rolling or undulating surface, are 
supposed to occur in the south. The town, however, has not been examined. 

T.63-20. This town has not been examined, but is probably quite similar to the last. 
T.64-12. This town is unexamined, but it is known from general considerations to be generally rough, 

with ridges and knobs of granite and gneiss, with rock-bound deep lakes. 
T.64-13. Similar to last. 
T. 64-15. Rough, with hills and ridges of gneiss and granite, varying to mica schist. 
T.64-16. Rough, with much rocky surface, with interspersed swamps; smoother in the north. 
T. 64-17. The river is wide and slow, occasionally with granite shores, but generally having drift shores. 

The country rises gently on either hand, but for the most part not exceeding twenty-five feet near the river; occa
sionally higher land appears at a distance, but the town, although underlain by granite rocks, is not very hilly. 

At the outlet of Vermilion lake, the water-surface goes down about fifty feet to a lower lake, with consid
erable tumult, over large boulders of coarse granite, without much exposing the underlying rock in sitn along 
the river. The underlying rock is rather fragile mica schist, visible on the east side of the bay from which the 
river goes out, and represented by fresh slabs of that kind of rock scattered about the outlet (plate S, figures. 
1 and 2). 

T.64-18. This town is moderately rough, with hills of gneiss and of granite, interspersed with small 
swamps. 

T.64-19. Elbow river runs through a very rough country in sections 24, 25, 26 and 34, the hills rising 
about 200 feet above the river, Bald mountain being on the north side. The rapids are at the outlet of Elbow 
lake and at a distance of two and a half or three miles below. The outlook from Bald mountain is over a for
bidding country of hornblendic and chloritic gneiss. The stream is remarkably free from rapids for so rough a 
country. Through sections 33, 29 and 19, the immediate valley is swampy and contains Rice lake. 

T. 64-20. The shores of Pelican lake are not very high, nor rocky, but mostly sandy or boulder-bound. 
There are reported considerable drift hills in central and southern portions of this town, the supposed location 
of the Vermilion moraine (Upham). The underlying rocks are granite, gneiss and mica schist. 

T.64-21. The Vermilion moraine probably passes through this town (Upham), but the interior of the 
town has not been examined. There is more reason to believe, however, that the Vermilion moraine lies to the 
east of Pelican lake. 

T.65-17. The Vermilion river passes through the centre of this town, which has not been subdivided. It 
has an extensive rapid over granite in section 35, with a fall of about eighty feet. There is another rapid about 
in section 27, with fall of about six inches. There is a fall of fifteen feet near the centre of section 22, over gneiss, 
and another in the southern part of section 9, of six feet, over gneiss. In general, this stream, however, is rather 
steady, in this town, with drift banks, the country being fiat except at the points mentioned, where hills appear 
on either side. The stream is in contrast with the drainage courses farther east and north, which are composed 
rather of a succession of lakes. This fiat country continues to Crane lake. 

T.65-19. Not examined. 
T.65-21. In only two places near Net lake is rock in sitlL known. This is on a small island, near the east 

side of the lake, just west of the Indian village. Mica schist also crops out in the midst of the Indian village. 
The portage from Pelican to Net lake is over a region of drift, with much gravel and sand, and many large 
boulders .. The Vermilion moraine probably runs to the east of Net lake, and from it a gravel-covered and 
finally a SIlted surface spreads out toward the west and southwest, incidental to the waters of lake Agassiz. 
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T.66--12. This town borders on Crooked lake, which is a part of the waters of the international boundary. 
The country is rather broken, underlain by the gneiss and schists of the Archean. At the outlet of Crooked 
lake is Curtain fall (plate T, figure 1), where the water descends 27 feet. Below the fall is a rapid in which the 
water descends again about three feet, thus reaching Iron lake. 

T.66-13. The surface of this town is much broken, having high hills and precipitous ledges of 
granitic rocks. 

T. 66-14 and 15 have not been subdivided. They are probably quite hilly, with granitic rocks. 
T.66-16. Loon river, crossing sections 1, 2 and 3, is a sinuous stream. The shores are low, rising five to 

twenty.five feet, but in places having higher land not far to the south. The rapid which occurs at the northeast 
corner of section 1 affords a fall of about forty feet, that at half a mile further west has a descent of about four 
feet, and that on the section line between sections 1 and 2, about six inches. Otherwise the stream is smooth 
in this town. 

T.66-17. This town is occupied by hills of granite. The Vermilion river, however, is steady and receives 
the Pelican in N. W. 7.4: sec. 31. 

T.66--18. The Vermilion has a steady descent through this town, which, however, is broken by a rapid and 
fall of nine feet near the centre of section 24. There is also a small rapid and descent of one foot about on the 
section line between 10 and 15 in the N. E. 7.4: sec. 15. The immediate banks of the river are generally not rocky, 
but hills of granite rise at a short distance on either hand, and the town is generally rough. 

T.66-19. Not examined. 
T.66-20. Not examined, but it is known that a very hilly tract, probably of drift, occurs to the west and 

southwest of Black Duck lake, the assumed location of the Vermilion moraine. 
T.66--21. Not examined, but this town is probably occupied by a fiat or undulating drift, which consists 

lal'gelyof gravel and sand, rendering the surface dry, with only occasionally low knolls of rock. 
T. 67-13. This is hilly, with gneiss and granite and mica schists. The international boundary waters on 

leaving Iron lake pass to the east and north of Irving island, but the boundary line, as laid out and recognized 
by the United States surveyors, turns to the west in the N. W. 7.4: sec. 35, where water goes only at high stage. 
It thus reaches Lac 180 Croix by the stream in section 34. The main boundary stream goes north from Iron 
lake to McAree lake, and thence to Lac la Croix. The boundary line follows the dry channel from Iron lake 
and enters a small lake in S. W. 7.4: sec. 26, leaves it, and continues northwestwardly over a tongue of land pro
jecting southwest from Irving island, and descends to Lac la Croix, in the S. E. 7.4: of sec. 27. In the portage 
across Irving island the United States section lines are meandered up to the portage trail. 

T.67-14. Lac la Croix has a spider-like extension over the eastern and northern parts of this town. Other
wise it is rough or hilly, with the Archean rocks. 

T. 67-15. The shores are rocky and sparsely timbered. The country is hilly. Only in very high water is 
there any current passing from Lac la Croix southward to Loon lake, where the international boundary is 
located, although there is a descent of twenty feet to Loon lake. 

T.67-16. Little Vermilion lake, which receives Loon river, extends from section 28 to section 6, crossing 
this town. This stretch of water, which is narrow and river-like nearly all the way, is sometimes very sinuous, 
with low, grassy, marshy banks. Just at the point where it leaves the town, N. W. 7.4: sec. 6, is a rapid with 
descent of about a foot. The country in general is hilly and rocky, with scant forest. 

T. 67-17. The Yermilion river has a fall of twenty-one feet, through rapids, on N. E. 74 sec. 30 (plate T, 
figure 2), and another of six and a half feet at the section corner 19-20, 29-30, over gneiss at both places. There 
is another rapid over mica schist and granite, with a descent of eight inches, in N. E. 74 sec. 20. The portage 
that descends eastward from S. E. 7.4: sec. 21, to the N. W. 7.4: sec. 22, has a fall of forty-five feet, the rapids con
tinuing for more than half a" mile. From this the water has but a very gentle descent to Crane lake, which 
spreads irregularly over the northern and eastern parts of this town and into the town next east. This town is 
generally rather broken with granitic hills. 

T.67-18. This town has not been examined except along the Vermilion river, where it is broken with 
granitic hills. It is believed to be generally of the same character. 

T. 67-19. Not examined, but the town is probably rough, with numerous granitic hills. . 
T. 67-20. Not examined, but it is probable that the line separating the rocky country from the dnft

covered passes through this town. It is the same transition that is so noticeable at the west end of Rainy lake 
and along the southwesJ side of Vermilion lake. 

T.67-21. Not examined, but this town is supposed to be fiat or undulating, with a considerable drift
mantle, consisting largely of gravel and sand. 

T. 68-13. The land of this town is a part of an island in Lac la Croix, which the Canadian maps name 
Roland, but which by Minnesota maps is named Coleman island. The surface is nearly level, b,'lt yet r~cky. 

T. 68-14. This town, lying on Lac la Croix, is rough and hilly, with Archean rocks, but IS well tImbered. 
T.68-15. Similar to the last, with bold rocky shores. . 
T. 68-16. The small patch of land belonging to this town (in section 31) is hilly but well tImbered. It is 

on the point of the peninsula between Crane lake and Little Vermilion lake. 
T.68-17. At the narrow place separating Crane lake from Sand Points lake there is ~ little current a~d a 

descent"northward of three or four inches. This narrow place is in the southern part of sectIOn 36. Sand Pomts 
lake spreads irregularly over the most of this town, which is otherwise rather rough, with Archean rocks. 

T.68-18. Rough, with Archean hills. 
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T.66-12. This town borders on Crooked lake, which is a part of the waters of the international boundary. 
The country is rather broken, underlain by the gneiss and sc:hists of the Archean. At the outlet of Crooked 
lake is Curtain fall (plate T, figure 1), where the water descends 27 feet. Below thc fall is a rapid in which the 
water descends again about three feet, thus reaching Iron lake. 

T.66-13. The surface of this town is much broken, having high hills and precipitous ledges of 
granitic rocks. 

T. 66-14 and 15 have not been subdivided. They are probably quite hilly, with granitic roc:ks. 
T.66-16. Loon river, crossing sections 1, 2 and 3, is a sinuolls stream. The shores are low, rising five to 

twenty-five feet, but in places having higher land not far to the south. The rapid whi.ch oceurs at the northeast 
corner of section 1 affords a fall of about forty feet, that at half a mile further west hilS a descent of about four 
feet, and that on the section line between sections 1 and 2, about six inches. OthGrwise the stream is smooth 
in this town. 

T.66-17. This town is occupied by hills of granite. The Vermilion river, however, is steady and receives 
the Pelican in N. W. !4 sec. 31. 

T.66-18. The Vermilion has a steady descent through this town, which, however, is broken by a rapid and 
fal] of nine feet near the centre of section 24. There is also a small rapid and descent of one foot about on the 
section line between 10 and 15 in the N. E.!4 sec. 15. The immediate banks of the river are generally not rocky, 
but hills of granite rise at a short distance on either hand, and the town is generally rough. 

T.66-19. Not examined. 
T.66-20. Not examined, but it is known that a very hilly tract, probably of drift, occurs to the west and 

southwest of Black Duck lake, the assumed location of the Vermilion moraine. 
T.66-21. Not examined, but this town is probably occupied by a fiat or undulating drift, which consists 

largely of gravel and sand, rendering the surface dry, with only occasionally low knolls of rock. 
T.67-1.1. This is hilly, with gneiss and granite and mica schists. The international boundary waters on 

leaving Iron lake pass to the east and north of Irving island, but the boundary line, as laid out and recognized 
by the United States surveyors, turns to the west in the N. W. !4 sec. 35, where water goes only at high stage. 
It thus reaches Lac la Croix by the stream in section 34. The main boundary stream goes north from Iron 
lake to McAree lake, and thence to Lac la Croix. The boundary line follows the dry channel from Iron lake 
and enters a small lake in S. IV. !4 sec. 26, leaves it, and continues northwestwardly over a tongue of land pro
jecting southwest from Irving island, and descends to Lac la Croix, in the S. E. !4 of sec. 27. In the portage 
across Irving island the United States section lines are meandered up to the portage trail. 

T.67-14. Lac la Croix has a spider-like extension over the eastern and northern parts of this town. Other
wise it is rough or hilly, with the Archean rocks. 

T. 67-15. The shores are rocky and sparsely timbered. The country is hilly. Only in very high water is 
there any current passing from Lac la Croix southward to Loon lake, where the international boundary is 
located, although there is a descent of twenty feet to Loon lake. 

T.67-16. Little Vermilion lake, which receives Loon river, extends from section 28 to section 6, crossing 
this town. This stretch of water, which is narrow and river-like nearly all the way, is sometimes very sinuous, 
with low, grassy, marshy banks. Just at the point where it leaves the town, N. W. !4 sec. 6, is a rapid with 
descent of about a foot. The country in general is hilly and rocky, with scant forest. 

T.67-17. The Vermilion river has a fall of twenty-one feet, through rapids, on N. E. 74 sec. 30 (plate T, 
figure 2), and another of six and a half feet at the section corner 19-20, 29-30, over gneiss at both places. There 
is another rapid over mica schist and granite, with a descent of eight inches, in N. E. 74 sec. 20. The portage 
that descends eastward from S. E. !4 sec. 21, to the N. W. !4 sec. 22, has a fall of forty-five feet, the rapids con
tinuing for more than half a mile. From this the water has but a very gentle descent to Crane lake, which 
spreads irregularly over the northern and eastern parts of this town and into the town next east. This town is 
generally rather broken with granitic hills. 

T.67-18. This town has not been examined except along the Vermilion river, where it is broken with 
granitic hills. It is believed to be generally of the same character. 

T.67-19. Not examined, but the town is probably rough, with numerous granitic hills. 
T. 67-20. Not examined, but it is probable that the line separating the rocky country from the drift

covered passes through this town. It is the same transition that is so noticeable at the west end of Rainy lake 
and along the southwest side of Vermilion lake. 

T.67-21. Not examined, but this town is supposed to be fiat or undulating, with a considerable drift
mantle, consisting largely of gravel and sand. 

T.68-13. The land of this town is a part of an island in Lac la Croix, which the Canadian maps name 
Roland, but which by Minnesota maps is named Coleman island. The surface is nearly level, b:lt yet r~cky. 

T. 68-14. This town, lying on Lac la Croix, is rough and hilly, with Archean rocks, but IS well tImbered. 
T. 68-15. Similar to the last, with bold rocky shores. . ' 
T.68-16. The small patch of land belonging to this town (in section 31) is hilly but well tImbered. It 18 

on the point of the peninsula between Crane lake and Little Vermilion lake. 
T.68-17. At the narrow place separating Crane lake from Sand Points lake there is ~ little current a~d a 

descent· northward of three or four inches. This narrow place is in the southern part of sectIOn 36. Sand Pomts 
lake spreads irregularly over the most of this town, which is otherwise rather rough, with Archean rocks. 

T.68-18. Rough, with Archean hills. 
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T.68-19. In the lower reaches is found occasional swamp, but generally this town is hilly, with little or no 

drift covering the roelL 
T. 68-20. Not examined, but it is learned from the United States township plats that a considerable 

swampy land lies along the water courses. The town is probably considerably drift-covered, the eastern edge of 
the Vermilion moraine lying in the southwestern part. 

T. 68-21. Not examined, but supposed to be well drifted, and rather fiat, with modified drift abundant
the Vermilion moraine probably affecting the northeastern portion. 

T.69-17. Hilly and rocky. At the outlet of Sand Points lake into Namekan lake there is a distinct cur
rent, and a descent of not more than six inches. This occurs near the centre of section 27. 

T.69-18. This town is rough, with granitic hills. 
T.69-19. The assumed limit of Namekan lake, westward, is at the narrows in section 29, but the lakes are 

on the same level. The surface of this town is similar to that of the last. 
T.69-20. Surface broken, with Archean rocks frequently exposed. Kabetogama lake extends east and 

west across this town. More drifted in the southwest. 
T. 69-21. This town is similar to the last, but is more largely covered by Kabetogama lake. The rock is 

bare abundantly about the lake shores. The Vermilion moraine is presumed to cross the southwestern quarter 
of this town, separating the rocky land from that which is drift-covered, but the town has not been examined 
except along the lake shore. 

T.70-18. The Namekan lake empties into Rainy lake at Kettle falls, with a descent of about eight feet. 
These falls are at the southeast corner of section 33. The town is hilly, with granite and mica schist. 

T. 70-19. Similar to the last. 
T. 70-20. Pwcky, gently rolling; rock, mica schist; shores lower than further east, and tending to be 

marshy. 
T. 70-21. Similar to the last. 
T.71-20. Hilly. The point projecting to Brule narrows is generally low. The rock is generally of 

mica schist. 
T.71-21. Surface rolling and rocky, with mica schist. Numerous islands are near the shore. 

ELEVATIONS IN THE NORTHERN PART OF ST. LOUIS OOUNTY. 

Duluth and Iron Range railroad. 

Highland (formerly Gakadina), 
Summit (highest point on the line, cut 4 feet), grade, 
Thomas, -
Little Cloquet river, bed, 1,489; grade, 
Cloquet river, bed, 1,477; grade, 
Cloquet River station, 
Breda (formerly Wissakode) 
Summit, grade and natural surface, 
Outlet of Basset lake, bed, 1,575; grade, 
Basset Lake station, 
White Face river, bed, 1,606; grade, 
Summit, cutting 14 feet; grade, 
Reno. 
St. Louis river, bed, 1,583; grade, 
St. Louis River station, 
Summit, cutting 10 feet; grade, 
Partridge river, bed, 1,489; grade, 
Allen .J unction, 
Beaver Dam creek, bed, 1,472; grade, 
Allen (formerly Okwanim), 
Junction of survev to Mallmann mine 
Camp at Mallman"n mine (N. E. cor. se~. 11, T. 59-14), 
Summ"t, cut 7 feet; grade, 
Mesabi, 
Mesabi creek, bed, 1,481; grade, 
Hinsdale, at Summit, cut ]0 feet; grade, 
Embarras river, bed 1,408; grade, 
Embarras River station, 
Norway, 
Summit, natural surface and grade, . 
West Two rivers at first bridge, bed, 1,432; grade, 
West Two rivers at sixth bridge (?), bed, 1,403; grade, 
West Two Rivers station 
Summit, natural surface'and (trade " , 

Miles from 
Duluth. 

38.6 
39.5 
43.3 
45.2 
47.2 
47.7 
50.8 
52.6 
54.2 
54.8 
56.4 
58.8 
60.5 
63.1 
64.0 
64.8 
69.3 
70.0 
71.2 
71.4 
72.9 
77.3 
73.2 
74.0 
74.7 
76.3 
80.9 
81.8 
84.1 
84.7 
89.2 
90.7 
91.1 
91.4 

Feet above 
tide. 
1,709 
1,744 
1,610 
1,521 
1,493 
1,505 
1;580 
1.622 
1,594 
1,638 
1,635 
1,695 
1,665 
1,597 
1,584 
1,609 
1,504 
1,508 
1,484 
1,481 
1,527 
1,685 
1,529 
1,512 
1,488 
1,596 
1,426 
1,426 
1,472 
1,487 
1,438 
1,414 
1,425 
1,441 
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T.68-19. In the lower reaches is found occasional swamp, but generally this town is hilly, with little or no 

drift covering the rock. 
T. 68-20. Not examined, but it is learned from the United States township plats that a considerable 

swampy land lies along the water courses. The town is probably considerably drift-covered, the eastern edge of 
the Vermilion moraine lying in the southwestern part. 

T. 68-21. Not examined, but supposed to be well drifted, and rather fiat, with modified drift abundant
the Vermilion moraine probably affecting the northeastern portion. 

T.69-17. Hilly and rocky. At the outlet of Sand Points lake into Namekan lake there is a distinct cur
rent, and a descent of not more than six inches. This occurs near the centre of section 27. 

T.69-18. This town is rough, with granitic hills. 
T.69-19. The assumed limit of Namekan lake, westward, is at the narrows in section 29, but the lakes are 

on the same level. The surface of this town is similar to that of the last. 
T.69-20. Surface broken, with Archean rocks frequently exposed. Kabetogama lake extends east and 

west across this town. More drifted in the southwest. 
T. 69-21. This town is similar to the last, but is more largely covered by Kabetogama lake. The rock is 

bare abundantly about the lake shores. The Vermilion moraine is presumed to cross the southwestern quarter 
of this town, separating the rocky land from that which is drift-covered, but the town has not been examined 
except along the lake shore. 

T.70-18. The Namekan lake empties into Rainy lake at Kettle falls, with a descent of about eight feet. 
These falls are at the southeast corner of section 33. The town is hilly, with granite and mica schist. 

T. 70-19. Similar to the last. 
T. 70-20. PvClcky, gently rolling; rock, mica schist; shores lower than further east, and tending to be 

marshy. 
T. 70-::n. Similar to the last. 
T.71-20. Hilly. The point projecting to Brule narrows is generally low. The rock is generally of 

mica schist. 
T.71-21. Surface rolling and rocky, with mica schist. Numerous islands are near the shore. 

ELEVATIONS IN THE NORTHERN PART OF ST. LOUIS OOUNTY. 

D1Ll1dh and Iron Range railroad. 

Highland (formerly Gakadina), 
Summit (highest point on the line, cut 4 feet), grade, 
Thomas, -
Little Cloquet river, bed, 1,489; grade, 
Cloquet river, bed, 1,477; grade, 
Cloquet River station, 
Breda (formerly Wissalwde) 
Summit, gTade and natural surface, 
Outlet of Basset lake, bed, 1,575; grade, 
Basset Lake station, 
White Face river, bed, 1,606; grade, 
Summit, cutting 14 feet; grade, 
Reno, 
St. Louis river, bed, 1,583; grade, 
St. Louis River station, 
Summit, cutting 10 feet; grade, 
Partridge river, bed, 1,489; grade, 
Allen .J unction, 
Beaver Dam creek, bed, 1,472; grade, 
Allen (formerly Okwanim), 
.J unction of survey to Mallmann mine, 
Camp at Mallmann mine (N. E. cor. sec. 11, T. 59-14), 
Surum't, cut 7 feet; grade, 
Mesabi, 
Mesa bi creek, bed, 1,481; grade, 
Hinsdale, at Summit, cut ]0 feet; grade, 
Embarras river, bed 1,408; grade, 
Embarras River station, 
Norway, 
Summit, natural surface and grade, . 
West Two rivers at first bridge, bed, 1,432; grade, 
West Two rivers at sixth bridge (?), bed, 1,403; grade, 
West Two Rivers station 
Summit, natural surface'and grade, 

Miles from 
Duluth. 

38.6 
39.5 
43.3 
45.2 
47.2 
47.7 
50.8 
52.6 
54.2 
54.8 
56.4 
58.8 
60.5 
63.1 
64.0 
64.8 
69.3 
70.0 
71.2 
71.4 
72.9 
77.3 
73.2 
74.0 
74.7 
76.3 
80.9 
81.8 
84.1 
84.7 
89.2 
90.7 
91.1 
91.4 

Feet above 
tide. 
1,709 
1,744 
1,610 
1,521 
1,493 
1,505 
1,580 
1.622 
1,594 
1,638 
1,635 
1,695 
1,665 
1,597 
1,584 
1,609 
1,504 
1,508 
1,484 
1,481 
1,527 
1,685 
1,529 
1,512 
1,488 
1,596 
1,426 
1,426 
1,472 
1,487 
1,438 
1,414 
1,425 
1,441 



NORTH PART OF ST. LOUIS COUNTY. 
Elev:atioIlS.] 

:jJ]ast Two rivers, bed, 1,375; grade, 
Tower Junction, 
East Two rivers, grade, 
Tower, 
Vermilion lake, water, 
Summit of grade (branch to the mines), 
End of track at Stantz mine, -
Summit, grade and natural surface (branch to Ely), 
Armstrong Lake station (side track), 
Robinson Lake siding, 
Depression, grade, 

[This is at the-foot of a descent from the west; forward the grade is 
n9where above 1,386 feet to 112 miles.] 
Ely, 
Garden lake, water, 
Kawishiwi river, water, 

Miles from 
Duluth. 

92.8 
93.0 
93.0 
94.4 
90.2 
946 
94.9 

100.1 
102.8 
104.2 
110.1 

113.4 
120.0 
120.2 

D1Liuth and Iron Range raiIToacl-TVesie'rn ]jlesabi bTanch. 

Allen Junction, -
Mesabi creek, bed, 1,430; water, 1,43~; grade, 
Summit, cut 2 feet; grade, 
Embarras river, bed, 1,363; water, 1,366; grade, 

[The river here has the same level as the Upper Embarras lake (1,366 
feet) next north; rapids fall 5 or 6 feet just below this bridge to the Lower 
Embarras lake (about 1,360 feet).] 
J unction of branch to mines, -
Junction of branch to the Cincinnati mine, 
End of track (Cincinnati mine), 
On the branch to the Canton mine, crossing of .the Biwabik branch of the 

Duluth, Mesabi and Northern railroad; grade, 
Canton mine, west and upper shaft; surface, 
McKinley town-site, 
Summit, cut 26 feet; grade, 
Pike river, water, 1,532; grade (on trestle, 46 feet high), 
Rock, cut 500 feet long, natural surface, 1,605; grade, 
Deep, cut in drift, 1,200 feet long, natural surface, 1,646; grade, 
Crossing (above) Duluth, Mesabi and Northern railroad (1,563); grade, 

[From 94.0 to 97.0 miles this road makes a long and narrow loop, convex 
to the northeast, in descending across the valley of Six Mile creek, which 
runs west into a small lake close north of Virginia. This loop is mostly in 
the southern two-thirds of sec. 4, T. 58-17.] 
Small stream, from springs, bed, 1,425; grade, 
Lake at Virginia, 
General level at Virginia, one-half mile south of this railroad, 
Summit, cutting 17 feet; grade, 
Crossing (above) Duluth, Mesabi and Northern railroad (1,433); grade, 
J unction of two lines of survey westward, 

Summit, cut 2 feet; grade, 
Stream, bed, 1,501; grade, 

On the S01~thern line. 

On the nOTtheTn line. 

Cedar swamp, forming the divide between the St. Louis and Rainy Lake 
river basins, N. W. ),4, sec. 6, T. 58-18; surface, 

[This profile ends on the west line of this range 223 feet north of the ?4 
section stake on the west side of sec. 30, T. 59-18, natural surface, 1549-1578.] 
Proposed grade at end of survey, 

D1~luth, ]jlesabi and Norther'n railroad. 

White Face river, water, 1,281; grade, 
[From Albert northward to the second crossing of the St. Louis river 

this country consists mainly of tamarack swamps and muskeg.] 
Summit, in a grove of Norway pine, natural surface and grade, 

Miles from 
Duluth. 

70.0 
75.7 
77.0 
82.5 

84.0 
84.0 
85.5 

85.0 
85.2 

87.4--87.7 
90.6 
91.0 
91.2 
92.5 
92.8 

97.6 

97.6 
100.0 
101.9 
103.3 

103,4 
104.1 

105.0 

106.9 

Miles from 
Duluth. 

60.1 

-72.5 
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Feet above 
tide. 
1,385 
1,381 
1.381 
1,367 
1,357 
1,510 
1,491 
1,516 
1,476 
1,482 
1,377 

1,417 
1,:384 
1,;)S:1 

Feet above 
tide. 

1,508 
1,440 
1,478 
1,380 

1,425 
1,432 
1,568 

1,456 
1,492 

1,432-1,440 
1,589 
1,578 
1,573 
1,608 
1,598 

1,434 
1,423 

1,435-1,440 
1,463 
1,463 
1,542 

1,545 
1,538 

1,615 

1,559 

Feet above 
tide. 

1,302 

1,355 

NORTH PART OF ST. LOUIS COUNTY. 
Elevations.] 

:jllast Two rivers, bed, 1,375; grade, 
Tower Junction, 
East Two rivers, grade, 
Tower, 
Vermilion lake, water, 
Summit of grade (branch to the mines), 
End of track at Stantz mine, -
Summit, grade and natural surface (branch to Ely), 
Armstrong Lake station (side track), 
Robinson Lake siding, 
Depression, grade, 

[This is at the foot of a descent from the west; forward the grade is 
n()where above 1,386 feet to 112 miles.] 
Ely, 
Garden lake, water, 
Kawishiwi river, water, 

Miles from 
Duluth. 

92.8 
93.0 
93.G 
94.4 
%.2 
946 
84.9 

100.1 
102.8 
104.2 
110.1 

113,4 
120.0 
120.2 

D1~luth and Iron Range railroacl-TVeste'rn 11Iesabi bTanch. 

Allen Junction, -
Mesabi creek, bed, 1,430; water, 1,432; grade, 
Summit, cut 2 feet; grade, 
Embarras river, bed, 1,363; water, 1,366; grade, 

[The river here has the same level as the Upper Embarras lake (1,366 
feet) next north; rapids fall 5 or 6 feet just below this bridge to the Lower 
Embarras lake (about 1,360 feet).] 
J unction of branch to mines, -
Junction of branch to the Cincinnati mine, 
End of track (Cincinnati mine), 
On the branch to the Canton mine, crossing of .the Biwabik branch of the 

Duluth, Mesabi and Northern railroad; grade, 
Canton mine, west and upper shaft; surface, 
McKinley town-site, 
Summit, cut 26 feet; grade, 
Pike river, water, 1,532; grade (on trestle, 46 feet high), 
Rock, cut 500 feet long, natural surface, 1,605; grade, 
Deep, cut in drift, 1,200 feet long, natural surface, 1,646; grade, 
Crossing (above) Duluth, Mesabi and Northern railroad (1,563); grade, 

[From 94.0 to 97.0 miles this road makes a long and narrow loop, convex 
to the northeast, in descending across the valley of Six Mile creek, which 
runs west into a small lake close north of Virginia. This loop is mostly in 
the southern two-thirds of sec. 4, T. 58-17.] 
Small stream, from springs, bed, 1,425; grade, 
Lake at Virginia, 
General level at Virginia, one-half mile south of this railroad, 
Summit, cutting 17 feet; grade, 
Crossing (above) Duluth, Mesabi and Northern railroad (1,433); grade, 
J unction of two lines of survey westward, 

Summit, cut 2 feet; grade, 
Stream, bed, 1,501; grade, 

On the s01~thern line. 

On the nOTtheTn line. 

Cedar swamp, forming the divide between the St. Louis and Rainy Lake 
river basins, N. W. ~, sec. 6, T. 58-18; surface, 

[This profile ends on the west line of this range 223 feet north of the ?4 
section stake on the west side of sec. 30, T. 59-18, natural surface, 1549-1578.] 
Proposed grade at end of survey, 

D1~luth, 111esabi and NOTther'n railroad. 

White Face river, water, 1,281; grade, 
[From Albert northward to the second crossing of the St. Louis river 

this country consists mainly of tamarack swamps and muskeg.] 
Summit, in a grove of Norway pine, natural surface and grade, 

Miles from 
Duluth. 

70.0 
75.7 
77.0 
82.5 

84.0 
84.0 
85.5 

85.0 
85.2 

87.4--87.7 
90.6 
91.0 
91.2 
92.5 
92.8 

97.6 

97.6 
100.0 
101.9 
103.3 

103.4 
104.1 

105.0 

106.9 

Miles from 
Duluth. 

60.1 

'72.5 
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Feet above 
tide. 
1,385 
1,381 
1..'381 
1,.167 
1,3G7 
1,G10 
1,481 
1,516 
1,476 
1,482 
1,:377 

1,417 
1,:384 
1';388 

Feet above 
tide. 

1,508 
1,440 
1,478 
1,380 

1,425 
1,432 
1,568 

1,456 
1,492 

1,432-1,440 
1,589 
1,578 
1,573 
1,608 
1,598 

1,4.'34 
1,423 

1,435-1,440 
1,463 
1,463 
1,542 

1,545 
1,588 

1,615 

1,559 

Feet above 
tide. 

1,302 

1,355 
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St. Louis river (second crossing), bed, 1,296; water, 1,300; grade, 

Shaw, 
Summit, cutting 13 feet; grade, 
Creek, bed, 1,343, 
Creek, bed, 1,345, 
Iron Junction of Biwabik branch, 
Summit, cutting 2 feet; grade, 
Creek, bed, 1,367; grade, 
Creek, bed, 1,362; grade, 
Ore Junction of Mesabi Mountain branch, 
Summit, natural surface and grade, 
Depression and culvert, bed, 1,392; grade, 
Creek, bed, 1,396; grade, 
End of grade, 
Mountain Iron, 

Part of Biwabik branch. 

Iron Junction, 
Summit, cut 6 feet; grade, 
In sec. 4, T. 57-17, north of the west end of Cedar Island lake, 

[The profile ended here. Jones, Weimar, etc., are stations on this line to 
Biwabik, and should be added.] 

Ore Junction, 
Summit, cut 2 feet; grade, 
Virginia (end of this branch), 

Mesabi lVlountain b1'anch. 

[The iron mines, a mile distant to the east, are about 100 feet above 
Virginia.] 

Duluth, ~Mississippi and Northern railroad. 

[Taken from the profiles by Warren Upham.] 

Miles from 
Duluth. 

74.8 
74.9 
77.1 
77.7 
78.1 
78.8 
79.3 
79.6 
80.0 
81.1 
83.8 
84.9 
86.1 
87.9 
88.0 

78.8 
83.5 
83.8 

81.1 
87.0 
87.8 

Miles from 
Mississippi river. 

South end of the road, on the Mississippi river, 
Swan river, water, 1,226; grade, 
Highest level between the two crossings of Swan river; highest surface, 

1,276; grade, -
Swan river, water, 1,252; grade, 
Swan River station, 
Creek, bed (D. & W. crossing), 1,308; south edge of S. E. % sec. 28, T. 53-22, 
North part of sec. 16, T. 54--22, 
Natural surface, 1,468; grade, -
Natural surface, S. w. ;4 sec. 35, T. 55-22, 1,466; grade, -
Grade, 
Creek, bed, 1,391; grade, 
Creek, bed, 1,360; grade, 
Creek, bed, 1,3.50; grade, 
Creek, bed, 1,338; grade, 
Creek, bed, 1,336; grade, 
Creek, bed, 1,:3:39; grade, 
Sand creek, bed, 1,867; grade (probably N. E. % sec. 81, T. 56-21), 
Grade, 
Summit, in south edge of section 34, 
Creek, bed, 1,482; 
Creek, bed, 1,485; 
Summit, natural surface, 1,523, 
Creek, bed, 1,498, 
Kelly lake, water, 1,499; grade (S. W. cor. sec. 15), _ 

Grade is nearly level from 32.1 miles to 32.7 miles. 
Creek, bed, 1,:30:2, 
Owen lake, water, 1,50:3; grade (section 10), 
Creek, bed, 1,504; grade (section 10), 
Top of steep aseent from south, natural surface, 1,559; grade, 
Creek, bed, 1,554; 
North line section 8, natural surface, 1,562, 

0.0 
0.5 

3.0 
3.5 
6.7 

10.0 
12.8 
15.6 
15.7 
16.6 
17.2 
18.7 
19.3 
19.9 
21.0 
22.6 
23.2 
25.0 
29.3 
30.0 
30.2 
31.4 
31.9 
32.3 

33.0 
33.7 
34.0 
34.6 
35.0 
35.3 

[Elevations. 

Feet above 
tide. 

1,335 
1,339 
1,358 
1,351 
1,358 
1,379 
1,392 
1,387 
1,389 
1,402 
1,413 
1,397 
1,402 
1,485 
1,504 

1,379 
1,449 
1,445 

1,402 
1,457 
1,438 

Feet above 
sea level. 

1,242 
1,241 

1,271 
1,261 
1,293 
1,315 
1,418 
1,455 
1,456 
1,417 
1,405 
1,369 
1,366 
1,345 
1,347 
1,349 
1,376 
1,417 
1,509 
1,486 
1,491 
1,516 
1,503 
1,505 

1,506 
1,510 
1,514 
1,555 
1,558 
1,563 

NOTE.-From Kelly lake northward the elevations here given are on the branch running through sees. 10 and 3, T. 57-21. 
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St. Louis river (second crossing), bed, 1,296; water, 1,300; grade, 

Shaw, 
Summit, cutting 13 feet; grade, 
Creek, bed, 1,343, 
Creek, bed, 1,345, 
Iron JUDction of Biwabik branch, 
Summit, cutting 2 feet; grade, 
Creek, bed, 1,367; grade, 
Creek, bed, 1,362; grade, 
Ore Junction of Mesabi Mountain branch, 
Summit, natural surface and grade, 
Depression and culvert, bed, 1,392; grade, 
Creek, bed, 1,396; grade, 
End of grade, 
Mountain Iron, 

PaTt of Biwabik branch. 

Iron Junction, 
Summit, cut 6 feet; grade, 
In sec. 4, T. 57-17, north of the west end of Cedar Island lake, 

[The profile ended here. Jones, Weimar, etc., are sta tions on this line to 
Biwabik, and should be added.] 

Ore Junction, 
Summit, cut 2 feet; grade, 
Virginia (end of this branch), 

~lVIesabi lVIountain b1'Ctnch. 

[The iron mines, a mile distant to the east, are about 100 feet above 
Virginia.] 

Duluth, ~Mississippi and Northern 1'ailroad. 

[Taken from the profiles by Warren Upham.] 

Miles from 
Duluth. 

74.8 
74.9 
77.1 
77.7 
78.1 
78.8 
79.3 
79.6 
80.0 
81.1 
83.8 
84.9 
86.1 
87.9 
88.0 

78.8 
83.5 
83.8 

81.1 
87.0 
87.8 

Miles from 
Mississippi river. 

South end of the road, on the Mississippi river, 
Swan river, water, 1,~~6; grade, 
Highest level between the two crossings of Swan river; highest surface, 

1,~76; grade, -
Swan river, water, 1,~52; grade, 
Swan River station, 
Creek, bed (D. & W. crossing), 1,308; south edge of S. E. Xi: sec. 28, T. 53-22, 
North part of sec. 16, T. 54--22, 
Natural surface, 1,468; grade, 
Natural surface, S. W. ~4 sec. 35, T. 55-22, 1,466; grade, 
Grade, 
Creek, bed, 1,391; grade, 
Creek, bed, 1,360; grade, 
Creek, bed, 1,3.50; grade, 
Creek, bed, 1,338; grade, 
Creek, bed, 1,336; grade, 
Creek, bed, 1,339; grade, 
Sand creek, bed, 1,367; grade (probably N. E. Xi: sec. 31, T. 56-21), 
Grade, 
Summit, in south edge of section 34, 
Creek, bed, 1,48~; 
Creek, bed, 1,485; 
Summit, natural surface, 1,523, 
Creek, bed, 1,4\18, 
Kelly lake, water, 1,499; grade (S. W. cor. sec. 15), 

Grade is nearly level from 32.1 miles to 32.7 miles. 
Creek, bed, 1,002, 

Owen lake, water, 1,50:3; grade (section 10), 
Creek, bed, 1,504; grade (section 10), 
Top of steep ascent from south, natural surface, 1,559; gradl!, 
Creek, bed, 1,554; _ _ _ _ 

North line section 3, natural surface, 1,562, 

0.0 
0.5 

3.0 
3.5 
6.7 

10.0 
12.8 
15.6 
15.7 
16.6 
17.2 
18.7 
19.3 
19.9 
21.0 
22.6 
23.2 
25.0 
29.3 
30.0 
30.2 
31.4 
31.9 
32.3 

33.0 
33.7 
34.0 
34.6 
35.0 
35.3 

[Elevations. 

Feet above 
tide. 

1,335 
1,339 
1,358 
1,351 
1,358 
1,379 
1,392 
1,387 
1,389 
1,402 
1,413 
1,397 
1,402 
1,485 
1,504 

1,379 
1,449 
1,445 

1,402 
1,457 
1,438 

Feet above 
sea level. 

1,242 
1,241 

1,271 
1,261 
1,293 
1,315 
1,418 
1,455 
1,456 
1,417 
1,405 
1,369 
1,366 
1,345 
1,347 
1,349 
1,376 
1,417 
1,509 
1,486 
1,491 
1,516 
1,503 
1,505 

1,506 
1,510 
1,514 
1,555 
1,558 
1,563 

NOTE.-Frolll Kelly lake northward the elevations here given are on the branch running through sees. 10 and S, T. 57-21. 
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Elevations of lakes. 

Crooked creek, on the international boundary, 
Iron lake, 
Lac la Croix, on the international boundary, 
Loon lake, -
Crane, Sand Points and Namekan lakes, on the international boundary, 
Rainy lake, low and high water, 1,106-1,111; on the international boundary, 
Embarras lakes (series extending about twelve miles), 
Vermilion lake, 
Trout lake, north of Vermilion lake, -
Burntside lake, 
Long lake, 
Fan lake, 
Garden lake, 
Farm lake, -
White Iron lake, 
Birch lake, -
Seven Beaver lake, 

St. Louis r-iver- and its tributaries. 

Feet. 
1,251 
1,22G 
1,190 
1,161 

1,121-1,120 
1,111 

1,380-1,353 
1,357-1,;360 

1,370 
1,370 
1,:337 
],313 
1,384 
1,386 
1,:395 
1,410 
1,675 

Feet. 

231 

Embarras river, at the bridge of the Duluth and Iron Range railroad, 1,410 
Lakes of this river, extending in a series about twelve miles, where it passes through the 

Giant's range, - 1,380-1,353 
Cloquet river, at the bridge of the Duluth and Iron Range railroad, - 1,479 
Small lakes forming the head of the St. Louis river in the west part of T. 59-11, about 1,685 
Expansion of this river in Seven Beaver lake, - 1,675 
St. Louis river at the bridge of the Duluth and Iron Range railroad, 1,584 
St. Louis river at the bridge of the Duluth, Mesabi and Northern railroad, 1,300 
St. Louis river at the mouth of the Floodwood river, 1,234 

Hills in northe1'n pc~r·t of St. LO'!~is cO'!mty. 

Highest land in St. Louis county, in secs. 26 and 28, T. 59-17, northeast from Virginia, respec- Feet. 

tively, about 2,025-2,150 
Summits of the Giant's range, T. 59-16, a few miles north of Biwabik, 1,800-1,900 
Summits of the Giant's range near Hinsdale, 1,850-1,950 
South ridge, at Tower, about 1,560 

. North ridge, at Tower, about 1,600 
Chester peak, two and a half miles east of Tower, about 1,650 
Grandmother hill, sec. 8, T. 57-13, about 1,775 
Highest point on the Duluth and Iron Range railroad, summit of the Mesabi range, one mile 

north of Highland, _ 1,744 

General topographic divisions and the drift. From the foregoing may be 

derived three general subdivisions of the area of this plate, viz.: (1) That part which 

is prominently characterized by bare rock and light drift. This area lies to the north 

and east of the Vermilion moraine; (2) That part which is characterized chiefly by 

coarse glacial gravels, with only occasional areas of till, and little or no rock 

exposure. This area lies between the Vermilion moraine and the Giant's range; (3) 

That part which lies south of the Giant's range, divisible into, (a) The till-covered 

portion, and (b) The muskeg. 

These grand divisions have not always definite and abrupt limitations, but they 

.~ are remarkably different when fairly established, each in its own area. 

The Grant's range is the most striking topographic feature of the area repre

sented by plate 67. It crosses the county entirely from east-northeast to west-south

west. The hills are mainly smooth in their sky-contour, and are quite conspicuous 

either from the lower land to the north or from the gabbro range (the Mesabi range) 
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Iron lake, 
Lac la Croix, on the international boundary, 
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Crane, Sand Points and Namekan lakes, on the international boundary, 
Rainy lake, low and high water, 1,106-1,111; on the international boundary, 
Embarras lakes (series extending about twelve miles), 
Vermilion lake, 
Trout lake, north of Vermilion lake, -
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Fan lake, 
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1,~2G 

1,HJO 
1,161 
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1,111 
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Embarras river, at the bridge of the Duluth and Iron Range railroad, 1,410 
Lakes of this river, extending in a series about twelve miles, where it passes through the 

Giant's range, - 1,380-1,353 
Cloquet river, at the bridge of the Duluth and Iron Range railroad, - 1,479 
Small lakes forming the head of the St. Louis river in the west part of T. 59-11, about 1,685 
Expansion of this river in Seven Beaver lake, - 1,675 
St. Louis river at the bridge of the Duluth and Iron Range railroad, 1,584 
St. Louis river at the bridge of the Duluth, Mesabi and Northern railroad, 1,300 
St. Louis river at the mouth of the Floodwood river, 1,234 

Hills in norther"'n pw·t of St. LO't~is county. 

Highest land in St. Louis county, in secs. 26 and 28, T. 59-17, northeast from Virginia, respec- Feet .. 

tively, about 2,025-2,150 
Summits of the Giant's range, T. 59-16, a few miles north of Biwabik, 1,800-1,900 
Summits of the Giant's range near Hinsdale, 1,850-1,950 
South ridge, at Tower, about 1,560 
North ridge, at Tower, about 1,600 
Chester peak, two and a half miles east of Tower, about 1,650 
Grandmother hill, sec. 8, T. 57-13, about 1,775 
Highest point on the Duluth and Iron Range railroad, summit of the Mesabi range, one mile 

north of Highland, - 1,744 

General topographic divisions and the drift. From the foregoing may be 

derived three general subdivisions of the area of this plate, viz.: (1) That part which 

is prominently characterized by bare rock and light drift. This area lies to the north 

and east of the Vermilion moraine; (2) That part which is characterized chiefly by 

coarse glacial gravels, with only occasional areas of till, and little or no rock 

exposure. This area lies between the Vermilion moraine and the Giant's range; (3) 

That part which lies south of the Giant's range, divisible into, (a) The till-covered 

portion, and (b) The muskeg. 

These grand divisions have not always definite and abrupt limitations, but they 

.'1. are remarkably different when fairly established, each in its own area. 

The Grant's range is the most striking topographic feature of the area repre

sented by plate 67. It crosses the county entirely from east-northeast to west-south

west. The hills are mainly smooth in their sky-contour, and are quite conspicuous 

either from the lower land to the north or from the gabbro range (the Mesabi range) 



232 THE GEOLOGY OF MINNESOTA. 
[General topography. Drif.t. 

which rises to about the same hight, about three miles to the south, 'where crossed 

by the Duluth and Iron Range railroad. The extreme hights are somewhat over 

2 000 feet above the sea, and from 400 to 500 feet above the general level. At Birch , 
lake these two hill ranges unite. Southwestwardly from that point th~ Mesabi 

range diverges f.rom the Giant's range, passing to Duluth, but the lYlesabi iron range, 

as known, follows the southern slopes of the Giant's range to the Mississippi river. 

The earliest development of the Mesabi ore was in immediate conrrection with the 

Mesabi range proper, and hence the name Mesabi iron range. At the present time 

the principal developments are near the Giant's range, many miles west of the point 

of their separation. 
The first division above (1) is rocky and might in some places be styled moun

tainous. It is a well known feature of northern Minnesota, and was described by 

Nicollet as the" region of rocks and water," the lakes being connected by streams 

that run hom rock-basin to rock-basin, overflowing one little valley after another, 

without perceptible gorge erosion. The waters are clear and abound in fish that 

frequent the northern latitudes, and the lakes are usually deep. The rocks are 

fresh, as if, after powerful abrasion, the glacier had retired from them rapidly, leaving 

very little drift. In the Vermilion valley, and indeed, so far as known, in nearly all 

of the valleys, northward sloping, is a scant deposit of fine clay, evidently the result 

of lacustrine deposition. This probably was originally formed over the rocky region 

when a glacier-dammed lake occupied it after the glacier began its retreat, but before 

it had. uncovered the Rainy river outlet. It has generally been washed down from 

the hills into the valleys, and gives rise to occasional narrow swampy borders along 

the streams and lakes. The existence of the glacier margin at the place where the 

Vermilion moraine now lies is believed to have been contemporary with the highest 

stage of lake Agassiz, since the deposits of that lake reach eastward as far as the 

outlet of Rainy lake, where also this moraine crosses the Rainy River valley. There 

is a very marked change in the aspect of the country in passing from this rqcky and 

forbidding area into that next to the west and south. This is apparent in the topog

raphy and in the vegetation, and at Koochiching falls it has been remarked by 

many travelers. Glacial striffi everywhere have a direction at right angles to the 

direction of the moraine. They are abundant and fresh. This conjunction of con

trasted topography appears in Itasca county,* and it also runs further east with 
equal distinctness. 

rfhe Vermilion moraine, while sometimes quite characteristic, is not a large 
one. Indeed in some places it is only evinced by the general smoothness that super
venes, accompanied by the infrequency of rock outcrops. But the country to the 
westward is deeply buried under drift. How great a proportion of this may be of . 

* See plate 65. 
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which rises to about the same hight, about three miles to the south, where crossed 

by the Duluth and Iron R.ange railroad. The extreme hights are somewhat over 

2,000 feet above the sea, and from 400 to 500 feet above the general level. At Birch 

lake these two hill ranges unite. Southwestwardly from that point the Mesabi 

range diverges from the Giant's range, passing to Duluth, but the Mesabi 'iron range, 

as known, follows the southern slopes of the Giant's range to the Mississippi river. 

The earliest development of the Mesabi ore was in immediate connection with the 

Mesabi range l)roper, and hence the name ~fJlIesabi iron range. At the present time 

the principal developments are near the Giant's range, many miles west of the point 

of their separation. 
The first division above (1) is rocky and might in some places be styled moun

tainous. It is a well known feature of northern Minnesota, and was described by 

Nicollet as the" region of rocks and water," the lakes being connected by streams 

that run from rock-basin to rock-basin, overflowing one little valley after another, 

without perCel)tible gorge erosion. The waters are clear and abound in fish that 

frequent the northern latitudes, and the lakes are usually deep. The rocks are 

fresh, as if, after powerful abrasion, the glacier had retired from them rapidly, leaving 

very little drift. In the Vermilion valley, and indeed, so far as known, in nearly all 

of the valleys, northward sloping, is a scant deposit of fine clay, evidently the result 

of lacustrine deposition. This probably was originally formed over the rocky region 

when a glacier-dammed lake occupied it after the glacier began its retreat, but before 

it had uncovered the Rainy river outlet. It has generally been washed down from 

the hills into the valleys, and gives rise to occasional narrow swampy borders along 

the streams and lakes. The existence of the glacier margin at the place where the 

Vermilion moraine now lies is believed to have been contemporary with the highest 

stage of lake Agassiz, since the deposits of that lake reach eastward as far as the 

outlet of Rainy lake, where also this moraine crosses the R.ainy River valley. There 

is a very marked change in the aspect of the country in passing from this rQcky and 

forbidding area into that next to the west and south. This is apparent in the topog

raphy and in the vegetation, and at Koochiching falls it has been remarked by 

many travelers. Glacial striffi everywhere have a direction at right angles to the 

direction of the moraine. They are abundant and fresh. This conjunction of con

trasted topography al)pears in Itasca county,* and it also runs further east with 

eq ual distinctn ess. 

The Vennilion moraine, while sometimes quite characteristic, is not a large 
one. Indeed in some places it is only evinced by the general smoothness that super

venes, accompanied by the infrequency of rock outcrops. But the country to the 

westward is deeply buried under drift. How great a proportion of this may be of 
* See plate 65, 
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till cannot be stated with any certainty, but it has been observed in several places 

that it extends but a short distance toward the southwest, and is replaced by 

copious deposits of gravel and sand which sometimes are rough and even hilly, and 

in other places are rather flat. Still further from the moraine the surface is flat 

and frequently swampy. Indeed this flatness is like that characteristic of the area 

of lake Agassiz, although the area of lake Agassiz is, so far as known, easily separ

able from the area which was not covered by that lake. 'This flat area of glacial 

gravel and sand lies higher than the flat area of lake Agassiz, which is apt to be 

clayey. Still, it remains yet to trace out carefully the area of lake Agassiz, in this 

part of the state, and to distinguish it from the plains of gravel and sand. It is 

not supposed that its water covered any portion of the area represented by this 

plate.* 

The area (2) which runs to a point at the west end of Birch lake lies between 

two moraines, which converge and blend in one at that point. Such a situation, it 

can be seen, would be the scene of conflict and complication in the resultant drift 

sheet. While comparatively little is known of the drift in this area, derived from 

observation by the members of the survey, yet all the information at hand, as well 

as the general descriptive notes of the United States surveyors, warrants the con

clusion that in general this region is covered by modified drift derived from the 

morainic areas that lie alongside of it, and at a date contemporary with the accu

mulation of those moraines. 

It is probable, from general considerations, that the southern morame was de

posited later than the northern one,t being a marginal moraine of the lake Superior 

ice-lobe, which survived as a tongue from the continental ice-sheet long after the 

general withdrawal of the ice about the western end of the lake. According to Mr . 

. Upham two continental moraines, which antedated the Vermilion moraine, coalesce 

in crossing St. Louis county, running approximately coincident with the Giant's 

range. But it is also possible, if not probable, that one of these, which would be the 

later one, was due to the lake Superior ice-lobe. Indeed there are certain alterna

tions and s~lperpositions of southern drift on northern, in the vicinity of the 

Biwabik mine, as well as further eastward, as described by Upham,t and as remarked 

by the writer about Birch lake,§ and in the valley of the Dunka river, that go to 

'See the report on Itasca county, plate 65. 
In reference to the location of the Vermilion moraine east from Vermilion lake, it should be added that M,;,. Upham ~nd 

Mr. Elftman are disposed to introduce a change in its direction and continue it northeastwardly, ~bout parallel wlth the strIke 
of the rocks between Tower and Ely. There is a noticeable amount of drift at Ely, and for a few mIles westward, an~ also south
eastWard from Ely, which probably was the cause of the supposed extension of the Vernulion morame to Ely and ya,: the nort~ 
end of WWte Iron lake. By the writer, however, theBe accumulatious are referred to a later date when thele was another 
temporary halt in the retreat of the ice-border. TWs sub-morainic tract probably has its concave Inner SIde turned more toward 
the east than the Vermilion moraine. .t d 

The prominent hill.range. seen south from Ely, consists essentially of a ridge of ~reenstone, and to'Y"ard the .we~ _ an _ 
B0!1~hwest the drift is quite scant, the rocky structure being pronounced, as already mentIOned, characterIstIC of the mtla Vel' 
mllion moraine surfaces. 

tOompare the description of the Carlton county plate, No. 56. 
t Twenty-Second Annual Report, p. 44. 
§ Sixteenth A nnual Report, p. 340. 
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till cannot be stated with any certainty, but it has been observed in several places 

that it extends but a short distance toward the southwest, and is replaced by 

copious deposits of gravel and sand which sometimes are rough and even hilly, and 

in other places are rather fiat. Still further from the moraine the surface is fiat 

and frequently swampy. Indeed this fiatness is like that characteristic of the area 

of lake Agassiz, although the area of lake Agassiz is, so far as known, easily separ

able from the area which was not covered by that lake. This fiat area of glacial 

gravel and sand lies higher than the fiat' area of lake Agassiz, which is apt to be 

clayey. Still, it remains yet to trace out cfLrefully the area of lake Agassiz, in this 

part of the state, and to distinguish it from the plains of gravel and sand. It is 

not supposed that its water covered any portion of the area represented by this 

plate.* 

The area (2) which runs to a point at the west end of Birch lake lies between 

two moraines, which converge and blend in one at that point. Such a situation, it 

can be seen, would be the scene of confiict and complication in the resultant drift 

sheet. While comparatively little is known of the drift in this area, derived from 

observation by the members of the survey, yet all the information at hand, as well 

as the general descriptive notes of the United States surveyors, warrants the con

clusion that in general this region is covered by modified drift derived from the 

morainic areas that lie alongside of it, and at a date contemporary with the accu

mulation of those moraines. 

It is probable, from general considerations, that the southern morame was de

-posited later than the northern one,t being a marginal moraine of the lake Superior 

ice-lobe, which survived as a tongue from the continental ice-sheet long after the 

g'eneral withdrawal of the ice about the western end of the lake. According to Mr. 

,Upham two continental moraines, which antedated the Vermilion moraine, cOfLlesce 

in crossing St. Louis county, running approximately coincident with the Giant's 

range. But it is also possible, if not probable, that one of these, which would be the 

later one, was due to the lake Superior ice-lobe. Indeed there are certain alterna

tions and sp-perpositions of southern drift on northern, in the vicinity of the 

Biwabik mine, as well as further eastward, as described by Upham,t and as remarked 

by the writer about Birch lake,§ and in the valley of the Dunka river, that go to 

'See the report on Itasca county, plate 65. 
In reference to the location of the Vermilion moraine east from Vermilion lake, it should be added that Mr. Upham and 

Mr. Elftman are disposed to introduce a change in its direction and continue it northeastwardly, ":bout parallel WIth the strIke 
of the rocks between Tower and Ely. There is a noticeable amount of drift at Ely, and fo~ a few mIles westward, and also south
eastward from Ely; which probably was the cause of the supposed extension of the VermIlion morame to Ely and past the nort~ 
end of White Iron lake. By the writer, however, theae accumulatious are referred ,to a later date ,when t~ere wa~ anothel 
temporary halt in the retreat of the ice-border. TIllS sub-morainic tract probably has Its concave mnel SIde tmned mal e toward 
the east than the Vermilion moraine. 

The prominent hill-range. seen south from Ely, consists essentially of a ridge of greenstone, and toward the 've~t_ an~ 
s0,uthwest the drift is qnite scant, the rocky structure being pronounced, as already mentIOned, characterIstIC of the mtla Ve 
mllion moraine surfaces. 

tOompare the description of the Carlton county plate, No. 56. 
t Twenty-Second A nnualReport, p. 44. 
§ Sixteenth Annual Report, p. 340. 
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show an extensive movement from the east or southeast after the formation of the 

continental drift-sheet. If a northern continental ice-margin lay here long enough 

to accumulate a moraine, it was necessarily much disturbed by the later movement 

from the lake Superior ice-lobe, and so wrought over that the· present morainic 

ridge should be attributed to the later action, and should not bear the name of any 

earlier continental moraine. With that understanding, the term Mesabi moraine* 

might be continued, but it would obviously not be possible to carry it across the 

northern part of the state. On the other hand it would be found to shape itself 

somewhat as an appendage to the topographic outlines of the lake Superior basin, 

being the earliest of the independent moraines of that ice-lobe, but its southwest- ' 

ward extension and its connections with contemporary moraines further west and 

east are unknown .. 
There are morainic accumulations in considerable abundance about the north 

end of White Iron lake, which extend eastward past the north side of Farm lake, 

indicating a continuous morainic belt. It is probable that this is a later moraine 

than the Vermilion moraine. . The eastward retreat of the ice-border was more rapid 

apparently at this latitude than at points further south, and faster than the north

ward retreat; and hence the later moraines are not concentric with the earlier. 

This is a subordinate ridge. It is probably crossed by the Portage trail from Long 

lake to Fall lake. Its further northwestward extension is unknown. 

The area (3) is characterized by heavy drift, but in very diverse conditions. The 

till-covered portion (a) of this area includes roughly the eastern half of it. Through

out this tract there is much northern drift, referable to the Giant's range and to the 

country still farther north, but it also has a considerable amount of drift derived 

from the southeast and hom the east. It is in general a more hilly country than 

the country to the west further, although there are some areas of considerable size 

that are fiat, and covered with a muskeg similar to that which covers the western 

half of this area. This country is drained southwestwardly by a succession of north

east-southwest valleys and low ridges outlined in the drift. It is highly probable 

that this trend is given to the minor topography by a similar series of ridges and 

valleys wrought in the underlying rocks. It is a topography which enters the state 

with the Animikie in the northeast, where the rocks are not buried under a drift

sheet, and it seems to express itself on the final contours of the drift-sheet where the 

rocks are covered. 'rhis is complicated by a more or less irregular series of dikes and 

sills of the gabbro which permeates the Animikie from Pigeon point to Duluth; but, 

notwithstanding both the gabbro and the drift, the original rock surface is imper

fectly outlined still by the little ridges and valleys which lie in the same direction, 

. :"The M.esa~i moraine actually lies on the rock range known as the Giant's range (of granite) and was first noted by the 
wrIter m crossmg It at the Embarras lakes in 1878, Seventh Annua~ Rel)Ort, p. 12. 
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show an extensive movement from the east or southeast after the formation of the 

continental drift-sheet. If a northern continental ice-margin lay here long enough 

to accumulate a moraine, it was necessarily much disturbed by the later movement 

from the lake Superior ice-lobe, and so wrought over that the present morainic 

ridge should be attributed to the later action, and should not bear the name of any 

earlier continental moraine. With that l1l1derstanding, the term Mesabi moraine* 

might be continued, but it would obviously not be possible to carry it across the 

northern part of the state. On the other hand it would be found to shape itself 

somewhat as an appendage to the topographic outlines of the lake Superior basin, 

being the earliest of the independent moraines of that ice-lobe, but its southwest- . 

ward extension and its connections with contemporary moraines further west and 

east are unknown. 
There are morainic accumulations in considerable abundance about the north 

end of White Iron lake, which extend eastward past the north side of Farm lake, 

indicating a continuous morainic belt. It is probable that this is a later moraine 

than the Vermilion moraine. The eastward retreat of the ice-border was more rapid 

apparently at this latitude than at points further south, and faster than the north

ward retreat; and hence the later moraines are not concentric with the earlier. 

This is a subordinate ridge. It is probably crossed by the Portage trail from Long 

lake to Fall lake. Its further northwestward extension is unknown. 

The area (3) is characterized by heavy drift, but in very diverse conditions. The 

till-covered portion (a) of this area includes roughly the eastern half of it. Through

out this tract there is much northern drift, referable to the Giant's range and to the 

country still farther north, but it also has a considerable amount of drift derived 

from the southeast and from the east. It is in general a more hilly country than 

the country to the west further, although there are some areas of considerable size 

that are fiat, and covered with a muskeg similar to that which covers the western 

half of this area. This country is drained southwestwardly by a succession of north

east-southwest valleys and low ridges outlined in the drift. It is highly probable 

that this trend is given to the minor topography by a similar series of ridges and 

valleys wrought in the underlying rocks. It is a topography which enters the $tate 

with the Animikie in the northeast, where the rocks are not buried under a drift

sheet, and it seems to express itself on the final contours of the drift-sheet where the 

rocks are covered. 'rhis is complicated by a more or less irregular series of dikes and 

sills of the gabbro which permeates the Animikie from Pigeon point to Duluth; but, 

notwithstanding both the gabbro and the drift, the original rock surface is imper

fectly outlined still by the little ridges and valleys which lie in the same direction, 

. :-The Mesabi moraine actually lies on the rock range known as the Giant's range (of granite) and was first noted bytM 
wrIter In crossIng It at the Embarraslakes in 1878, Seventh Annual Report, p. 12. 
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wherever the Animikie and the Cabotian are known to occur. In the area further 

west (b), drained immediately by the St. Louis river, the country is like that, much 

of which is found in the southern part of St. Louis county, viz.: a fiat surface covered 

by swamp, locally known in Minnesota as muskeg. Here the trees are stunted or 

wholly wanting, and a vast cranberry marsh extends as far as the eye can discern, 

with interruptions by small knolls where a few spruce trees maintain a stunted 

existence, or even by still higher swells on which are aspens and birches. There is 

a slow, obstructed drainage toward the rivers that wind about in this swamp, and 

thus the water gradually seeps out of the swamp and passes to the St. Louis river. 

The immediate surface, below the swamp and the water, is a fine sand or gravel, or 

occasionally it is of till. This swamp is indicated on the plate by the conventional 

sign, but it must be understood also that there are irregularities that are not 

expressed on the plate. Sometimes the till is covered, furthermore, by a laminated 

fine clay, and occasionally patches of till occur well within the muskeg. Small 

patches of muskeg are found also further north and east, but as the till region is 

approached, the swamps take on a different character, probably because they are 

periodically dried in summer, and they are occupied by more or less of white cedar 

and by tamarack. If these muskeg areas were drained, and the muck removed, there 

would result a fine fertile tract of levelland. 

Terraced gravels. At Long lake, and about the southeastern borders of White 

Iron and of Birch lakes are terraces of gravel. The first rises to about 1,475 feet 

above sea level. It is a mere fragment of what was once probably a terrace that 

extended further east and north. The Ely cemetery is on this terrace. On the north 

side of Long lake js a lower terrace, rising only twenty feet above the lake. The ter

races of White Iron lake are conspicuous on sections 23 and 26, T. 62-12, where they 

compose isolated plateaux by reason of extensive circlun-denudation or" dissection." 

Their hight is about 1,500 feet, but reaches an extreme of 1,513 feet. The terrace 

along the south side of Birch lake, seen at Dunka river, rises to about 1,600 feet. 

These terraced gravels are to be attributed to the dammed condition of glacial 

waters in these valleys at the time of the withdrawal of the margin of the ice from 

the Vermilion moraine. 

Kames. About two miles west from Ely a conspicuous ridge of gravel is trace

able, running a little south of west, having the form of a kame, not represented on 

the plate. It probably accumulated about the same time as the terraced gravels 
seen-about the southwest end of Long lake, and indicates that the outlet of the 
glacial lake that covered the region was toward the west, passing over the lowest 

notch in the greenstone ridge which lies south from the cemetery. . 
The geological structure. Begin~ing with what may be assumed to be the oldest 

known rocks in this area, we find ourselves at some place in Archean time, repre-
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wherever the Animikie and the Cahotian are known to occur. In the area further 

west (b), drained immediately by the St. Louis river, the country is like that, much 

of which is found in the southern part of St. Louis county, viz.: a flat surface covered 

by swamp, locally known in Minnesota as muskeg. Here the trees are stunted or 

wholly wanting, and a vast cranberry marsh extends as far as the eye can discern, 

with interruptions by small knolls where a few spruce trees maintain a stunted 

existerlce, or even by still higher swells on which are aspens and birches. There is 

a slow, obstructed drainage toward the rivers that wind about in this swamp, and 

thus the water gradually seeps out of the swamp and passes to the St. Louis river. 

The immediate surface, below the swamp and the water, is a fine sand or gravel, or 

occasionally it is of till. This swamp is indicated on the plate by the conventional 

sign, but it must be understood also that there are irregularities that are not 

expressed on the plate. Sometimes the till is covered, furthermore, by a laminated 

fine clay, and occasionally patches of till occur well within the muskeg. Small 

patches of muskeg are found also further north and east, but as the till region is 

approached, the swamps take on a different character, probably because they are 

periodically dried in summer, and they are occupied by more or less of white cedar 

and by tamarack. If these muskeg areas were drained, and the muck removed, there 

would result a fine fertile tract of levelland. 

TeJyaced gravels. At Long lake, and about the southeastern borders of White 

Iron and of Birch lakes are terraces of gravel. The first rises to about 1,475 feet 

above sea level. It is a mere fragment of what was once probably a terrace that 

extended further east and north. The Ely cemetery is on this terrace. On the north 

side of Long lake is a lower terrace, rising only twenty feet above the lake. The ter

races of White Iron lake are conspicuous on sections 23 and 26, T. 62-12, where they 

compose isolated plateaux by reason of extensive circllm-denudation or" dissection." 

Their hight is about 1,500 feet, but reaches an extreme of 1,513 feet. The terrace 

along the south side of Birch lake, seen at Dunka river, rises to about 1,600 feet. 

These terraced gravels are to be attributed to the dammed condition of glacial 

waters in these valleys at the time of the withdrawal of the margin of the ice from 

the Vermilion moraine. 

Kames. About two miles west from Ely a conspicuous ridge of gravel is trace

able, running a little south of west, having the form of a kame, not represented on 

the plate. It probably accumulated about the same time as the terraced gravels 

seen about the southwest end of Long lake, and indicates that the outlet of the 
glacial lake that covered the region was toward the west, passing over the lowest 

notch in the greenstone ridge which lies south from the cemetery. 
The geological structure. Beginning with what may be assumed to be the oldest 

known rocks in this area, we find ourselves at some place in Archean time, repre-
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sented by a rock which is now gneiss, now mica schist, an old fragmental recast in a 

crystalline mould, but showing still its sedimentary origin, and now a greenstone, so

called, of complex characters, the last being the oldest. The bedded, or sedimetary 

structure of this old gneiss and mica schist is very apparent in many places, but 

the details of the geology of those tracts best known are given in the special smaller 

plates; COllstructed on a larger scale, included within the area of this plate. T·he 

granites and schists of this rock series, pierced by eruptives, both acid ancI' basic, 

each having two dates of intrusion, occupy the most of the area north of the Ver

milion moraine, extending along the international boundary from one side to the 

other. An attempt is n1.ade on the plate to separate it into two general parts, viz.: 

that which is schist and gneiss and presumed to have been of fragmental origin, 

and that which is gneiss and granite and probably of eruptive origin .. No effort is 

made to indicate the areas of later basic eruptives, but it may be said in general 

that the basic dikes and bosses are closely associated with the acid intrusives. 

Where the acid granites prevail will generally be found more or less of Archean 

basic dikes. 
Rainy and KabetogCl1Jta lakes. Much of Rainy lake is in Itasca county. That portion which lies jn 

St. Louis county has a monotonous uniformity of geology, being enclosed on the south shore by mica schist or 
dark gneiss, whose strike is from N. 60° E. to east and west. This rock also occupies the peninsula which 
serJarates Rainy lake from Kabetogama lake, except in small areas, as represented on the plate, where granitic 
rock takes its place. Sometimes this mica schist is interbedded with coarse gneiss, and also with more fum 
gneissic rock which is apparently a constituent of the schist. Sometimes this schist has a high dip toward the 
south, or even stands vertical, but occasionally it dips at a low angle, and even lies nearly fiat, passing through 
an anticlinal structure. Such an anticline is evident in T. 70-20, where the schists swell upward over a boss of 
granitic rock dipping northwest and southeast. It was first noted here by H. V. Winchell,* and was afterwards 
illustrated by professor A. C. Lawson in his general section,t running across Rainy lake. Indeed it is probably 
true that the schists of the region generally swell over and about the granitic bosses that rise here and there 
and occupy the surface, dipping on all sides away from the massive rocks. Following is the description of 
H. V. Winchell: 

" In the N. E.;4 N. w. ;4 sec. 15, T. 70-20, the schist lies fiat in thin laminffi or plates. For several rods along 
the water's edge the fiat schist lies piled up six or eight feet above the water, like slabs in a wood pile (No. 193H). 
This continues around the point for some distance, becoming thicker and coarser. From here it goes on to 
S. E. !04 S. W. ~4 sec. 10, in a rather confused and disturbed way, now dipping north, now south, and now lying 
fiat. This seems to be the middle of an anticline, and in fact the dip soon becomes permanently to the north. 
Beds of gneiss are still seen in the schist, but here they, too, are broken and discontinuous. Around the point 
further beds of schist two and three feet thick dip N. 40° to N. 60°, the strike being N. 80° E. Some of the 
schist here is very rich in garnets (Nos. 194H and 194aH). 

"On the N. E. ~,J: N. E. !04 sec. 16, and the S. E. !04 S. E. ;4 sec. 9, T. 70-20, the schist is again flat. It 
rises twenty feet above the lake. There is a bed of gneiss which has come up through, with a dip N. 60°; and 
there are other small granite intrusions that lie fiat and cut through the gneiss for several rods. In the S. W. 
!04 S. E. 7,J: sec. 9, T. 70-20, is bed of gneiss, three feet thick, that lies on the top of :flat beds of schist all the way 
round the IJoint. 

" In the S. W. !04 s. W. !04 sec. 9, T. 70-20, the schist is still'distorted and contains garnets and considerable 
biotite. The granite intrusions run more irregularly than usual through the schist in this supposed middle of an 
anticlinal. The shores are all much lower here than 'further east, and are inclined to be marshy. Veins of 
white quartz, two or three feet thick, are common in this locality. 

. ".The schist in the S. ~0 of sec. 7, T. 70-20, has a north dip varying from 600 to BOO. The strike is east. 
It IS a httle harder here than usual and contains quartz veins and garnets. The bedding is wavy (No. 197H). 

" I~ the X. E. ~,J: of N. E. !04 sec. 12, T. 70-21, is the first large bed of gneiss that occurs along here for 
seyer~l Dllies. I~ embraces several masses of schist. It is porphyritic and quite gneissic, and contains much. 
pe?uhar green ml~a, especially near the contact with the schists. It also contains a few garnets, and has quartz 
vems penetratmg It. The schist near it has a strike N. 80°, and a low dip to the north (Nos. 198H and 198aH). 

* Sixteenth .. £1nnucf,Z Repo/"l, p. 42l. 

tReport on the RalllY Lake clistrIct, Rainy Lake sheet. Canadian Geol. Survey, Montreal, 1888. 
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sented by a rock which is now gneiss, now mica schist, an old fragmental recast in a 

crystalline mould, but showing still its sedimentary origin, and now a greenstone, so

called, of complex characters, the last being the oldest. The bedded, or sedimetary 

structure of this old gneiss and mica schist is very apparent in many places, but 

the details of the geology of those tracts best known are given in the special smaller 

plates; COllstructed on a larger scale, included within the area of this plate. The 

granites and schists of this rock series, pierced by eruptives, both acid and basic, 

each having two dates of intrusion, occupy the most of the area north of the Ver

milion moraine, extending along the international boundary from one side to the 

other. An attempt is made on the plate to separate it into two general parts, viz.: 

that which is schist and gneiss and presumed to have been of fragmental origin, 

a.ncl that which is gneiss and granite and probably of eruptive origin .. No effort is 

made to indicate the areas of later basic eruptives, but it may be said in general 

that the basic dikes and bosses are closely associated with the acid intrusives. 

Where the acid granites prevail will generally be found more or less of Archean 

basic dikes. 
Rainy and Kabetogama lakes. Much of Rainy lake is in Itasca county. That portion which lies in 

St. Louis county has a monotonous uniformity of geology, being enclosed on the south shore by mica schist or 
dark gneiss, whose strike is from N. 60° E. to east and west. This rock also occupies the peninsula which 
separates Rainy lake from Kabetogama lake, except in small areas, as represented on the plate, where granitic 
rock takes its place. Sometimes this mica schist is interbedded with coarse gneiss, and also with more fum 
gneissic rock which is apparently a constituent of the schist. Sometimes this schist has a high dip toward the 
south, or even stands vertical, but occasionally it dips at a low angle, and even lies nearly fiat, passing through 
an anticlinal structure. Such an anticline is evident in T. 70-20, where the schists swell upward over a boss of 
granitic rock dipping northwest and southeast. It was first noted here by H. V. Winchell,* and was afterwards 
illustrated by professor A. C. Lawson in his general section,t running across Rainy lake. Indeed it is probably 
true that the schists of the region generally swell over and about the granitic bosses that rise here and there 
and occupy the surface, dipping on all sides away from the massive rocks. Following is the description of 
H. V. Winchell: 

"In the N. E':4 N. w. 74 sec. 15, T. 70-20, the schist lies fiat in thin lamime or plates. For several rods along 
the water's edge the fiat schist lies piled up six or eight feet above the water, like slabs in a wood pile (No. 193H). 
This continues around the point for some distance, becoming thicker and coarser. From here it goes on to 
S. E. 74 s. IV. :4 sec. 10, in a rather confused and disturbed way, now dipping north, now south, and now lying 
fiat. This seems to be the middle of an anticline, and in fact the dip soon becomes permanently to the north. 
Beds of gneiss are still seen in the schist, but here they, too, are broken and discontinuous. Around the point 
further beds of schist two and three feet thick dip N. 40° to N. 60°, the strike being N. 800 E. Some of the 
schist here is very rich in garnets (Nos. 194H and 194aH). 

"On the N. E. 74 N. E. M sec. 16, and the S. E. MS. E. M sec. 9, T. 70-20, the schist is again flat. It 
rises twenty feet above the lake. There is a bed of gneiss which has come up through, with a dip N. BOO; and 
there are other sillall granite intrusions that lie fiat and cut through the gneiss for several rods. In the S. W. 
;-4 s. E. 74: sec. 9, T. 70-20, is bed of gneiss, three feet thick, that lies on the top of fiat beds of schist all the way 
round the point. 

"In the S. W. MS. w. M sec. 9, T. 70-20, the schist is still'distorted and contains garnets and considerable 
biotite. The granite intrusions run more irregularly than usual through the schist in this supposed middle of an 
anticlinal. The shores are all much lower here than 'further east, and are inclined to be marshy. Veins of 
white quartz, two or three feet thick, are common in this locality. 

"The schist in the S. H of sec. 7, T. 70-20, has a north dip varying from 60° to 800. The strike is east. 
It is a little harder here than usual and contains quartz veins and garne'ts. The bedding is wavy (No. 197H). 

"I~ the X. E. 74 of N. E. M sec. 12, T. 70-21, is the first large bed of gneiss that occurs along here for 
seyer~l mIles. I~ embraces several masses of schist. It is porphyritic and quite gneissic, and contains rouch. 
pe~uhar green ml~a, espeCially near the contact with the schists. It also contains a few garnets, and has quartz 
velDS penetratlDg It. rhe schist near it has a strike N. 80°, and a low dip to the north (Nos. 198H and 198aH). 

* Shleellth Annuul Report, p. 42l. 
tReport On the RaillY Lake district, Rainy Lake sheet. Canadian Geol. Survey, Montreal, 1888. 
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"In the N. E. 34 N. W. ~ sec. 12, T. 70-21, the schist rises about thirty-five feet above the lake. It strikes 
N. 70° E. Long, grayish-blue crystals of cyan'ite are found in some quartzose veins near the water's edge. Some 
of the blades of this minel'al are six inches long (No. 199H)." 

Further descriptions of the geology of the region by the same observer are as follows: 
"The schist in the S. E. ~ of S. W. ~ sec. 1, T. 70-21, contains many quartzose beds and one or two veins 

of quartz. There are numerous garnets in these beds (No. 200H). 
"The walls of schist on the north side of the bay, in sec. 1, T. 70-21, have glacial scratches along the smooth 

perpendicular sides in all directions, but the majority are nearly horizontal. Sometimes the mark curves around 
a point or corner of the rock and continues on the other side as if the ice conformed to the outlines of the rocky 
surface and walls. ' 

"The mica schist in the N. E. 7~ sec. 6, T. 70-20, is in thick beds that strike N. 70° E. and dip N. 350 to 380. 
Long, low reefs of this rock run out into the lake, and the shores are low. Few or no granite or gneiss beds are 
to be seen in this region. The schist is exceedingly uniform in the appearance and composition of its strata. 

"The south side of the point in sections 31,32 and 33, T. 71-20, is composed of mica schist in beds of differ
ent degrees of hardness and amount of mica, but which have a general sameness of appearance. At the end of 
the point is some porphyritic gneiss in beds running about N. 50° E. The general strike of the schist is N. 70° E; 
'the dip N. 35°. In places there is a jointage structure that crosses the bedding and divides the schist into angular 
plates and prismatic forms. The south side of this point presents the long beds broken off in a succession of 
rows that resemble walls of masonry slanting a little to the north. The schist on the north side of the point in 

, S. E. 7.;l of N. W. ~ sec. 33, T. 71-20, strikes N. 80° E., and dips N. 52° (No.201H). Small quartz veins occur in 
it, running with the strike. The mica in some of the schist is in spots, and gives the rock a mottled appearance. 

"No. 203H is hard mica schist from S. W. Y.4, sec. 29, T. 71-20. It strikes N. 76° E. and dips N. 60°, more or 
less. The schist here has some appearance of being conglomeratic. It is in very thick masses that do not show 
any banded structure, as some of the schist does. A little further west, in the N. W. M of S. W. Y.4, sec. 29, T. 
71-20, there are beds of schist that are hydro-micaceous, and have a wavy structure running with the bedding 
(No. 20m). . 

"Some of the beds in the mica schist in the S. W. 3-4 of S. E. Y.4, sec. 26, T. 71-21, are quite siliceous, with 
with finely granular quartz (No. 205H). The beds here are vertical, or have a high dip to the north, and the 
strike is about N. 800 E., but is becoming irregular and broken. No beds of gneiss are seen in the schist here. 
Quartz veins are numerous. , 

"On the point in the S. E. Y.4, of N. W. Y.4, sec. 35, T. 71-21, the mica schist changes gradually into a rock 
composed principally of augite (?). It has no apparent bedding and is quite massive for a short distance. The 
continuation of it is lost in the water. This change takes place in going across the strike from north to south, 
the strike being about east. Some of this massive rock contains glassy quartz in veins. The schist here is finely 
banded and dips N. 72°. Nos. 206H to 206fH are from this place. 

"The point in the S. W. Y.4, of N. E. Y.4, sec. 34, T. 71-21, is composed of evenly-bedded mica schist. Strike 
N. 86° E.; dip N. 74°. There are no beds of gneiss here; but quartz veins eight inches to two feet thick, running 
with the bedding, are frequent. These veins are sometimes connected by cross-veins. 

"The schist in the S. W. 7.i of the N. W. Y.4, sec. 34, T. 71-21, contains both mica and hydromica. Strike is 
N. 84° E .. Many of the strata have reddish veins of quartz running with the strike and scattered all through the 
bed. The schist is also garnetiferous (No. 207H). 

"Some beds in the schist on the point in the S. W. Y.4, of N. W. Y.4, SeC. 33, T. 71-21, are lighter colored and 
more siliceous than usual. Strike is N. 80° E.; dip is about vertical (No.208H). The schist in this immediate 
vicinity is very thin _bedded; and where the sheets have fallen over into the lake overlapping each other they 
look like shingles on a roof. These siliceous beds became felsitic in the N. W. 7.;l of N. E. Y.4, sec. 32, T. 71-21. 
Strike is N. 74° E., dip S. 60° (No. 209H). 

"No. 210H is a sample of mica schist from the S. E. Y.4, of N. W. Y.4, sec. 32, T. 71-21. The beds here are 
about vertical; strike N. 74° E. Quartz veins are numerous, and boulders, of which we have seen very few, if 
any, in the last three townships, are becoming more plentiful. 

"In the N. E. ?4 of N. W. Y.4, sec. 31, T. 71-21, the schist is cut slightly by a greenstone dike six inches thic~. 
The direction of the schist is about E. 10° S., and that of the dike is east, although it curves (No. 211H). ThIS 
is the first greenstone dike seen since coming into this lake from Kabetogama. 

"In the N. E. Y.4, of N. W. ~ sec. 31, T. 71-21, the schist contains several beds of ligl;tt color that seem to be 
composed of small rounded quartz grains, biotite scales and larger scales of some opaque mineral, probably feld
spar. The strike here is N. 74° E. The schist is also hydromicaceous. These light colored beds vary from an 
inch to two feet in thickness (Nos. 212H, 212aH and 212bH). In the N. E. M sec. 36, T. 71-22, there are more 
of these siliceous beds in the schist; some of them are felsitic and some sericitic." 

The shores of these lakes are thus further described by H. V. Winchell (Sixteenth Report): 
"Near the east side of sec. 13, T. 70-22, the schistose gneiss strikes east and dips N.48°. A good port.age of 

about a mile connects Black bay with Kabetogama (the lake that lies along the side). On the portage III sec. 
19, T. 70-21, ridges of gneissoid mica schist are crossed, which trend N. 70° to 80° E. (No. 160H). . . 

"In'the N. W. Y.4, of S. E. Y.4, of the same section, mica schist occurs interbedded with coarse gneISS. StrIke 
N. 7()!' K; dip N. 580. 

"In the S. E. Y.4, of S. W. ~ sec. 27, T. 70-18, the beds of schist have a dip S. 80°; strike is N .. 84° E. ~he 
Point near the centre of S. W. Y.4, sec. 27, T. 70-18 is made of perfectly straight parallel beds of SChIst standlllg 
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"In the N. E. ?4 N. W. ?4' sec. 12, T. 70-21, the schist rises about thirty-five feet above the lake. It strikes 
N. 70° E. Long, grayish-blue crystals of cyanUe are found in some quartzose veins near the water's edge. Some 
of the blades of this mineral are six inches long (No. 199H)." 

Further descriptions of the geology of the region by the same observer are as follows: 
"The schist in the S. E. ?4' of S. W. ?4' sec. 1, T. 70-21, contains many quartzose beds and one or two veins 

of quartz. There are numerous garnets in these beds (No. 200H). 
"The walls of schist on the north side of the bay, in sec. 1, T. 70-21, ha ve glacial scratches along the smooth 

perpendicular sides in all directions, but the majority are nearly horizontal. Sometimes the mark curves around 
a point or corner of the rock and continues on the other side as if the ice conformed to the outlines of the rocky 
surface and walls. ' 

"The mica schist in the N. E. 74 sec. 6, T. 70-20, is in thick beds that strike N. 70° E. and dip N. 35° to 3So. 
Long, low reefs of this rock run ont into the Jake, and the shores are Jow. Few or no granite or gneiss beds are 
to be seen in this region. The schist is exceedingly uniform in the appearance and composition of its strata. 

"The south side of the point in sections 31,32 and 33, T. 71-20, is composed of mica schist in beds of difl'er
entdegrees of hardness and amount of mica, but which have a general sameness of appearance. At the end of 
the point is some porphyritic gneiss in beds running about N. 500 E. The general strike of the schist is N. 700 E; 
'the dip N. 350

• In places there is a jointage structure that crosses the bedding and di vides the schist into angular 
plates and prismatic forms. The south side of this point presents the long beds broken off in a succession of 
rows that resemble walls of masonry slanting a little to the north. The schist on the north side of the point in 
S. E. 74 of N. W. ?4' sec. 33, T. 71-20, strikes N. 800 E., and dips N. 52° (No.201H). Small quartz veins occur in 
it, running with the strike. The mica in some of the schist is in spots, and gives the rock a mottled appearance. 

"No. 203H is hard mica schist from S. W. 74 sec. 29, T. 71-20. It strikes N. 76° E. and dips N. 60°, more or 
less. The schist here has some appearance of being conglomeratic. It is in very thick masses that do not show 
any banded structure, as some of the schist does. A little further west, in the N. W. 74 of S. W. 74 sec. 29, T. 
71-20, there are beds of schist that are hydro-micaceous, and have a wavy structure running with the b(ldding 
(No. 20m). 

"Some of the beds in the mica schist in the S. W. 74 of S. E. ?4' sec. 26, T. 71-21, are quite siliceous, with 
with finely granular quartz (No. 205H). The beds here are vertical, or have a high dip to the north, and the 
strike is about N. SOD E., but is becoming irregular and broken. No beds of gneiss are seen in the schist here. 
Quartz veins are numerous. , 

"On the point in the S. E. ?4' of N. w. 74 sec. 35, T. 71-21, the mica schist changes grad ually into a rock 
composed principally of augite (?). It has no apparent bedding and is quite massive for a short distance. The 
continuation of it is lost in the water. This change takes place in going across the strike from north to south, 
the strike being about east. Some of this massive rock contains glassy quartz in veins. The schist here is finely 
banded and dips N. 72°. Nos. 206H to 206fH are from this place. 

"The point in the S. W. ?4' of N. E. 74 sec . .34, T. 71-21, is composed of evenly-bedded mica schist. Strike 
N. 860 E.; dip N. 74°. There are no beds of gneiss here; but quartz veins eight inches to two feet thick, running 
with the bedding, are frequent. These veins are sometimes connected by cross-veins. 

"The schist in the S. W. 74 of the N. W.?4' sec. 3<l, T. 71-21, contains both mica and hydromica. Strike is 
N. 8<l° E. Many of the strata have reddish veins of quartz running with the strike and scattered all through the 
bed. The schist is also garnetiferous (No. 207H). 

"Some beds in the schist on the point in the S. W. ?4' of N. W. ?4' sec. 33, T. 71-21, are lighter colored and 
more siliceous than usual. Strike is N. 80° E.; dip is about vertical (No.20SH). The schist in this immediate 
vicinity is very thin .bedded; and where the sheets have fallen over into the lake overlapping each other they 
look like shingles on a roof. These siliceous beds became felsitic in the N. W. ~ of N. E. 74 sec. 32, T. 71-21. 
Strike is N. 74° E., dip S. 60° (No. 209H). 

"No. 210H is a sample of mica schist from the S. E.?4' of N. W. 74 sec. 32, T. 71-21. The beds here are 
about vertical; strike N. 74° E. Quartz veins are numerous, and boulders, of which we have seen very few, if 
any, in the last three townships, are becoming more plentiful. 

"In the N. E. 74 of N. w. 74 sec. 31, T. 71-21, the schist is cut slightly by a greenstone dike six inches thick. 
The direction of the schist is about E. 10° S., and that of the dike is east, although it curves (No. 211H). This 
is the first greenstone dike seen since coming into this lake from Kabetogama. 

"Iu the N. E. ?4' of N. W. ?4' sec. 31, T. 71-21, the schist contains several beds of light color that seem to be 
composed of small rounded quartz grains, biotite scales and larger scales of some opaque mineral, probably feld
spar. The strike here is N. 74° E. The schist is also hydromicaceous. These light colored beds vary from an 
inch to two feet in thickness (Nos. 212H, 212aH and 212bH). In the N. E. 74 sec. 36, T. 71-22, there are more 
of these siliceous beds in the schist; some of them are felsitic and some sericitic." 

The shores of these lakes are thus further described by H. V. Winchell (Sixteenth Report): 
"Near the east side of sec. 13, T. 70-22, the schistose gneiss strikes east and dips N. 4So. A good port.age of 

about a mile connects Black bay with Kabetogama (the lake that lies along the side). On the portage m sec. 
19, T. 70-21, ridges of gneissoid mica schist are crossed, which trend N. 700 to SOD E. (N~. IGOH). . . 

"In the N. W. ?4' of S. E. ?4' of the same section, mica schist occurs interbedded WIth coarse gneISS. Stnke 
N. 70° E.; dip N. 58 0 • 

"In the S. E. ?4' of S. W. ?4' sec. 27, T. 70-18, the beds of schist have a dip S. 800
; strike is N . . 84° E. ~he 

point near the centre of S. W. ?4' sec. 27, T. 70-lS is made of perfectly straight parallel beds of SChISt standmg 

17 
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nearly vertical. There are also a few beds of gneiss. Some of the beds have a high dip to the south. No.176H 
from this place contains green muscovite. 

" Biotite, muscovite schist is found in N. W. 3i of N. E. 3i sec. 28, T. 70-18, dipping S. 76°. Strike is east. 
There are narrow beds of gneiss, granite intrusions and quartz veins in the schist here. 

"In the S. E. ~4 of s. W. ~/4 sec. 21, T. 70-18, the schist dips S. 73°. It contains a few thin beds of gneiss. 
Glaciation is N. 40° E. Strike is N. 880 E. Boulders are numerous here (No. 178H). A little way north is a 
granite intrusion that cuts the beds of schist considerably. It is four feet thick and contains coarse orthoclase 
and muscovite like the regular beds of gneiss. A few rods further north is another intrusion of granite having a 
general direction N. 500 E. It is quite coarse and is porphyritic in places. There is a gneissoid structure 
running directly across the intrusion, the minerals and the weathering both showing it plainly (No. 179H). 

" The schists north of this for some distance are not so regular, but are more thickly bedded. They weather 
into irregular lumps and not into thin sheets as usual. There are occasional narrow, winding intrusions of 
granite about six inches thick, that seem to be filled with muscovite in plates half an inch to an inch in length. 

"In the N. w. 7'4 of s. W. ~4 sec. 21, T. 70-18, are numerous intrusions, all having a general trend of N. 500 

E. to N. 600 E. They generally have a dip similar to the schist. They frequently contain large orthoclase 
crystals which have quartz in them, thus forming a graphic granite (No. 180aH). Some of the schist contains 
red beds in which all of the ingredients have a reddish tinge. 

"Occasionally the intrusions are quite gneissic. No. 182H is a sample from one of them that winds around 
and cuts across the beds of schist, and is finally pinched down from thirty inches to two inches in thickness. 
Some of these intrusions are garnetiferous (No. 183H). There is a small rock island in the S. E. 3i of S. W. X 
sec. 21, T. 70-18, that seems to form. part of a very large granite intrusion. It runs across to the north end of 
the larger island east of it, where it is about seventy feet wide. It trends N. 550 E. It is composed mainly of 
graphic granite, which contains coarse muscovite and garnets and becomes gneissoid in places (No. 184H). 
There are also large and small masses and bunches of silvery or light-greenish quartz and mica in fine grains and 
scales, arranged in fibrous rays. It occurs in considerable quantities in this locality (No. 184aH). Perhaps the 
term. ' greisen ' might be applied to this rock. 

"Beds of gneiss are seen in S. E. M sec. 20, T. 70-18, having a very gneissoid appearance and striking N. 60° E. 
They also contain the peculiar masses of quartz and muscovite (No. 186H). 

"Just east of the last the schist is remarkably straight and smooth. Strike is N. 830 E.; dip S. 800 • 

"On the point in the S. E. corner of S. W. M of S. W. ;':1 SeC. 20, T. 70-18, is a curious example of the way 
in which the granite intrusions cut tlie schist and twist about in it. 

"The beds of gneiss are quite coarse and contain considerable quartz and muscovite. The orthoclase is 
yellow. The schist about as usual. Strike N. 84° E. 

"In the N. W. ~::l s. E. >4 sec. 19, T. 70-18, are more large and small beds of gneiss. Some of them conform 
with the strike of the schist here. 

FIG. 22. GNEISS AND MICA SOHIST OUT BY GRANITE. LAKE KABETOGAMA. 
S. E. ;'4 sec. 31, T. 70-21. 

"The beds of gneiss are (Juite coarse and contain considerable quartz and muscovite. The orthoclase is' 
yellow. The schist about as usual. Strike N. 840 E. 

. "In t~e N. w. 7'4 S. E. M sec. 19, T. 70-18, are more large and small beds of gneiss. Some of them:conforJll 
wlth the stnke of the schist here. It is a little singular that all the intrusions observed for several miles east of 
here have a general trend N.60° E. and the schist N. 800 E. Here the schist strikes N. 740 E. and dips S. 80°. 
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nearly vertical. There are also a few beds of gneiss. Some of the beds have a high dip to the south. No. 17GH 
from this place contains green muscovite. 

" Biotite, muscovite schist is found in N. W. 7i of N. E. ~4 sec. 28, T. 70-18, dipping S. 76°. Strike is east. 
There are narrow beds of gneiss, granite intrusions and quartz veins in the schist here. 

"In the S. E. ~:1 of s. W. ~/:1 sec. 21, T. 70-18, the schist dips S. 73°. It contains a few thin beds of gneiss. 
Glaciation is N. 40° E. Strike is N. 88° E. Boulders are numerous here (No. 178H). A little way north is a 
granite intrusion that cuts the beds of schist considerably. It is four feet thick and contains coarse orthoclase 
and muscovite like the regular beds of gneiss. A few rods further north is another intrusion of granite having a 
o'eneral direction N. 50° E. It is quite coarse and is porphyritic in places. There is a gneissoid structure 
;unning directly across the intrusion, the minerals and the weathering both showing it plainly (No. 179H). 

" The schists north of this for some distance are not so regular, but are more thickly bedded. They weather 
into irregular lumps and not into thin sheets as usual. There are occasional narrow, winding intrusions of 
granite about six inches thick, that seem to be filled with muscovite in plates half an inch to an inch in length. 

"In the N. w. 74 of s. W. ~:1 sec. 21, T. 70-18, are numerous intrusions, all having a general trend of N. 50° 
E. to N. 60° E. They generally have a dip similar to the schist. They frequently contain large orthoclase 
crystals which have quartz in them, thus forming a graphic granite (No. 180aH). Some of the schist contains 
red beds in which all of the ingredients have a reddish tinge. 

"Occasionally the intrusions are quite gneissic. No. 182H is a sample from one of them that winds around 
and cuts across the beds of schist, and is finally pinched down from thirty inches to two inches in thickness. 
Some of these intrusions are garnetiferous (No. 183H). There is a small rock island in the S. E. ~ of S. W. Xi 
sec. 21, T. 70-18, that seems to form part of a very large granite intrusion. It runs across to the north end of 
the larger island east of it, where it is about seventy feet wide. It trends N. 55° E. It is composed mainly of 
gTaphic granite, which contains coarse muscovite and garnets and becomes gneissoid in places (No. 184H). 
There are also large and small masses and bunches of silvery or light-greenish quartz and mica in fine grains and 
scales, ananged in fibrous rays. It occurs in considerable quantities in this locality (No. 184aH). Perhaps the 
term' greisen ' might be applied to this rock. 

"Beds of gneiss are seen in S. E. Ji sec. 20, T. 70-18, having a very gneissoid appearance and striking N. 60° E. 
They also contain the peculiar masses of quartz and muscovite (No. 186H). 

"Just east of the last the schist is remarkably straight and smooth. Strike is N. 83° E.; dip S. 80°. 
"On the point in the S. E. corner of S. W. ~ of S. W. ),:1 seC. 20, T. 70-18, is a curious example of the way 

in which the granite intrusions cut tlie schist and twist about in it. 
"The beds of gneiss are quite coarse and contain considerable quartz and muscovite. The orthoclase is 

yellow. The schist about as usual. Strike N. 84° E. 
. " In the N. w. ;4 s. E. \4 sec. 19, T. 70-18, are more large and small beds of gneiss. Some of them conform 
with the strike of the schist here. 

FIG. 22. GNEISS AND MICA SOHIST OUT BY GRANITE. LAKE KABETOGAMA. 
S. E. ;'4 sec. 31, T. 7{}-21. 

"The beds of gneiss are (Juite coarse and contain considerable quartz and muscovite. The orthoclase is' 
yellow. The schist about as usual. Strike N. 84° E. 

. "In t~e N. w. 74 s. E. ~ sec. 19, T. 70-18, are IDore large and small beds of gneiss. Some of them' conform 
wlth the stnke of the schist here. It is a little singular that all the intrusions observed fol' several miles east of 
here have a general trend N.60° E. and the schist N. 80° E. Here the schist strikes N. 74° E. and dips S. 80°. 
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The beds or intrusions of gneiss still contain considerable quantities of the above mentioned radiated quartz and 
muscovite. About the centre of the west side of S. E. 74 sec. 19, T. 70-18, the strike is N. r5° E. and the dip is 
64° S. Here are large veins or dikes of coarse pegmatite, which contains immense crystals of pinkish feldspar 
intergrown with quartz to make a graphic granite. One crystal measured was thirty-three inches long, and 
many were seen over twelve inches. (Grant). 

"At this place is a bed of gneiss that cuts across the schist for some distance, then comes into conformity 
with it and all at once splits up into thin beds an inch or two thick and becomes lost in the schist. It was over 
two feetwide at the start and maintained its thickness until it divided. 1'hese intrusions or beds of gneiss-for 
either name seems to fit at times-frequently enclose long strips of schist which sometimes maintain their usual 
strike and sometimes take that of the surrounding and enclosing rock. 

"Sometimes the gneiss laps over and lies upon the edge of a good many beds of schist as if it had been 
squeezed up and out, and had flowed over. Most of it is porphyritic. 

"In the S. W 74 of S. W. 74 sec. 19, T. 70-18, the schist occurs in beds, which average about two feet thick 
and strike N. 74° E. with a dip S. 82°. It is uniform and regular. There are large intrusions of granite running 
through it, N. 40° E. Part of the west side of a bluff has fallen into the lake and left a fresh break showing 
graphic granite containing muscovite. Each individual crystal of orthoclase seems to contain quartz grains 
running in the same direction through it according to some cleavage, or other natural tendency in the feldspar. 
Two crystals of orthoclase are never seen side by side with the quartz running the same way in both; but in each 
individual, however large, the quartz" characters" are all parallel or at right angles to each other (No. 187H). 

"In the S. E. 74 sec. 24, T. 70-19, the schist rises in bluffs twenty-five feet above the lake. There is also 
much gneiss here. Some of it contains large quantities of immense biotite scales. The strike of the schist here 
is N.74° E., dip is S.74°. The schist here is regular and uninterrupted, in perfectly even, thick beds for one 
hundred feet at a time. 

"The point at the south line of S. E. 74 sec. 23, T. 70-19, is composed of gneiss containing much of the quartz 
and mica masses and graphic granite. No. 188H is from a mass of the former two feet long. 

"The N. E. 74 of N. E. !i sec. 27, T. 70-19, is composed of mica schist, with a strike N. 76° E., and dip S. 80°, 
and large beds of gneiss. A little east of here the straight walls of mica schist, and, in one place, of gneiss, rise up 
thirty feet from the water's edge, covered with moss and lichens. The trees are mostly a thick growth of small 
spruce and Jack pine. 

"The point in the S. W. 74 of sec. 23, T. 70-19, is composed of mica schist and gneiss. The latter is full of 
radiated masses of quartz and mica in fine, glistening Bcales. It seems to have been pushed over the beds of 
schist in a plastic condition and to have a sort of horizontal gneissoid structure. It is quite coarse, and is 
porphyritic in places. The strike of the schist is N. 84° E. 

"Fine-grained patches are often seen in these intrusions or beds of gneiss. 1'he fine parts are often por
phyritic, with perfect orthoclase crystals six to ten inches across. Frequently there are beds of pebbles and 
accumulations of boulders on a point or in some recess where there is a large bed of gneiss. These pebbles 
and boulders are principally of the same rock as that directly beneath and around them, and seem to have been 
formed right there by the action of frost and waves of the lake (No. I90H). 

"The rock in N. W. 74 sec. 20, T. 70-19, is principally mica schist. Strike is N. 70° E. Dip S. 80°, in thick 
beds (No. 191H). There are hard nodules in it, as there are most everywhere, that stand out in knobs and sheets 
and all sorts of odd shapes on weathered surfaces. It also seems to be cut by hard veins of matter which cross 
themselves and make a net-work of little ridges on the weathered surfaces. They do not seem to have any 
influence on the cleavage of the rock. 

"In the S. E. 74 sec. 19, T. 70-19, there is a bed of chloritic (?) mica schist in the other schist. It is four or 
five feet thick and contains much black mica in scales. It is cut off by an intrusion of granite which crosses the 
east end of it, and hidden by the lake on the west. Its general trend is N. 80° E. (No. 192H). There are hard veins 
running through it that seem to have been gneissoid, but now contain hornblende or chlorite and but little mica. 

_ "The point of the island in S. E. 74 of N. E. 74 sec. 24, T. 70-20, is composed of garnetiferous gneiss, por
phyritic with very large orthoclase, and containing quantities of the masses of mica scales and quartz grains. 
All of the large orthoclase crystals are pegmatitic. 

"The mica schist in the S. W. 74 of N. E.74 sec. 23, T. 70-20, strikes E. 40° S., dips S. W. 78°, and has 
glacial marks N. 46° E. It is in thick beds, and the mica is biotite. There are beds of porphyritic gneiss here, 
as everywhere in this region, only this has m<;?re of the radiated accumulations of mica and quartz. There is 
often a decidedly gneissic structure in these beds, but they are generally without it. 

"The schist in the N. E. 74 of S. E. 74 sec.16, T. 70-20, is quite thick-bedded in nearly vertical strata. Strike 
N. 80· E. There are but few granite intrusions in this region, and the shores are lower and frequently covered 
with vegetation down to the water's edge.. The lake at this time was unusually high. Streams of water were 
pouring into it on all sides from places where usually there is no stream at all. There was a cascade over each 
bluff, and a roaring little torrent down each ravine. 

"On the portage in sec. 19, T. 70-21, ridges of gneissoid mica schist are crossed whi?h trend. N. yO· E. t~ N. 
8?O .E. In the N. W. 74 of S. E. 74 sec. 30, T. 70-21, is mica schist mixed with coarse gneISS. Stnke IS N. 70 E., 
dIp N. 58°. 

. "The small island in the S. W. 74 of S. E. 74 sec. 30, T. 70-21, is composed of inter?edQ.ed mic~ schis: a~d 
gneIss. The gneiss is quite coarse is muscovitic and lies in thick beds. It contams also a lIttle bIOtite 
(No. 16lH). .. ' 
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The beds or intrusions of gneiss still contain considerable quantities of the above mentioned radiated quartz and 
muscovite. About the centre of the west side of S. E. 74: sec. 19, T. 70-18, the strike is N. '1'5° E. and the dip is 
64° S. Here are large veins or dikes of coarse pegmatite, which contains immense crystals of pinkish feldspar 
intergrown with quartz to make a graphic granite. One crystal measured was thirty-three inches long, and 
many were seen over twelve inches. (Grant). 

"At this place is a bed of gneiss that cuts across the schist for some distance, then comes into conformity 
with it and all at once splits up into thin beds an inch or two thick and becomes lost in the schist. It was over 
two feetwide at the start and maintained its thickness until it divided. 1'hese intrusions or beds of gneiss-for 
either name seems to fit at times-frequently enclose long strips of schist which sometimes maintain their usual 
strike and sometimes take that of the surrounding and enclosing rock. 

"Sometimes the gneiss laps over and lies upon the edge of a good many beds of schist as if it had been 
squeezed up and out, and had flowed over. Most of it is porphyritic. 

"In the S. W 74: of S. W. 74: sec. 19, T. 70-18, the schist occurs in beds, which average about two feet thick 
and strike N. 74° E. with a dip S. 82°. It is uniform and regular. There are large intrusions of granite running 
through it, N. 40° E. Part of the west side of a bluff has fallen into the lake and left a fresh break showing 
graphic granite containing muscovite. Each individual crystal of orthoclase seems to contain quartz grains 
running in the same direction through it according to some cleavage, or other natural tendency in the feldspar. 
Two crystals of orthoclase are never seen side by side with the quartz running the same way in both; but in each 
individual, however large, the quartz" characters" are all parallel or at right angles to each other (No. 187H). 

"In the S. E. 74: sec. 24, T. 70-19, the schist rises in bluffs twenty-five feet above the lake. There is also 
much gneiss here. Some of it contains large quantities of immense biotite scales. The strike of the schist here 
is N.74° E., dip is S. 74°. The schist here is regular and uninteITupted, in perfectly even, thick beds for one 
hundred feet at a time. 

"The point at the south line of S. E. 74: sec. 23, T. 70-19, is composed of gneiss containing much of the quartz 
and mica masses and graphic granite. No. 188H is from a mass of the former two feet long. 

"The N. E. 74: of N. E. 74: sec. 27, T. 70-19, is composed of mica schist, wi th a strike N. 76° E., and dip S. 80°, 
and large beds of gneiss. A little east of here the straight walls of mica schist, and, in one place, of gneiss, rise up 
thirty feet from the water's edge, covered with moss and lichens. The trees are mostly a thick growth of small 
spruce and Jack pine. 

"The point in the S. W. 74: of sec. 23, T. 70-19, is composed of mica schist and gneiss. The latter is full of 
radiated masses of quartz and mica in fine, glistening scales. It seems to have been pushed over the beds of 
schist in a plastic condition and to have a sort of horizontal gneissoid structure. It is quite coarse, and is 
porphyritic in places. The strike of the schist is N. 84° E. 

"Fine-grained patches are often seen in these intrusions or beds of gneiss. 'l'he fine parts are often por
phyritic, with perfect orthoclase crystals six to ten inches across. Frequently there are beds of pebbles and 
accumulations of boulders on a point or in some recess where there is a large bed of gneiss. These pebbles 
and boulders are principally of the same rock as that directly beneath and around them, and seem to have been 
formed right there by the action of frost and waves of the lake (No. 190H). 

"The rock in N. W. 74: sec. 20, T. 70-19, is principally mica schist. Strike is N. 70° E. Dip S. 80°, in thick 
beds (No. 191H). There are hard nodules in it, as there are most everywhere, that stand out in knobs and sheets 
and all sorts of odd shapes on weathered surfaces. It also seems to be cut by hard veins of matter which cross 
themselves and make a net-work of little ridges on the weathered surfaces. They do not seem to have any 
influence on the cleavage of the rock . 

. " In the S. E. 74: sec. 19, T. 70-19, there is a bed of chloritic (?) mica schist in the other schist. It is four or 
five feet thick and contains much black mica in scales. It is cut off by an intrusion of granite which crosses the 
east end of it, and hidden by the lake on the west. Its general trend is N. 80° E. (No. 192H). There are hard veins 
running through it that seem to have been gneissoid, but now contain hornblende or chlorite and but little mica. 

_ "The point of the island in S. E. 74: of N. E. 74: sec. 24, T. 70-20, is composed of garnetiferous gneiss, por
phyritic with very large orthoclase, and containing quantities of the masses of mica scales and quartz grains. 
All of the large orthoclase crystals are pegmatitic. 

"The mica schist in the S. W. 74: of N. E.74: sec. 23, T. 70-20, strikes E. 40° S., dips S. W. 78°, and has 
glacial marks N. 46° E. It is in thick beds, and the mica is biotite. There are beds of porphyritic gneiss here, 
as everywhere in this region, only this has mQre of the radiated accumulations of mica and quartz. There is 
often a decidedly gneissic structure in these beds, but they are generally without it. 

"The schist in the N. E. 74: of S. E. 74: sec.16, T. 70-20, is quite thick-bedded in nearly vertical strata. Strike 
N. 80° E. There are but few granite intrusions in this region, and the shores are lower and frequently covered 
with vegetation down to the water's edge. The lake at this time was unusually high. Streams of water were 
pouring into it on all sides from places where usually there is no stream at all. There was a cascade over each 
bluff, and a roaring little torrent down each ravine. 

"On the portage in sec. 19, T. 70-21, ridges of gneissoid mica schist are crossed which trend. N. !Oo E. t~ N. 
8~°.E- In the N. W. 74 of S. E. 74: sec. 30, T. 70-21, is mica schist mixed with coarse gneiss. Stnke IS N. 70 E., 
dip N. 58° . 

. . "The small island in the S. W. 74: of S. E. 74: sec. 30, T. 70-21, is composed of inter?ed<;led mic~ schis: and 
gneISs. The gneiss is quite coarse, is muscovitic and lies in thick beds. It con tams also a little bIOtite 
(No. 16lH). 
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[Rainy and Kabetogama lakes. 

" The mica schist in this region is often cut by beds or veins of black mica schist that -weathers sooner 
than the rest of the schist. The gneiss contains pyrite and some small crystals of a black mineral like tour-
maline. It also contains irregular patches of the schist.. .'. . . 

"The point in the N. E. ~4 sec. 31, T. 70-21, is c~mposed of lIlterbedded gnerss .an~ mICa SChIst. The gneiss 
. ft oaI"e containing mica cr}'stals four lIlches long, and orthoclase SIX lIlches across (No. 165H) IS a en very c , '" , . ..' . ..' 
Both schist and gneiss are cut by intrusions of granite runnlllg 1Il all dIrectIOns. The general strrke IS N. 70° E., 

~K~~W. .' . 
"The S. E. ~ of sec. 31, T. 70-21, contams a pomt nearly bare of vegetatron, co~posed of .rounded knobs 

of gneiss and mica schist, cut by granite intrusions. Some of the orthoclase :ryst~ls 1Il the gnerss measure ten 
inches in length. The strike of the gneiss and schist is N. 80° E. The followlllg dIagram shows how the granite 

cuts the mica schist. 

FIG. 23. MICA SCHIST CUT BY GRANITE, RAINY LAKE. 
S. W. '!4 sec. 20, T. 70-18. 

"In the N. E. ~ of N. W. ~ sec. 6, T. 69-21, is a bold bluff of gneiss, containing some mica schist .. It is 
pegmatitic also (No. 162 H). The gneiss is very coarse, and contains large crystals of muscovite. It is a little 
peculiar that the mica schist, which is found in patches all through this gneiss, contains chiefly biotite mica, 
while the gneiss contains muscovite. There is some muscovite, however, in the schist, and a little biotite in 
the gneiss (No. 163H). The graphic granite here seems to be crystals of orthoclase, two feet or more in length, 
containing quartz. The surface of each mass of feldspar has one common cleavage, and reflects the sun as if it 
were one flat surface. 

" Mica schist and gneiss are seen in the N. E. ~ of N. W. ~ sec. 8, T. 69-21. Strike is N. 80° E. There 
seems to be a tendency in all of this gneiss for the different constituents to separate from each other, and to 
collect as much as possible by themselves. 

"Gneiss and schist are found in the N. E. ~ of the N. W. ~ sec. 17, T. 69-21. Strike is N. 80° E. Dip is 
north, at a high angle. When the beds of gneiss are thin the crystals are smaller than in the thick beds. 

"Where the line between secs. 20 and 21, T. 69-21, crosses the shore-line there is a round hill of gneiss and 
mica schist that rises at least fifty feet above the lake. The feldspar weathers white on the surface, and makes 
the rock quite dazzling in the sun. There is less mica in the gneiss here; but the beds and included masses of 
mica schist are quite common. The strike is N. 70° to N. 80° E.; dip still to the north. No boulders are seen at 
the west end of this lake. 

"Gneiss and mica schist, with an east and west strike and a dip N: 16° to 30°, occurs in the N. E.!4 of N. 
W. ~;:; sec. 27, T. G9-21. A few boulders lie along the shore here; but no drift covers the rock hills. Mountain 
ash trees are first noticed at this place. 

"In the S. w. ;4 sec. 25, T. 69-21, the gneiss and schist still have a low north dip, 150 to 30°. The gneiss is 
sometimes porphyritic, and contains very black biotite (No. 164H). 

"In the N. W. ;4 of N. W. % sec. 30, T. 69 20, gneiss and mica schist occur in interbedded, thin, wavy or 
folded strata. Strike is E. 50° S. to E. 800 S., and with a low dip of less than 45° to the east. The character of 
the rock remains unchanged for a long distance east of here. It is always gneiss and mica schist in more or Jess 
dlstorte~ beds. Much of the gneiss is porphyritic, and cont'!lins large scales of both biotite and muscovite. ~~e 
cpwrtz 18 often chalcedonic. Most all of the large orthoclase crystals contain quartz, being thus pegmatItIC. 
The beels become too much bent and twisted for any general strike or dip to be noted. The country is ~ore 
wooded and hIlly, and the rock comes down close to the water in perpendicular bluffs over twenty-five feet high. 

"There is such a mixture in the rocks that beds of any considerable length ~re not to be seen. Mas~~s 
round, square, oblong, irregular, thin, thick, and in fact all shapes and sizes of mica schist, are seen in the gneISS. 
where the gneiss predominates, and of gneiss in the schist where the schist is the main rock. 
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"The mica schist in this region is often cut by beds or veins of black mica schist that weathers sooner 
than the rest of the schist. The gneiss contains pyrite and some small crystals of a black mineral like tour-
maline. It also contains irregular patches of the schist.. .'. . . 

"The point in the N. E. 3~ sec. 31, T. 70-21, is c~mposed of mterbedded gneIss .an~ mICa SChIst. The gneiss 
. ft oaI"e containing' mica crystals four mches long, and orthoclase SIX mches across (No. 165H) 
IS 0 en very c c ::; , • ..' • ..' 

Both schist and gneiss are cut by intrusions of granite runnmg m all dIrectIOns. The general strIke IS N. 70° E., 

~RW~&. .' . 
"The S. E. ~ of sec. 31, T. 70-21, con tams a pomt nearly bare of vegetatIOn, cOJ~posed of .rounded knobs 

of gneiss and mica schist, cut by granite intrusions. Some of the orthoclase ?ryst~ls m the gneIss measure ten 
inches in length. The strike of the gneiss and schist is N. 800 E. The followmg dIagram shows how the granite 

cuts the mica schist. 

FIG. 23. MICA SOHIST CUT BY GRANITE, RAINY LAKE. 
S. W. X sec. 20, T. 70--18. 

"In the N. E. ly4 of N. W. ~~ sec. 6, T. 69-21, is a bold bluff of gneiss, containing some mica schist .. It is 
pegmatitic also (No. 162 H). The gneiss is very coarse, and contains large crystals of muscovite. It is a little 
peculiar that the mica schist, which is found in patches all through this gneiss, contains chiefly biotite mica, 
while the gneiss contains muscovite. There is some muscovite, however, in the schist, and a little biotite in 
the gneiss (No. 163H). The graphic granite here seems to be crystals of orthoclase, two feet or more in length, 
containing quartz. The surface of each mass of feldspar has one common cleavage, and reflects the sun as if it 
were one flat surface. 

" Mica schist and gneiss are seen in the N. E. ~ of N. W. ~ sec. 8, '1.'. 69-21. Strike is N. 80° E. There 
seems to be a tendency in all of this gneiss for the different constituents to separate from each other, and to 
collect as much as possible by themselves. 

"Gneiss and schist are found in the N. E. ~ of the N. W. ~ sec. 17, T. 69-21. Strike is N. 800 E. Dip is 
north, at a high angle. When the beds of gneiss are thin the crystals are smaller than in the thick beds. 

"Where the line between secs. 20 and 21, T. 69-21, crosses the shore-line there is a round hill of gneiss and 
mica schist that rises at least fifty feet above the lake. The feldspar weathers white on the surface, and makes 
the rock quite dazzling in the sun. There is less mica in the gneiss here; but the beds and included masses of 
mica schist are quite common. The strike is N. 70° to N. 800 E.; dip still to the north. No boulders are seen at 
the west end of this lake. 

"Gneiss and mica schist, with an east and west strike and a dip N: 16° to 300 , occurs in the N. E, ~ of N. 
W. }:i sec. 27, T. 69-21. A few boulders lie along the shore here; but no drift covers the rock hills. Mountain 
ash trees are first noticed at this place. 

"In the S. W. ;~ sec. 25, T. 69-21, the gneiss and schist still have a low north dip, 15° to 30°. The gneiss is 
sometimes porphyritic, and contains very black biotite (No. 164H). 

"In the N. W. }4 of N. W. ;tc!: sec. 30, T. 69 20, gneiss and mica schist occur in interbedded, thin, wavy or 
folded strata. Strike is E. 50° S. to E. 800 S., and with a low dip of less than 450 to the east. The character of 
the rock remains unchanged for a long distance east of here. It is al ways gneiss and mica schist in more or less 
dlstorte~ beds. Much of the gneiss is porphyritic, and contains large scales of both biotite and muscovite. ~~e 
ql'lartz IS often chalcedonic. Most all of the large orthoclase crystals contain quartz, being thus pegmatItIC. 
'£he bedg become too much bent and twisted for any general strike or dip to be noted. The country is ~ore 
wooded and h~lly, and the rock comes down close to the water in perpendicular bluffs, over twenty-five feet high. 

"There IS such a mixture in the rocks that beds of any considerable length are not to be seen. Mas~~s 
round, square, oblong, irregular, thin, thick, and in fact all shapes and sizes of mica schist, are seen in the gneISS 
where the gneiss predominates, and of gneiss in the schist where the schist is the main rock. 
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"Sometimes the strata lie in wavy, horizontal beds, and sometimes they <stand nearly vertical. The aneiss 
is frequently porphyritic, and occasio~ally rock that approximates mica schist rathGr than gnGiss is porph;ritic, 
with feldspar crystals two or three mches long. The trees are Norway pine, white pinG, Bank's pine, spruce, 
balsam fir, birch, aspen, great<tootbed poplar, mountain asb, white cedar, willow, ash and elm. 

" In the N. E. ~ sec. 30, T. 69-19, there are beds of schist and gneiss that seem to be more regular, and have 
the usual strike and high dip to the north. The country through here is mUGh wilder than that farther west. 
There is considerable good pine on the shores of the lake. The rock hills generally rise to a hight of fifty feet or 
more above the lake. . 

"Mr. Trussell examined the north shore of Kabetogama, through T. 69-20, up to Namekan, in T. 69-1D. 
The formation is all the same-gneiss and mica schist in irregular beds. One specimen from the north side con
taining much biotite is No. 166H." 

Namekan lake. This lake is thus described by H. V. Winchell: " The west end of N amekan lake is verv 
beau·tiful. There aTe numerous points and Islands, all heavily wooded down to the water's edge. l'he hills ris~ 
higher, too, in this region, and the bluffs have a bolder aspect. '1'he rock is the usual gneiss and mica schist, the 
latter generally quite soft and crumbling, so that the gneiss is the rock that is most seen in all exposures. 

"In the S. E.;\::1 of S. W. 74 sec. 26, T. 69-ID, the gneiss and schist rise seventy-five feet in perpendicular 
bluffs, from which many large pieces have fallen down into the lake and left overhanging crags that have quite a 
picturesque appearance. There are pine and spruce trees growing in every available crack and crevice of the 
solid rock. 

" In the S. W. ~ of S. W. ~ sec. 28, T. 69-19, the rock is more gneissoid than usual, and contains but little 
schist. It rises twenty-five to fifty feet above the lake on the islands and points in this locality. It is cut and 
re<cut by granite intrusions, but no trap or dioryte dikes are seen on this lake (Nos. 16TH and 168H). The strike 
in N. W. ~ of S. E. ~ sec. 30, T. 69-18, is E. 700 S.; dip E. 45 0 to 600 • 

"In the S. E. ~ of S. w. 74 sec. 28, T. 69-18, the strike is more regular and has returned to its general 
direction, N. 700 to N. 800 E., with a high dip north. Many mica schist beds occur in the gneiss, and serve to show 
the strike and dip better than the gneiss does. 

"The gneiss in the S. W. ~ sec. 26, T. 69-18, is fine and red, and contains very few beds of mica schist. 
There is a coarse, schistose structure running E. 600 S. (No. 16DH). 

"In the N. W. ~ sec. 31, T. 69-17, the rock is almost pure mica schist. There are a few beds of gneiss, 
bnt the rock is largely schist, in thin, straight beds. Some of the strata are nearly horizontal, and some dip 600 

or more to the east. The flat beds are folded and bent considerably. 
"In the S. W. ~ sec. 28, T. 69-17, the gneiss begins to appear again in thick beds, but the schist still pre-

dominates. The strike of the gneiss is about east and west, with a dip N. 400 • • 

"On the west side of the island, in the S. E. ;\::1 of N. W. ~ sec. 29, T. 69 <17, is a bed or dike of dioryte 
~bout twenty feet thick (No. 170H). 

"The channel of the stream which flows from Sand Points lake into Namekan lake is one of the most pic
turesque spots seen in this region. The stream is deep and narrow, and runs between rugged bluffs of mica 
schist. The hills are covered with pine and the rocks with a luxuriant growth of lichens. The rocky walls are 
almost continuous enough to deserve the name of ' dalles.' They are all of mica schist having a general strike 
about east and west, and dipping about N. 450 • There are occasional beds of gneiss and veins of quartz. 

"The rock on the island in the S. E. ~ of N. W. ;;J; sec. 21, T. 6D-18, is gneiss and mica schist. The 
gneiss is fine grained, and contains irregular masses of schist. It is only slightly foliated (No. 171H). 

"The entrance to Rainy lake is quite intricate, and is hard to find, as well as hard to keep when found. 
The pl~ts do not follow the regular canoe route for the boundary, but take the north channel between Namekan 
and Rainy lakes, where a canoe seldom goes, because of the longer portage. 

"There are two channels between these lakes, enclosing an island. The southern one has a chute of about 
nine feet, over mica schist. There is a good portage of about two hundred paces on the south side. 

"The rock in this region is mica schist, with beds of gneiss. It is quite regular in bedding, strike and 
dip. Strike is N. 800 E., dip about N. 800 • The beds of gneiss are quite generally in conformity with the schist, 
but sometimes cut it a little (No. 172H). 

"The north fall is about the same hight in one chute as the south fall. It is over fine, hard, brittle mica 
schist (No. 173H). This descent is known as Kettle falls. The schist is very evenly bedded, and stands nearly 
on edge. Strike is N. 840 E., dip N. 850 • The gneiss beds are very uniform, and are conformable with. t~e 
schist. It is generally coarse, and contains garnets. Some of it, however, is quite fine, and shows the gneISSIC 
structure well. The mica in the schist is mostly biotite; that in the gneiss is muscovite. Some of the schist is 
hydromicaceous (No. 175H)." 

The rock here presents a distinctly bedded appearance, due to what certainly appears to be sedimenta
tion. A thin section of this rock (No. 1024G) shows that it is composed principally of quartz and biotite. Some 
secondary plagioclases appear much like quartz, being clear and glassy, in a manner quite similar to the sec
ondary plagioclases of the schists about Vermilion lake (compare the Vermilion lake plate). 

Sand Points lake. Mr. Grant made casual geological examination of the west side of this lake, and 
fOUlld it all occupied by the same granite or granitoid gneiss as occurs along the south s~ore of N amekan la~e, 
ex:cepting a small area in sec. 36, T. 68-17. The north-projecting point, N. W. ~ sec. 36, IS composed of gramte 
and biotite gneiss. The granite cuts the gneiss in many directions. In places are large veins of very. coarse, 
pinkish feldspar and quartz, often in the form of graphic granite. This granite is similar to that whICh pre-
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"Sometimes the strata lie in wavy, horizontal beds, and sometimes they"stand nearly vertical. The aneiss 
is frequently porphyritic, and occasio~ally rock that approximates mica schist rather than gneiss is porph;ritic, 
with feldspar crystals two or three mches long. The trees are Norway pine, white pine, Bank's pinG, spruce, 
balsam fir, birch, aspen, great"toothed poplar, mountain ash, white cedar, willow, ash and 81m. 

" In the N. E. 7.4. sec. :3°, '1'.69-19, there are beds of schist and gneiss that seem to be more regular, and ha ve 
the usual strike and hIgh dIp to the north. The country through hero is mm,h wilder than that farther west. 
There is considerable good pine on the shores of the lake. The rock hills generally risc to a hight of fifty feet or 
more above the lake. 

"Mr. Trussell examined the north shore of Kabetogama, through T. 69-20, up to Namekan, in T. 69-1D. 
The formation is all the same-gneiss and mica schist in irregular beds. One specimen from the north side con
taining much biotite is No. 166H." 

Namekan lalee. This lake is thus described by H. V. Winchell: "The west end of N amekan lake is verv 
beautiful. There are numerous points and Islands, all heavily wooded down to the water's edge. The hills ris~ 
higher, too, in this region, and the bluffs have a bolder aspect. 'l'he rock is the usual gneiss and mica schist, the 
latter generally quite soft and crumbling, so that the gneiss is the rock that is most seen in all exposures. 

"In the S. E. M of S. W. 74 sec. 26, T. 6D-19, the gneiss and schist rise seventy-five feet in perpendicular 
bluffs, from which many large pieces have fallen down into the lake and left overhanging crags that have quite a 
picturesque appearance. There are pine and spruce trees growing in every available crack and crevice of the 
solid rock. 

" In the S. W. M of S. W. M sec. 28, T. 69-19, the rock is more gneissoid than usual, and contains but little 
schist. It rises twenty-five to fifty feet above the lake on the islands and points in this locality. It is cut and 
re-cut by granite intrusions, but no trap or dioryte dikes are seen on this lake (Nos. 16TH and 168H). The strike 
in N. W. ~ of S. E. ~ sec. 30, T. 69-18, is E. 700 S.; dip E. 45 0 to 600

• 

"In the S. E. 7'4 of s. W. ~4 sec. 28, T. 69-18, the strike is more regular and has returned to its general 
direction, N. 700 to N. 800 E., with a high dip north. Many mica schist beds occur in the gneiss, and serve to show 
the strike and dip better than the gneiss does. 

"The gneiss in the S. W. M sec. 26, T. 69-18, is fine and red, and contains very few beds of mica schist. 
There is a coarse, schistose structure running E. 600 S. (No. 169H). 

"In the N. W. M sec. 31, T. 6D-17, the rock is almost pure mica schist. There are a few beds of gneiss, 
but the rock is largely schist, in thin, straight beds. Some of the strata are nearly horizontal, and some dip 60 0 

or more to the east. The flat beds are folded and bent considerably. 
"In the S. W. M sec. 28, T. 69-17, the gneiss begins to appear again in thick beds, but the schist still pre-

dominates. The strike of the gneiss is about east and west, with a dip N. 400
• • 

"On the west side of the island, in the S. E. :>i of N. W. M sec. 2D, T. 69 -17, is a bed or dike of dioryte 
about twenty feet thick (No. 170H). 

"The channel of the stream which flows from Sand Points lake into Namekan lake is one of the most pic
turesque spots seen in this region. The strealll is deep and narrow, and runs between rugged bluffs of mica 
schist. The hills are covered with pine and the rocks with a luxuriant growth of lichens. The rocky walls are 
almost continuous enough to deserve the name of 'dalles.' They are all of mica schist having a general strike 
about east and west, and dipping about N. 450

• There are occasional beds of gneiss and veins of quartz. 
"The rock on the island in the S. E. M of N. W. ~4 sec. 21, T. 6D-18, is gneiss and mica schist. The 

gneiss is fine grained, and contains irregular masses of schist. It is only slightly foliated (No. 171H). 
"The entrance to Rainy lake is quite intricate, and is hard to find, as well as hard to keep when found. 

The plats do not follow the regular canoe route for the boundary, but take the north channel between Namekan 
.' and Rainy lakes, where a canoe seldom goes, because of the longer portage. 

"There are two channels between these lakes, enclosing an island. The southern one has a chute of about 
nine feet, over mica schist. There is a good portage of about two hundred paces on the south side. 

"The rock in this region is mica schist, with beds of gneiss. It is quite regular in bedding, strike and 
dip. Strike is N. 800 E., dip about N. 800 • The beds of gneiss are quite generally in conformity with the schist, 
but sometimes cut it a little (No. 172H). 

"The north fall is about the same hight in one chute as the south fall. It is over fine, hard, brittle mica 
schist (No. 173H). This descent is known as Kettle falls. The schist is very evenly bedded, and stands nearly 
on edge. Strike is N. 840 E., dip N. 850 • The gneiss beds are very uniform, and are conformable with the 
schist. It is generally coarse, and contains garnets. Some of it, however, is quite fine, and shows the gneissic 
structure well. The mica in the schist is mostly biotite; that in the gneiss is muscovite. Some of the schist is 
hydromicaceous (No. 175H)." 

The rock here presents a distinctly bedded appearance, due to what certainly appears to be sedimenta
tion. A thin section of this rock (No. 1024G) shows that it is composed principally of quartz and biotite. Some 
secondary plagioclases appear much like quartz, being clear and glassy, in a manner quite similar to the sec
ondary plagioclases of the schists about Vermilion lake (compare the Vermilion lake plate). 

Sand Points lalee. Mr. Grant made casual geological examination of the west side of this lake, and 
found it all occupied by the same granite or granitoid gneiss as occurs along the south s~ore of Namekan la~e, 
excepting a small area in sec. 36, T. 68-17. The north-projecting point, N. W. M sec. 36, is composed of gralllte 
and biotite gneiss. The granite cuts the gneiss in lllany directions. In places are large veins of very. coarse, 
pinkish feldspar and quartz, often in the form of graphic granite. This granite is similar to that whICh pre-
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vails eastwardly from this place, bBing as a rule medium-grained, and pinkish, with considerable biotite, with 
hornblende only in small amount. The area of mica schist which is represented by the Canadian report and 
map by Dr. A. C. Lawson as lying next east of. Sand Points lake only appears, on the. west of the international 
boundary, in a small area in sec. 36, T. 68-17, m .the southeastern quart<;r of t~e sectIOn. .. _ 

Between Sand Points and Namekan lakes IS a current, but the descent IS less than SIX mches. There is 
also a slicrht current between Sand Points and Crane lakes, the latter being two or three inches above the former. 

Cr~ne lake.* Granitoid gneiss prevails along the west shore of this lake, without regular strike, and with 

no marked biotitic banding. 
Ver'mUion river. This river is broad and steady from Crane lake to near the centre of sec. 22, T. 67-17, 

where rapids occur, over gneiss which strikes N. 80° E., with a dip S. 75°. ?his gnei.ss i~ variously mixed with mica 
schist and cut by granite. These rapids extend for more than half a mIle, necessltatmg a portage of 1,450 paces. 
The ascent is forty-five feet as ascertained in the field by aneroid. At the upper end of the rapids the rock is 
granite, which continues to the point where the river crosses the section line between sees. 20 and 21, T.137-17, 
where gneiss returns. This becomes somewhat schistose, with more mica, the same then being cut by intrusions 
of O'ranite. A short rapids and a further ascent of eight inches are in N. E. ki: sec. 20, T. 67-17, and another with 
an "'ascent of nine inches near the southwest corner of section 20. At the section corner is a rapid with an 
ascent of six and a half feet. The rock at both these places is gneiss, with a dip E.-S. E. 4.0° to 50°, the portage 
being 250 paces. Another rapid is near the centre of the N. E. ki: of sec. 30, over gneiss (see plate T), with an 
ascent of twenty-one feet, and a portage of 200 paces. Gneiss continues thence through section 36, and into 
sections 35 and 34, having a dip about 45° toward the north. In secs. 2 and 3, T. 66-18, the river flows through 
a large rice swamp, with the gneiss exposed at several points on the right bank in section 2. The river is steady 
through sections 11, 10 and 15, except that a rapid spot, having about a foot ascent, occurs where the 
dver passes from section 10 to section 15. A portage, however, is usually made in ascending, about three
fourths of a mile, in section 14, leading to N. E. ;4 of sec. 23. Just north of the centre of section 24 
is a water-fall of nine feet, requiring a portage of 350 paces. The rock south from this fall continues gneiss. 
Through sections 23 and 24 the stream is narrow, with a decided current, contrasting somewhat with 
character of the stream further north, where the banks are lower, with occasional rice lakes on either side 
and noticeable current mostly confined to the rapid places. Gneiss outcrops at intervals through secs. 31 
and 32, T. 66-17, the hill range further north in section 30 consisting apparently of granite. 

Through T. 65-17 (not yet subdivided) the Vermilion is a good stream, 50 feet to 150 feet wide, with notice
able current, and very few rock exposures. These are of gneiss without regular dip or granitic gneiss. Along the 
long portage leading to the widening of the river in sec. 2, T. 64-17, is granite (No.1056G). Sometimes the granite 
is coarser and sometimes finer than the specimen shows. The banks through T. 65-17 rise near the river from 
two to twenty feet, but the country rises much higher further back. Several small drift ridges are cut by the 
river. The banks have very few boulders, and are made of blue to yellow clay, i. e., a laminated clay. The whole 
valley is good farming land. There is some oak and elm. The town has but little pine, apparently, the forest 
being mainly second growth poplar and birch. 

In T. 64-17 the river widens out into a narrow lake, with low shores, largely swampy. Granite appears 
on the east side in section 24, and this rock continues, so far as can be determined, to the S. E. ki: S. E. ?::isec. 
25, T. 64-17, where mica schist appears on the west shore, more or less cut by intrusive granite. It is also seen 
in the portage trail in section 36, and southward to Vermilion lake, where it constitutes the barrier at the outlet 
of the lake (rock 413 and plate S). 

Little Ve1'1niiion lake anel Loon river. From Sand Points lake there is an ascent of about a foot to Little 
Vermilion lake, with a rapid over mica schist. But southward from that point this lake is bounded by granite 
or granitoid gneiss. Southward from sec. 28, T. 67-16, this lake becomes a sinuous and narrow stream, with 
grassy, often marshy, banks, and is known as Loon river as far as to the oQtlet of Loon lake. There are two 
rapids in Loon river; one is at the crossing of the section line- between secs. 2 and 1, in T. 66-16, with a fall of 
six inches, and the other is at the north side of section 1, where the level of the water changes by a fall of four 
feet six inches. There is a considerable fall (forty feet) over granite, at the outlet of Loon lake. The shores of Loon 
river rise from five feet to twenty-five feet, but higher land occurs toward the south. The banks are thickly 
timbered, with some good pine. It is a good, canoeable stream except in very low water. 

Loon lake. This lake lies in a basin in granite or granitic gneiss, with moderately low shores, though 
frequently rocky. The water level ascends twenty feet from this to Lac la Croix, although only in very high 
stage is there any water passing from one lake to the other. 

Lac let Cr'Q'i.r; has shores that are frequently rocky with granite, similar to the shores of Loon lake to a point 
as far north as the north side of sec. 8, T. 67-15. Eastward from there the shores are of miclI schist, cut by 
numerous dikes of granite. This schist has a prevalent northerly dip, varying from 30° to 50°. This schist also 
includes the northern peninsula of Coleman island, but the southern portion is of granite. The lake has many 
islands. At the eastern extremity of the lake, i. e., where the international boundary line leaves it, the portage 
passes for about half a mile over a granitic tongue (No. 1020G), known as Bottle portage, the water surface rising 
twenty-five feet to a small, nameless, granite-bound lake lying partly in sec. 35, T. 67-13. 

Iron lake, lying toward the southeast further, in time of high water, has a slight discharge into the little 
lahe last mentioned, but the volume of the boundary water goes to the east and north of Irving island into 

*The descriptions of Crane lake ani Vermilion river and the international boundary to Crooked lake are based on the 
field noies of Dr. \,T. S. Grant. 
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vails eastwardly from this place, being as a rule medium-grain~d, ~nd pinkish, with considerable biotite, with 
hornblende only in small amount. The area of mica schist WhICh IS represented by the Canadian report and 
map by Dr. A. C. Lawson as lying next east of. Sand Points lake only appears, on the. west of the international 
boundary in a small area in sec. 36, T. 68-17, m the southeastern quarter of the sectlOn. 

B~tween Sand Points and Namekan lakes is a current, but the descent is less than six inches. There is 
also a sligh t current between Sand Points a~d Crane lakes, the latter bei.ng two or. three inches abo~e the former. 

C1'ane lake.* Granitoid gneiss prevaIls along the west shore of thIS lake, WIthout regular stnke, and with 

no marked biotitic banding. 
Fe1'1nilion Tiver. This river is broad and steady from Crane lake to near the centre of sec. 22, T. 67-17, 

where rapids occur, over gneiss which strikes N. 80° E., with a dip S. 75°. ?his gnei.ss i~ variously mixed with mica 
schist and cut by granite. These rapids extend for more than half a mIle, necessltatmg a portage of 1,450 paces. 
The ascent is forty-five feet as ascertained in the field by aneroid. At the upper end of the rapids the rock is 
granite, which continues to the point where the ri~er cros~es the sec~ion line between sec~. 20 and 21, T. B7-17, 
where gneiss returns. This becomes somewhat schIstose, WIth more mICa, the same then bemg cut by intrusions 
of o-ranite. A short rapids and a further ascent of eight inches are in N. E. ~ sec. 20, T. 67-17, and another with 
an "ascent of nine inches near the southwest corner of section 20. At the section corner is a rapid with an 
ascent of six and a half feet. The rock at both these places is gneiss, with a dip E.-S. E. 40° to 50°, the portage 
being 250 paces. Another rapid is near the centre of the N. E. ~ of sec. 30, over gneiss (see plate T), with an 
ascent of twenty-one feet, and a portage of 200 paces. Gneiss continues thence through section 36, and into 
sections 35 and 34, having a dip about 45° toward the north. In secs.2 and 3, T. 66-18, the river flows through 
a large rice swamp, with the gneiss exposed at several points on the right bank in section 2. The river is steady 
through sections 11, 10 and 15, except that a rapid spot, having about a foot ascent, occurs where the 
dver passes from section 10 to section 15. A portage, however, is usually made in ascending, about three
fourths of a mile, in section 14, leading to N. E. ~4 of sec. 23. Just north of the centre of section 24 
is a water-fall of nine feet, requiring a portage of 350 paces. The rock south from this fall continues gneiss. 
Through sections 23 and 24 the stream is narrow, with a decided current, contrasting somewhat with 
character of the stream further north, where the banks are lower, with occasional rice lakes on either side 
and noticeable current mostly confined to the rapid places. Gneiss outcrops at intervals through secs. 31 
and 32, T. 66-17, the hill range further north in section 30 consisting apparently of granite. 

Through T. 65-17 (not yet subdivided) the Vermilion is a good stream, 50 feet to 150 feet wide, with notice
able current, and very few rock exposures. These are of gneiss without regular dip or granitic gneiss. Along the 
long portage leading to the widening of the river in sec. 2, T. 64-17, is granite (No.1056G). Sometimes the granite 
is coarser and sometimes finer than the specimen shows. The banks through T. 65-17 rise near the river from 
two to twenty feet, but the country rises much higher further back. Several small drift ridges are cut by the 
river. The banks have very few boulders, and are made of blue to yellow clay, i. e., a laminated clay. The whole 
valley is good farming land. There is some oak and elm. The town has but little pine, apparently, the forest 
being mainly second growth poplar and birch. 

In T. 64-17 the river widens out into a narrow lake, with low shores, largely swampy. Granite appears 
on the east side in section 24, and this rock continues, so far as can be determined, to the S. E. Xi S. E. ~sec. 
25, T. 64-17, where mica schist appears on the west shore, more or less cut by intrusive granite. It is also seen 
in the portage trail in section 36, and southward to Vermilion lake, where it constitutes the barrier at the outlet 
of the lake (rock 413 and plate S). 

Little Vermilion lalee and Loon TiveT. From Sand Points lake there is an ascent of about a foot to Little 
Vermilion lake, with a rapid over mica schist. But southward from that point this lake is bounded by granite 
or granitoid gneiss. Southward from sec. 28, T. 67-16, this lake becomes a sinuous and narrow stream, with 
grassy, often marshy, banks, and is known as Loon river as far as to the olltlet of Loon lake. There are two 
rapids in Loon river; one is at the crossing of the section line' between secs. 2 and 1, in T. 66-16, with a fall of 
six inches, and the other is at the north side of section 1, where the level of the water changes by a fall of four 
feet six inches. There is a considerable fall (forty feet) over granite, at the outlet of Loon lake. The shores of Loon 
river rise from five feet to twenty-five feet, but higher land occurs toward the south. The banks are thickly 
timbered, with some good pine. It is a good, canoeable stream except in very low water. 

Loon lake. This lake lies in a basin in granite or granitic gneiss, with moderately low shores, though 
frequently rocky. The water level ascends twenty feet from this to Lac la Croix, although only in very high 
stage is there any water passing from one lake to the other. 

Lac lc~ Croix has shores that are frequently rocky with granite, similar to the shores of Loon lake to a point 
as far north as the north side of sec. 8, T. 67-15. Eastward from there the shores are of mica schist, cut by 
numerous dikes of granite. This schist has a prevalent northerly dip, varying from 30° to 50°. This schist also 
includes the northern peninsula of Coleman island, but the southern portion is of granite. The lake has many 
islands. At the eastern extremity of the lake, i. e., where the international boundary line leaves it, the portage 
passes for about half a mile over a granitic tongue (No. 1020G), known as Bottle portage, the water surface rising 
twenty-five feet to a small, nameless, granite-bound lake lying partly in sec. 35, T. 67-13. 

hon lake, lying toward the southeast further, in time of high water, has a slight discharge into the little 
lake last mentioned, but the volume of the boundary water goes to the east and north of Irving island into 

* The descriptions of Crane lake ani Vermilion river and the international boundary to Crooked lake are based on the 
field notes of pro 1/. S. Grant. 
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Lac la Croix. At the east end of Iron lake are Ourtain falls, where the change of water level, including about 
three feet at the rapids below, amounts to thirty feet, the water passing over granite. The accompanying view 
of these falls is from a photograph made by Dr. Grant in 1894 (plate T, figure 1). rrhese falls furnish the outlet for 
Crooked lake, the level of which is even with their brink. 

Crooked lake also lies in a basin in massive crystalline rock. The course of the international boundary 
was examined in 1887, by Dr. A. Winchell, as far west as Iron lake. The shores are frequently lined by massive 
outcrops of crystalline rock, essentially granitic, which in the background riscs into bald knobs, which are often 
red, with the prevalence of reddened feldspar. A specimen from the red granite at Ourtain falls affords a thin 
section which contains, along with quartz and mica, hath orthoclase and micro cline. This is rock No. 28CW. 
Although granitic, these rocks have a eoarse and irregular bedded structure, and in many cases they would be 
styled gneiss, but not a banded gneiss which could be considered a sedimentary rock crystallized in sUn. Near 
the rapids, just below the falls, are many large fragments of mica schist, indicating the near proximity of the 
boundary of the massive rock. These are visible on the Oanadian side. Ourtain falls are represented on plate '1'. 

Net lalce, lyillg mostly in Itasca county, has mostly a swampy coast line, and is shallow. Mica schist out
crops sparingly in the midst of the Indian village at the east end of the lake. The same is seen on a small 
island near the village. Here it is interbedded with gneiss and cut by granite dikes, and the whole is cut by a 
large dike of greenstone, containing much magnetite, from which stringers penetrate the other rock. The schist 
strikes N. 58° E. and dips about S. 70°, and the dike runs about north and south. 

Pelican lake has a shore line of drift materials, with occasional rock outcrops. 
Pink gneiss is found in the N. E. Xi of S. W. ~i sec. 2, T. 64-20. It grades into mica schist in the im

mediate vicinity. The apparent dip here is south, but there is so little continuity in strike or dip that the 
general direction cannot be determined (Nos. 306H and 307H). The south side of the point at the same place 
consists of beds of mica schist and gneiss that dip west and strike north and south. The schist is hard and 
fine-grained; the gneiss gray and fine (No. 308H). 

The island in the N. E. )4 of S. E. )4 sec. 3, '1'. 64-20, is composed of gneiss and schist and granite intrusions. 
The schist is both micaceous and hornblendic. The general strike is north and south, with a high dip to the 
west. The surface of the rock presents a most intricate commixture of veins, dikes, beds of schist and gneiss 
and granite intrusions. The last thing to come in was a small dike of greenstone about three inches wide, 
running N. 30° E. It cut all the rest, but has been faulted off two or three feet since, and thus been changed 
in its direction. 

Samples from the dike are No. 309H. It was traced for about three rods. At the same place there is a 
band of greenish rock composed of mica, hornblende, feldspar and perhaps quartz, running through the rock in 
an east and west direction. Streaks or threads of gneiss run all through and across it, and give it a mottled 
appearance. It is about six inches wide, and can be traced in a straight course for five or six rods. It maintains 
about the same thickness during this distance. Where it passes through schist there is generally a line of 
granite to separate it from the schist. Where it cuts gneiss there is no distinct line of separation, but the gneiss 
runs right down into it in the threads spoken of above. The dark parts of this band of rock have a kind of 
schistosity in the direction of the vein. 

FIG. 24. PELICAN LAKE. 

Gn.-Gneiss. 
D. B.-Granite intrusion. 

S.-Mica and hornlJlende schist. 
D.-Small dike of grecnst,one. 

. d f th mixture of gneiss and schist, and 
The island near the centre of sec. 3, T. 64-20, IS compose a e same . h If h' t n the "'est 
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. d d' W 64° M lOh of the SChIst contams JO orn-SIde of the island. These beds-strike north and south an lp . . I d' k . J'ust as 
. 0 . 11 dark h01'nb1en lC roc IS seen, . ' blende and mica, and some of the gneiss is syenyte gneISS, ccaSlOna y ? -
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Lac la Croix. At the east end of Iron lake are Curtain falls, where tho change of water level, including about 
three feet at the rapids below, amounts to thirty feet, the water passing over granite. The accompanyi~g view 
of these falls is from a photograph made by Dr. Grant in 1894 (plate T, figure 1). rrhese falls furnish the out~let for 
Crooked lake, the level of which is even with their brink. 

Crooked lalee also lies in a basin in massive crystalline rock. The coursc of the int0rnational boundary 
was examined in 1887, by Dr. A. Winchell, as far west as Iron lake. The shores are frequently lined by massive 
outcrops of crystalline rock, essentially granitic, which in the background riscs into bald knobs, which are often 
red, with the prevalence of reddened feldspar. A specimen from the red granite at Curtain falls affords a thin 
section which contains, along with quartz and mica, both orthoclase and microcline. This is rock No. 28GW. 
Although granitic, these rocks have a coarse and irregular bedded structure, and in many cases they would be 
styled gneiss, but not a banded gneiss which could be considered a sodimentary rock cryst'allized 'in .;Un. Near 
the rapids, just below the falls, are many large fragments of mica schist, indicating tho near proximity of the 
boundary of the massive rock. These are visible on the Canadian side. Curtain falls are represented on plate 'I.'. 

Net lalee, lyil!g mostly in Itasca county, has mostly a swampy coast line, and is shallow. Mica schist out~ 
crops sparingly in the midst of the Indian village at the east end of the lake. The same is seen on a small 
island near the village. Here it is interbedded with gneiss and cut by granite dikes, and the whole is cut by a 
large dike of greenstone, containing much magnetite, from which stringers penetrate the other rock. The schist 
strikes N. 58° E. and dips about S. 70°, and the dike runs about north and south. 

Pelican lake has a shore line of drift materials, with occasional rock outcrops. 
Pink gneiss is found in the N. E. Xi of S. W. ~;J: sec. 2, T. 64-20. It grades into mica schist in the im

mediate vicinity. The apparent dip here is south, but there is so little continuity in strike or dip that the 
general direction cannot be determined (Nos. 306H and 307H). The south side of the point at the same place 
consists of beds of mica schist and gneiss that dip west and strike north and south. The schist is hard and 
fine-grained; the gneiss gray and fine (No. 308H). 

The island in the N. E. M of S. E. M sec. 3, 'I.'. 64-20, is composed of gneiss and schist and granite intrusions. 
The schist is both micaceous and hornblendic. The general strike is north and south, with a high dip to the 
west. The surface of the rock presents a most intricate commixture of veins, dikes, beds of schist and gneiss 
and granite intrusions. The last thing to come in was a small dike of greenstone about three inches wide, 
running N. 30° E. It cut all the rest, but has been faulted off two or three feet since, and thus been changed 
in its direction. 

Samples from the dike are No. 309H. It was traced for about three rods. At the same place there is a 
band of greenish rock composed of mica, hornblende, feldspar and perhaps quartz, running through the rock in 
an east and west direction. Streaks or threads of gneiss run all through and across it, and give it a mottled 
appearance. It is about six inches wide, and can be traced in a straight course for five or six rods. It maintains 
about the same thickness during this distance. Where it passes through schist there is generally a line of 
granite to separate it from the schist. Where it cuts gneiss there is no distinct line of separation, but the gneiss 
runs right down into it in the threads spoken of above. The dark parts of this band of rock have a kind of 
schistosity in the direction of the vein. 

FIG. 24. PELICAN LAKE. 

Gn.-Gneiss. 
D. B.-Granite intrnsion. 

S.-Mica and horn1l1ende schist,. 
D.--8mall dike of greenstone. 
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much bedded as the rest and evidently part of the formation, but looking much more like eruptive rock. Some 
of it contains round grains and feldspar that look like amygdules (Nos. BlOH and B1OaH). 

In the N. E. 74 sec. 12, T. 64-21, the rock is massive g9-eisB. The only signs of mica schist are a few small 
lenticular masses of it, four to six inches long, which are enclosed in the gneiss. The rock is in low, flat outcrops. 
It contains hornblende and is somewhat porphyritic (No. BHH). It does not exhibit any granite intrusions nor 
other rock cuttinO' it in any way. The same rock appears on the next point to the west, and here contains 
masses of mica schist, twelve to fourteen inches long. It is also more porphyritic, containing orthoclase crystals 
one and a half inches long. 

The Doint in the N. E. Ji of N. W. Ji sec. 12, T. 64-21, is composed of this same rock. It contains a few 
masses of h~rdened mica schist two or three feet in diameter. 

(No. 312H). This rock is very similar to that which forms the falls at Fort Frances; the points of resem
blance being its porphyritic nature, the presence of hornblende crystals as well as mica, no gneissic structure 
apparent, enclosed masses of mica schist, and position to the west of a disturbed region of gneiss and mica 
schist. It is probably the continuation of the same belt of rock as that at Koochiching falls. Immense,rounded 
pieces of this rock lie on the surface, some of them twenty feet in diameter. 

No. 313H is siliceous gneiss, coarse, granular and white. It occurs in thin beds in the mica schist on a 
point in the N. E. 74 sec. :~5, T. 65-20. On one side of it is mica schist with the biotite in round spots. The 
strike of the gneiss and schist here is north and south; dip at a high angle to the west. The gneiss predominates 
and is largely in thick beds. Both gneiss and schist are penetrated by granite intrusions that run for the most 
part east and west. These are very siliceous, contain white orthoclase and have an indistinct gneissic arrange
ment of the mica (No.3HH). 

A small island supposed to be about in the S. E. Ji sec. 26, T. 65-20, is composed of gneiss and horn
blendic mica schist. Strike is N. 30° E., dip N. W. 75°, more or less. 

The beds of hornblendic mica schist are more decomposed than the rest of the schist. 
One of these beds of schist cuts into the mica schist proper in some of its curves, for it is not quite 

straight, though it follows closely the bedding of the mica schist, and is cut by the same granite intrusions as the 
mica schist (No. 316H). The SlJecimens are from the hardest part of the bed, which is about six inches thick 
and has a gneissic arrangement of the minerals. 

The next point to the northwest, about a quarter of a mile, is composed of gneiss and schist, the latter 
containing more or less hornblende all through it. The strike varies from N. 30° E. to N. 50° E. There is a 
high dip to the northwest. The schist is dark, hornblendic rock containing vitreous quartz grains and apparently 
but little feldspar (No. 317H). Some of the schist is harder and finer and less schistose than the samples. Much 
of it contains fine particles of pyrites. 

The extremity of the point consists almost wholly of gneiss enclosing large masses of schist. Some of the 
gneiss is quite coarse, containing feldspar crystals over two inches long. Much of it looks like the coarse gneiss 
seen on Rainy lake, and some of it is pegmatitic. The finer gneiss contains hornblende as well as mica. 

On one point in sec. 26, T. 65-20, the gneiss contains pockets of amphibolyte (?). They are round or 
irregularly shaped masses that have no resemblance to the gneiss and no visible connection with the schist beds 
or any other beds. They are simply enclosed in the gneiss. No sample could be obtained. 

Just across the bay from the last point, to the north, the rock of the point is half way between mica schist 
and gneiss, but looks on the whole more like schist. It contains and lies alongside of beds of hornblendic mica 
schist such as is commonly found imbedded with gneiss in all this region. They are both cut by intrusions of 
granite. Thus we have here, instead of gneiss proper folded around mica schist or squeezed into it in a plastic state, 
mica schist-for it is that rather than anything else-enclosing and interbedded with irregular masses and strata 
of entirely different mica schist (No. 3I8H). This is somewhere near the N. W. Ji sec. 26, T. 65-20. The general 
strike is about N. 20° E. 

In the bay north of the last is a small rock island composed principally of gneiss. The enclosed mica 
schist is like No. BI8H, and not like the more schistose schist with which that is associated. The schist and 
gneiss on this island are cut by an irregular intrusion varying in width from four to ten inches. It is notice
able that the intrusions which seem to have been latest and have cut all the rest are generally pinkish or reddish; 
while the bedded gneiss is white or but slightly pinkish, as a rule; though some of it is red rather than pink. 

On this same small island the gneiss that conforms with the beds of schist for a short distance and is cut by the 
granite intrusion mentioned above, in its turn strikes off in a mass two feet and more in thickness, cutting 
through the schist-or at least across the strata-and constituting what might be termed a " dike-bed" without 
being paradoxical. 

. The south side of the small island just west of the last is composed for the most part of handsome gray 
gneISS, slIghtly porphyritic. It is cut by the usual granite intrusions. No. 319H is a sample. 

. 0:1 the shore of the mainland about 100 paces north of the island the Tock rises thirty feet above the lake. 
It IS u:wa SChIst and syenyte gneiss with granite intrusions. It contains varying amounts of hornblende and 
grades III places from syenyte to a dark, heavy, fine-grained rock almost all hornblende. It seems to contain some 
epidote (No. 820H). 

For so~e distance along the shore to the west the rock is syenitic gneiss and mica schist. A little farther 
along some Immense masses of schist and gneiss stand up in the water near the shore, fifteen feet above the 
~urface. They seem to have constituted one enormous boulder, now split and broken into several irregular, 
Jagged masses. 
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much bedded as the rest and evidently part of the formation, but looking much more like eruptive rock. Some 
of it contains round grains and feldspar that look like amygdules (Nos. 3IOH and 3IOaH). 

In the N. E. ~4 sec. 12, T. 64--21, the rock is massive g9-eisB. The only signs of mica schist are a few small 
lenticular masses of it, four to six inches long, which are enclosed in the gneiss. The rock is in low, flat outcrops. 
It contains hornblende and is somewhat porphyritic (No. 311H). It does not exhibit any granite intrusions nor 
other rock cutting it in any way. The same rock appears on the next point to the west, and here contains 
masses of mica schist, twelve to fourteen inches long. It is also more porphyritic, containing orthoclase crystals 
one and a half inches long. 

The Doint in the N. E. ~4 of N. W. ~ sec. 12, T. 64-21, is composed of this same rock. It contains a few 
masses of h~rdened mica schist two or three feet in diameter. 

(No. 312H). This rock is very similar to that which forms the falls at Fort Frances; the points of resem
blance being its porphyritic nature, the presence of hornblende crystals as well as mica, no gneissic structure 
apparent, enclosed masses of mica schist, and position to the west of a disturbed region of gneiss and mica 
schist. It is probably the continuation of the same belt of rock as that at Koochiching falls. Immense,rounded 
pieces of this rock lie on the surface, some of them twenty feet in diameter. 

No. 313H is siliceous gneiss, coarse, granular and white. It occurs in thin beds in the mica schist on a 
point in the N. E. ~4 sec. 85, T. 65-20. On one side of it is mica schist with the biotite in round spots. The 
strike of the gneiss and schist here is north and south; dip at a high angle to the west. The gneiss predominates 
and is largely in thick beds. Both gneiss and schist are penetrated by granite intrusions that run for the most 
part east and west. These are very siliceous, contain white orthoclase and have an indistinct gneissic arrange
ment of the mica (No. 314H). 

A small island supposed to be about in the S. E. ~ sec. 26, T. 65-20, is composed of gneiss and horn
blendic mica schist. Strike is N. 30° E., dip N. W. 75°, more or less. 

The beds of hornblendic mica schist are more decomposed than the rest of the schist. 
One of these beds of schist cuts into the mica schist proper in some of its curves, for it is not (Iuite 

straight, though it follows closely the bedding of the mica schist, and is cut by the same granite intrusions as the 
mica schist (No. 316H). The SlJecimens are from the hardest part of the bed, which is about six inches thick 
and has a gneissic arrangement of the minerals. 

The next point to the northwest, about a quarter of a mile, is composed of gneiss and schist, the latter 
containing more or less hornblende all through it. The strike varies from N. 30° E. to N. 50° E. There is a 
high dip to the northwest. The schist is dark, hornblendic rock containing vitreous quartz grains and apparently 
but little feldspar (No . .317H). Some of the schist is harder and finer and less schistose than the samples. Much 
of it contains fine particles of pyrites. 

The extremity of the point consists almost wholly of gneiss enclosing large masses of schist. Some of the 
gneiss is quite coarse, containing feldspar crystals over two inches long. Much of it looks like the coarse gneiss 
seen on Rainy lake, and some of it is pegmatitic. The finer gneiss contains hornblende as well asmica. 

On one point in sec. 26, T. 65-20, the gneiss contains pockets of amphibolyte (?). They are round or 
irregularly shaped masses that have no resemblance to the gneiss and no visible connection with the schist beds 
or any other beds. They are simply enclosed in the gneiss. No sample could be obtained. 

Just across the bay from the last point, to the north, the rock of the point is half way between mica schist 
and gneiss, but looks on the whole more like schist. It contains and lies alongside of beds of hornblendic mica 
schist such as is commonly found imbedded with gneiss in all this region. They are both cut by intrusions of 
granite. Thus we have here, instead of gneiss proper folded around mica schist or squeezed into it in a plastic state, 
mica schist-for it is that rather than anything else-enclosing and interbedded with irregular masses and strata 
of entirely different mica schist (No. 318H). This is somewhere near the N. W. ~ sec. 26, T. 65-20. The general 
strike is about N. 20° E. 

In the bay north of the last is a small rock island composed principally of gneiss. The enclosed mica 
schist is like No. 318H, and not like the more schistose schist with which that is associated. The schist and 
gneiss on this island are cut by an irregular intrusion varying in width from four to ten inches. It is notice
able that the intrusions which seem to have been latest and have cut all the rest are generally pinkish or reddish; 
while the bedded gneiss is white or but slightly pinkish, as a rule; though some of it is red rather than pink. 

On this same small island the gneiss that conforms with the bedsof schist for a short distance and is cut by the 
granite intrusion mentioned above, in its turn strikes off in a mass two feet and more in thickness, cutting 
through the schist-or at least across the strata-and constituting what might be termed a "dike-bed" without 
being paradoxical. 

. The south side of the small island just west of the last is composed for the most part of handsome gray 
gneISS, slIghtly porphyritic. It is cut by the usual granite intrusions. No. 319H is a sample. 

. O~ the shore of the mainland about 100 paces north of the island the rock rises thirty feet above the lake. 
It IS ~lCa SChISt and syenyte gneiss with granite intrusions. It contains varying amounts of hornblende and 
gr~des III places from syenyte to a dark, heavy, fine-grained rock almost all hornblende. It seems to contain some 
epIdote (No .. 320H). 

For so~e distance along the shore to the west the rock is syenitic gneiss and mica schist. A little farther 
along some lmmense masses of schist and gneiss stand up in the water near the shore, fifteen feet above the 
~urface. They seem to have constituted one enormous boulder, now split and broken into several irregular, 
Jagged masses. 
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The large island southwest of the last-mentioned locality presents an appearance similar to that of the 
coarse gneiss at the east end of Rainy lake. It is a mixture of coarse gneiss and mica schist. 'fhe schist pre- . 
dominates at the southwest end of the island. The strike is N. 20° E., dip W. N. W. 70°. 1'he backbone of 
the iSland is principally gneiss, containing a little mica and hornblende schist in irregular masses and short heds. 
Thi~ gneiss is. very silic~ous, the .coarse, vitreous quartz lying in it in masses several inches across. The feldspar 
is pmk or whIte orthoclase, and IS also very coarse, the largest crystals being over six inches 10nO'. The mica is 
muscovite; and scales two inches square can be obtained. b 

The gneiss incloses masses of hornblende schist. Samples are No. 321H. The mixture of mica in fine 
scales, and quartz in small grains, such as seen at the east end of Rainy lake, is found here, too. Some of the 
large feldspar crystals here contain quartz arranged in such a way as to form graphic granite. At the northeast 
end of the island there are siliceous beds in the schist containing pyrite, hornblende, malachite, chalcopyrite and 
a greenish-yellow mineral that was not determined (No. 322H). These beds are a foot or two feet wide and con
tinue for some distance, disappearing under the lake. The coarse gneiss here contains some biotite, ~s well as 
muscovite. 

On the large point west of here is found the usual mixture of gneiss and mica schist both containing more 
or less hornblende. Strike is N. 35° E. Some of the schist enclosed in the gneiss has been so much changed and 
resembles the gneiss so closely that one is hardly able to discern the outlines of the former schist masses. Much 
of it is exceedingly homblendic. 

On the hill north of the point there is a breccia. It is a gneissic schist containing angular masses of horn
blendic schist of all sizes up to two or three feet in diameter. Many of them have their longest direction across 
the schist beds. They seem to be much metamorphosed. The breccia also contains pieces of gneiss a foot long. 

FIG. 25. BRECCIA. PELICAN LAKE. 

There are also in this breccia pieces of schist with gneiss running through them. There is a schistose or 
flowage structure running N. 35° E., and conforming somewhat to the shapes of the enclosed masses. This 
breccia extends nearly to the south end of the point. 

The island just west of this point is composed mostly of micaceous, porphyritic syenyte very poor in silica. 
It is massive and contains large irregular masses of mica and hornblende schist and gneiss. It has a contact 
with rocks similar to those enclosed in it, on the east side. The direction of this contact is N. 20° to N. 24° E. 
In some places this rock resembles a coarse breccia, and elsewhere a conglomerate, the faint outline of formerly 
enclosed masses being visible. It has the appearance on the surface of having been heated to a boiling condi
tion, and the uneven surface covered with curved lines and half-broken bubbles reminds one of oat-meal when 
cooking. It is cut by one or two narrow granite or rather granulyte intrusions. It also contains a few masses 
red granulyte wholly enclosed in it. When it has been washed and weathered by the lake a schistose structure 
or something similar appears, the rock weathering in wavy lines and sheets. 

The small island nearly a mile west of the last consists of pyritiferous, micaceous, garnetiferous, chloritic (?) 
syenyte gneiss. The rock that lies to the west of this and is similar to the Fort·Frances rock grades into this and 
into rock more hornblendic than this. This rock is all laminated in thin sheets having a low dip to the north 
(Nos. 325H and 325aH). 

In sec. 36, T. 65-21, the whole shore, where it is high, is formed of the Fort Frances rock and its variations. 
The main part of it is quite similar to that which forms the falls at Fort Frances, but much of it is similar to No. 
325H. It contains masses of pure, unchanged mica schist ten, twelve, and even forty feet across. This schist is 
cut by granite intrusions and stands for the most part in vertical beds. Some of the mica schist inclusions are 
very much smaller, only six inches wide and two feet long or less. The schist has a very abrupt contact with 
the rock in which it lies. There are also inclosed in this rock numerous rounded and irregular pieces of rock 
quite similar ir;t appearar;tce to the main part of the rock, but generally more hornbler;tdic. The inclusions ~re 
porphyritic and in other ways have a close resemblance to the rock which contains them, and yet they are deCId
edly different and probably Were much more so formerly. The granite intrusions may be, and probably are, 
stringers from the main mass of the rock. The mica schist which is contained in this rock has small round 
"geodules" on the surface. They are little geodes having a quartz crust with garnets inside. One inclosed 
mass of schist is cut by a small dike of trap which has a slight schistose structure. 

I~ the N. E. ~ sec. 35 (?), T. 65-20, the gneiss and mica schist are cut by granite intru~ions. So~e of 
them are garnetiferous. Tourmaline crystals were found in the gneiss which is interbedded w~th the SChIst. at 
this point. The rock is mostly fine gneiss. One of the large granite intrusions on the east Side of the pomt 
consists largely of pegmatyte. This looks much like the coarse gneiss seen at Rainy lake. The trend of the 
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The large island south west of the last-mentioned locality presents an appearance similar to that of the 
coarse gneiss at the east end of Rainy lake. It is a mixture of eoarse gneiss and miea schist. '1'he sehist pro-' 
dominates at the south west end of the island. The strike is N. 20° E., dip W. N. W. 70°. Tho lJackhone of 
the island is principally gneiss, containing a little mica and hornblende SGhist in irregular masses and short lJeds. 
This gneiss is. very siliceous, the .coarse, vitreous quartz lying in it in masses several inehos aGross. '1'he feldspar 
is pink or white orthoclase, and IS also very coarse, the largest crystals being over six inches long. Tho mica is 
muscovite; and scales two inches square can be obtained. 

The gneiss incloses masses of hornblende schist. SamplGs are No . .32LH. The mixture of mica in fine 
scales, and quartz in small grains, such as seen at the east ond of Rainy lake, is found here, too. Some of the 
large feldspar crystals here contain quartz arranged in such a way as to form graphic granite. At the northeast 
end of the island there are siliceous beds in the schist containing pyrite, hornblende, malachite, chalcopyrite and 
a greenish-yellow mineral that was not determined (No . .322H). These bod" are a. foot or two feet wide, and con
tinue for some distance, disappearing under the lake. The coarse gneiss hero Gontains somo biotite, as well as 
muscovite. 

On the large point west of here is found the usual mixtme of gneiss and mica sohist both containing more 
or less hornblende. Strike is N. 35° E. Some of the schist enclosed in the gneiss has been 80 much chang Gel and 
resembles the gneiss so closely that one is hardly able to discern the outlines of the former schist masses. Much 
of it is exceedingly hornblendic. 

On the hill north of the point there is a broccia. It is a gneissic schist containing angular masses of horn
blendio schist of all sizes up to two or three feet in diameter. Many of them hRve their longest elireetiol1 across 
the schist beds. They seem to be much metamorphosed. '1'he breccia Rlso contains pieoes of gneiss a foot long. 

FIG. 25. BRECCIA. PELICAN LARE. 

There are also in this breccia pieces of schist with gneiss running through them. There is a schistose or 
flowage structure running N . .35° E., and conforming somewhRt to the shapes of the enclosed masses. This 
brecciR extends nearly to the south end of the point. 

The island just west of this point is composed mostly of micaceous, porphyritic syenyte very poor in silioa. 
It is massive and contains large irregular masses of mica and hornblende schist and gneiss. It has a contact 
with rocks similar to those enclosed in it, on the east side. The direction of this contact is N. 20° to N. 24° E. 
In some places this rock resembles a coarse breccia, and elsewhere a conglomerate, the faint outline of formerly 
enclosed masses being visible. It has the appearance on the surface of having been heated to a hoiling condi
tion, and the uneven surface covered with curved lines and half-broken bubbles reminds one of oat-meal when 
cooking. It is cut by one or two narrow granite or rather granulyte intrusions. It also contains a few masses 
red granulyte wholly enclosed in it. When it has been washed and weathered by the lake a schistose structure 
or something similar appears, the rock weathering in wavy lines and sheets. 

The small island nearly a mile west of the last consists of pyritiferous, micaceous, garlletiferolls, chloritic (?) 
syenyte gneiss. The rock that lies to the west of this and is similar to the Fort Frances rock grades into this and 
into rock more hornblendic than this. This rock is all laminated in thin sheets having a low dip to the north 
(Nos. 325H and 325aH). 

In sec. 36, T. 65-21, the whole shore, where it is high, is formed of the Fort Frances rock and its variations. 
The main part of it is quite similar to that which forms the falls at Fort Frances, but much of it is similar to No. 
325H. It contains masses of pure, unchanged mica schist ten, twelve, and even forty feet across. This schist is 
cut by granite intrusions and stands for the most part in vertical beds. Some of the mica schist inclusions are 
very much smaller, only six inches wide and two feet long or less. The schist has a very abrupt contact with 
the rock in which it lies. There are also inclosed in this rock numerous rounded and irregular pieces of rock 
quite similar in appearance to the main part of the rock, but generally more hornblendic. The inclusions ~re 
porphyritic and in other ways have a close resemblance to the rock which contains them, and yet they are decld
edly different and probably were much more so formerly. The granite intrusions may be, and proba.bly are, 
stringers from the main mass of the rock. The mica schist which is contained in this rock has small round 
"geodules" on the surface. They are little geodes having a quartz crust with garnets inside. One inclosed 
mass of schist is cut by a small dike of trap which has a slight schistose structure. 

IIi the N. E. 74 sec. 35 (?), T. 65-20, the gneiss and mica schist are cut by granite intrusions. So~e of 
them are garnetiferous. Tourmaline crystals were found in the gneiss which is interbedded w.Ith the schIst. at 
this point. The rock is mostly finG gneiss. One of the large granite intrusions OIl the east SIde of the pomt 
consists largely of pegmatyte. This looks much like the coarse gneiss seen at Rainy lake. The trend of the 
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graphic granite intrusion is N. 25° E.; width, 6 feet; length of exposure, 150 feet. It contains muscovite crystals 
two and a half inches across (No. 33lH). 

In the N. W. 74 sec. 36 (?), T. 65-20, the rock is principally mica schi~t an~ interbed~ed gneiss. Irregular 
masses of a greenish heavy rock, consisting mostly of hornblende, are contamed m the gneISS. These masses are 
not over tw'; feet long, and have an abrupt contact with the gneiss. 

In the N. E. :xl sec. 36 (?), T. 65-20, the rock is principally mica schist containing some very even beds of 
gneiss and cut by granite intrusions running directly across the strata. 

FIG. 26. BRECCIA. PELICAN LAKE. 

Elbow lake and Tiver. A small stream leaves Elbow lake, and, after tumbling down a winding glen around 
boulders and over solid rock for about a quarter of a mile, becomes a small river with apparent current most 
of the way to Pelican river, into which it flows. This is Elbow river. There is a high ridge of hills south of it, 
and considerable high rocky ground north of it. When any large amount of rock in this region has a uni
form strike, it is about east and west. All of the rock around Elbow lake contains more or less hornblende, and 
most of it is decidedly acidic. The south shore of Elbow lake follows the changing strike of the rock quite 
closely . 

. Going down Elbow river the first rapids is just at the outlet of the lake. The next is two and a half or 
three miles below. The hills here rise about :lOa feet above the river on each side. They are almost bare 
knobs of gneiss containing more or less schist interbedded with it. The hill on the north side of the rapid 
is called Bald mountain. 

The country for a few miles around, as seen from the top of Bald mountain, is rough and hilly, and prob
ably all composed of the same formation. There is generally a strip of swamp along the river. The river bed 
is remarkably level for Buch a hilly country. Elbow river flows into Pelican river about two miles SQuth of the 
east bay of Pelican lake, sec. IS, T. 64-19. Samples of the gneiss from the top of Bald mountain are No. 304H. The 
mica sehist fro111 the same place is No. 305H. The gneiss is hornblendic or chloritic, and is a fine-grained 
siliceous rock with fine veins of light green mineral running through it. 

BUTlJ.tsicle lake lies within the "TDck and water" area. Its shores are usually composed of bare rock, 
frequently glaciated and rounded into Jow domes of gneiss and mica schist. Its water, which drains eastward 
thTDugh Long lake, is clear and abounds in excellent fish. The lake contains many islands. It is one of the 
most beautiful lakes of JliIinnesota. "Some day the pleasure seeker will discover the charms of Burntside !ake 
to exceed those even of the Thousand islands in the St. Lawrence."* Plate U,' figure 1, represents a view on 
Burntside lake. About this lake are unsurpassed opportunities for studying the nature of the transition from 
the Keewatin to the Coutchiching and to the gneisses, as well as the nature of the granitic intrusions which 
pierce all these. About the west end of the lake are bold bluffs which are essentially composed 'in the first 
instance of mica sehist, but are intersected by later granitic veins, the dip being sometimes toward' the north 
600

, or again toward the south 60°. There are alternations of granitic dikes, sometimes forty feet wide, with mica 
schist, the latter being very tine and compact, and apparently derived from a gradual transition from gray
wacke. The granitic veins and intrusions have a tendency to conformity with the schists, but they split and swell and 
branch in every eonceivable manner. The granite is mostly with very little mica. The swellings and some of 
the small concretions are coarse granulyte in which quartz is very conspicuous and sometimes almost 'entirely 

*A. WINCITELL. Fiftcenth A'nnllnl R,eport, p. :27. 
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crraphic crranite intrusion is N. 25° E.; width, 6 feet; length of exposure, 150 feet. It contains muscovite crystals 
'" '" two and a half inches across (No. 331H). 

In the N. W. 74 sec. 36 (?), T. 65--20, the rock is principally mica schi~t an~ interbed~ed gneiss. Irregular 
masses of a greenish heavy rock, consisting mostly of hornblende, are contaIlled III the gneIss. These masses are 
not over two feet long, and have an abrupt contact with the gneiss. 

In the N. E. ;4 sec. :36 (?), T. 65-20, the rock is principally mica schist containing some very even beds of 
gneiss and cut by granite intrusions running directly across the strata. 

FIG. 26. BRECCIA. PELICAN LAKE. 

Elbow lake and river. A small stream leaves Elbow lake, and, after tumbling down a winding glen around 
boulders and over solid rock for about a quarter of a mile, becomes a small river with apparent current most 
of the way to Pelican river, into which it flows. This is Elbow river. There is a high ridge of hills south of it, 
and considerable high rocky ground north of it. When any large amount of rock in this region has a uni
form strike, it is about east and west. All of the rock around Elbow lake contains more or less hornblende, and 
most of it is decidedly acidic. The south shore of Elbow lake follows the changing strike of the rock quite 
closely . 

. Going down Elbow river the first rapids is just at the outlet of the lake. The next is two and a half or 
three miles below. The hills here rise about ::l00 feet above the river on each side. They are almost bare 
knobs of gneiss containing more or less schist interbedded with it. The hill on the north side of the rapid 
is called Bald mountain. 

The country for a few miles around, as seen from the top of Bald mountain, is rough and hilly, and prob
ably all composed of the same formation. There is generally a strip of swamp along the river. The river bed 
is remarkably level for such a hilly country. Elbow river flows into Pelican river about two miles SQuth of the 
east bay of Pelican lake, sec. IS, T. 64-19. Samples of the gneiss from the top of Bald mountain are No. 304H. The 
mica schist from the same place is No. 305H. The gneiss is hornblendic or chloritic, and is a fine-grained 
siliceous rock with fine veins of light green mineral running through it. 

Btt1'ntsirlc luke lies within the "rock and water" area. Its shores are usually composed of bare rock, 
frequently glaciated and rounded into Jow domes of gneiss and mica schist. Its water, which drains eastward 
through Long lal{e, is clear and abounds in excellent fish. The lake contains many islands. It is one of the 
most beautiful lakes of Minnesota. " Some day the pleasure seeker will discover the charms of Burntside lake 
to exceed those even of the Thousand islands in the St. Lawrence."* Plate U,' figure 1, represents a view on 
Burntside lake. About this lake are unsurpassed opportunities for studying the nature of the transition from 
the Keewatin to the Coutchiching and to the gneisses, as well as the nature of the granitic intrusions which 
pierce all these. About the west end of the lake are bold bluffs which are essentially composed 'in the first 
instance of mica schist, but are intersected by later granitic veins, the dip being sometimes toward the north 
60°, or again toward the south 60°. There are alternations of granitic dikes, sometimes forty feet wide, with mica 
schist, the latter being very tine and compact, and apparently derived from a gradual transition from gray
wacke. The granitic veins and intrusions have a tendency to conformity with the schists, but they split and swell and 
branch in every conceivable manner. The granite is mostly with very little mica. The swellings and some of 
the small concretiollS are coarse granulyte in which quartz is very conspicuous and sometimes almost entirely 

*A. WINCITELL. Fifteenth Annual RcpcJ1't, p. :27. 
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exceeds the quartz. In neither is mica conspicuous, even when present. Notwithstanding the abundance of 
granite, the mica schist is everywhere distinctly laminated. . .. . 

The granite and schist are mingled, not ollly through abu~dallce of .gralllte ~l:Jectlons, but by much inter
penetration Oll a small scale. Portions of the rock are so nbboned wlth gralllbc and schistose ingredients 
irregularly succeeding each other that the rock is literally schisto-gra~itic. .. . . . 

The appearance of this area indicates a gradual passage from mwa SChlst mto gralllte, not mmeralogICally_ 
but structurally. The lamination of the schists is often locally bent by the granite. The strike of the schists is 
N. 82° E. (figure 28). 

On the main land, S. W. % S. W. 74 sec. 23, T. 63-1:3, is a boss of compact mica schist, in places having 
hundreds of veins of epidote crossing it conformably with the lamination; also with many veins of quartz simi
larly conformable, and others transverse to the structure. There are also veins of epidote that cross the struc
ture. The strike here is N. 63° W., and the dip is southerly. 

There is a rounded point of the mainland on N. W. 74 s. w. 7"4 sec. 23, T. 63-13, on the south side of the lake, 
which consists very largely of a mass of granite, but little schist being discoverable. This is a medium-grained 
biotite granite. This is intersected by two systems of granitic veins, one of which is fine-grained, with little mica, 
and the other a granulyte. Of mica suhist the only example found is about two feet wide. It is fine-grained, 
compact and brittle. It forms on two sides a sharp junction with the granite, but is in places penetrated by 
granitic intrusions. It approaches the character of fine gneiss. It runs about sixty feet, visibly, in a direction 
N. 71° E. 

There is a great mass of dark hornblende schist (No. 69VV), with considerable feldspar, near the centre of 
S. W. % sec. 23, T. 63-13. It is intersected by quartzose veins, mostly conformable with the structure; also by 
a dike of fine light-colored muscovite granite, two and a half feet wide (No. 70W), which runs N. 51° E. The 
schist strikes N. 69° E., standing nearly vertical, but dipping southerly. Adjoining this toward the south the 
rock assnmes the character of a syentye gneiss, being, however, still a massive hornblende schist. In this part 
is a granite vein nine inches wide, running with the strike, and having itself, on the weathered surface, structure 
lines parallel with the strncture planes of the schist. This vein is faulted twelve inches, and terminates abruptly 
in its eastward extension. It is not a proper granite, but a compact, fine-grained gneiss. 

At the centre of the S. W.;.~ sec. 23, T. 63-13, is mica schist intersected by many veins of granite, granulyte 
and quartz. Embraced in the mica schist is a mass of light-colored granulyte surrounded by the schist on all 
sides and emhracing fragments of the schist which still retain their laminated structure and their original posi
tions, as in the figure below. The granulyte also contains a layer of muscovite hornblende schist. 

FIG. 29. SCHIST INCLOSING GRANULYTE, ITSELF EMBODYING MICA SCHIST. 
BURNTSIDE LAKE. 

The rocks of Burntside lake show great variety, both in mineralogical composition and in structure. 
Many petrographic details will be found in vol. v., Petrographic Geology. 
. Near the centre of sec. 8, T. 63-12, is a granite, fundamentally hydromica granite of light color, but exten· 

Slvely llltersect~d hy di~e-like heds of dioryte-like hornblende schist, and including some dark chunks of fibrous 
hornblende SChlst. ThlS sort of granite continues southwestward alona- the lake shore. On the north side of 
sec. 18, T. 63-12, it contains many large quartz grains. A massive, hands~me rock, suitable for fine architecture 
and monumer:ts, occurs about twenty rods south from the end of the island (No. 74.W), N. w. 74 N. W. M sec.18, 
T.63-12. It 18 coarse-grained, consisting of hornblende and a pinkish feldspar. 

. ~\'t the N. ~. ~4 N. E. :4 sec. 13, T. 6-3-13, is a rock which is mostly a hydro-mica granite, with coarse 
chssemmated graJ~1S of quartz. The longer dimensions of these grains lie in the direction N. 60° E. It is inter
sected by many vel_ns of granulyte, with reddish orthoclase. In some detached masses of granulytesome portions 
are of reddlsh felclspar, and others of whitish, and other portions are extraordinarily coarse. There are also 
rounded masses of hornblende SChl'st N . thO I . ., d " '. . . " . ear 1S pace 18 a mass of granulyte very vanable m texture an ,pre-
sentmg stlll further vanet18S III lts veins and dikes. As exposed on the shore in a nearly vertical wall, it has the 
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exceeds the quartz. In neither is mica conspicuous, even when present. Notwithstanding the abundance of 
granite, the mica schist is everywhere distinctly laminated. . .. . 

The granite and schist are mingled, not only through ahu~dance of .gramte ~l:JectlOns, b~t by ~uch inter
penetration on a small scale. Portions of the rock are so nbboned wIth gramtlc and schIstose mgredients 
irregularly succeeding each other that the rock is literally schisto-gra~itic. .. '. . 

The appearance of this area indicates a gradual passage from mlca schlst mto gramte, not mmeralogically_ 
but structurally. The lamination of the schists is often locally bent by the granite. The strike of the schists is 
N. 82° E. (figure 28). 

On the main land, S. W. ~4 S. W. 74 sec. 28, T. 63-18, is a boss of compact mica schist, in places having 
hundreds of veins of epidote crossing it conformably with the lamination; also with many veins of quartz simi
larly conformable, and others transverse to the structure. There are also veins of epidote that cross the struc
ture. The strike here is N. 63° W., and the dip is southerly. 

There is a rounded point of the mainland on N. W. )4 S. w. 7'4 sec. 28, T. 63-13, on the south side of the lake, 
which consists very largely of a mass of granite, but little schist being discoverable. This is a medium-grained 
biotite granite. This is intersected by two systems of granitic veins. one of which is fine-grained, with little mica, 
and the other a granulyte. Of mica s15hist the only example found is about two feet wide. It is fine-grained, 
compact and brittle. It forms on two sides a sharp junction with the granite, but is in places penetrated by 
granitic intrusions. It approaches the character of fine gneiss. It runs about sixty feet, visibly, in a direction 
N. 71° E. 

There is a great mass of dark hornblende schist (No. 69VV), with considerable feldspar, neal' the centre of 
S. W. ~4 sec. 23, T. 63-13. It is intersected by quartzose veins, mostly conformable with the structure; also by 
a dike of fine light-colored muscovite granite, two and a half feet wide (No. 70W), which runs N. 51° E. The 
schist strikes N. 69° E., standing nearly vertical, but dipping southerly. Adjoining this toward the south the 
rock assumes the character of a syentye gneiss, being, however, still a massive hornblende schist. In this part 
is a granite vein nine inches wide, running with the strike, and having itself, on the weathered surface, structure 
lines parallel with the structure planes of the schist. This vein is faulted twelve inches, and terminates abruptly 
in its eastward extension. It is not a proper granite, hut a compact, fine-grained gneiss. 

At the centre of the S. w. -:::i sec. 23, T. 63-13, is mica schist intersected by many veins of granite, granulyte 
and quartz. Embraced in the mica schist is a mass of light-colored granulyte surrounded by the schist on all 
sides and emhracing fragments of the schist which still retain their laminated structure and their original posi
tions, as in the figure below. The granulyte also contains a layer of muscovite hornblende schist. 

FIG. 29. SCHIST INCLOSING GRANULYTE, ITSELF ElYIBODYING lYIICA SCHIST. 
BURNTSIDE LAKE. 

The rocks of Emntside lake show great variety, both in mineralogical composition and in structure. 
Many I,etrographic details will be found in vol. v., Petrographic Geology. 
. ~ear the centre of sec. 8, T. 63-12, is a granite, fundamentally hydromica granite of light color, but exten-

slVely llltersect~d by di~e-like beds of dioryte-Iike hornblende schist, and including some dark chunks of fibrous 
hornblende schIst. ThIS sort of granite continues southwestward alonG" the lake shore. On the north side of 
sec. 18, T. 63-12, it contains many large quartz grains. A massive, hands~me rock, snitable for fine architecture 
Rnd monuments, occurs about twenty rods south from the end of the island (No. 74W), N. w. M N. W.?4 sec. 18, 
T.63-12. It IS coarsB-gTained, consisting of hornblende and a pinkish feldspar. 

At the N E 1/ N E 1/ sec 13 T 69 13 . k l' 1 . . . . 'th '. . ... 4 . '.4' . , . .y- ,IS a roc W llC l lS mostly a hydro-mIca gramte, WI coarse 
dUlsemmated grams of quartz. The longer dimensions of these grains lie in the direction N. 60° E. It is inter
sected by many vems of granulyte, with reddish orthoclase. In some detached masses of granuiyte some portions 
are of reddish feldspar and others of h't' h d th' .. h I , . W I IS ,an a er portlOns are extraordmanly coarse. T ere are a so 
~ou~ded ~asses of horn.blend: s:hlSt .. Near this place is a mass of granulyte very variable in texture and .pre
sentmg stili fUrther vanetles m ItS vems and dikes. As exposed on the shore in a nearly vertical wall, it has the 
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appearance of the ordinary laminated schists, dipping north at an angle of 70° Th' '11 . 
. . . . h ' . . IS I usory appearance IS due 

to Jomts, which, with anot er set makmg an angle of 75° or 80° with thes . th f . 
appearance. e, gIve e ormatIOn a columnar 

There is much confusion and mingling of rock of different types at th . t f t 't' . h" . e pom S 0 ransl IOn from the 
massive rock to the sc lstose. ThIS IS exemplified on sec 1'1 T 63-13 The f t' b . . . . ~, .. . . orma IOn ecomes somewhat 
nondescript, conslstmg of perhaps one-fourth interhedded OTanite nearly three f th l' htl . 

, • '.. • • b " - our S S Ig Y mIcaceous 
hornblende schIst and the remalllder of syemtlC gneIss and granular dioryte I thO 'd t t' d . . n IS mlxe s a e It tren s 
northeast and forms a rocky range on the north SIde of the bay attaining an altl·tud f fift f t Th ' . . d' ' e 0 y ee. e struc-
tural relatIOns exhlblte by the followmg figure were sketehed from the face of the bl ff S E l' S W 1/ 
12 T 63-13 Th f t · . b '. u . .;7.4 • • 74 sec. ,. . e orma IOn IS a out half gramte and half nllca schist. 

FIG. SO. VIEW OF REMARKABLE ROOK STRUOTURE. BURNTSIDE LAKE. 
S. E. ~4 S. W. ~ sec. 12, T. 6~-lS. 

The relations of the granite veill3 to the mica schist seen in the last figure are somewhat magnified in the 
following sketch: 

FIG. Sl. OONSECUTIVE VEINS AT THE SAME PLACE AS SHOWN BY FIG. 30. BURNTSIDE LAKE. 

a-Reddish, compact granulyte, with a little muscovite. b-Whitish granite, with abundance of biotite. 
c-Whitish hiotite granite. 

, A remarkable convoluted vein of granulyte is represented' by a literal drawing from the rock reproduced 
in figure 32. The bluff is here 50 feet high, more than half schist, inter laminated with granite. This convol
uted vein continues fifteen feet. The volutions represented are included within the distance of four feet. 

Trout lake lies north of Vermilion lake, and in many respects is a repetition of Burntside lake, as it em
braces the transition line from the Coutchiching to the gneisses frequently called Laurentian. It is separated from 
Vermilion lake by a low range of hills which extends east and west, composed of mica schists and granite. The 
outlet stream from Trout lake descends by rapids and by a fall of a few feet near Vermilion lake, the whole 
descent being thirteen feet. The remains of an old water-wheel and stamp-mill erected at the time of the gold 
excitement of 1866 could still be seen at the falls in 1887. 
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appearance of the ordinary laminated schists, dippinO" north at an fllwle of 70° Th' '11 . 
. . . h . h ' . to , '" • IS I usory appearance IS due 

to ]omts, whlC ,Wit another set makmg an ancrle of 75° or 80° with the . th f . 
appearance. to se, gIVe B ormatIOn a columnar 

There is much confusion and mingling of rock of different types at the po'nt f t ·t· f h . '. . ISO ranSI IOn Tom t e 
massive rock to the schistose. ThiS IS exemplified on sec 1') T 63-13 Th f t' b . . . . ' ~, .' . . e orma Ion ecomes somewhat 
nondBscnpt, consIstIng of perhaps one-fourth mterbedded OTanite nearly three f ,th I' htl . 

, d " d . , . . . to " - oU! S S Ig Y micaceous 
hornblen e schist an the remamder of syemtw gneiss and granular dioryte I tl' 'd t t 't d 

. 11 lIS ill] xe s a e I tren s 
northeast ~nd forn:s .a rocky range on ~he north side of the bay, attaining an altitude of fifty feet. The struc-
tural relatIOns exhibited by the followmg figure were skekhed from the face of the bl ff S E I' S W II 

12 T 63 13 Th f t · . b 1 . u . . 74 . . 74 sec. , . -. e orma IOn IS a out ha f gramte and half mica schist. 

FIG. 30, VIEW OF REJVLARKABLE ROCK STRUCTURE. BURNTSIDE LAKE. 
S. E';4 S. W. 74 sec. 12, T. 6:)-13, 

The relations of the granite veins to the mica schist seen in the last figure are somewhat magnified in the 
following sketch: 

FIG. 31. CONSECUTIVE VEINS AT THE SAIvIE PLACE AB SHOWN BY FIG. 30. BURNTSIDE LAKE. 

a-Reddish, compact granulyte, with a little muscovite. b-Whitish granite, with abundance of biotite. 
c-Whitish hiotite granite. 

A remarkable convoluted vein of granulyte is represented· by a literal drawing from the rock reproduced 
in figure 32. The bluff is here 50 feet high, more than half schist, interlaminated with granite. This convol
uted vein continues fifteen feet. The volutions represented are included within the distance of four feet. 

Trout lalee lies north of Vermilion lake, and in many respects is a repetition of Burntside lake, as it em
braces the transition line from the Ooutchiching to the gneisses frequently called Laurentian. It is separated from 
Vermilion lake by a low range of hills which extends east and west, composed of mica schists and granite. The 
outlet stream from Trout lake descends by rapids and by a fall of a few feet near Vermilion lake, the whole 
descent being thirteen feet. The remains of an old water-wheel and stamp-mill erected at the time of the gold 
excitement of 1866 could still be seen at the falls in 1887. 
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Th . k· the river channel is a mixture of mica and hornblende schist and gneiss. There are fine 
e roc 1n h . t· b th th I d veins of red feldspar penetrating the rock in all directions. Most of t e gne1ss con ams 0 or oc ase an 

plagioclase and more or less pyrites. The general strike seems to be east and west (Nos. 334H.to 337~). 
Th . t· th S W v of N W l,;j'sec 19 T 63-15 is composed almost wholly of mlCa SCh1st. There e POlD 1n e . . /4 .• ,4 • ,. '.. . '. 

are a few narrow veins or stringers of gneiss running through 1t m vanous dlf~c
tions, and one or two granite intrusions of considerable thickness. The mlCa 
schist here does not seem to contain any hornblende. . 

In the N. W. !4 of N. W. ;;k sec. 19, T. 63-15, the rock is mostly a fine, gr~y, 
biotite gneiss, slightly porphyritic and containing irregular inclusions of m1~a 
schist (No. 338H). On the north side of the point at the same place the rock 1S 
syenyte gneiss in nearly flat beds (No. 340H). The schist with ;Vhi~h it i~ ~edded, 
and into which it graduates, is also hornblendic. The gn81ss 1S pynhferous. 
There is a heavy covering of drift here, and many boulders lie around. 

In the S. E. ;ii: of N. E. !4 sec. 13, T. 63-16, there is an exposure 200 feet 
long of flat, bedded gneiss and mica sch~st. It is in bluffs fifteen f~et to twenty 
feet high. The gneiss and schist grade lDtO each other and alternate m beds of all 
thicknesses up to three feet. Most of it is fine-grained and more or less decom
posed (No. 341H). These horizontal beds of gneiss and schist are c~t by one or 
two nearly vertical granite intrusions (No. 342H). The feldspar m both the 
gneiss and granite is yellowish-white, and some of it is iron stained. They both 
contain more or less hornblende. 

In the S. W. M of S. W. M sec. 13, T. 63--16, is a large, low exposure of 
gneiss and mica schist interbedded in vertical strata, and cut by vertical granite 
intrusions from an inch to four feet thick, running in all directions through and 
across the beds. Strike is E. 54° S. The schist is typical, Oiotite mica schist. 
The gneiss is fine-grained yellow rock, similar to most of that in this region. 
Following this along the shore in a southeasterly direction we soon come upon 
a perpendicular wall of rock with a smooth face twenty feet high and one hundred 
feet long. This looks like a wall of masonry made of thin slabs laid horizontally. 
On careful inspection it appears that most of the gneissic structure and the ar
rangement of the minerals in lines and bands is vertical, and the beds are lamime 
or sheets instead of strata. In much of it there is no gneissic structure evident. 
In places the gneissic structure dips S, W. 45°. This rock is hornblendic as well 
as micaceous and contains granitic veins (No. 343H). The direction of the face 
of this wall is E. 70° S., and the general direction of the gneissic vertical beds in 
it is about the same, some being however E. 40° S. At the edge of the water 
this appearance of lamime disappears and the rock seems to be as usual in verti
cal strata. Quantities of boulders and pieces of the adjacent rock line the shores 
of this lake. 

The rock on the point in the S. W. M of S. E. M sec. 14, T. 63-16, is gneiss 
and syenyte gneiss containing a little schist, both mica and hornblende. It seems 
to be in vertical strata. The syenyte gneiss contains rounded or lenticular 
lumps or nodules of actinolite mixed with a little mica. These nodules are four 
inches long, on an average, and vary from light grayish-green to greenish-black 
in color. They are much softer on the exterior than a short distance within. 
The hornblende on the exterior is altered to form some softer mineral (Nos. 345H 
and 345aH). 

In the N. W. M of S. E. M sec. 14, T. 63-16, the shore rises up almost per
pendicularly for forty feet. It is mica schist containing a little gneiss. It is all 
pervaded by more or less hornblende. The strata are much disturbed here, and 
have no permanent dip. The strike is E. 40° S. 

FIG. 32. CRUMPLED VEIN 
OF GRANULYTE AT THE 
SAME PLACE AS SHOWN 
BY FIG. 30. BURNTSIDE 
LAKE. 

In the N. W. M sec. 14, T. 63-16, the rock is principally a reddish biotite gneiss, some of it quite coarse and 
containing pyrite. It lies across the mica schist beds, which are vertical for the most part, but have been much 
distorted in places (No. 346H). This reddish gneiss is itself cut by thin, light yellow or white granite veins. 

Red chlorite gneiss is found in the S. E. M of S. W. M sec. 15, T. 63-16. It occurs in vertical beds with 
strata of micaceous, hornblendic schist. Some of the beds are bent considerably and have a low dip to the north. 

In the centre of sec. 15, T. 63-16, the bluffs rise sixty feet or more vertically or in overhanging masses. It 
is principally mica schist, with some gneiss and a few veins of pyritiferous quartz. The schist itself is gneissic 
and almost massive, it is in such thick beds. Where there is any bedding structure visible it is wavy and distorted. 

Near the N. E. ~4 of S. E. M sec. 10, T. 63-16, the granite shores rise forty feet above the lake in smooth, 
sloping ridges. Hornblende and a few other accessory minerals are present. In places the granite is quite coarse, 
orthoclase crystals four inches long being noticed. Some of it is pegmatitic. In some of this coarse granite the 
muscovite scales are set in or surrounded by quartz (Nos. 348H and 349H). 

. . From here north t~e shores seem to be wholly granite, no schist being mixed with it. It is all decidedly 
aC1dlC and does not contam much mica. The feldspar is orthoclase. It is jointed in various directions. Some-
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veins of red feldspar penetrating the rock in all directions. Most of the gneIss can tams both orthoclase and 
plagioclase and more or less pyrites. The general strike seems to be east and west (Nos. 334H .to 337~). 

Th . t· th S \" 1/ of N W 1~ sec 19 T 63-15 is composed almost wholly of mIca schIst. There e pam In e . IV. /4 •• ,4 . ,. '.. . '. 

are a few narrow veins or stringers of gneiss running through It m varIOUS dIrec
tions, and one or two granite intrusions of considerable thickness. The mica 
schist here does not seem to contain any hornblende. 

In the N. W. ,:14 of N. W. ~:! sec. 19, T. 63-15, the rock is mostly a fine, gray, 
biotite gneiss, slightly porphyritic and containing irregular inclusions of mi~a 
schist (No. 338H). On the north side of the point at :he s.ame p!ac~ t~e rock IS 
syenyte gneiss in nearly fiat beds (No. 340H). T~e schist with :vhl?h It I~ ~edded, 
and into which it graduates, is also hornblendlC. The gneiss IS pyntIferous. 
There is a heavy covering of drift here, and many boulders lie around. 

In the S: E. ;~ of N. E. U sec. 13, T. 63-16, there is an exposure 200 feet 
10n<T of fiat bedded <Tneiss and mica schist. It is in bluffs fifteen feet to twenty 
feet high. ' The gnei~s and schist grade into each other and alternate in beds of all 
thicknesses up to three feet. Most of it is fine-grained and more or less decom
posed (No. 341H). These horizontal beds of gneiss and schist are cut by one or 
two nearly vertical granite intrusions (No. 342H). The feldspar in both the 
gneiss and granite is yellowish-white, and some of it is iron stained. They both 
contain more or less hornblende. 

In the S. W. M of S. W. M sec. 13, T. 63--16, is a large, low exposure of 
gneiss and mica schist interbedded in vertical strata, and cut by vertical granite 
intrusions from an inch to four feet thick, running in all directions through and 
across the beds. Strike is E. 54° S. The schist is typical, Oiotite mica schist. 
The gneiss is fine-grained yellow rock, similar to most of that in this region. 
Following this along the shore in a southeasterly direction we soon come upon 
a perpendicular wall of rock with a smooth face twenty feet high and one hundred 
feet long. This looks like a wall of masonry made of thin slabs laid horizontally. 
On careful inspection it appears that most of the gneissic structure and the ar
rangement of the minerals in lines and bands is vertical, and the beds are laminre 
or sheets instead of strata. In much of it there is no gneissic structure evident. 
In places the gneissic structure dips S. W. 45°. This rock is hornblendic as well 
as micaceous and contains granitic veins (No. 343H). The direction of the face 
of this wall is E. 70° S., and the general direction of the gneissic vertical beds in 
it is about the same, some being however E. 40° S. At the edge of the water 
this appearance of laminre disappears and the rock seems to be as usual in verti
cal strata. Quantities of boulders and pieces of the adjacent rock line the shores 
of this lake. 

The rock on the point in the S. W. ~ of S. E. ~ sec. 14, T. 63-16, is gneiss 
and syenyte gneiss containing a little schist, both mica and hornblende. It seems 
to be in vertical strata. The syenyte gneiss contains rounded or lenticular 
lumps or nodules of actinolite mixed with a little mica. These nodules are four 
inches long, on an average, and vary from light grayish-green to greenish-black 
in color. They are much softer on the exterior than a short distance within. 
The hornblende on the exterior is altered to form some softer mineral (Nos. 345H 

and 345aH). FIG. 32. ORUMPLED VEIN 
In the N. W. M of S. E. M sec. 14, T. 63-16, the shore rises up almost per- OF GRANULYTE AT THE 

pendicularly for forty feet. It is mica schist containing a little gneiss. It is all SAME PLAOE AS SHOWN 
pervaded by more or less hornblende. The strata are much disturbed here and BY FIG. 30. BURNTSIDE 

have no permanent dip. The strike is E. 40° S. ' LAKE. 

In the N. W. M sec. 14, T. 63-16, the rock is principally a reddish biotite gneiss, some of it quite coarse and 
containing pyrite. It lies across the mica schist beds, which are vertical for the most part, but have been much 
distorted in places (No. 346H). This reddish gneiss is itself cut by thin, light yellow or white granite veins. 

Red chlorite gneiss is found in the S. E. ~ of S. W. ~ sec. 15, T. 63-16. It occurs in vertical beds with 
strata of micaceous, hornblendic schist. Some of the beds are bent considerably and have a low dip to the north. 

In the centre of sec. 15, T. 63-16, the bluffs rise sixty feet or more vertically or in overhanging masses. It 
is principally mica schist, with some gneiss and a few veins of pyritiferous quartz. The schist itself is gneissic 
and almost massive, it is in such thick beds. Where there is any bedding structure visible it is wa vy and distorted . 

. Near the N. E. 34 of S. E. M sec. 10, T. 63-16, the granite shores rise forty feet above the lake in smooth, 
slopmg ndges. Hornblende and a few other accessory minerals are present. In places the granite is quite coarse, 
orthoclase crystals four inches long being noticed. Some of it is pegmatitic. In some of this coarse granite the 
muscovite scales are set in or surrounded by quartz (Nos. 348H and 349H). 

. . From here north t~e shores s~em to be wholly granite, no schist being mixed with it. It is all decidedly 
aCidIC and does not contam much mICa. The feldspar is orthoclase. It is jointed in various directions. Some-
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times it seems to lie nearly flat, sheets of it lying over each other, dipping to the southeast. Granite from the 
S. E. % sec. 11, T. 63-16, is No. 350H. 

Syenyte is found in the N. E. 34 of N. W. 34 sec. 11, T. 63-1S. It contains red orthoclase, dark hornblende 
and but little quartz. Epidote is a common ingredient. It has much the same appearance and manner of occur: 
rence as the granite. It is inclined to be porphyritic in places (No. 351H). 

Across the bay in N. E. 34 sec. 11, T. 63-16, the rock appears to lie in Hat beds. It is gneiss, with about 
equal amounts of mica and hornblende. Some of it is almost schist, and some is granulyte. It is cut by intru
sions of granite (No. 352H). 

In the S. E. 34 of N. E. 34 sec. 11, T. 63-16, the rock is fine, gray, biotite gneiss, containing plagioclase 
feldspar. It is quite firm and solid, but contains mica schist beds and lumps in which the strata run nearly 
north and south (No. 353H) .. Portions of this same gneiss are very coarse, and the feldspar is orthoclase with the 
pegmatitic character. 

Low, flat exposures of granite or gneiss are seen in the N. E. ~<i of sec. 2, T. 63-16. It is mostly nne
grained rock similar to No. 353H. It has bands of coarse granite running through it or lying on the surface. 
The line of contract or of separation from them is indistinct. Most of it has the appearance of being in beds 
dipping to the southeast at an angle of 30° or less. But in some of it there is an indistinct gneissoid stnlCture 
which is about vertical. The shores are piled up for about ten or fifteen feet back from the lake, by the action 
of the elements, with masses of the subjacent rock and with boulders of granite. The gneiss contains a little 
hardened schist, and sometimes approaches the fineness of schist itself; but generally it is coarse, firm and com
pact. 

Low exposures of porphyritic, micaceous gneiss are seen on the point in the N. W. ~<i of N. E. ~"<i sec . .'35, T. 
64--16. In places it assumes the character of a breccia, and contains angular masses of hornblendic rock similar 
to that at the west side of Pelican lake. 

Much fine pine grows around this lake. The water is clear and the lake shores and islands are beautiful. 
In many places, however, low reefs of rock extend out into the lake but a short distance below the surface of the 
water; thus making it difficult as well as dangerous for a canoe to land. In fact all of the shores have a very 
gradual slope into the lake. . 

A large exposure has been caused by fire in S. E. ~4 of S. w. ~4 sec. 26, T. 61-16. It is gneiss, partly fine 
and partly coarse. Part of it is mica schist and part half-way between schist and gneiss. Coarse masses of iron
stained quartz are seen here; also some coarse feldspar. In all this region there is a more or less striking appear
ance of horizontal lamination in the rock. In almost every place careful examination reveals the fact that the 
rock has a gneissic texture that is vertical or nearly so. Also when any schist beds lie in the gneiss they seem 
to be in vertical strata. 

The point in the west half of N. W. 34 sec. 30, T. 61-15, is composed of gneiss and mica schist rising about 
forty feet above the lake. At this place there is also a good display of the horizontallamin<t' and vertical gneissic 
structure. The thin beds of schist which are in the gneiss are bent and doubled up like a letter S. The general 
strike is east and west. 

There is a most enormous pile of "cobblestones" here. Just to the southeast of the long sand beach in 
the S. E. % of S. E. 34 sec. 24, T. 64-16, is a pile of them twenty feet or more in hight and extending for 200 or 
300 paces along the shore. They are rounded and polished nicely and are from four inches to a foot in diameter. 

At the north end of the lake the rock becomes more regular in its bedding and dip. The latter is north, 
at a high angle. At the very end it is mostly gneiss; but contains more schist or gneissic schist than the gneiss 
a mile or two south. 

Coming south through sees. 30 and 31, T. 64-15, the beds of gneiss and schist gradually become more and 
more distorted and irregular. The dip gradually goes from vertical to horizontal, and the strike is extremely 
variable. The beds are about horizontal in the S. W. 34 of N. E. :.i sec. 31, T. 64-15. They are cut by vertical 
granite intrusions. In the N. E. M sec. 32, T. 64-15, there is considerable mica schist, L[uite regularly interbedded 
with gneiss, having a strike E. 60° S.; dip N. 60°. 

In geneTal. This lake lies on an anticlinal. rfhe Hat-lying beds are in the middle or on the top of this 
anticlinal, and the strata dip north at the north end and south at the south end of the lake. The bays and gen
eral contour of the lake do not conform with the general strike of the formation, showing that the rock is very 
irregular in its bedding and dip. 

Much hornblendic rock is seen on the west side of the lake and hardly any on the east side. The shores, 
as said above, are wretched for landing, large piles of boulders and loose masses of rock extending far out into 
the lake from nearly every part of the shore. . .. 

Long lake. The geology of this lake is quite different from that of Burntside lake, alon~slde of \~hlCh It 
lies. Instead of firm mica schist or granitic shores, it lies in a basin of sericitic and chloritic SChIsts, and of green
stones, which are exposed almost continuously along the shores. The northwestern shores, and the hIll range 
adjacent which rises about 100 feet in sec. 20, T. 6:3-12, are conglomeratic. The general strike of the structures 
is a little north of east. The range of hills that rises on the north side of the lake at the east end, near ,the lal~e 
sinks away or divides in the promontory that shuts in the bay at the northwest end of the l~ke, but ~orm~, III 
its continuation under the water. a series of islands. It seems to rise again on the south Slde of Burntside nve~, 
and to continue in the same dire~tion. It is supposed to contain an unconformable line of contact on the CoutChl
ching and granitic rocks (metamorphic Lower Keewatin) described about Burntside lake. This line Of. non
conformity, after passing the west end of Burntside lake, runs southwestwardly toward the southem SIde of 
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times it seems to lie nearly :fiat, sheets of it lying over each other, dipping to the southeast. Granite from the 
S. E. ?i sec. 11, T. 63-16, is No. 350H. 

Syenyte is found in the N. E. 74 of N. W. 74 sec. 11, T. 63-16. It contains red orthoclase, dark hornblende 
and but little quartz. Epidote is a common ingredient. It has much the same appe,arance and manner of occur: 
rence as the granite. It is inclined to be porphyritic in places (No. 351H). 

Across the bay in N. E. 74 sec. 11, T. 63-16, the rock appears to lie in flat beds. It is gneiss, with about 
equal amounts of mica and hornblende. Some of it is almost schist, and some is granulyte. It is cut by intru
sions of granite (No. 352H). 

In the S. E. 74 of N. E. 74 sec. 11, T. 63-16, the rock is 6ne, gray, biotite gneiss, containing plagioclase 
feldspar. It is quite firm and solid, but contains mica schist bed8 and lumps in which the strata run nearly 
north and south (No. 353H) .. Portions of this same gneiss are very coarse, and the feldspar is orthoclase with the 
pegmatitic character. 

Low, flat exposures of granite or gneiss are seen in the N. E. 74 of sec. 2, T. 6.'3-16. It is mostly TIne
grained rock similar to No. 353H. It has bands of coarse granite running through it or lying on the surface. 
The line of contract or of separation from them is indistinct. Most of it has the appearance of being in beds 
dipping to the southeast at an angle of 300 or less. But in some of it there is an indistinct gneissoid structure 
which is about vertical. The shores are piled up for about ten or fifteen feet back from the lake, by the action 
of the elements, with masses of the subjacent rock and with boulders of granite. The gneiss contains a little 
hardened schist, and sometimes approaches the fineness of schist itself; but generally it is coarse, firm and com
pact. 

Low exposures of porphyritic, micaceous gneiss are seen on the point in the N. W. ;t;'£ of N. E. ;:4 sec . .'35, T. 
64--16. In places it assumes the character of a breccia, and contains angular masses of hornblendic rock similar 
to that at the west side of Pelican lake. 

Much fine pine grows around this lake. The water is clear and the lake shores and islands are beautiful. 
In many places, however, low reefs of rock extend out into the lake but a short distance below the surface of the 
water; thus making it difficult as well as dangerous for a canoe to land. In fact all of the shores have a very 
grad ual slope in to the lake. 

A large exposure has been caused by fire in S. E. ;:4 of S. W. ;~ sec. 26, T. 61-16. It is gneiss, partly fine 
and partly coarse. Part of it is mica schist and part half-way between schist and gneiss. Coarse masses of iron
stained quartz are seen here; also some coarse feldspar. In all this region there is a more or less striking appear
ance of horizontal lamination in the rock. In almost every place careful examination reveals the fact that the 
rock has a gneissic texture that is vertical or nearly so. Also when any schist beds lie in the gneiss they seem 
to be in vertical strata. 

The point in the west half of N. W. 74 sec. 30, T. 64-15, is composed of gneiss and mica schist rising about 
forty feet above the lake. At this place there is also a good display of the horizontallaminm and vertical gneissic 
structure. The thin beds of schist which are in the gneiss are bent and doubled up like a letter S. The general 
strike is east and west. 

There is a most enormous pile of " cobblestones" here. Just to the southeast of the long sand beach in 
the S. E. 74 of S. E. ?i sec. 24, T. 64-16, is a pile of them twenty feet or more in hight and extending for 200 or 
300 paces along the shore. They are rounded and polished nicely and are from four inches to a foot in diameter. 

At the north end of the lake the rock becomes more regular in its bedding and dip. The latter is north, 
at a high angle. At the very end it is mostly gneiss; but contains more schist or gneissic schist than the gneiss 
a mile or two south. 

Coming south through secs. 30 and 31, T. 64-15, the beds of gneiss and schist grad uaIly become more and 
more distorted and irregular. The dip gradually g'oe:; from vertical to horizontal, and the strike is extremely 
variable. The beds are about horizontal in the S. W. ?i of N. E. 74 sec. 31, T. 64-15. They are cut by vertical 
granite intrusions. In the N. E. ?i sec . .'32, T. 64-15, there is considerable mica schist, quite regularly interbedded 
with gneiss, having a strike E. 600 S.; dip N. 600

• 

In genel"al. This lake lies on an anticlinal. 'rhe flat-lying beds are in the middle or on the top of this 
anticlinal, and the strata dip north at the north end and south at the south end of the lake. The bays and gen
eral contour of the lake do not conform with the general strike or the formation, showing that the rock is very 
irregular in its bedding and dip. 

Much hornblendic rock is seen on the west side of the lake and hardly any on the east side. The shores, 
as said above, are wretched for landing, larg'e piles of boulders and loose masses of rock extending far out into 
the lake from nearly every part of the shore. . ., 

Long lake. The geology of this lake is quite different from that of Burntside lake, alongsIde of whICh It 
lies. Instead of firm mica schist or granitic shores, it lies in a basin of sericitic and chloritic schists, and of green
stones, which are exposed almost continuously along the shores. The northwestern shores, and the hIll range 
adjacent which rises about 100 feet in sec. 20, T. 63-12, are conglomeratic. The general strike of the structures 
is a little north of east. The range of hills that rises on the north side of the lake at the east end, near the lake 
sinks away or divides in the promontory that shuts in the bay at the northwest end or the lake, but form~, III 
its continuation under the water. a series of islands. It seems to rise again on the south SIde of Burntslde nve~, 
and to continue in the same dire;tion. It is supposed to contain an unconformable line of contact ~n t~e Coutchl
ching and granitic rocks (metamorphic Lower I{eewatin) described about Burntside lake. ThIS Ime Of. non
conformity, after passing the west end of Burntside lake, runs southwestwardly toward the southern Slde of 
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V 'I' I I Thus Long lake and Burntside lake together, geologically, span about the same interval as is erml lOn a ,e. 
covered by Vermilion lake. . 

At th t · end of this lake are some rocks that resemble some seen at KekequablC lake, these being 
ewes eIn . d f I ·t· k' . 

h 1 t I S jrnown where this rock occurs in the state, viz., a fine-grame , e Sl IC roc , m whICh are t e on y wo pace, , ' , " . 
d · : t d h llende crystals a kind of hornblende porphyryte (No, 84W). ThIs occurs on a lIttle Island 

Issemlna earn), . t . 't' h' t . h' h 
N TXT ~ S W 1/ 29 T. \33-12. It is much sheared, and passes gradually m a a serIC! IC sc IS m w IC these 
1 . VI':>4 f. • /4 sec. , .. . . I N 85W S' 

I t f d (No 66W) and also under favorable shearmg, mto a SIlIceous sate (0. ). mce these crysta s are no oun . , , 
horn blendes are transverse to the s.chistose structure, fre~ uent.ly, they ha ve ~pparen~lY not been sheared, but may 
have been developed by the shearing process in a debns derIved from a dlOryte, VIZ., from Nos. 82Wand 83W. 
This debris varies from very fine to coarse, and sometimes embraces fragments of quartz-porphyry and felsyte, 
being then quite suggestive of the horizon of the Stuntz cOD.glomera.te. Such a conglomerate, sheared, the 
fine debris converted into a sericitic schist, is represented by the followmg sketch made from the rock face N. 

w. 74 s. W 3i sec. 29, T. 63-12. 

FIG. 38. PEBBLES OF QUARTZ PORPHYRY AND FELSYTE IN A FINE GREENISH MATRIX, SHEARED. 
N. W. ?: S. W. ?: sec. 29, T. 6&-12, on a small island. Long lake. 

Sometimes the whole rock is evenly fine, or granular, and when sheared it gives a mottled sericitic schist, 
which crumbles in fine scales (No. 89W). When not sheared such rock is a firm grit, gray and brittle, a form of 
the" graywacke" of the region (No. 92W) in part, and when very fine it forms a flint, and, if sheared, a siliceous 
slate (No. 85W I, and passes into argillyte. These forms grade together with the varying grain and dynamic 
action. These rocks occupy a small area at the west end of Long lake, and perhaps are all included in a sharp 
synclinal fold, originally non-conformable on the greenstone which lies on each side. (See the chapter on structural 
geology.) 

Along the south shore in N. E. '4 sec. 28, T. 6:3-12, and spreading largely inland toward Ely, and eastward, 
is a large and hilly display of greenstone (Nos. 91 W, and 1002,100:3), which.is a rather ambiguous rock. It is 
hard to separate, whether in the field or under the microscope, from the greenstone which is well known in the 
Archean (the Kawishiwin), and whose characters are represented by many rock samples. This greenstone range 
continues eastward and gives rise to the Kawasachong falls at the descent of the Kawishiwi river to Fall lake. 
It also forms the south shore of Fall lake westward from the mouth of Kawishiwi river. This is the formation 
which holds the iron ore at Tower and at Ely, notwithstanding the fragmental or crushed condition of the ore 
of the Chandler mine at Ely, causing it to resemble the "soft" ores of the Mesabi range. In numerous places on 
this hill range, banded jaspilyte, identical with that seen at Tower, is plainly exposed, especially in the next town 
east, where it is embraced in rocks Nos. 1014 and 1015 (sec. 30, T.6:3-11). This rock belongs in the Archean, 
but non-conformably below the graywackes and argillytes and conglomerates of the southwestern end of Long lake. 

The basin of Long lake lies therefore partly in the Upper Keewatin and partly in the Kawishiwin epoch 
of the Lower Keewatin. The Upper Keewatin is not known in this basin, eastward from the west end of 'Long 
lake, but the southern and northern rims approach each other at the east end of the lake and seem to shut it off. 
Indeed the whole of the north shore of the lake is composed of rocks of the lowet Keewatin, consisting of green
stones, sometimes evidently of massive crystalline nature, and sometimes apparently of the nature of volcanic 
t.uffs. They have everywhere been sheared and faulted, the original minerals lost, and the original structures 
replaced by an almost constant fibro-schistose structure, without evident sedimentary banding, which runs 
about east and west. They are much altered basic rock materials of some sort, and are ffequently permeated by 
calcite, which is evident in a thin section, even in the most dense portions. In secs. 22 and 15, T. 63-12, are 
eruptives oE later date, not sheared (No. 22H in part). . 

North of Long lake are hill-ranges running in a general direction N. 80° E., and increasing in higbt 
toward the north, the upper level being at 190 feet above the lake. "In sections 22 and 15 these hills are made 
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'1' 11Th s Long lake and Burntside lake together, geologically, span about the same interval as is Verilll IOn are. u 
covered by Vennilion lake. . 

At t'h t n end of this lake are some rocks that resemble some seen at KekequablC lake, these being 
ewes er fi . d f I ·t· k' h' h 

I t I Jrnown where this rock occurs in the state, viz., a ne-grame, e Sl IC roc , m w IC are the on y wo paces , . , " . 
d · : t d h llende crystals a kind of hornblende porphyryte (No, 84W). ThIs occurs on a httle Island 

Issemlna e orn), . t . 't' h' t . h' h 
N TIT r S Tn V '70 T. 63--12. It is much sheared, and passes grad ually m 0 a sencI IC sc IS m w lC these 
..i. • vv. 74 . VV. /4 sec . ..., .. , ., . . . 

I t f d (No 66W) and also under favorable shearmg, mto a SIlIceous slate (No. 85W). Smce these crysta s are no oun . , , 
hornblendes are transverse to the s,chistose structure, frequently, they have ~pparen~IY not been sheared, but may 

h 1 d I ' d by the shearino' process in a debris derived from a dwryte, VIZ., from Nos. 82W and 83W. ave Jeen eve ope e 
This debris varies from very fine to coarse, and sometimes embraces fragments of quartz-porphyry and felsyte, 
being then quite suggestive of the horizon of the Stuntz conglomera.te. Such a conglomerate, sheared, the 
fine debris converted into a sericitic schist, is represented by the followmg sketch made from the rock face N. 

W. 74 s. W 34 sec. 29, T. 63-12. 
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FIG. 3.'3, PEBBLES OF QUARTZ PORPHYRY AND FELSYTE IN A FINE GREENISH MATRIX, SHEARED. 
N, W. X S. W. X sec, 29, T. 6&-12, on a small island. Long lake, 

Sometimes the whole rock is evenly fine, or granular, and when sheared it gives a mottled sericitic schist, 
which crumbles in fine scales (No. 89W). When not sheared such rock is a firm grit, gray and brittle, a form of 
the" graywacke" of the region (No. 92W) in part, and when very fine it forms a flint, and, if sheared, a siliceous 
slate (No. B5W I, and passes into argillyte. These forms grade together with the varying grain and dynamic 
action. These rocks occupy a small area at the west end of Long lake, and perhaps are all included in a sharp 
synclinal fold, originally non-conformable on the greenstone which lies on each side. (See the chapter on structural 
geology.) 

Along the south shore in N. E. LJ: sec. 28, T. 63-12, and spreading largely inland toward Ely, and eastward, 
is a large and hilly display of greenstone (Nos. 91 W, and 1002,1003), which.is a rather ambiguous rock. It is 
hard to separate, whether in the field or under the microscope, from the greenstone which is well known in the 
Archean (the Kawishiwin), and whose characters are represented by many rock samples. This greenstone range 
continues eastward and gives rise to the Kawasachong falls at the descent of the Kawishiwi river to Fall lake. 
It also forms the south shore of Fall lake westward from the mouth of Kawishiwi river. This is the formation 
which holds the iron ore at Tower and at Ely, notwithstanding the fragmental or crushed condition of the ore 
of the Chandler mine at Ely, causing it to resemble the "soft" ores of the Mesabi range. In numerous places on 
this hill range, banded jaspilyte, identical with that seen at Tower, is plainly exposed, especially in the next town 
east, where it is embraced in rocks Nos. 1014 and 1015 (sec. 30, T. 63-11). This rock belongs in the Archean, 
but non-conformably below the graywackes and argillytes and conglomerates of the southwestern end of Long lake. 

The basin of Long lake lies therefore partly in the Upper Keewatin and partly in the Kawishiwin epoch 
of the Lower Keewatin. The Upper Keewatin is not known in this basin, eastward from the west end of Long 
lake, but the southern and northern rims approach each other at the east end of the lake and seem to shut it off. 
Indeed the whole of the north shore of the lake is composed of rocks of the lower Keewatin, consisting of green
stones, sometimes evidently of massive crystalline nature, and sometimes apparently of the nature of volcanic 
tuffs, They have everywhere been sheared and faulted, the original minerals lost, and the original structures 
replaced by an almost constant fibro-schistose structure, without evident sedimentary banding, which runs 
about east and west. They are much altered basic rock materials of some sort, and are frequently permeated by 
calcite, which is evident in a thin section, even in the most dense portions. In secs. 22 and 15, T. 63-12, are 
eruptives of later date, not sheared (No, 22H in part). 

North of Long lake are hill-ranges running in a general direction N. 80° E., and increasing in hight 
toward the north, the upper level being at 190 feet above the lake. "In sections 22 and 15 these hills are made 
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up chiefly of a fine-grained compact green rock, firm and without appearance of any stratification or schistoes 
structure (~o. 22H);. but there are. cur~ed lines or threads of schistose rock running all through it. The rock 
in these vems ~on:;-etImes appears lIke dlOryte (No. 21H), and sometimes like sericitic schist. There are crystals 
of hornblende m It that stand out on the weathered surface and give a darker and rougher appearance to the 
network of veins which is everywhere seen on the surface of the bare hills. 

Through. section 15 t~e hill-rang.es .are precipitous, and separated by deep ravines. The rock changes 
rapidly, becommg more maSSIve and solId Il1 structure toward the north. The hills nearest the lake are of a 
sort of greenish hydro~mic.a or chloriti.c sch.ist. The nex~ ranges are harder and less changed by weathering, 
and are finely crystallll1e Il1 texture, lIke dlOryte. The hIlls beyond these are coarser, and look like fine diorl'te 
and those still further north are still coarser and more crystalline. Quartz veins are commol:\, running in' ali 
directions, and sometimes lying fiat on the surface. The schistose rock seems to dip north, and sometimes con
tains irregular shaped fragments of the granular quartz, such as are seon in tho schists north of Tower. 

Portions of the rock in the first high range of hills north of the lako contain light-greenish spots, as if 
derived from an original amygdaloidal or fragmental structure. These stand out in little round globules on 
weathered surfaces (No. 26H). 

The rock for the first three·quarters of a mile north of the lake, including the schists near the lake and 
the semi-crystalline rock further north, contains beds or veins of very hard, siliceous, flinty rock, which is like a 
petrosilex. This shows stratification, both on the surface, which weathers white, and in the greenish interior. 
Such beds stand vertical and extend for an indefinite distance east and west through the other rock. Their gen
eral thickness is about six inches, but Salle such are two and even three feet thick. An indistinct tendency to 
a rude crystallization is visible in this fine siliceous rock, as if it were homogeneous enough to crystallize like a 
mineral, the different parts being separated by straight planes, causing it to disintegrate in small angular blocks 
(No. 29H). 

In making a traverse from Long lake to Burntside lake, in secs. 19 and 18, T. 63-12, a similar topography 
was encountered, combined with the same transitions in the character of the rock. The samples illustrative of 

. this are numbered 2114 to 2123. 'l'he greenstone seen at the south grad ually becomes re-crystalline, by the appear
ance of hornblendes, then of feldspars, and forms a dioritic rock. In places mica schist is associated, and some
times mica schist and hornblende schist are irregularly intergraded and mingled. In going northward occasional 
small granitic dikes, often weathering red, are seen cutting the schists or more frequently running parallel with 
them. There is no transition to granite, but the two kinds of rock are continually distinct and separate. The 
greenstone with its modifications is plainly the older rock. At the shore of Burntside lake the rocks are wholly 
granitic. 

Vermilion lake. This lake, with its attendant geology, embraces the most important elements in the con
tents of this chapter. In this place will be given only an outline of the geology. The most interesting ques
tions, and the geology of the iron mines, will be found in the chapter devoted to the Vermilion lake plate (No. 86). 

In the northwestern part is an oval-shaped area of granite and gneiss, surrounded by mica schist which 
dips in all directions away from the gneiss. Toward the north and west there is no known later rock, but toward 
thE) south and east these rocks are overlain by later strata consisting of graywackes, argillytes and conglom
erates, these belonging to what may be separated from the rest of the Keewatin under the name of Upper 
Keewatin. The line of contact of these later rocks on the older is approximately represented on the accompany
ing plate, but it has not been detected with certainty except in the southern confines of the lake, and then the 
coutact is not on mica schists and gneisses, but on the greenstone, quartz porphyry and iron ores of the vicinity of 
Tower, which are supposed to be of the same age (Lower Keewatin) as the mica schists of the northwestern part 
of the lake, the schists being crystallized by the proximity and activity of the granitic centres. 

In classifying the oldest rocks, according to their relative ages, it is customary to assume that the bottom 
is toward the gneiss and the granite, but there is no certainty that the g;neiss is at the bottom. On the contrary, 
there are good reasons to believe that the gneiss and the mica schists which accompany the gneiss, as well as the 
granite, are of later date, as rocks, than the greenstones that contain the iron ores at Tower. They seem to be 
only phases that have been superinduced on an older rock series. The mica schists certainly in some instances 
graduate into less crystalline rock, and quite evidently they are only changed condition of the more siliceous 
greenstones. If the gneiss or the granite prevails in any locality to the exclusion of the mica schist and other 
clastic rocks, it is perhaps owing to a locally more powerful metamorphism of the old series, represented in the 
first instance, and in its original condition, by the fragmental greenstones and their accompanying schists. Hence 
it seems quite reasonable to infer that the natural downward succession, in order of rock genesis, is toward the 
greel'lstones, and hence that the oldest known rock series in the state is the great greenstone series, which h~s 
been named·Kawishiwin. This subject is further discussed in connection with the Vermilion lake plate,* and III 
the chapter devoted to structurql geology. . . 

There is a distinct line of non-conformity which marks the commencement of another senes. ThIS was 
not discovered until 1896, and it introduces an important new element in the classification of the oldes~ rocks 
:vhich leads to a corresponding correction in all the reports that have preceded, where:er they treat of thIS sub
Ject. The basal rock at the bottom of the Upper Keewatin is what has been calle~, III the annual ~eports, the 
Stuntz conglomerate, from the fact that an island of that name in Stuntz bay consIsts largely of thIS conglom
~ 

"As to the nature of the early differentiation into acid and basic rocks, and the nature of the !irst rock·crust o~ the ea:~h, 
co~pare: N. H, WINOHELL. Some thoughts on eruptive rocks, with special reference to those of MIll1l8sota. Amer. "oc." v. 
Set., vol. XXvii, pp. 212-221, 1888; Am. Geol., xxii, Nov. 1898. 
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up chiefly of a fine-grained compact green rock, firm and without appearance of any stratification or schistoes 
structure (~o. 22H);. but there are. cur~ed lines or thread,s of schistose rock running all through it. The rock 
in these vems ~o~etlmes appears lIke dlOryte (No. 21H), and sometimes like sericitic schist. There are crystals 
of hornblende m It that stand out on the weathered surface and give a darker and rougher appearance to the 
network of veins which is everywhere seen on the surface of the bare hills. 

Through. section 15 t~e hill-rang.es .are precipitous, and separated by deep ravines. The rock changes 
rapidly, becommg more massIve and solId m structure toward the north. The hills nearest the lake are of a 
sort of greenish hydro~mic.a or chloriti.c sc~ist. The nex~ ranges are harder and less changed by weathering, 
aDd are finely crystallme III texture, lIke dlOryte. The hIlls beyond these are coarser, and look like fine diorl'te 
aDd those still further north are still coarser and more crystalline. Quartz veins are commoJ:(, running in' ali 
directions, and sometimes lying fiat on the surface. The schistose roek seems to dip north, and sometimes con
tains irregular shaped fragments of the granular quartz, such as are seon in the schists north of Tower. 

Portions of the rock in the first high range of hills north of the lake contain light-greenish spots, as if 
derived from an original amygdaloidal or fragmental structure. These stand out in little round globules on 
weathered surfaces (No. 26H). 

The rock for the first three·quarters of a mile north of the lake, including the schists near the lake and 
the semi-crystalline rock further north, contains beds or veins of very hard, siliceous, fiinty rock, which is like a 
petrosilex. This shows stratification, both on the surface, which weathers white, and in the greenish interior. 
Such beds stand vertical and extend for an indefinite distance east and west through the other rock. Their gen
eral thickness is about six inches, but some such are two and even three feet thiek. An indistinct tendency to 
a rude crystallization is visible in this fine siliceous rock, as if it were homogeneous enough to crystallize like a 
mineral, the different parts being separated by straight planes, causing it to disintegrate in small angular blocks 
(No. 29H). 

In malting a traverse from Long lake to BUl'ntside lake, in sees. 19 and 18, T. 63-12, a similar topography 
was encountered, combined with the same transitions in the character of the rock. The samples illustrative of 

. this are numbered 2114 to 2123. 'I.'he greenstone seen at the south grad ually becomes re-crystalline, by the appear
ance of hornblendes, then of feldspars, and forms a dioritic rock. In places mica schist is associated, and some
times mica schist and hornblende schist are irregularly intergraded and mingled. In going northward occasional 
small granitic dikes, often weathering red, are seen cutting the schists or mOfe frequently running parallel with 
them. There is no transition to granite, but the two kinds of rock are continually distinct and separate. The 
greenstone with its modifications is plainly the older rock. At the shore of Burntside lake the rocks are wholly 
granitic. 

Vermilion lake. This lake, with its attendant geology, embraces the most important elements in the con
tents of this chapter. In this place will be given only an outline of the geology. The most interesting ques
tions, and the geology of the iron mines, will be found in the chapter devoted to the Vermilion lake plate (No. 86). 

In the northwestern part is an oval-shaped area of granite and gneiss, surrounded by mica schist which 
dips in all directions away from the gneiss. Toward the north and west there is no known later rock, but toward 
the south and east these rocks are overlain by later strata consisting of graywackes, argillytes and conglom
erates, these belonging to what may be separated from the rest of the Keewatin under the name of Upper 
Keewatin. The line of contact of these later rocks on the older is approximately represented on the accompany
ing plate, but it has not been detected with certainty except in the southern confines of the lake, and then the 
contact is not on mica schists and gneisses, but on the greenstone, quartz porphyry and iron ores of the vicinity of 
Tower, which are supposed to be of the same age (Lower Keewatin) as the mica schists of the northwestern part 
of the lake, the schists being crystallized by the proximity and activity of the granitic centres. 

In classifying the oldest rocks, according to their relative ages, it is customary to assume that the bottom 
is toward the gneiss and the granite, but there is no certainty that the g;neiss is at the bottom. On the contrary, 
there are good reasons to believe that the gneiss and the mica schists which accompany the gneiss, as well as the 
granite, are of later date, as rocks, than the greenstones that contain the iron ores at Tower. They seem to be 
only phases that have been superinduced on an older rock series. The mica schists certainly in some instances 
graduate into less crystalline rock, and (luit(J evidently they are only changed condition of the more siliceous 
greenstones. If the gneiss or the granite prevails in any locality to the exclusion of the mica schist and other 
clastic rocks, it is perhaps owing to a locally more powerful metamorphism of the old series, represented in the 
first instance, and in its original condition, by the fragmental greenstones and their accompanying schists. Hence 
it seems quite reasonable to infer that the natnral downward succession, in order of rock g(Jnesis, is toward the 
greenstones, and hence that the oldest known rock series in the state is the great greenstone series, which has 
been named ·Kawishiwin. This subject is further discllss(Jd in connection with the Vermilion lake plate,* and in 
the chapter devoted to structur1\1 geology. . . 

There is a distinct line of non-conformity which marks the commencement of another senes. ThIS was 
not discovered until 1896, and it introduces an important new element in the classification of the oldes~ rocks 
which leads to a corresponding correction in all the reports that have preceded, wherever they treat of thIS sub
ject. The basal rock at the bottom of the Upper Keewatin is what has been calle~, in the annuall:eports, the 
Stnntz conglomerate, from the fact that an island of that name in Stuntz bay conSIsts largely of thIS conglom
---'---. 

• As to the nature of the early differentiation into acid and basic rocks, and the nature of the !irst rock.crust.o~ the ea:~h, 
co~pare: N. H, WINCHELL. Some thoughts on eruptive rocks, with special reference to those of MIl1ll8sota. A me,. 880G." v. 
Set., vol. xxvii, pp. 212-221, 1888; A tn. Geol., xxii, Nov. 1898. 
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erate. This graduatE's upward into quartzyte and to graywacke. The graywacke is seen to pass into finer and 
finer rock so as to constitute argilIytE'. The iron orE'S of the Vermilion range are in the older formation, and they 
have SUPl)lied debris to constitute a portion of this conglomerate. The non-conformity can be seen plainly in a 
small bay on the south side of the lake, on the west side of the bay, at the east side of sec. 20, T. 61-15, where a 
low lmob of the conglomerate rises about fifteen feet above a surface of jaspilyte. This conglomerate consists, 
in the proportiolls of nine to one (in some places), of fragments from the jaspilyte, whereas it consists, at large, 
of felsyte and quartz-porphyry, with only rarely a fragment of jaspilyte. It is very evident here that the jaspilyte 
boss adjacent was the source from which the greater portion of jaspilyte pebbles were obtained. Compare the 
Vermilion lake plate. The Stuntz conglomerate extends east and west from this point, but its surface area has 
not been traced out in detail. Indeed, it is not possible to delineate with correctness the area of the Upper 
Keewatin, and the accompanying plate shows simply the Keewatin, in which are included the Kawishiwin and 
the Upper Keewatin. At other points the Stuntz conglomerate varies to a greenish conglomerate with fewer 
siliceous pebbles, as mentioned at Long lake. 

The region between rermilion and vVhiie ITon lakes. From the greenstone and jaspilyte ridges at 
Soudan to the granitic rock about White Iron lake in general the country is occupied by an ambiguous green
stone, and by mica schist, and granite. The accompanying plate shows approximately the northern extension of 
the last mentioned rock. As in many other places, the change from the mica schist to greenstone is one of 
gradual transition, but it cannot be stated, as yet, what amount of this greenstone belongs to the Lower and 
what to the Upper Keewatin. Suffice it to say here that in some of this greenstone the jaspilyte bands are 
embraced. This is considered Archean, and is put in the Lower Keewatin. Intimately associated with this is 
more or less plainly fragmental greenstone, which, having been sheared and compressed, has frequently been 
converted into a green schist, which is very similar to the green schists of the Archean. Such are found about 
Ely and along the railroad westward, frequently exposed freshly by the rock cuts. It is seen about the southern 
confines of Eagle Nest lakes. It is made up sometimes very largely of rounded masses, as if it were originally a 
conglomerate, or an agglomerate. This feature is conspicuous at the railroad cuts between Tower and Ely. 
'Whether it is the basal member of an unconformable overlying formation, and equivalent in age to the Stuntz 
conglomerate of the Upper Keewatin, or is a portion of the greenstone proper of the Lower Keewatin, it has not 
heen possible to determine, but rec:ent reexaminations indicate that it is a part of the Lower Keewatin. The 
determination of this involves the question of the age of the Giant's range granite, and also the relation of the 
Upper Keewatin to the Animikie. For instance, the Giant's range granite is the focal point, in a dynamic sense, 
on which depend the mica schists which he alongside of the granite. The mica schists, according to numerous 
observations, are a crystalline condition of the fragmental greenstones and graywackes, into which they graduate 
conformably, and if this fragmental greenstone is Upper Keewatin, the epoch of the Giant's range granite sep: 
arates the Upper H:eevvatin from the Animikie, and the non-conformity which exists at Tower between these "'::, 
greenstones and conglomerates (as the Stuntz conglomerate) and the jaspilyte, and its cotemporary greenstones, . ~~ 

'11 
is not co temporary with that which exists below the Animikie along the south side of the Giant's range. If, on - ::l.': 
the other hand, these extended fragmental greenstones belong 111 the Lower Keewatin, with the jaspilyte, as has :, 
been generally considered, it is difficult to find how they can be separated from Upper Keewatin graywacke- ';~ 
greenstones, either petrographically or structurally, and the chronological relation of the Animikie to the Upper )' 
Keewatin is not determined by the age of the granite of the Giant's range. 

Leaving this question for the present it will only be necessary here to give some of the details of the field 
observations in the region here considered, so far as they lie outside of the area of the Vermilion Lake plate. 

Southward from Mud creek the country is crossed in a southeast direction by an interrupted succession 
of ridges of greenstone and green schist, separated by narrow valleys. In this region are several known 
exposures of the jaspilyte, or iron ore, similar in character to that in the ridges at Soudan, and in several places 
considerable mining has been done, of an exploratory kind, but as yet no large body of merchantable ore has 
been discovered. Such portiollS of the greenstones or graywackes as embrace jaspilyte beds are probably assign· 
able to the Lower Keewatin, and such portions as contain isolated angular pieces of it are to be considered as in 
the Upper Keewatin. 

There is also in this region, in T. 62-14, a considerable amount of sericitic schist, which is a rather 
indefinite term, as generally employed. If the term be restricted to sheared quartz porphyry, or a sheared debris 
of quartz porphyry. it will be found that both sources for such rock are found in the region southeastward frOID 

Mud creek, but the 11101'8 common source is a sheared debris of quartz porphyry or of greenwacke. There 
to have been in the Lower Keewatin, along with the jaspilyte and the enclosing greenstones, a large 
quartz porphyry, although it has been certainly identified in but very few places. If the term sericitic 
allowed to cover some of the graywackes when sheared and some of the indefinite schists that are 
chloritic schist, there will be found to be a large amount of that rock in the region between Vermilion 
and White Iron lake. 

. QU{(Ttz p07]JhY.TY at Ely. Toward White Iron lake the graywackes and green schists are 
mlCa-hornblende SChIsts, and when they embrace jaspilyte such jaspilyte is blackened, the hematite 
changed to magnetite,'" Alollg the northwest side of this lake these schists are cut by granite dikes with 
and greater frequency going toward the main granite area and with less and less effect on the ' 
away from it. The most remote irruptive rock ~f this kind, known in this vicinity, exists amongst the 

-I-Compare N. H, and H. V. WINCHELL, Bulletin No. vi, pp. 12--23. 
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erate. This graduates upward into quartzyte and to graywacke. The graywacke is seen to pass into finer and 
finer rock so as to constitute argillyte. The iron ores of the Vermilion range are in the older formation, and they 
have supplied debris to constitute a portion of this conglomerate. The non-conformity can be seen plainly in a 
small bay on the south side of the lake, on the west side of the bay, at the east side of sec. 20, T. 61-15, where a 
low Imob of the conglomerate rises about fifteen feet above a surface of jaspilyte. This conglomerate consists, 
in the proportions of nine to one (in some places), of fragments from the jaspilyte, whereas it consists, at large, 
of felsyte and quartz-porphyry, with only rarely a fragment of jaspilyte. It is very evident here that the jaspilyte 
boss adjacent was the source from which the greater portion of jaspilyte pebbles were obtained. Compare the 
Vermilion lake plate. The Stuntz conglomerate extends east and west from this point, but its surface area has 
not been traced out in detail. Indeed, it is not possible to delineate with correctness the area of the Upper 
Keewatin, and the accompanying plate shows simply the Keewatin, in which are included the Kawishiwin and 
the Upper Keewatin. At other points the Stuntz conglomerate varies to a greenish conglomerate with fewer 
siliceous pebbles, as mentioned at Long lake. 

The Tegion between rennilion and 'White I?'on lakes. From the greenstone and jaspilyte ridges at 
Soudan to the granitic rock about White Iron lake in general the country is occupied by an ambiguous green
stone, and by mica schist, and granite. The accompanying plate shows approximately the northern extension of 
the last mentioned rock. As in many other places, the change from the mica schist to greenstone is one of 
gradual transition, but it cannot he stated, as yet, what amount of this greenstone belongs to the Lower and 
what to the Upper Keewatin, Suffice it to say here that in some of this greenstone the jaspilyte bands are 
embraced. This is considered Archean, and is put in the Lower Keewatin. Intimately associated with this is 
more or less plainly fragmental greenstone, which, having been sheared and compressed, has frequently been 
converted into a green schist, which is very similar to the green schists of the Archean. Such are found about 
Ely and along tbe railroad westward, frequently exposed fresbly by the rock cuts. It is seen about the southern 
confines of Eagle Nest lakes, It is made up sometimes very largely of rounded masses, as if it were originally a 
conglomerate, or an agglomerate. This feature is conspicuous at tbe railroad cuts between Tower and Ely. 
'Whetber it is the basal member of an unconformable overlying formation, and equivalent in age to the Stuntz 
conglomerate of the Upper Keewatin, or is a portion of the greenstone proper of tbe Lower Keewatin, it has not 
heen possible to determine, hut r8(;ent reexaminations indicate that it is a part of the Lower Keewatin. The 
determination or this involves tbe l1uestion of the age of the Giant's range granite, and also the relation of the 
Upper Keewatin to the Animikie. For instance, the Giant's range granite is the focal point, in a dynamic sense, 
on which depend the mica schists which he alongside of the granite. The mica schists, according to numerous 
observations, are a crystalline condition of tbe fragmental greenstones and graywackes, into wbich they graduate 
conformably, and if tbis fragmental greenstone is Upper Keewatin, the epoch of the Giant's range granite sep: 
arates tbe Upper Keewatin from the Animikie, and the non-conformity which exists at Tower between these 
greenstones and conglomerates (as the Stuntz conglomerate) and the jaspilyte, and its cotemporary greenstones, . 
is not cotemporary with that which exists below the Animikie along the south side of the Giant's range. If, on -
the other hand, these extended fragmental greenstones belong m tbe Lower Keewatin, with the jaspilyte, as has 
been generally considered, it is difficult to find how they can be separated from Upper Keewatin graywacke
greenstones, either petrographically or structurally, and the chronological relation of the Animikie to the Upper 
Keewatin is not determined by the age of the granite of the Giant's range. f~ 

Leaving this question for the present it will only be necessary here to give some of the details of the field <~ 
observations in the region here considered, so far as they lie outside of the area of the Vermilion Lake plate. "''''':1 

Southward from Mud creek tbe country is crossed in a soutbeast direction by an interrupted succession :~,~.~,'~,j 
of ridges of greenstone and green schist, separated by narrow valleys, In tbis region are several known 
exposures of the jaspilyte, or iron ore, similar in character to that in the ridges at Soudan, and in several places <,'i 
considerable mining has been done, of an exploratory kind, but as yet no large body of merchantable ore has 
been discovered. Sucb portions of tbe greenstones or graywackes as embrace jaspilyte beds are probably assign
able to the Lower Keewatin, and such portions as contain isolated angular pieces of it are to be considered as in 'I~ 
the Upper Keewatin, 

Tbere is also in this region, in T. 62-14, a considerable amount of sericitic schist, which is a rather 
indefinite term, as generally employed. If the term be restricted to sheared quartz porphyry, or a sheared debris 
of quartz porphyry. it will be found that both sources for such rock are found in the region southeastward frOID 

Mud creek, but the ruore common source is a sheared debris of quartz porphyry or of greenwacke. There 
to bave been in the Lower Keewatin, along with tbe jaspilyte and the enclosing greenstones, a large 
quartz porphyry, although it has been certainly identified in but very few places. If the term sericitic 
allowed to cover some of the graywackes wben sbeared and some of the indefinite schists that are 
chloritic schist, there will be found to be a large amount of that rock in the reO"ion between Vermilion 
and White Iron lake, b 

, QUrtTtz ])01'P"11,1'Y at Ely. Toward White Iron lake the graywackes and green schists are 
miCa-hornblende SChIsts, and when they embrace jaspilyte such jaspilyte is blackened, the hematite 
changed to magnetite,'" Along the northwest side of this lake these schists are cut by granite dikes with 
and greater frequency going toward the main granite area and witb less and less effect on the 
away from it. 'rile most remote irruptive rock ~f this kind, known in this vicinity, exists amongst the 
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greenstones about three-quarters of a mile west of Ely (No. 1789). There is, however no evidence that this is 
of the age of the granitic intrusions at the northwest side of White Iron lake. Petrogra;hically it is allied to some 
dikes that cut the greenstones on the Kawishiwi river, viz.: Nos. 416G, 417G, and 500G, and these are all so 
different from the Giant's range granitic mass that they cannot be considered, safely, as being apophyses from 
that mass. They are more likely to be of an earlier irruptive epoch. Contact rocks of the White Iron lake area 
of granite on the schists of the vicinity are Nos. 1117-1122. They are fine-grained but holo-crystalline and fresh, 
while th~ rock (No. 1789) is~ne-grained, t~ough ~orphyritic and much altered, having an alliance with the quartz 
porphynes and Jelsytes, which are assoClated wlth the greenstones, and which are seen as pebbles in the Stuntz 
conglomerate, and probably of the same date as those quartz porphyries. 

The acid porphyritic rock (No. 2095) here referred to is to he seen about three-fourths of a mile west from 
the Ely railroad station, on the conspicuous hills west of the creek and north and northwest from the cemetery. 
It appears irregularly in the country greenstone, hut can be traced ahout a quarter of a mile, running about 
N. 300 E. It occupies a position and direction as if it entered openings along the jointage of the greenstone, 
in a coarse alternation with belts of the greenstone. In one place a small pateh of the porphyry is detached, 
and is now embraced wholly in the greenstone, free from the rest, running down into a narrow crevice. This 
suggests that the greenstone is later, and involved the porphyry. On the other hand bits of the greenstone are 
involved in the porphyry transverse to the structure of the porphyry, instead of coincident with it, and also 
transverse to the structure of the greenstone, indicating strongly that the greenstone pieces have been derived 
from the greenstone on the intrusion of the granitic porphyry. And it is perhaps more probable stilI that 
neither of these rocks here acts as an intrusive on the other, but that the folding and truncation of the folds 
which the rocks have suffered, along with shearing, have brought them into contact. Similar phenomena are 
exhibited on the" burnt forties" near Tower, as described in the chapter on the Vermilion lake plate. Near Ely 
the porphyry is traceable for about fifty rods, appearing like a dike about twenty feet wide (or sometimes wider), 
running about N. 300 E. It both encloses and is enclosed by the adjoining greenstone. Its width varies from 
fifteen feet to fifty feet, and its course swings a little north and south. It runs out toward the east in a series 
of isolated white spots in the greenstone, which can be traced, with interruptions for thirty rods further. This 
action is much like the squeezing out of a fold which embraced a lot of quartz porphyry, followed by the 
truncation of both rocks by an irregular horizontal plane. Another appearance of what may be the same mass 
is near the centre of sec. 32; T. 63-12 (No. 2107). There is an extended range of granite with a quartz vein fifty 
feet or more in width, both running parallel with this, in S. W. M sec. 30, T. 63-12. 

The gTeenstones at Ely. The greenstone formation, as seen at Ely, is a much altered and very ancient 
rock. It presents the same indefinite characters as elsewhere. Some of it is evidently fragmental, and some is 
irruptive, if not eruptive and effusive. Some years ago the writer described the rock seen in a small cut a few 
rods west of the depot at Ely* as a volcanic agglomerate, and since then this rock-cut has been reexamined and 
photographed. It is represented by plate U, figure 2, and plate V, figure 1. The rounded parts of which the 
rock almost wholly consists (No. 1510) are shown in these plates, but the darker green schist which surrounds 
them is not well indicated. The scale of darker schist is about half an inch thick, but it frequently forms con
siderably larger areas of irregular shape, and is also sometimes much coarser than the grain seen in the interiors 
of the rounded masses. It is apt to be the collecting place of calcite, "chalcedonic" silica, and of cubes of 
pyrite. The rounded masses are themselves divisible into an interior part (No. 1510), and a curiouslyamyg
daloidal periphyry (No. 1511). In the latter the substance of the rock is penetrated by tubes or pipe-like amyg
daloidal passages in which now is found a filling either of calcite or of chalcedonic silica. These tubes stand per
pendicular to the surfaces of the rounded masses, and are separated, on an average, about half an inch from 
their neighbors. They are not everywhere present, but they are so abundant as to make a marked distinction 
between the interior and the exterior of the masses. They are sometimes more than an inch in length, but 
most frequently are less than an inch. They do not enter, or but slightly, into the darker green schist, which is 
wrapped about the masses with its fibrous direction parallel to their surfaces. They are approximately circular 
or pipe-like, with a diameter of about two millimetres. Some of them, however, are a little zigzag:, and rough
ened on their inner surfaces. This is revealed by fractures across them after the calcite has weathered out, which 
is the case in many instances. While these tubes are generally simple, and approximateJy round in section, they 
are not always so, but they flatten out for a short space and return again to pipe-stem shape, and sometimes they 
branch, or coalesce. 

In other places about lake Superior similar rounded masses have been noted in what is apparently the 
same greenstone, and they have been attributed to a crushing and shearing action exerted by dynamic forces 
upon a greenstone which was originally massive and crystalline.t But there are difficulties which seem to be at 
present insurmountable which oppose this explanation, and they have been presented uy the.writert in a fo~mer 
report. While, however, the subject will not be discussed here at length,§ and although It may be adr:utted 
that some difficulties attend all theories of the origin of the greenstones, it will here suffice to state that III the 

'N. H. WINCHELL. The Kawishiwin agglomerate at Ely, Minn. American Geologist, voL ix, pp. 35(>,,868: 1892. . 
t GEORGE H. WILLIAMS. The greenstone schist areas of the Menominee and Marquette regIOns of MIchIgan. Bullet", iVO. 

62, U. S. Geol. Survey, 1890, pp. 137, 166,203; see also p. 177. . ' ~ 
F. L. RANSOME. Eruptive rocks of Point Bonita, Cal., Bulletin, Dept. Geol., UlllV. Oal., vol. 1, pp. il-l~4, 1893. . . 

. '. IN. H. WINCHELL. The origin of the Archean greenstones. Twenty-third Annlta( Repm·t, l'P· 4-30, 1894. The Ol'lgm of 
spherOIdal Basalt, Ame"ican Geologist, vol. xiv, pp. 321-326, 1894. . 

~ The reader will find further consideration of the greenstones and their origin in the chapter devoted to the pet,rographlc 
geology of the northern part of the state, as well as in that devoted to structural geology, vol. v. 
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greenstones about three-quarters of a mile west of Ely (No. 1789). There is, however no evidence that this is 
of the age of the granitic intrusions at the northwest side of White Iron lake. Petrogra~hically it is allied to some 
dikes that cut the greenstones on the Kawishiwi river, viz.: Nos. 416G, 417G, and 500G, and these are all so 
different from tbe Giant's range granitic mass that they cannot be considered, safely, as being apophyses from 
that mass. They are more likely to be of an earlier irruptive epoch. Contact rocks of the White Iron lake area 
of granite on the schists of the vicinity are Nos. 1117-1122. They are fine-grained but halo-crystalline and fresh, 
while th: rock (No. 1789) is ~ne-grained, t~ough ~orphyritic and 1Il uch altered, having an alliance with the quartz 
porphynes and felsytes, which are aSSOCIated With the greenstones, and which are seen as pebbles in the Stuntz 
conglomerate, and probably of the same date as those quartz porphyries. 

The acid porphyritic rock (No. 2095) here referred to is to he seen about three-fourths of a mile west from 
the Ely railroad station, on the conspicuous hills west of the creek and north and northwest from the cemetery. 
It appears inegularly in the country greenstone, but can be traced about a quarter of a mile, running about 
N. 300 E. It occupies a position and direction as if it entered openings along the jointage of the greenstone, 
in a coarse alternation with belts of the greenstone. In one place a small patch of the porphyry is detached, 
and is now embraced wholly in the greenstone, free from the rest, running down into a narrow crevice. This 
suggests that the greenstone is later, and involved the porphyry. On the other hand bits of the greenstone are 
involved in the porphyry transverse to the structure of the porphyry, instead of ooincident with it, and also 
transverse to the structure of the greenstone, indicating strongly that the greenstone pieoes have been derived 
from the greenstone on the intrusion of the granitic porphyry. And it is perhaps more probable stilI that 
neither of these rocks here acts as an intrusive on the other, but that the folding and truncation of the folds 
which the rocks have suffered, along with shearing, have brought them into contact. Similar phenomena are 
exhibited on the" burnt forties" near Tower, as described in the chapter on the Vermilion lake plate. Near Ely 
the porphyry is traceable for about fifty rods, appearing like a dike about twenty feet wide (or sometimes wider), 
running about N. 300 E. It both encloses and is enclosed by the adjoining greenstone. Its width varies from 
fifteen feet to fifty feet, and its course swings a little north and south. It runs out toward the east in a series 
of isolated white spots in the greenstone, which can be traced, with interruptions for thirty rods further. This 
action is much like the squeezing out of a fold which embraced a lot of quartz porphyry, followed by the 
truncation of both rocks by an irregular horizontal plane. Another appearance of what may be the same mass 
is near the centre of sec. 32; T. 63-12 (No. 2107). There is an extended range of granite with a quartz vein fifty 
feet or more in width, both running parallel with this, in S. W. M sec. 30, T. 63-12. 

The g1'eenstones at Ely. The greenstone formation, as seen at Ely, is a muoh altered and very ancient 
rock. It presents the same indefinite characters as elsewhere. Some of it is evidently fragmental, and some is 
irruptive, if not eruptive and effusive. Some years ago the writer described the rock seen in a small cut a few 
rods west of the depot at Ely* as a volcanic agglomerate, and since then this rock-cut has been reexamined and 
photographed. It is represented by plate U, figure 2, and plate V, figure 1. The rounded parts of which the 
rock almost wholly consists (No. 1510) are shown in these plates, but the darker green schist which surrounds 
them is not well indicated. The scale of darker schist is about half an inch thick, but it frequently forms con
siderably larger areas of irregular shape, and is also sometimes much coarser than the grain seen in the interiors 
of the rounded masses. It is apt to be the collecting place of calcite, "chalcedonic" silica, and of cubes of 
pyrite. The rounded masses are themselves divisible into an interior part (No. 1510), and a curiouslyamyg
daloidal periphyry (No. 1511). In the latter the substance of the rock is penetrated by tubes or pipe-like amyg
daloidal passages in which now is found a filling either of calcite or of chalcedonic silica. These tubes stand per
pendicular to the surfaces of the rounded masses, and are separated, on an average, about half an inch from 
their neighbors. They are not everywhere present, but they are so abundant as to make a marked distinction 
between the interior and the exterior of the masses. They are sometimes more than an inch in length, but 
most frequently are less than an inch. They do not enter, or but slightly, into the darker green schist, which is 
wrapped about the masses with its fibrous direction parallel to their surfaces. They are approximately circular 
or pipe-like, with a diameter of about two millimetres. Some of them, however, are a little zigzag, and rough
ened on their inner surfaces. This is revealed by fractures across them after the calcite has weathered out, which 
is the case in many instances. While these tubes are generally simple, and approximately round in section, they 
are not always so, but they flatten out for a short space and return again to pipe-stem shape, and sometimes they 
branch, or coalesce. 

In other places about lake Superior similar rounded masses have been noted in what is apparently the 
same greenstone, and they have been attributed to a crushing and shearing action exerted by dynamic forces 
upon a greenstone which was originally massive and crystaIJine.t But there are difficulties whi~h se~m to be at 
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'N. H. WINCHELL. The Rawishiwin agglomerate at Ely, Minn. American Geologist., vol. ix, pp. 35ff-:368: 1892. . 
tGEORGE H. WILLIAMS. The greenstone schist areas of the Menominee and Marquette regIOns of lHlChIgan. Bulletzn lYO. 

62, U. S. Geol. Survey, 1890, pp. 137, 166,203; see also p. 177. . ' ~ 
F. L. RANSOME. Eruptive rocks of Point Bonita, Cal., Bulletin, Dept. Geol., Umv. Cal., voL 1, pp. d-l~4, 1893. . . 
. tN. H. WINCHELL. The origin of the Archean greenstones. Twenty-third Annual Reporl, 1'1'.4-30,1894. The orIgm of 

spherOIdal Basalt, A me"ican Geologist, voL xiv, pp. 321-326, 1894. . 
~ The reader will find further consideration of the greenstones and t.heir origin in the chapter devoted to the petrographIC 

'geology of the northern part of the state, as well as in that devoted to structural geology, vol. v. 
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[The greenstones at Ely. 

opinion of the writer they are largely of pyro-clastic origin; that is to say, t~e ~aterials of which they are c?m
posed had origin in volcanic action, and that, whether tu~s, bombs, ash or hqUld.lava, they generall! came mto 

t t t C with the Archean ocean, and were by It greatly altered, chemlCally and mechamcally, often 
con ac a on e . . 11 t·ft db' 
reduced to a volcanic pulp, and generally distributed and often. char~cterIstlCa ! stra 1 e _ y Its waves and 
currents. In most cases they have snffered by stresses of dynamIC actlOn, a~~, bemg ~robab~y the oldest rocks 
of the earth's ernst, they have, as a group, been longest subjected to all the' dlsmtegratmg actlOn of atmospheric 

and other agents. ..' . 
These ovoid and spheroidal masses are a pecuhar feature of thIS great greenstone, whlChhas been seen in 

numerous places within the area of this plate, and particularly toward the west from Ely; and their nature and 
origin are problematical. They are described in thin section, microscopically, under the rock Nos. 1510 and 1511. 

Compare also rocks Nos. 1786 and 1788. 
There is at Ely a difference noticeable in this greenstone, between evidently massive dikes of original 

diabase and the chief mass of the greenstone. A branching dike or bleb of irruptive greenstone (No. 1786) is 
seen crossing the town site from northeast to southwest, appearing best on the very summit of the hill on which, 
in general, Ely is situated. Its outlines cannot be traced exactly because of earth-covering, but it is at least ten 
or fifteen feet wide, varying in direction as well as in dimension. Its contact with the siliceous and bouldery 
greenstone is exposed on the street near the Catholic church. This trap dike is homogeneous in color and grain. 
It is so altered that hornblende is its principal ferromagnesian mineral, and the feldspars are crowded with 
microscopic mineralizations of secondary origin. The dike separates so as to embrace parts of the greenstone, 
and it also encloses smaller pieces. It presents a noticeable contrast with the greenstone, which here is very 
coarsely and abundantly bouldery or agglomeratic. 

West from the depot, where this bouldery structure appears at the little cut already mentioned, a similar 
but finer greenstone spreads widely (No. 1788), and appears in other low knobs. This also has an eruptive aspect 
(at least outwardly) and a resemblance to the rock No. 1786, in patches. This rock, as it is followed along toward 
the" Lockhart" property, loses some of its evidently igneous characters. It has siliceous and epidotic (?) rounded 
and also angular grains, and, though apparently massive, there is an appearance of fragmental characters. It 
then terminates toward the west by abutting on a bouldery patch, in which the grain and substance of the 
massive (?) rock becomes finer, and then enters among the bombs and surrounds them, forming the dark green 
coating which envelops them as described at the rock-cut. A careful discrimination of the microscopic characters 
of the rocks (Nos. 1786 and 1788) here has an important bearing on their possible difference of origin, and hence 
on the origin of the ambiguous greenstone in general. 

The rock No. 1786 is plainly an intrusive basic rock of very old date. This is apparent by its appearance 
in the field. Microscopically its characters indicate a much altered diabase. The pyroxene is nearly obliterated 
-indeed the section examined has only one grain that seems to be a skeleton of an old idiom orphic (?) pyroxene. 
Throughout the skeletal remnant, coincident with partings which were probably at first the diallagic cleavage, 
epidote has been generated and now lies in bands which extinguish in consonance, the intervening bands being 
composed of secondary feldspar which extinguishes in part in consonance with larger feldspars that lie outside, 
and of calcite, while near the centre is an area that is nearly dark constantly between the nicols. The conspic
uous ferromagnesium mineral is hornblende, which is in elongated, small crystals whose cross sections are 
nearly perfect rhombs, occasionally composed of two individuals, with sharp and perfect prismatic cleavages and 
straight, prismatic outlines, but whose sections, cut parallel to the vertical axis, show the ends of the crystal as 
fibrous terminations without definite boundaries. These hornblendes have had two periods of growth, the last 
one being evinced by a colorless fringe about some of the cross sections of the otherwise brown crystals, the 
fringe eytinguishing with the body of the crystal. They are also irregularly intergrown and twinned, and they 
penetrate the boundaries of the secondary feldspars. 

The secondary feldspars are much like quartz, and can hardly be discovered to possess any cleavage. 
Quartz is also present, as well as calcite. The former has developed so as to embrace both epidote and horn
blende. The old feldspars are clouded with chlorite and other obscurities, and can barely be said to show still 
the albite twinning. They embrace both hornblende and epidote. There are spicules which appear to be apatite, 
and many highly refractive small grains of irregular shapes scattered about the section which are perhaps not 
epidote. 

The whole rock has been recrystallized, and quartz and calcite have entered it from without. Yet, it is a 
holocrystalline rock, and its minerals are evident both as to shapes and optic characters the hornblende being 
porphyritic. ' 

The rock No, 1788 is quite different, although when collected it was supposed to be similar to No. 1786, and 
as No. 1?86 demonstrates ~JY its dike-like action that it is an igneous rock, it was considered that No. 1788 might 
also be Igneous. On makmg microscopic eyamination, however, they seem not to be so allied. Rock No. 1788 is 
much more dec~yed, showing a considerable amount of calcite. It contains no porphyritic hornblendes, but a 
fine an~ often til~rous. ac:mol:te, or other amphibole, is abundant, especially in the areas of the old pyroxenes. 
~here 18 also a WIde dlstnbutlOn of small irregular grains of epidote like those mentioned in the description of 
No. 178('). There are multitudes of little feldspars, much smaller than in No. 1786, and there are remnants of 
~l~ feldspa~s now mostly occupied by a micro-granulitic mass of fresh feldspar grains, the original orientation 
Jemg suffiCIently preserved, in some cases, to show the change that has taken place. A small amount of quartz 
:an be seen to surround, occasionally, the small epidotes. The rock as a whole is quite similar to much that is 
mcluded under the term greenstone. 
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In going carefully over some greenstone knobs west from the Catholic church at Ely, a patch of greenstone 
breccia (No. 2092) appears in the intersti.ces between the agglomeratic shapes, cemented hy calcite. The frag
ments are numerous and angular, averagmg perhaps one-fourth or one-half inch. Such an appearance suggests 
the idea of a flow-breccia, on dry land, as the possible cause of the agglomeratic structure, rather than the 
hypothesis of bomb-projection by volcanoes and deposition in water. It is to he noted also that sometimes the 
agglomeratic forms are large and of irregular shapes, and their outlines do not apparently unite so as to enclose 
isolated individual masses. This constitutes a difficulty in the application of the homb hypothesis. The per
iphery of the bombs is not always amygdaloidal (No. 2093), but is sometimes finely specked with a white-weather
ing mineral iIi round spots as large as a pin-head. These pellets are finely granular, siliceous and gray. They 
multiply and coalesce toward the centre, forming the mass of the interior. "Phis belt is, in geueral, outside of a 
coarsely cavernous belt which is frequently interrupted (or wanting), and which is apparently the representative 
of the pipe-like amygdaloidal structure. 

North from Ely, near the lake, is a low knob of jaspilyte, showing the greenstone contorted with the jaspi
lyte. This also shows places where the greenstone element is originally mingled with the jaspilyte, and vice 
versa, but for the most part they are distinct. 

Westward from this point, but before reaching the boat-house, a gradual change comes over the rock, 
which becomes lighter-colored and more siliceous, resembling a very fine graywacke. It contains not only rounded, 
but:angular, bits of rock not much unlike the rest, embraced in the general mass (No. 2094), suggesting the 
structure of a breccia formed by pressure and shearing, from a stratified slate and fine graywacke. This rock is 
very fine, like felsyte, but is not porphyritic. 

West end of Long lalee. On the blunt, large point of land, S. E. 74 sec. 29, T. 63-12, may be seen an 
alternation of soft argillitic slates, fine and slippery (No. 2097), with others that are coarser grained (No. 2098), 
whose strike is about N. 45° E. The coarser rock appears to be the result of wastage from a rock like the white 
rock (No. 2(95), much pressed and sheared. On the little island, briefly described in the fifteenth annual 
report,* S. W. 74 sec. 29, is a form of the Stuntz conglomerate. The matrix is greenish and rather coarse 
(No. 2099), containing minute horn bIen des (?), and the pebbles are of differ
ent kinds, viz.: (1) Mostly of rock like No. 2095, sometimes containing a 
few quartz grains, making a quartz porphyry varying to (2) A non-quartz
iferous felsyte; (3) Quartz, but few pebbles seen; (4) Greenstone; (5) Horn
blende porphyry (No. 84W). This conglomerate gives place rather sud
denly to argillyte toward the south, yet the transition is marked by a distri
bution of pebbles for a few inches into the argillyte. It is therefore a true 
sedimentary transition. The argillyte runs in agreement still further east 
on the blunt point, and parallel to this sedimentary contact, the dip being 
80° toward the southeast, the conglomerate being on the northwest side 
of the island. Hence, in general it is legitimate to infer that about Long 
lake this schistose and slaty structure shows the direction of the bedding 
upon which it has been superimposed. This conglomerate is evidently the 
basal part of the Upper Keewatin. A photograph made here is reproduced 
in plate V, figure 2. 

This rock has been much sheared, and the pebbles all lie elongated 
in the direction of the schistosity. Some of them have been partly separ
ated or folded on themselves, showing re-entrant angles as they are exposed 
to the weathered surface, into which the materials of the matrix have been 
crowded. One of the most perfect exhibitions of this distortion, sketched 

FIG. 34. DISTORTED PEBBLE IN THE 
from this rock, is shown by figure 34. This shows plainly that when we BASAL CONGLOMERATE OF THE 
know that we have to do with a conglomerate, such changes of form have tak- UPPER KEEWATIN. 

8? place, and re-entrant loops formed by shearing. Such irregularity of form . 
is common in the bouldery greenstone, and has sometimes been an obstacle to the idea of fragmental a?cUmulatIOn. 

From this island toward the southwest is a bluff on the mainland, consisting of a fine and SIlIceous green
st?ne (No. 2101) or gree~wacke. It is firm a~d siliceous, but on the bald, weathered cliff it cannot be distin
guished easily, if at all, from the agglomerate-conglomerate of the greenstone. There are no bou:dery masses 
with amygdaloidal peripheries, but the rock is rough, and in places very fine-grained, resemblmg t~e fine 
graywackes, such rock running in belts of a few inches in width, suggesting the argilliti? ~spects of t.he Island. 
On freshly openedjointage planes, as formed by slides at the shore, this rock presents a stnkmg as~ect; It. appears 
to be a coarse fragmental, either a conglomerate or breccia, probably the latter. Some o~ the eVIdent p.lec~s are 
eight to ten inches in longer diameter, but do not differ essentially from the surroundmg rock. It mdlCates 
great dynamic fracturing and pressure. 

Rising in the midst of this is a small area of apparently crystalline granitic rock (No. 2102), pe:~aps a for~ 
of No. 2095, but not porphyritic, though quartzose, which can be traced only about a rod. Its pOSItion here IS 
also perhaps due to dynamic fracture and displacement. 

Other islands further north are also elongated with the strike of the formation, although composed of an 
indefinite greenston~ and presenti~g a similar brecciated exterior. A high greenstone range (No. 2103) appears 
in N. E. 74 s. E. Xi sec. 30, T. 63-12, opposite the foregoing islands at the shore. 

* A. WlNQHlIILL. Fifteenth -4 nnual Repo,.t, pp. 53-54. 
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[Auriferous quartZ'ye~. 

Traverse from the green schists to the granIte,' 

A small island, near the point N. W. ~4 S. w. M sec. ~9, T. 63-1~, consists of a gray sub crystalline rock, ,'" 
(No. 2104), a condition of the prevalent greenstone of the regIOn, bu.t lymg too fat: north to be.long to .t~~ main 
high rallO·e. In outward appearance this approximates gabbro, but lS probably a dwryte. Schlsts, Sel'lCltlC and 
flinty, oc~Upy the lake shore westward from this islalld (Nos. 2~05, ~106). . 

The celebrated location on sec. 30, T. 63-11, shows much ]aspllyte exposure, fornnng a general belt about 
east and west. This belt is composed of interrupted abrupt ridges which have an east-no.rtheast dire?tion. The 
surrounding greenstone is so~ewhat agglomeratic, but llot conspicuousl~ so. The. are lS not br~cCIated,. as at' 
Ely, but massive, as at Tower. The hematite forms a secondary cemelltmg matenal for a breCCIa of red and 
brown jaspilyte. The jaspilyte itself is earlier than the or.e, and :vas. much sh.attered; ?n the other hand, at 
Ely the ore is the jaspilyte breccia, and at Tower the are IS the Jaspllyte. Thls may mdlCate two epochs of ore 
formation in these jaspilyte masses. -

The high ridge which lies immediately south of the town site of Ely consists apparently entirely of green-
stone with many spots and nodules and pseudo-veins of epidotic rock (No. 2113). It is often very fine-grained 
and siliceous, but not distinctly bouldery. The ridge descends to a great rocky valley toward the south which 
has another similar ridge on the south. 

West from Long lake, but south from the quartz vein described below, are large ridges of greenstone 
running nearly east and west. At the N. E. ~ S. E. M sec. 36, T. 63-13, this rock has an outer weathered sur
face bl~tched 'by original sub angular forms (No, 2125), the difference in color being due largely to variation in the 
frequency of the hornblendes, which are large and conspicuous, both in the boulders and in the matrix. On the 
north side of this ridge is argillyte, nearly vertical, but dipping to the southeast so as to pass under the main ridge; 
The matrix of these sub-angular masses is rather homogeneous and apparently a sheared igneous rock of dioritic· 
character (plate W, figures 1 and 2). 

At the extreme northeast corner of sec. 36, T. 63-13, is a belt of jaspilyte, traceable for about a mile. This 
jaspilyte blends with the country rock, producing an intermediate phase, a siliceous greenstone (No. 2126). At 
this place the whole formation has that irregularity which has been called freq uently bouldery, i. e., it is blotched " 
in the same way, and the grayish and greenish jaspilitic silica surrounds the masses. 

Ann/erons qnal'tz vein. At the west end of Long lake, S. W. M S. W. M sec. 30, T. 63-12, is a conspicuous 
display of quartz and granite, the former carrying gold. An average sample selected from the dump, assayed 
by F. F. Sharpless, gave $8.64. Some casual working has been done on this vein, and numerous assays show, 
according to the statement of Mr. McIntosh, one of the owners, an average of over $10.00 per ton. The vein is 
traceable about an eighth of a mile, a little north of east, with an irregular width reaching a maximum of about 
eighty feet. It accompanies a granite dike. The ore is not abundant, but is in irregular streaks in the quartz. 

Tnwersefrom the green schists to the granite, etc. At the northwest corner of Long lake a traverse was 
made due north to Burntside lake for the purpose of observing the manner of transition from the green schists 
and argillytes to the crystalline schists and grani tes seen at Burntside lake. The region is largely moss and timber
covered, rendering it impossible to observe the exact relations of the changing rock. 

Along the shore of the lake, north from the mouth of the river, and on so~e small i~lands, can be noted a 
change coming on gradually in the aspect of the rock. It has a rigidness and a long, fibro-Iamellar structure, 
though still green. At the point of leaving Long lake the rock is a greenish, more firm, sub-crystalline condition 
of the same roc;k (No. 2114). At about thirty rods from the lake, and forty or fifty feet above it, the rock is more 
coarsely crystalline, with hornblendic crystals (No. 2115). At eight rods further north it is finely porphyritic, 
with feldspar in spots, and in places it weathers red (No. 2116). At eight rods further north is a compact, dark 
green rock, not plainly crystalline (No, 2117). At nine rods further north, the rock is much like the last, but 
coarser and somewhat crystalline, No. 2118). At nine rods still further north, just at the southern brow ofthe 
main hill, the rock is very tough, lighter weathering, showing a phase of the regional metamorphism of the 
greenstone-a crystalline rock, light green in color, a dioryte (No. 2119). At the top of the same hill, about 200 
feet above the lake, the rock is somewhat coarser, but otherwise like the last (No. 2120). Nos. 2119 and 2120 are 
quite similar to rock No. 2104, which constitutes a small island in the lake at the western end, noted above. At 
one-half mile from Long lake a dike of reddish granite (No. 2121) two inches wide is encountered on pulling off 
the moss, running with the structure about east and west. The country rock is somewhat micaceous. At twenty 
rods still further north the country rock is a coarse hornblende schist (No. 2122'. At the top of the hill south 
from Burntside lake, at 100 feet (±) above that lake, and perhaps fifteen rods from it, the underlying rock is mica 
and hornblende schist (No. 2123), these minerals irregularly alternating in a schistose manner. This occurs after 
passing considerable granite. At the south shore of Burntside lake is granite (No. 2124). 

. This traverse .affords a very interesting section. It shows the greenstone changing gradually, under 
regIOnal metamorphIsm, to a hornblendic rock or dioryte, which is in places micaceous. There is also, at the 
POl~~s observed, a mica-schist foliation parallel with the known sedimentary structure, a fact which has been 
venJied at other places where the original sedimentary banding was evident. 

There is, for the most part, a rather abrupt transition from the Keewatin in this aFea to the eruptive 
gr~nite of White Iron lake. The belt of mica schist which usually separates them is narrow and not conspicuous. 
It IS only known about the north end of White Iron lake. It is supposed to extend westwardly for a few IlJ,i1ElS, 
as represented on ~he plate, and may be much larger than is shown.. There is, besides, a more odess interrupted i 

patch or belt ~f mlca sc~ists, not represented on the plate, which extends rather irregularly about the west and .' 
~.orthwest e.nvnons of Blrc.h lake, illustrated by rock Nos. 958 and 958A. This schist is greatly affected byintru~:. 
slOns of baSIC as well as aCId rock, and occurs frequently as isolated bunches, sometimes of small size, but closely 
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Traverse from the green schists to the gralll·te,' 

A small island, near the point N. W. ~4 S. w. ~ sec. 29, T. 63-12, consists of a gray subcrystalline rock. ' 

(N 210 ') . ndition of the prevalent greenstone of the region, but lying too far north to belong to the ma,itt 
o. " ,a co . b bl d' t S h' t ... high range. In outward appearance this approximates gabbro, but IS pro a ya lOry e. C IS s, seflcltIc and 

flinty, occupy the lake shore westward from this island (Nos. 2~05, ~106). . 
The celebrated location on sec. 30, T. 63-11, shows much JasPllyte exposure, formmg a general belt about 

east and west. This belt is composed of interrupted abrupt ridges which have an east-no.rtheast dire~tion. The 
surrounding greenstone is somewhat agglomeratic, but not conspicuousl~ so. The. ore IS not br~cclated,. as at' 
Ely, but massive, as at Tower. The hematite forms a secondary cementmg materIal for a breCCIa of red and 
brown jaspilyte. The jaspilyte itself is earlier than the or.e, and :vas. much sh.attered: ?n the other hand, at 
Ely the ore is the jaspilyte breccia, and at Tower the ore IS the Jaspllyte. ThIS may mdICate two epochs of ore 
forma tion in these j aspilyte masses. 

The high ridge which lies immediately south of the town site of Ely consists apparently entirely of green-
stone with many spots and nodules and pseudo-veins of epidotic rock (No. 2113). It is often very fine-grained 
and siliceous, but not distinctly bouldery. The ridge descends to a great rocky valley toward the south which 
has ano ther similar ridge on the south. 

West from Long lake, but south from the quartz vein described below, are large ridges of greenstone 
running nearly east and west. At the N. E. ~ S. E. .~ sec. 36, T. 63-13, this rock has an outer weathered sur
face blotched by original subangular forms (No. 2125), the difference in color being due largely to variation in the 
frequency of the hornblendes, which are large and conspicuous, both in the boulders and in the matrix. On the 
north side of this ridge is argillyte, nearly vertical, but dipping to the southeast so as to pass under the main ridge; 
The matrix of these sub-angular masses is rather homogeneous and apparently a sheared igneous rock of dioritic' 
character (plate W, figures 1 and 2). 

At the extreme northeast corner of sec.36, T. 63-13, is a belt of jaspilyte, traceable for about a mile. This 
jaspilyte blends with the country rock, producing an intermediate phase, a siliceous greenstone (No. 2126). At 
this place the whole formation has that irregularity which has been called freq uently bouldery, i. e., it is blotched " 
in the same way, and the grayish and greenish jaspilitic silica surrounds the masses. 

AUr1jero'Us quartz 'vein. At the west end of Long lake, S. W. ~ S. w. 7.:i: sec. 30, T. 63-12, is a conspicuous 
display of quartz and granite, the former carrying gold. An average sample selected from the dump, assayed 
by F. F. Sharpless, gave $8.64. Some casual working has been done on this vein, and numerous assays show, 
according to the statement of Mr. McIntosh, one of the owners, an average of over $10.00 per ton. The vein is 
traceable about an eighth of a mile, a little north of east, with an irregular width reaching a maximum of about 
eighty feet. It accompanies a granite dike. The ore is not abundant, but is in irregular streaks in the quartz. 

TnwcTSC from the green schists to the gra.nite, etc. At the northwest corner of Long lake a traverse was 
made due north to Burntside lake for the purpose of observing the manner of transition from the green schists 
and argillytes to the crystalline schists and granites seen at Burntside lake. The region is largely moss and timber
covered, rendering it impossible to observe the exact relations of the changing rock. 

Along the shore of the lake, north from the mouth of the river, and on some small islands, can be noted a 
change coming on gradually in the aspect of the rock. It has a rigidness and a long, fibro-Iamellar structure, 
though still green. At the point of leaving Long lake the rock is a greenish, more firm, sub-crystalline condition 
of the same rock (No. 2114). At about thirty rods from the lake, and forty or fifty feet above it, the rock is more 
coarsely crystalline, with hornblendic crystals (No. 2115). At eight rods further north it is finely porphyritic, 
with feldspar in spots, and in places it weathers red (No. 2116). At eight rods further north is a compact, dark 
green rock, not plainly crystalline (No. 2117). At nine rods further north, the rock is much like the last, but 
coarser and somewhat crystalline ,No. 2118). At nine rods still further north, just at the southern brow ofthe 
main hill, the rock is very tough, lighter weathering, showing a phase of the regional metamorphism of the 
greenstone-a crystalline rock, light green in color, a dioryte (No. 2119). At the top of the same hill, about 200 
feet above the lake, the rock is somewhat coarser, but otherwise like the last (No. 2120). Nos. 2119 and 2120 are 
quite similar to rock No. 2104, which constitutes a small island in the lake at the western end, noted above. At 
one-half mile from Long lake a dike of reddish granite (No. 2121) two inches wide is encountered on pulling off 
the moss, running with the structure about east and west. The country rock is somewhat micaceous. At twenty 
rods still further north the country rock is a coarse hornblende schist (No. 2122'. At the top of the hill south 
from Burntside lake, at 100 feet (±) above that lake, and perhaps fifteen rods from it, the underlying rock is mica 
and hornblende schist (No. 2123), these minerals irregularly alternating in a schistose manner. This occurs after 
passing considerable granite. At the south shore of Burntside lake is granite (No. 2124). 

. This traverse .affords a very interesting section. It shows the greenstone changing gradually, under 
regIOnal metamorphIsm, to a hornblendic rock or dioryte, which is in places micaceous. There is also, at the 
poi~~s observed, a mica-schist foliation parallel with the known sedimentary structure, a fact which has been 
yenned at other places where the original sedimentary banding was evident. 

There is, for the most part, a rather abrupt transition from the Keewatin in this aFea to the eruptive 
gr~nite of White Iron lake. The belt of mica schist which usually separates them is narrow and not conspicuous. 
It IS only Imown about the north end of White Iron lake. It is supposed to extend westwardly for a few llI,il~s, 
as represented on the plate, and may be much larger than is shown.. There is, besides, a more or less interrupt~d :. 
patch or belt ~f mica schists, not represented on the plate, which extends rather irregularly about the west and 
~orthwest e.nvll'ons of Birc.h lake, illustrated by rock Nos. 958 and 958A. This schist is greatly affected by intru~;. 
SlOns of basIC as well as aCId rock, and occurs frequently as isolated bunches, sometimes of small size, but closely 
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grouped, surrounded by granitic rock. Very much of the dark mineral which gives character to the rocks ab t 
the west end of Birch lake i~ hornble~de (Nos. \l71-975), and the rock here is to be considered a phase of ~~e 
massive rather than of the schIstose portIOn of the Kawishiwin. 

White hon lalee. At the rapids, at the outlet of White Iron lake, a siliceous mica schist, cut at the lake 
level by an east and west dike, contains magnetic jaspilyte, the structure standing nearly vertical and the rock 
contains garnets a~ well as pyrite. rrhis ferriferous belt extends hoth eastward and westward. 'It appears on 
Garden lake, and IS perhaps the same that extends through sec. 30, T. 63-11, and to Ely, where it furnishes the 
iron of several mines. At the same time there are known exposures of jaspilyte further south, some of them not 
far from the northern limit of the granite in T. 62-12. Indeed, the rather fortuitous distribution of the deposits 
of iron are in the greenstones and in their derivatives, the mica schists, makes it impossible to trace them far, and 
rather impels to the idea that they cannot be stratigraphically collated, inter 86, and that the only grouping 
that can be warrantably offered is to state simply that they are scattered through the Kawishiwin Archean, 
without observable order. 

The syenyte along the west side of White Iron lake, in sec. 6, T. 62-11, is represented by No. 952, which is 
coarse, weathers red, in massive domes, like an irruptive rock, and on the east side of the lake (about centre of 
sec. 12, T. 62-12) is in contact with an old basic irruptive (Nos. 1128,1131), similar to that mentioned at the 
northwest end of Birch lake. Such intrusion of this acid rock into dark hornblendic rock is common along the 

• west side of White Iron lake and north of Long lake. It is possible that this hornblendic massive rock is only 
the contact phase of the greenstone. Indeed, its relation to the granitic rock of the region is the same as that of 
the greenstone to the granite. The greenstone in general is the oldest rock known in the region, or in the state. 
But whether the fragmental part or the distinctly massive is the older, there is as yet no warrant other than 
hypothesis for saying. Of course, the dikes that cut the greenish graywacke, as at Ely (No. 1186), are younger, 
but these dikes are not known to be of the age of the great greenstone of the Kawishiwin. 

Birch laJce and vicinity. The shores of Birch lake are partly in the gabbro and partly in granite. On the 
east side of Birch lake, about N. W. 3i of sec. 20, T. 61-11, is a perpendicular bluff of coarse gabbro, rising about 
thirty-two feet above the lake, having large rhomboidal fallen masses lying at the foot. It faces west, and shows 
on the perpendicular wall a coarse-bedded structure, brought out by the grooves that run across the wall prod uced 
by unequal weathering. These dip toward the south at an angle of forty degrees from the horizon, the large 
grooves being from three to five feet apart, but sometimes having more frequent finer ones between them. 

These grooves are due to the weathering out of a mineral which happens to have been more abundant in 
these lines, compared to the other minerals, than in the rest of the rock. This same mineral is found throughout 
the rest of the rock, though not arranged in gneissic order, and its more rapid disintegration causes numerous 
small pits over the weathered surface. On making examination of this rock in thin section (rock No. 954) it 
presents a beautiful illustration of an olivine gabbro with biotite. The apparent bedded structure of the face of 
the cliff is caused by the more rapid decay of the olivine, which lies in greater abundance along certain lines. 

At about the section line between secs.29 and 30, T. 61-11, on the south shore, is another perpendicular 
bluff of gabbro. Indeed, numerous nearly perpendicular bluffs, from thirty to fifty feet high, made of this rock, 
appear at the shore throngh section 30, while on the north shore they are gradually ascending from the water 
level. This is owing to the prevalent dip of the main structural planes of the gabbro being toward the south, or 
sou the aster ly. 

A curious fact is the quick change in the character of the boulders, as the character of the underlying 
rock changes. In the syenyte region they are mainly of syenyte, but where the gabbro begins they immediately 
become almost wholly of gabbro. The decaying olivine gives a pitted surface to nearly all of the boulders. 

Some of the syenyte (or granite) seen in boulders in sec. 26, T. 61-12, has the appearance of gneissic struc
ture, suggesting that part of it may have been derived from metamorphism of sedimentary rocks (No. \l55). It 
is dark-colored, the crystals are imperfectly formed, and crowded, and much finer than in the syenyte mentioned 
seen at White Iron lake. Other parts (seen in boulders in section 26) are chloritic and dark-colored (No. 956), 
and some slabs appear like a micaceous quartzyte, but may be a somewhat changed olivine rock (No. \l57). 

The little point on the north shore, situated in the N. E. 3i of the S. E. 74 of sec. 21, T. 61-12, consisting of 
a breccia of mica schist cemented by granite (No. 958), shows the manner of contact. The granite goes generally 
in aU directions, embracing the mica schist, and also appears as isolated masses. It also runs parallel to the 
schistose structure, producing a bedded gneiss, which dips about west 75° from the horizon. This is the same 
as the mica schist and interbedded granite seen on the north side of Vermilion lake. No. 958A shows some of 
this mica schist, while No. 958B shows the nature of a narrow vein or "dike" of the granite, and the full width 
of it (about one-fourth of an inch), beyond which it continues, but gradually diminishes to a needle point, and 
vanishes in the schist. It is hard to understand how a true igneous dike could thus fade out. It seems to 
disappear because the mica gradually prevails over the other minerals and converts it into mica schist, which 
itself seems to contain o'nly the minerals seen in the granite. . ' . 

Through the western part of sec. 22, T. 61-12, on the north shore, only the igneous lookmg, co~rse-Jomted 
syenyte can be seen. It is coarsely crystalline, has a bedding structure similar to what can .be seen m the tr~p
rocks of lake Superior, but in the eastern part of the section a fine-grained, red-weathenng bedded gral1lte 
appears, both near the shore and also in a bluff at some rods from the shore. The bluff that faces the lake has 
the appearance of being an old wall of masonry, the rough, thin layering appearing about as distinct as the 
Courses in a rubble wall when pointed with mortar by the mason and smoothe~ by th.e trow~l. ?he beds. are 
from four to eight inches thick, and dip easterly about 5° from the horizon. ThIS gral1lte, whIch IS fine-gramed 
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grouped, surrounded by granitic rock. Very much of the dark mineral which gives character to the rocks about 
the west end of Birch lake i~ hornble~de (Nos. 971-975), and the rock here is to be considered a phase of the 
massive rather than of the schIstose portIOn of the Kawishiwin. 

White hon lalee. At the rapids, at the outlet of White Iron lake, a siliceous mica schist, cut at the lake 
level by an east and west dike, contains magnetic jaspilyte, the structure standing nearly vertical, and the rock 
contains garnets a~ well as pyrite. This ferriferous belt extends hoth eastward and westward. It appears on 
Garden lake, and IS perhaps the same that extends through sec. 30, T. 63-11, and to Ely, where it furnishes the 
iron of several mines. At the same time there are known exposures of jaspilyte further south, some of them not 
far from the northern limit of the granite in T. 62-12. Indeed, the rathm' fortuitous distribution of the deposits 
of iron ore in the greenstones and in their derivatives, the mica schists, makes it impossible to trace them far, and 
rather impels to the idea that they cannot be stratigraphically collated, inter S6, and that the only grouping 
that can be warrantably offered is to state simply that they are scattered through the Kawishiwin Archean, 
without observable order. 

The syenyte along the west side of White Iron lake, in sec. 6, T. 62-11, is reprBsentBd by No. 952, which is 
coarse, weathers red, in massive domBs, like an irruptiVB rock, and on thB Bast sidB of the lakB (about centre of 
sec. 12, T. 62-12) is in contact with an old basic irruptive (Nos. 1128,1131), similar to that mentioned at the 
northwest end of Birch lake. Such intrusion of this acid rock into dark hornblendic rock is common along the 
west side of WhitB Iron lake and north of Long lakB. It is possible that this hornblendic massive rock is only 
the contact phase of the greenstone. Indeed, its relation to the granitic rock of the region is the same as that of 
the greenstone to the granite. The greenstone in general is the oldest rock known in the region, or in the state. 
But whether the fragmental part or the distinctly massive is the older, there is as yet no ~varrant other than 
hypothesis for saying. Of course, the dikes that cut the greenish graywacke, as at Ely (No. 1186), are younger, 
but these dikes are not known to be of the age of the great greenstone of the Kawishiwin. 

BiTCh lalee and vicinity. The shores of Birch lake are partly in the gabbro and partly in granite. On the 
east side of Birch lake, about N. W. 3i of sec. 20, T. 61-11, is a perpendicular bluff of coarse gabbro, rising about 
thirty-two feet above the lake, having large rhomboidal fallen masses lying at the foot. It faces west, and shows 
on the perpendicular wall a coarse-bedded structure, brought out by the grooves that run across the wall produced 
by unequal weathering. These dip toward the south at an angle of forty degrees from the horizon, the large 
grooves being from three to five feet apart, but sometimes having more frequent finer ones between them. 

These grooves are due to the weathering out of a mineral which happens to have been more abundant in 
these lines, compared to the other minerals, than in the rest of the rock. This same mineral is found throughout 
the rest of the rock, though not arranged in gneissic order, and its more rapid disintegration causes numerous 
small pits over the weathered surface. On making examination of this rock in thin section (rock No. 954) it 
presents a beautiful illustration of an olivine gabbro with biotite. The apparent bedded structure of the face of 
the cliff is caused by the more rapid decay of the olivine, which lies in greater abundance along certain lines. 

At about the section line between secs.29 and 30, T. 61-11, on the south shore, is another perpendicular 
bluff of gabbro. Indeed, numerous nearly perpendicular bluffs, from thirty to fifty feet high, made of this rock, 
appear at the shore through section 30, while on the north shore they are gradually ascending from the water 
level. This is owing to the prevalent dip of the main structural planes of the gabbro being toward the south, or 
southeasterly. 

A curious fact is the quick change in the character of the boulders, as the character of the underlying 
rock changes. In the syenyte region they are mainly of syenyte, but where the gabbro begins they immediately 
become almost wholly of gabbro. The decaying olivine gives a pitted surface to nearly all of the boulders. 

Some of the syenyte (or granite) seen in boulders in sec. 26, T. 61-12, has the appearance of gneissic struc
ture, suggesting that part of it may have been derived from metamorphism of sedimentary rocks (No. 955). It 
is dark-colored, the crystals are imperfectly formed, and crowded, and much finer than in the syenyte mentioned 
seen at White Iron lake. Other parts (seen in boulders in section 26) are chloritic and dark-colored (No. 956), 
and some slabs appear like a micaceous quartzyte, but lDay be a somewhat changed olivine rock (No. 957). 

The little point on the north shore, situated in the N.E. 74: of the S. E. 7.:1 of sec. 21, T. 61-12, consisting of 
a breccia of mica schist cemented by granite (No. 958), shows the manner of contact. The granite goes generally 
in aU directions, embracing the mica schist, and also appears as isolated masses. It also runs parallel to the 
schistose structure, producing a bedded gneiss, which dips about west 75° from the horizon. This is the same 
as the mica schist and interbedded granite seen on the north side of Vermilion lake. No. 958A shows some of 
this mica schist, while No. 958B shows the nature of a narrow vein or "dike" of the granite, and the full width 
of it (about one·fourth of an inch), beyond which it continues, but gradually diminishes to a needle point, and 
vanishes in the schist. It is hard to understand how a true igneous dike could thus fade out. It seems to 
disappear because the mica gradually prevails over the other minerals and converts it into mica schist, which 
itself seems to contain only the minerals seen in the granite. . ' . 

Through the western part of sec. 22, T. 61-12, on the north shore, only the igneous lookmg, co~rse-Jomted 
syenyte can be seen. It is coarsely crystalline, has a bedding structure similar to what can .be seen m the tr~p
rocks of lake Superior, but in the eastern part of the section a fine-grained, red-weathenng bedded gramte 
appears, both near the shore and also in a bluff at some rods from the shore. The bluff that faces the lake has 
the appearance of being an old wall of masonry, the rough, thin layering appearing about as distinct as the 
COurses in a rubble wall when pointed with 1D0rtar by the mason and slDoothe~ by th.e trow~l. ?he beds. are 
from four to eight inches thick, and dip easterly about 5° from the horizon. ThIS gramte, whIch IS fine-gramed 
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and micaceous extends eastward from the S. E. :>4 of sec. 22, T. 61-12, and is represented by No. 959. The figure 
herewith (figu;e 35) shows three successive outcrops of granite. A occurs on the point in section 21, already 
mentioned. B is about three-quarters of a mile further east, and C is on the S. E. Xi: of sec. 22. There are 
three different types. It is yet to be ascertained whether their genesis is the same. Rock No. 961 shows the 
contact between the coarse syenyte like No. 953 as it occurs near the southwest corner of sec. 24, T. 61-12, and 

the granite Nos. 955 and 959. 

FIG. 35. SHOWING THREE STRUOTURAL TYPES OF SYENYTE. 

Sometimes in the porphyritic syenyte are bands of fine-grained syenyte, running like dikes. Sometimes 
bands of coarse granite, or granulyte (i. e., orthoclase and quartz), run in the same manner. These last may be 

of chemical origin. 
The relations of these different kinds of syenyte, and of granite, are expressed by figure 36, which was 

sketched from the bluff at the S. E. 74: of sec. 22, T. 61-12. 
Rock No. 964 shows a coarse syenyte, lying on No. 965, apparently conformably. No. 964A is from a vein 

(or dike) of fine granular granite, six inches wide, running across the bedding of No. 964 and blending with No. 
965. No. 964B is mica schist, a condition of No. 964A in small patches. In No. 964A is a central band of ortho
clase and quartz, about half an inch wide, running parallel with the sides and fading out in about four feet. 

Rock No. 965 is fine-grained granite in bedded regular dip E. 30°. No. 965A is from a vein (or dike) of 

coarse syenyte running zigzag in No. 965. 
Rock No. 966 is the lower coarse syenyte. This rises toward the left so as to appear to have been uncon-

formable under No. 965. 
It might be presumed that the massive rock (Nos. 966 and 9(4) wherever it occurs in this county is igneous. 

and No. 965 is of sedimentary origin. The above figure, however, with the veins that run from No. 965 to No. 
964, and similar veins seen in the coarse syenyte in numerous other places, seem to indicate that these rocks 
have a common origin. The fact that No. 965 becomes gneissic with mica, and alternates with mica schist, thus 
apparently parallelizing the granite in the northwestern part of Vermilion lake, indicates a similarity of genesis and 
perhaps of age. What relation this has to the granite seen cutting the doleryte on the west side of White Iron 
lake is uncertain, but this seems to be a portion of the same general area. On the north shore of Birch lake the 
facts, so far as seen, indicate that the gabbro is later than the granite. 

FIG. 36. SUPERPOSITION IN SYENYTE MASSES. 

On the S. W. ;\4 of sec. 24, T. 61-12, about a quarter of a mile east of the line dividing the syenyte from 
the gabbro, is a low ridge, about fifteen rods from the shore, composed of a ferruginous olivine rock which is 
magnetic, and really constitutes an olivinitic iron ore (No. 9(0). The rock appears under the moss and trees in 
irregular loose pieces, evidently in place. The iron in this ore gave (when the fine-grained portions were analyzed 
by themselves) 54.1 per cent. It contains no titanium and no chromium. When the coarser crystalline parts 
were examined by themselves the iron amounted to 51.30 per cent., without titanium and chromium. This rock 
is the same as No. 1138, which was obtained from the same place by Dr. Wadsworth. Large boulders of the 
same ore are on the beach near this place. 

There has been some attempt to exploit this locality for iron ore, but no important economic result followed. 
T.he sh~fts sunk were shallow, not exceeding forty feet, and penetrated the lower member of the Animikie ('I). 
dIS~lo~l~g m~re or less of magnetic iron ore scattered through an olivinitic quartzose rock. This member of the 
~l1lmlkle vanes .much according to its original composition and the completeness of the recrystallization to which 
It has been SUbjected by the heat of the gabbro. It is illustrated by several numbered rock samples-as Nos. 
960,402H, 404H-which represent it in its crystalline state. It extends eastward with more or less of mag
n~tite, and.has be.en wrought at several points in an exploratory way. The recent exploration known as the Gun
flint ~ake ;ron mllle, near Akeley lake, was in the same stratum. The peculiar lithology of this stratum will be 
descnbed III another place. It is the formation which, at several points, has been mentioned by geologists as 
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and micaceous extends eastward from the S. E. :>4 of sec. 22, T. 61-12, and is represented by No. 959. The figure 
herewith (figu;e 35) shows three successive outcrops of granite. A occurs on the point in section 21, already 
mentioned. B is about three-quarters of a mile further east, and C is on the S. E. ki: of sec. 22. There are 
three different types. It is yet to be ascertained whether their genesis is the same. Rock No. 961 shows the 
contact between the coarse syenyte like No. 953 as it occurs near the southwest corner of sec. 24, T. 61-12, and 

the granite Nos. 955 and 959. 

FIG. 35. SHOWING THREE STRUOTURAL TYPES OF SYENYTE. 

Sometimes in the porphyritic syenyte are bands of fine-grained syenyte, running like dikes. Sometimes 
bands of coarse granite, or granulyte (i. e., orthoclase and quartz), run in the same manner. These last may be 

of chemical origin. 
The relations of these different kinds of syenyte, and of granite, are expressed by figure 36, which was 

sketched from the bluff at the S. E. 74: of sec. 22, T. 61-12. 
Rock No. 964 shows a coarse syenyte, lying on No. 965, apparently conformably. No. 964A is from a vein 

(or dike) of fine granular granite, six inches wide, running across the bedding of No. 964 and blending with No. 
965. No. 964B is mica schist, a condition of No. 964A in smal1 patches. In No. 964A is a central band of ortho
clase and quartz, about half an inch wide, running paral1el with the sides and fading out in about four feet. 
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coarse syenyte running zigzag in No. 965. 
Rock No. 966 is the lower coarse syenyte. This rises toward the left so as to appear to have been uncon-

formable under No. 965. 
It might be presumed that the massive rock (Nos. 966 and 964) wherever it occurs in this county is igneous, 

and No. 965 is of sedimentary origin. The above figure, however, with the veins that run from No. 965 to No. 
964, and similar veins seen in the coarse syenyte in numerous other places, seem to indicate that these rocks 
have a common origin. The fact that No. 965 becomes gneissic with mica, and alternates with mica schist, thus 
apparently paral1elizing the granite in the northwestern part of Vermilion lake, indicates a similarity of genesis and 
perhaps of age. What relation this has to the granite seen cutting the doleryte on the west side of White Iron 
lake is uncertain, but this seems to be a portion of the same general area. On the north shore of Birch lake the 
facts, so far as seen, indicate that the gabbro is later than the granite. 

FIG. 36. SUPERPOSITION IN SYENYTE MASSES. 

On the S. W. X of sec. 24, T. 61-12, about a quarter of a mile east of the line dividing the syenyte from 
the gabbro, is a low ridge, about fifteen rods from the shore, composed of a ferruginous olivine rock which is 
magnetic, and really constitutes an olivinitic iron ore (No. 960). The rock appears under the moss and trees in 
irregular loose pieces, evidently in place. The iron in this ore gave (when the fine-grained portions were analyzed 
by themselves) 54.1 per cent. It contains no titanium and no chromium. When the coarser crystalline parts 
were examined by themselves the iron amounted to 51.30 per cent., without titanium and chromium. This rock 
is the same as No. 1138, which was obtained from the same place by Dr. Wadsworth. Large boulders of the 
same ore are on the beach near this place. 

There has been some attempt to exploit this locality for iron ore, but no important economic result followed. 
T.he sh~fts sunk were shal1ow, not exceeding forty feet, and penetrated the lower member of the Animikie (7), 
dls~lo~l~g m~re or less of magnetic iron ore scattered through an olivinitic quartzose rock. This member of the 
~nmllkJe vanes much according to its original composition and the completeness of the recrystallization to which 
It has been SUbjected by the heat of the gabbro. It is illustrated by several numbered rock samples-as Nos. 
960,402H, 404H-which represent it in its crystalline state. It extends eastward with more or less of mag
n~tite, and.has be.en wrought at several points in an exploratory way. The recent exploration known as the Gun
flint ~ake :ron mille, near Akeley lake, was in the same stratum. The peculiar lithology of this stratum will be 
descnbed III another place. It is the formation which, at several points, has been mentioned by geologists as 
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"actinolite-magnetite schist." Along with very varying amounts of actinolite the rock contains more olivine 
some augite, frequently diallage, occasionally enstatite, and hornblende, and in many places the polysyntheti~ 
twinning indicates that, as claimed by Lane and Sharpless,* the mineral called actinolite is nearer grlinerite while 
its chemical composition is near cummingtonite. . , 

At another point on the beach, about a quarter of a mile further west, is a small exposure of granulitie 
gabbro (No. 962), the rock being dark-colored, the augite being replaced, apparently to a large extent, by mica 
and the olivine being rusty. Very near this place, but lying to the west of it, and indeed almost in contact with 
it, is a large mass of fine-grained granite, and such stone makes the boulders of the beaeh. This must be very 
l1ear the contact line, as these large pieces form almost a continuous roek surface, broken only by opened .iointage 
and covered somewhat by smaller blocks. 

The point at the section line between secs, 23 and 24, T. 61-12, on the north side of Birch lake, is made of 
porphyritic syenyte, like No. 953, but a little east of the point, a few rods back in the woods, is a small ridge of 
fine-grained red syenyte, resembling the" red rock" back of Grand Marais. It is represented by No. 963, and it 
Jies in a position similar to that of the fine-grained rock No. 959. 

Mr. Grant examined the bay in secs. 21 and 16, T. 61-12. He found on the north side of see. 21 the rock 
No. 9a7, in the form of a vein (or dike) cutting coarse syenyte. It is evidently a decayed or changed syenyte, 
some of the hornblende having been replaced by an epidote-like mineral and some changed to a greenish-silvery, 
foliated, chlorite-like mineral, by far the greater part being rather coarse, pinkish orthoclase. At another point, 
north of the section line, on the west side of the bay, he met with a coarse syenyte cut by a two-inch vein of fine 
syenyte. This coarse syenyte shows the hornblende is passing to mica (see sample No. 918). In other places 
has been noticed a mingling of black mica with hornblende in the coarse syenyte. Sometimes, also, in the gabbro 
the olivine is embraced in the central part of the augite crystals. No. 968 represents the rock mentioned above, 
where hornblende is so associated with black mica that it seems to pass into it, the rock being cut by a two-inch 
vein, or band, of much lighter colored, or reddish, fine syenyte. Both rocks are very quartzose. 

An isolated rock, in place though, stands up in the water, in the bay, in the S. W. 7:J: of sec. 28, T. 61-12, 
exactly like the mixed mica schist and granite described on the point in the N. E. 34 of the S. E. 7:J: of sec. 21, 
T.61-12. It here dips N-N. W. 75° to 80°. 

A dark dike, eighteen inches wide, runs northeast, and shows on the face of the coarse 
syenyte, descending to the water, in the S. E. ;4 of sec. 29, T. 61-12. Sample No. 969 is so 
taken that it shows the contact with a thin transverse vein, that crosses this doleritic dike 
of feldspathic rock, which seems to have been deposited chemically in a fissure in the dike, 
as it is not connected with the adjoining syenyte. Figure 37, herewith, shows this. 

This dike, which consists almost wholly of hornblende where sketched above, changes 
gradually to mica schist (No. 970). No. 971 shows its contact with the wall of syenyte, the 
dike here being changed entirely to mica schist. 

This change in this dike seems to indicate that other local appearances of mica schist 
in this syenyte, such as that seen on the point in the S. E. 7:J: of sec. 21, T.61-12, may be 
ascribed to the changed condition of an igneous rock, such as this undoubtedly was. In 
this mica schist, thus changed from some igneous rock, there is a superabundance of mica, 
and the white ingredient is not certainly quartz. 

FIG. 37. 
FELDSP ATHIO VEIN 

CROSSING DOL
ERYTE. 

At a point a little further north from this dike, on the same section, is a promontory of gneiss, the rock 
being striped with the gneissic structure, the striping dipping south 85°, but being somewhat contorted. Some 
of this rock is fine-grained, hard quartzose, granite, and in it occasionally are nodules of mica schist, resembling 
the rock No. 970. This gneiss is represented by No. 972. 

This gneiss continues westward to the town-line between Ts. 61-12 and 61-13, but is rather less distinctly 
banded, or bedded, than a typical gneiss, and instead coarsely fibrous in a direction coincident with the supposed 
prevalent dip, the coarse bars or contorted sheets, whichever they may be styled, showing a striation, or schis
tose structure seen from different directions, and sometimes manifesting the same illusory dip as seen in the dark 
gneiss or mica schist, mentioned in the northwest part of Vermilion lake. As a gneiss it is very irregular. It is 
more correctly an irregular alternating of two rocks than a gneissic arrangement of minerals, though the latter 
structure can also be seen in some large patches. The rocks so alternating are syenyte, fine syenyte, fine granite, 
micaceous granite, and mica schist. 

On careful examination over contiguous and continuous surfaces, the mica in this rock can be seen to be 
replaced by hornblende, and then it becomes dark, firm and dioryte-looking, but still twisted and contorted with 
a light-weathering syenyte, and often mingled with a true granite of fine grain. In short, there seems to be a 
transition from mica schist, as before surmised, to hornblende schist, this change taking place according to the 
less or greater exposure and disintegrating action of the elements (compare No. 1134). . .. 

The manner in which this dark rock incloses parts of the lighter rock will allow of its bemg ongmally an 
igneous rock On the other hand, the manner in which the syenyte acts, with respect to the mica schist, seems 
also to allow of its having been an eruptive rock. 

- No. 973 shows this rock in its hornblendic aspects. These (two) specimens were obtained from near con-
tact with white-weathering, fine-grained mica granite, or gneiss, the latter being in strings, blocks and masses of 
all positions and shapes. 

'LANE :tnd SHARPLESS. Notes on Michigan minerals. Am •. To",·. 8ci. (3), xlii, p. 505, 1891. 
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and covered somewhat by smaller blocks. 

The point at the section line between secs. 23 and 24, T. 61-12, on the north side of Birch lake, is made of 
porphyritic syenyte, like No. 953, but a little east of the point, a few rods back in the woods, is a small ridge of 
fine-grained red syenyte, resembling the "red rock" back of Grand Marais. It is represented by No. 963, a~d it 
lies in a position similar to that of the fine-grained rock No. 959. 

Mr. Grant examined the bay in secs. 21 and 16, T. 61-12. He found on the north side of sec. 21 the rock 
No. 9d7, in the form of a vein (or dike) cutting coarse syenyte. It is evidently a decayed or changed syenyte, 
some of the hornblende having been replaced by an epidote-like mineral and some changed to a greenish-silvery, 
foliated, chlorite-like mineral, by far the gTeater part being rather coarse, pinkish orthoclase. At another point, 
north of the section line, on the west side of the bay, he met with a coarse syenyte cut by a two-inch vein of fine 
syenyte. This coarse syenyte shows the hornblende is passing to mica (see sample No. 918). In other places 
has been noticed a mingling of black mica with hornblende in the coarse syenyte. Sometimes, also, in the gabbro 
the olivine is embraced in the central part of the augite crystals. No. 968 represents the rock mentioned above, 
where hornblende is so associated with black mica that it seems to pass into it, the rock being cut by a two-inch 
vein, or band, of much lighter colored, or reddish, fine syenyte. Both rocks are very quartzose. 

An isolated rock, in place though, stands up in the water, in the bay, in the S. W. >4 of sec. 28, T. 61-12, 
exactly like the mixed mica schist and granite described on the point in the N. E. ;;4 of the S. E. >4 of sec. 21, 
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A dark dike, eighteen inches wide, runs northeast, and shows on the face of the coarse 
syenyte, descending to the water, in the S. E. ;4: of sec. 29, T. 61-12. Sample No. 969 is so 
taken that it shows the contact with a thin transverse vein, that crosses this doleritic dike 
of feldspathic rock, which seems to have been deposited chemically in a fissure in the dike, 
as it is not connected with the adjoining syenyte. Figure 37, herewith, shows this. 

This dike, which consists almost wholly of hornblende where sketched above, changes 
gradually to mica schist (No. 970). No. 971 shows its contact with the wall of syenyte, the 
dike here being changed entirely to mica schist. 

This change in this dike seems to indicate that other local appearances of mica schist 
in this syenyte, such as that seen on the point in the S. E. >4 of sec. 21, T.61-12, may be 
ascribed to the changed condition of an igneous rock, such as this undoubtedly was. In 
this mica schist, thus changed from some igneous rock, there is a superabundance of mica, 
and the white ingredient is not certainly quartz. 
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At a point a little further north from this dike, on the same section, is a promontory of gneiss, the rock 
being striped with the gneissic structure, the striping dipping south 850

, but being somewhat contorted. Some 
of this rock is fine-grained, hard quartzose, granite, and in it occasionally are nodules of mica schist, resembling 
the rock No. 970. This gneiss is represented by No. 972. 

This gneiss continues westward to the town-line between Ts. 61-12 and 61-13, but is rather less distinctly 
banded, or bedded, than a typical gneiss, and instead coarsely fibrous in a direction coincident with the supposed 
prevalent dip, the coarse bars or contorted sheets, whichever they may be styled, showing a striation, or schis
tose structure seen from different directions, and sometimes manifesting the same illusory dip as seen in the dark 
gneiss or mica schist, mentioned in the northwest part of Vermilion lake. As a gneiss it is very irregular. It is 
more correctly an irregular alternating of two rocks than a gneissic arrangement of minerals, though the latter 
structure can also be seen in some large patches. The rocks so alternating are syenyte, fine syenyte, fine granite, 
micaceous granite, and mica schist. 

On careful examination over contiguous and continuous surfaces, the mica in this rock can be seen to be 
replaced by hornblende, and then it becomes dark, firm and dioryte-looking, but still twisted and contorted with 
a light-weathering syenyte, and often mingled with a true granite of fine grain. In short, there seems to be a 
transition from mica schist, as before surmised, to hornblende schist, this change taking place according to the 
less or greater exposure and disinteO'rating action of the elements (compare No. 1134). 

The manner in which this da~k rock incloses parts of the lighter rock will allow of its being originally an 
igneous rock. On the other hand, the manner in which the syenyte acts, with respect to the mica schist, seems 
also to allow of its having been an eruptive rock. 

No. 973 shows this rock in its hornblendic aspects. These (two) specimens were obtained from near con
tact with white-weathering, fine-grained mica granite, or gneiss, the latter being in strings, blocks and masses of 
all positions and shapes. 

'LANE ~nd SHARPLESS. Notes on Michigan miner~ls. Am •. To",·. 8ci. (3), xlii, p. 505, 1891. 
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No. 974 shows this rock undergoing a change toward mica schist.. . 
Where Birch river enters Birch lake, in sec. 25, T. 61-13, the outcroppmg rock on the.n~rth sIde of the 

river is syenyte and gneiss, dipping northeast, while through secs. 19, 20 and 29, T. 61-12, t.he dIP IS almost inva
riably in a southerly direction (S. or S-S. E.), varying from 45° to 80°.; f.urt~e.r so~th, also, m sec~. 25 and .36, T. 
61-13, the dip is about south, and the rock, nearly every,;here that It IS vI~Ible, IS .the same gneISS. But m the 
southwest end of the lake the rock is more hid by drrft, and the shore-hne conSIsts of boulders and sand. A 
broad bay in sec. 36, T. 61-13, has a wide sandy beach. . 

This mottled schist is again represented by No. 975, got at the extreme west end of Buch lake, near the 
head of the bay south of the mouth of the river. The samples are dark-colored, but the face of the bluff from 
which the v came, sometimes about half of it, is light-colored. The rock seems to have been in some places 
originally 'a fine-grained dioryte, the feldspar not being individualized, but in others to have been fissured and 
the fissures filled with chemically deposited quartz and orthoclase. 

The round point in the northwest part of sec. 31, T. 61-12, is made up of a syenyte which in some places 
shows the same gneissic structure, the latter being in narrow bands dipping south and in isolated included 
pieces. These patches are micaceo-hornblendic. This structure seems to gradually become less and less 
common in this direction (1'. e. easterly), and to be most prevalent in the northwest part of the lake. 

The syenyte in the N. E. ~4 of sec. 31, T. 61-12, is massive, but embraces lenticular, elongated and irregular 
masses of fine-grained quartzose reddish granite, and the same also in veins. The hornblende grains have their 
elongation in the direction of the hitherto prevalent strike, producing a kind of structural arrangement that can 
be compared to that of gneiss. 

There is an accumulation of fine, black, feebly magnetic sand on the beach at the S. W. ?4 of sec. 33, T. 
61-12, near the mouth of a little rivulet. This probably is derived from the disintegration of some olivinitic 
iron ore. at a short distance from the beach, similar to that seen on the north side of the lake (No. 960). This 
sand, on analysis, gave the following result: 

Silica, 
Metallic iron, 
Titanium dioxide, 
Alumina, 

5.19 
41.12 
36.77 
2.95 

Lime, Trace. 
Magnesia, 35 
Phosphorus, None. 

Drift deposits covel' the rocks from this point northeastward to the S. E. ?4 sec. 28, T. 61-12, where a dark
colored, dioritic rock appears conspicuously on the shore. Here the dark ingredients of the rock are so 
intimately blended that they appear to be changing from one to the other (rock 978), the mica scales originating 
within the hornblendes in a position transverse to the fibrous grain of the hOTnblende. A'short distance to the 
south of this the rock is gneiss, though on the north side, near it, but disconnected, is a similar outcrop of coarse 
syenyte. Some of the last weathers red and some light gray. At the next point north is a still more conspicuous 
exposure of coarse syenyte veined by finer red syenyte. 

The Giant's range. The particular geology of the Giant's range, which consists 

of granite and granitic rocks, and which is accompanied closely on the southern 

slope by the iron deposits of the "Mesabi iron range," will be found in connection 

with a series of special plates devoted to the Mesabi iron range (plates 73 to 77 
inclusive, in St. Louis county). 

This range consists, in general, of an elevation rising from 300 to 500 feet above 

the adjoining average level. Toward the north the descent is generally more rapid 

than toward the south. The rock is mainly of granite, but more or less of green

stone, and of its HlOdifiec1 condition the crystalline schists, accompanies the granite 

on both sides. The general appearance of the topography, and the general structure 

of the range suggest a dike-like protrusion of igneous rock into the earlier green

stones, etc., along a fault line, or a line of structural weakness; but as the igneous 

granitic rock extends much further north than the hypothesis of a dike-like protru

sion wanants, being known as far north as the Embarras river, where crossed by 

the Duluth and Iron Range railroac1,it ismore probable that the general movement that 
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stone, and of its modified condition the crystalline schists, accompanies the granite 

on both sides. The general appearance of the topography, and the general structure 

of the range suggest a dike-like protrusion of igneous rock into the earlier green
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gave rise to the Giant's range granite was also of the nature of a regional metamor

phism and fusion of the older acid rocks, over an area running about parallel with 

other granitic belts of the northeastern part of the stcLte and of adjoining portions of 

Oanada. 

Iron-bearing rocks. On the southern side of the Giant's range, lying on the 

granite or on the greenstone, are the iron-bearing rocks of the Mesabi iron range,

the iron range having taken its name further east, where the iron-bearing strata are 

a portion of the Mesabi range propel', which consists essentially of gabbro. These 

iron-bearing strata are the lower portions of the Animikie formation, and constitute 

the base of the Taconic or Lower Cambrian of the state. The bottom member is 

usually quite coarse, and even conglomeratic at the base, but often very fine higher 

up. Its nature depends on that of the Archean, which was nearest, and supplied its 

debris. When it lies on the granite the bottom is siliceous, the quartz grains of the 

coarse quartzyte having a peculiar lavender-blue tint, revealing the source from 

which it came, for such are frequent in some parts of the granite of the Giant's 

range. When it lies on the greenstone, there is a liberal supply of green, horn

blenclic debris, which not only is mingled with the quartz grains of the quartzyte, but 

also constitutes sometimes independent strata of itself, the thickness of which never 

reaches, however, that of the quartzyte. 

Sometimes in the quartzyte, but more frequently at a somewhat higher horizon, 

iron oxide, in the form of hematite, or, toward the east, in the form of magnetite, 

begins to be apparent, and this increases so as to constitute the iron ores of the 

Mesabi range. Mingled with this iron oxide, which is finely granular, is a peculiar 

form of crystalline silica, and more or less of glauconite. The various shades of 

chemical interchange between the glauconite, the silica and the iron oxides give 

various grades of purity to the ore and various colors to the rock. The siliceous 

rock which involves these transitions, sometimes a fine, gray or red, flint-like rock 

and sometimes more coarse and apparently more calcareous, and again constituting 

, an impure iron ore, has been distinctively named taconyte,* and that term is cur

rent among the explorers and miners as indicating the presence of a more or less 

iron-bearing rock peculiar to the region. The most reliable, obvious character that 

this i'oek presents is an opaque, flinty ground mass in which are floating globules, 

nearly round, of a different color, usually red, making a spotted bloodstone. But 

the iron oxides and the silica are not always so distinctively grouped, and the result 

is an indefinite blending of silica and iron oxide in which the colors are in streaks 

or bands. The rock also passes into strata which are in large part made up of 

fragmental debris .. It is in connection with this rock that the great iron bodies of 

'H.V. WINCHELL. Twentieth Anm,al Repo?·!., p. 124. 
J. E. SPURR. Bulletin No. X, pp. 248-49. 
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the Mesabi range have been formed, and they are sometimes more than 200 feet in 

thickness. 'The iron is granular and pure, and can be mined by the cheapest 

methods on a grand scale. 'The prevalent method is by steam shovel which, with 

one movement, transports the product from its place in the mine directly to 

the railroad car. 'The entire thickness of the taconyte member is from 500 to 

1,000 feet, but no ore body of this thickness has yet been discovered. 

Above the ore hOTizon are the black slates of the Animikie, which, with their 

alternations of gray quartzyte, reach a greater thickness, amounting, perhaps, to 

several thousand feet. At the bottom of the slates is seen sometimes an interrupted 

layer of gray limestone. Where the strike of the gabbro protrusion crosses the 

Animikie, and especially the lower portion of it, the Animikie has been greatly 

modified and crystallized, giving rise to magnetic ore and to interesting petro

graphical phenomena, which are more fully mentioned elsewhere. 'These features 

are developed between Birch lake and the Duluth and Iron Range railroad. The 

effect of the gabbro, which was introduced after the completion of the Animikie, 

was to consolidate the fragmental quartzyte into a crystalline one in which those 

ingredients which were not originally quartz have served for the generation of 

several minerals that are usually found only in the basic igneous rocks, such as 

diallage, enstatite, olivine and hypersthene. Besides these are found also, with· 

magnetite, hornblende (actinolite ~), augite and gritnerite, as well as striated feld

spars. 'Thus, in the presence of a practically limitless supply of silica, were gener

ated, under the action of the heat of the gabbro, a number of the most basic of rock

making minerals. In general this belt of altered quarzyte has been designated by 

some "actinolite magnetite schists,"* although actinolite is a minor constituent. In 

the reports of the survey this belt has been referred to as olivinitic quartzyte, and 

olivinitic magnetite. It is not markedly separated stratigraphically from the true 

iron-bearing member, in some places, but the two are closely related.t 

'The strong topographic characters of the Giant's range subside in the eastern 

limits of this plate, and in the vicinity of Birch lake, where the gabbro strike inter

sects it, there is a general falling away of the level of the granitic area, and the 

gabbro range becomes the chief topographic feature. At the same time, toward the 

east, the granitic area itself dwindles to a narrower belt, and it is finally entirely lost, 

being overwhelmed by the later basic intrusive. 'This takes place in: Lake county. 

The 111esau£ range is the elevation caused by the gabbro. Owing to the IJrev

alence of the drift, southward from the Giant's range, but few rock exposures are 

* A. H. ELFTMAN. Twenty-secancl Annual Report, p. 159. 
W. S. BAYLEY. American .To",·,utZ Science (3) xlvi 176. 

b + Si~ce the above was written it has. been a~certai~ed that the greater part of the olivinitic iron ore of the Mes.abi range 
~~ a ~,:e d~Cr1bed, and the other pec:tliarltles ?f mmeral combination produced by the gabbro, are no part of the M~sab.l range of 
t ~h l~lb e formatIon, but are modified conditIOns of the Keewatin at points where the Keewatin locally carried Jaspliyte. due 
tOh ~ ga)t rO'f rConSJUlt the chapter on Structural Geology. The Animikie proper is not known in this county further east tblln 

e Vlcml yo ron .. ake m T. 60-13. . . 
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known, and the actual boundary of the gabbro, southward from the Duluth and 

Iron range railroad, whether on the west or on the east, is unknown. The plate 

represents this belt but approximately. To the eastward of this railroad the width 

. of the gabbro belt is greater, but cannot be expressed with definiteness. Its relation 

to the lavas represented at the southeast corner of this plate is not ascertainable by 

anything known within this area, but is stated in connection with the description 

of the southern part of St. Louis county, and in the discussion of the structural 

geology (vol. v). 

The gabbro is favorably exposed at Allen and Allen junction, and at various 

places south and east of those points, rising in irregular, low rocky domes, about ten 
to thirty feet above the surrounding country, thinly covered by a coarse drift which 

is frequently in the form of ridges and hills of boulders and coarse gravel, suggesting 
a morainic belt. At points further south Mr. A. D. Meeds, who examined the region, 
has reported but few outcrops of gabbro. They are mentioned in the special descrip
tions (foregoing) of the various towns in which they occur. The most remarkable is 
that known as Grandmother hill, in T. 57-13, on the line between sections 8 and 17, 

which is of low conical form, with an abrupt elevation of about 250 feet, according 
to Mr. Elftman, above the surrounding general surface, which is rather wet and 
swampy. The rock of this hill (No. 187E) is a rather fine-grained, gray gabbro. 
Other exposures are along the branches of the Cloquet river, viz., sections 19 and 30, in 
T. 55-12, and at points already mentioned further south, in the description of plate 66. 

The surface lavas, represented in the southeast corner of this plate, are the same 
that appear at the lake shore at Duluth and eastward, and are more fully shown on 
the preceding plate (66). They have been visited by Mr. Meeds, who collected from 
the town next south the rock samples Nos. 30M to 35M. The samples are not 

amygdaloidal, but porphyritic, fine diabases, and resemble those which at Duluth 
follow immediately after the massive gabbro, some of them being of the red-rock 
series. They have not been microscopically examined, but their affinities are appa
rent. It is evident that the succession from the gabbro to these surface rocks here 
is of the same general character as exhibited at Duluth, the gabbro being the reser
voir or deep seated source from which the lavas issued, differing only because of 
environment at the time of cooling. The acid element is erratic and occasional, 

depending upon the amount of admixture of the basic intrusion, at any certain point, 
with the rock resulting from the fusion of the clastics. They alternate and intersect, 

but were practically of about the same date. 
Rock samples collected in the north part of St. Louis county are as follows: Nos. 358--442; 864-947; 

952-978; 1001-1003; 1015-1023; 1132-1140; 1447-1452; 1501-1514; 1546-1572; 1617-1642; 1688-1708; 1710-1714; 
. 1786-1795; 1954-1965; 1981-2029; 2092-2128; 2135-2144; 2275-2280. 

Series of U. S. Grant: Nos. 115G-127G; 129G-131G; 278G-298G; 1009G-1016G; 1021G-1024G; 1056; 1057; 
1070G-1099G. 

Series of A. H. Elftman: Nos. 1E-26E; 139E-145E; 187E; 259E. 
Series of A. Winchell: Nos.lW-~2W; 107W-125W; 136W-137W; 151bW-173Wi 282W-293W; 988W-999W. 
Series.. of H. V. Winchell: Nos.1H-29H; 160H-212bH; 286H-406H; 418H-419H. 
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CI-rAPTER XI. 

THE GEOLOGY OF LAKE OOUNTY. 
(PLA'T'Tl) 68.) 

By N. H. WINCHELL. 

8ituat£on ((nd area. This county, situated between St. Louis and Cook counties, 

spans the geology of the Taconic ;~ 11d the Archean, extending as a broad parallel-sided 
belt from lake Superior to the inte~ ",tional boundary. Within its area are illustrated 
most of the prominent geological features, and many of the interesting economic as 
well as scientific problems thth have arisen during the prosecution of the survey. 

Three chapters, covering the belt of country containing the most of the iron 
ores, will be found to givf more details of the field observations, and also more 

detailed mapping, than the present chapter. These are chapters lxxviii, lxxix and lxxx. * 
Since the publication of the Twenty-third R.eport numerous obs'ervations have have been recorded, but 

remain unpublished, in the note-books of Grant, Elftman and N. H. Winchell. These later examinations, serving 
to correct some former ideas and supplementing others, and also extending our knowledge into the interior of 
the county in greater detail, are the chief basis of this chapter. The rock samples of these later observations 
are listed in the Twenty-fourth Annual R.eport. 

Topography. Lake Superior being 602 feet above sea level, the county is found 
to rise about 1,250 feet higher, the greatest elevations being on the Mesabi range 

• The examination of this large area has been carriecl on since 1878, but with interruptions, Preliminary field descriptions 
and geological conclusions have been pUblished in the annual reports as follows. The list is here given in order that the original 
data may be consl' '~d, if it ever becomes necessary, but the summary given in the present chapter is intended to supersede all 
former statements ,dlen they arefouncl t,o differ: 

.Yinth Report., pp. 2;>-42; 85-92. This deals with the rocks of the lake Superior shore, and those collected along the northern 
borders of the county, and on Bassimenan and Fall lakes; by N. H. WINOHELL. 

Tenth Report, pp. 37-42; ill-54; 99-98; 109-116. This deals with the rocks of the lake Superior shore and those from the 
" icinity of Ogishlte lYluncie lake; by N. H. WINCHELL. 

Fifteenth Report, pp.319, 320; 327-333; 341-382; 390; 392-399. This deals with the northern part of the county; by N. H. 
WINCHELL. 

Pages 5&-117; 119-171. This deals with the northern part of the county; by A. WINCHELL . 
. Page.s 406-413; 416-419. This deals wit,hBassimenan, Knife, Pseuclomesser and Ogishke Muncie lakes; by H. V. WINOHELL. 

S,xteenth Report, pp. 89-112. Northern part of the county; by N. H. WINCHELL. 
Pages 195-328; 379, B80; 386, 387. Northern part of the county; by A. WINCHELL. 

Seventeenth Rep'0)'t, pp. 96, 97; 99-103; 119-128; 138-144. The northern part of the county, especially with T.1l3-9, and also 
Wlth a trrp across the country to lake Superior ;>by H. V. WINCHELL. 

Pages 151; 161-168; 186-191; 1940-200; 202; 2040-210; 216-215. Northern part of the county and also with a trip across the 
country to lake Superior; by U. S. GRA.c"T. ' 

Twentieth Report, pp. 39-82; 99-95. This deals especially with the outlines of the granite areas of the Kawishiwi river, 
Snowbank lake and KekeCjuabic la.ke; by U. S. GRANT. 

Pages 181-289, for the abandoned beaches, etc., of the whole north coast of lake Superior. The beaches in Lake county 
are described on pp. 237-242; by A. C. LAWSON. 

Twenty-fiT"! Report, pp.155-159; 143-152. Deals with the northern part of the cOlmty, and especially with Snowbank lake 
an~ wIth the nature of the rock called llluscovadyte; by N. H. WINCHELL. 

Pages 0-66. Deals WIth the northern part of the county, especially with the district just south of the Ottertracklake; by 
U. S. GRANT, 

Twenty-seconcl Report, pp. 141-180; 182-189. Lake county in general, especially with the anorthosytes, and the Snowbank 
lake area; by A. H. ELFTMAN. 

Twenty-thi,.'d Repo;-t, pp. 2240-230. Deals with the gabbro; by A. H. ELFTMAN. 
Bu17ettn m.':" pp.1-23; the anorthosytes; by A. C. LAWSON. 

Pages IU-=X. The Norian in general; by N. H. WINCHELL. 
Twenty-lot"th RepoTt. Deals with the greenstones and the gabbro, and especially with the regions of the Kawishiwi 

rIver and Snowbank lake; by N. H. WINCHELL and U. S. GRANT. 
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Pages 195-328; 379, B80; 386, B87. Northern part of the connty; by A. WINOHELL. 

Sevenlee'l1th Rep'0d, Pl'· 96, 97; 9&-103; 119-128; 13&-144. The nortbern part of the county, especially with T. 133-9, and also 
WIth a tTlP across the country to lake Superior; 'by H. V. WINOHELL. 

Pages 151; 161-168; 186--191; 194.-200; 202;204.-210; 21&-215. Northern part of the county and also with a trip across the 
country to lake Superior; by U. S. GRA..L~T. ' 

Twent.ieth Report, Pl'· 89-82; go-95. This deals especially with the outlines of the granite areas of the Kawishiwi river, 
Snowbank lake and KekeCjnabic la.ke; by U. S. GRANT. 

Pages 181-289, for the abandoned beaches, etc., of the whole north coast of lake Superior. The beaches in Lake county 
are clescribed on Pl'. 237-242; by A. O. LAWSON. 

Twenty·fiT"/. Report, Pl'. 155-159 ; 146--152. Deals with the northern part of the county, and especially with Snowbank lake 
an~ WIth the nature of tll.e rock called lnuscovadyte; by N. H. WINOHELL. 

Pages ;)-66. Deals Wltll the northern part of the connty, especially with the district just south of the Ottertrack lake; by 
U. S. GRANT, 

T1Uenty-seconcl Report, Pl'· 141-180; 182-189. Lake county in general, especiaUywith the anorthosytes, and the Snowbank 
lake area; by A. H. ELFTMAN. 

Twenty·IM,.'cl Repo;·t, Pl'. 224.-230. Deals with the gabbro; by A. H. ELFTMAN. 
Bulletm m.n, Pl'. 1-2.3; the anorthosytes; by A. O. LAWSON. 

Pages lll-=X. The Norian in general; by N. H. WINOHELL. 
Twenty-fourth RepoTt. Deals with the greenstones and the gabbro, and especially with the regions of the Kawishhvi 

rIver and Snowbank lake; by N. H. WINOHELL and U. S. GRANT. 
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LAKE COUNTY. 267 
:Elevations.l 

across the south central part of the county, viz.: in Ts. 58-8, 58-9, and 58-10, and in 

Ts. 59-6 and 59-7, where the broad swells of the red rock rise to 1,800 or 1,850 feet 

above the sea. This is a broad, undulating plateau, generally deeply covered by drift, 

from which nearly all the streams of the county take their source. Southward from 

this plateau there are comparatively few lakes, but toward the north they are very 

numerous, and in the nortbern one-third part of the county they are so frequent, and 

the streams are so large and steady, that most of the travel is done by canoe (plate E E, 

figure 3). Here are found Snowbank, Moose,Wilder, Aliee, Fraser, rrhomas, Kekequabic, 

and many other lakes, while along the international boundary is a continuous and deep 

water-course, mostly formed by lakes, sueh as Ottertrack, Knife, Bassimenan (Bass

wo.od) and Crooked lakes. rrhese more northern lakes lie in rock-bound basins, and 

their outlets are over the roeky rims, whieh generally are not visibly cut back by 

erosion. The rocky structure, in its main trend, is expressed by the forms and direc

tion of elongation of these lakes. The water along the northern boundary descends 

westward, and reaches the valley of the Red river of the North, and finally enters 

Hudson's bay. Ottertrack lake, at the northeastern corner of the county, has an 

elevation of 1,387 feet; Knife lak€ 1,382 feet; Sucker lake 1,330 feet; Bassimenan 

lake 1,300 feet, and Crooked lake, at the northwest corner of the eounty, 1,245 feet. 

Altitudes in feet above the sea. 

Determined by aneroid barometers, exc,epting several lakes designated by asterisks (*), whose hights are 
known by leveling: 

Fox lake, 
Ogishke Muncie, 
Dike lake, 
Zeta lake, -
Epsilon lake, 
Delta lake, 
Gamma lake, 
Beta lake, -
Alpha lake, 
Kekequabic lake, -
Knife lake, 
First lake west of Knife lake, 
Second lake west of Knife lake, 
Third lake west of Knife lake, 
Oarp lake, '-
Sucker lake, 
Bassimenan lake, 
Newton lake, 
Long lake, 
Friday lake, 
Fall lake, 
Garden or Eve lake, 
Farm lake, 
White Iron lake, -
Birch lake, 
Oopeland's lake, -
Fork of the Kawishiwi river, sec. 26, T. 63--10., 
Crab lake and northeast elbow of Kawishiwi river in sec. 15, T. 63-9, 
Ridges about til mile north of the Kawishiwi river, in the northwest part of T. 63-9, about 
Large lake on the Kawishiwi river, in the southeast part of T. 63--9, 

Feet, 
*1,539 
*1,488 
*1,491 
*1,490. 
*1,460. 
*1,469 
*1,470. 
*1,475 
*1,495 
*1,497 
*1,381 
*1,371 
*1,367 
*1,361 
*1,355 
>1"1,330 
*1,30.0. 
*1,30.7 
*1,337 
1,388 

*1,313 
*1,384 
1,386 
1,395 
1,410. 
1,439 
1,435 
1,487 
1,730. 
1,491 

LAKE COUNTY. 267 
:Elevations. 1 

across the south central part of the county, viz.: in Ts. 58-8, 58-9, and 58-10, and in 

Ts. 59-6 and 59-7, where the broad swells of the red rock rise to 1,800 or 1,850 feet 

above the sea. This is a broad, undulating plateau, generally deeply covered by drift, 

from which nearly all the streams of the county take their source. Southward from 

this plateau there are comparatively few lakes, but toward the north they are very 

numerous, and in the nortbern one-third part of the county they are so frequent, and 

the streams are so large and steady, that most of the travel is done by canoe (plate E E, 

figure 3). Here are found Snowbank, Moose,Wilder, Alice,Fraser, 'rhomas,Kekequabic, 

and many other lakes, while along the international boundary is a continuous and deep 

water-course, mostly formed by lakes, such as Ottertrack, Knife, Bassimenan (Bass

wo.od) and Crooked lakes. These more northern lakes lie in rock-bound basins, and 

their outlets are over the rocky rims, which generally are not visibly cut back by 

erosion. The rocky structure, in its main trend, is expressed by the forms and direc

tion of elongation of these lakes. The water along the northern boundary descends 

westward, and reaches the valley of the Red river of the North, and finally enters 

Hudson's bay. Ottertrack lake, at the northeastern corner of the county, has an 

elevation of 1,387 feet; Knife lak€ 1,382 feet; Sucker lake 1,330 feet; Bassimenan 

lake 1,300 feet, and Crooked lake, at the northwest corner of the county, 1,245 feet. 

Altitudes in feet above the sea. 

Determined by aneroid barometers, exc,epting- several lakes designated by asterisks (*), whose hights are 
known by leveling-: 

Fox lake, 
Ogishke Muncie, 
DiKe lake, 
Zeta lake, -
Epsilon lake, 
Delta lake, 
Gamma lake, 
Beta lake, -
Alpha lake, 
Kekequabic lake, -
Knife lake, 
First lake west of Knife lake, 
Second lake west of Knife lake, 
Third lake west of Knife lake, 
Carp lake, --
Sucker lake, 
Bassimenan lake, 
Newton lake, 
Long lake, 
Friday lake, 
Fall lake, 
Garden or Eve lake, 
Farm lake, 
White Iron lake, -
Birch lake, 
Copeland's lake, -
Fork of the Kawishiwi river, sec. 26, T. 63--10, 
Crab lake and northeast elbow of Kawishiwi river in sec. 15, T. 63-9, 
Ridges ahout ~ mile north of the Kawishiwi river, in the northwest part of T. 63-9, about 
Large lake on the Kawishiwi river, in the southeast part of T. 63--9, 

Feet. 
*1,539 
*1,488 
*1,491 
*1,490 
*1,'160 
*1,469 
*1,470 
*1,475 
*1,495 
*1,497 
*1,381 
*1,371 
*1,367 
*1,361 
*1,.'355 
*"1,330 
*1,300 
*1,307 
*1,337 
1,388 

*1,313 
*1,384 
1,386 
1,395 
1,410 
1,439 
1,435 
1,487 
1,730 
1,491 



268 THE GEOLOGY OF MINNESOTA. 

Lake of Kawishiwi river, sec. 33, T. 63-8, 

Wilder lake, 
Lake Alice, 
Triangle lake, 
Northwestern lake, 
Bassimenan (Basswood) lake, 
Sucker lake, 
New Found lake, 
Wind lake, 
Moose lake, 
Jasper lake, 
Snowbank lake, 
Ensign lake, 
Disappointment lake, - - -. - -.-
Disappointment hill, sec. 35, T. 64-8, about 1 mile east of thIS lake, 
Gabbro lake, -
Bald Eagle lake, 
Lake on the Isabelle river, sees. 29 and 32, T. 62-8, 
Lake Isabelle, 
Bellissima lake, 
Harris lake 
Slate lake, 
Stony lake, 
Sand lake, 
Greenwood lake, 
Greenwood mountain, sec. 30, T. 58-10, about Pi miles south of this lake, 
Lakes in the west part of T. 59-11, at the head of the St. Louis river, 
Seven Beaver lake, 
Pine lake, -
Pike lake, 
Lake in sec. 22, T. 59-9, 
Muck lake, at the head of Stony river, 
Smokehouse lake, 
Clear lake, 
Adams lake, 
Schaff's lake, 
Bear lake, -
Lake Superior, mean, 1870-1888, above mean tide sea level, 

POTtages on the Stony Tivet'. 

[Elevations, 

Feet. 
1,520 
1,540 
1,5404 
1,490 
1,475 

*1,300 
1,330 
1,3:'n 
1,359 
1,339 

*1,387 
*1,4024 
*1,342 
1,499 
1,850 
1,4074 
1,478 
1,533 
1,570 
1,650 
1,580 
1,640 
1,668 
1,674 
1,705 
1,850 
1,685 
1,675 
1,705 
1,700 
1,745 
1,755 
1,740 
1,704 
1,800 
1,089 
1,160 
*602 

, 
From Birch lake (1,410 feet above the sea) to Slate and Pike lakes and the lake in sec. 22, T. 50-9. 

Ascent To altitude 
No. Length. Location. in feet. above the sea. 
1. ~~ mile S. E. 7i sec. 30, T. 61-11, ]0 1,420 
2. 7J: mile N. E. 7J: of N. E. 7J: sec. 31, T. 61-11, 20 1,440 
3. 1 rod S. W. 7J: of N. E. 74 sec. 31, T. 61-11, - 1 1,441 
4. 7J: mile North part of S. E. ;4 sec. 31, T. 61-11, 6 1,447 
5. ~il mile Crossing south line of section 31, 24 1,471 
6. 1~ mile N. E. X of S. E. 7J: sec. 6, T. 60-11, 15 1,486 
7. 30 rods N. W. 7J: of N. W. X sec. 8, T. 60-11, - 20 1,506 
8. 7~ mile W. 7f of S. W. X sec. 8, T. 60-11, 69 1,575 
9. 74 mile S. W. 7J: of N. E. X sec. 17, T. 60-11, 15 1,590 

10. X mile North edge of S. W. X sec. 16, T. 60-11, 5 1,595 
11. 78 mile S. w. ;4 of N. E. X sec. 16, T. 60-11, - 7 1,602 
12. 8 rods S. w. 74 of S. w. ;4 sec. 10, T. 60-11, 5 1,607 ' 
13. ~4 mile Central part of sec. 10, T. 60-11, __ 5 1,612 
14. Short rapids.-N. W. X of S. E. 7J: sec. 10, T. 60-11, _ _ . 2 1,614 

The usual portage instead of the last three is three-fourths mile long, from 
t~e n30rth:vest corner of section 15. to the N. W. X of the S. E. ?4: of sec. 10. 

1,624 10. % m:le East part of sectlOn 11 and west part of section 12, 10 
16. ;11 mIle S. 7f of section 12, T. 60-11, _ _ _ 

10 1,634 
17. 17f mile Current and rapids to Slate lake, _ _ _ 

6 1,640 
18. % mile Across eastern part of sec. 17 T. 60-10 to Chub lake _ 15 1,655 19 2/ '1 '" . /3 ml e Southeast through N. W. X sec. 21, to Stony river at Head-

quarters camp, near the centre of this section, 10 1,665 

268 THE GEOLOGY OF MINNESOTA. 

Lake of Kawishiwi river, sec. 33, T. 63-8, 

Wilder lake, 
Lake Alice, 
Triangle lake, 
Northwestern lake, 
Bassimenan (Basswood) lake, 
Sucker lake, 
New Found lake, 
Wind lake, 
Moose lake, 
Jasper lake, 
Snowbank lake, 
Ensign lake, 
Disappointment lake, - - -. - -.-
Disappointment hill, sec. 35, T. 64--8, about 1 mIle east of thIS lake, 
Gabbro lake, -
Bald Eagle lake, 
Lake on the Isabelle river, secs. 29 and 32, T. 62-8, 
Lake Isabelle, 
Bellissima lake, 
Harris lake 
Slate lake, 
Stony lake, 
Sand lake, 
Greenwood lake, 
Greenwood mountain, sec. 30, T. 58-10, about 11i miles south of this lake, 
Lakes in the west part of T. 59-11, at the head of the St. Louis river, 
Seven Beaver lake, 
Pine lake, -
Pike lake, 
Lake in sec. 22, T. 59-9, 
Muck lake, at the head of Stony river, 
Smokehouse lake, 
Clear lake, 
Adams lake, 
Schaff's lake, 
Bear lake, -
Lake Superior, mean, 1870-1888, above mean tide sea level, 

POTtages on the Stony river. 

[Elevations, 

Feet. 
1,520 
1,540 
1,544 
1,490 
1,475 

*1,300 
1,330 
1,3ill 
1,359 
1,339 

*1,387 
*1,424 
*1,342 
1,499 
1,850 
1,474 
1,478 
1,533 
1,570 
1,650 
1,580 
1,640 
1,668 
1,674 
1,705 
1,850 
1,685 
1,675 
1,705 
1,700 
1,745 
1,755 
1,740 
1,704 
1,800 
1,089 
1,160 
*602 

, 
From Birch lake (1,410 feet above the sea) to Slate and Pike lakes and the lake in sec. 22, T. 50-9. 

Ascent To altitude 
No. Length. Location. in feet. above the sea. 
1. % mile S. E. 7.i sec .. '30, T. 61-11, ]0 1,420 
2. ?4 mile N. E. 7.i of N. E. ?i sec. 31, T. 61-11, 20 1,440 
3. 1 rod S. W. 7.i of N. E. ?i sec. 31, T. 61-11, - 1 1,441 
4. ?i mile North part of S. E. 74 sec. 31, T. 61-11, 6 1,447 
5. ~~ mile Crossing south line of section 31, 24 1,471 
6. 16 mile N. E. ?4 of S. E. ?4 sec. 6, T. 60-11, 15 1,486 
7. 30 rods N. W. 7.i of N. W. ~4 sec. 8, T. 60-11, 20 1,506 
8. 7~ mile W. 7~ of S. W. X sec. 8, T. 60-11, 69 1,575 
9. 74 mile S. W. ?4 of N. E. ?i sec. 17, T. 60-11, 15 1,590 

10. ?i mile North edge of S. W. ?i sec. 16, T. 60-11, 5 1,595 
11. 78 mile S. W. ~4 of N. E. ?4 sec. 16, T. 60-11, - 7 1,602 
12. 8 rods S. W. 74 of S. W. ?4 sec. 10, T. 60-11, 5 1,607 . 
13. ;4 mile Central part of sec. 10, T. 60-11, __ 5 1,612 
14. Short rapids.-N. W. ?i of S. E. ?4 sec. 10, T. 60-11, _ _ _ 2 1,614 

The usual portage instead of the last three is three-fourths mile long, from 
t~e n30rth:vest corner of section 15. to the N. W. X of the S. E. 74 of sec. 10. 

1,624 10. % rn.:le East part of sectIOn 11 and west part of section 12, 10 
16. ;!i mIle S. 7f of section 12, T. 60-11, _ _ _ 10 1,634 
17. 1% mile Current and rapids to Slate lake, _ _ _ 

6 1,640 
18. % mile Across eastern part of sec. 17 T. 60-10 to Chub lake _ 15 1,655 19 21 ·1 '" 

• ~3 ml e Southeast through N. IV. ?i sec. 21, to Stony river at Head-
quarters camp, near the centre of this section, 10 1,665 



LAKE COUNTY. 

No. Length. Location. 
20. Short rapids.-N. W. 7.iI: sec. 34, T. 60-10, to Stony lake, _ 
21. 1 mile Crossing N. W. 7.iI: sec. 35 to Pike lake, . 
22. 1 U).ile S. ~ of sec. 31,T. 60-9, 
23. Current and rapids to lake in sec. 8, T. 59-9 
24. Current and rapids to lake in sec. 22, T. 50-9, 

Portages on the s01tth branch of Isabelle river. 

Ascent 
in feet. 

3 
32 
28 
11 

6 

269 

To altitude 
above the sea. 

1,668 
1,700 
1,728 
1,739 
1,745 

In ascending the Isabelle river from Bald Eagle lake (1,468 feet above the sea) a portage about a half a 
mile long is made in sec. 5, T. 61-9, with ascent of 50 feet, to 1,518; and two short portages successively ascend 
two and five feet in the south p~rt of sec. 34, T. 62-9, to the north of this south branch, near the middle of the 
east half of this section 34, at 1,525 feet. 

No. Length. 
1. 10 rods 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 

19. 

Va mile 
20 rods 
% mile 
2 rods 
! mile 

25 rods 
Va mile 
5 rods 

% mile 
7fi mile 
2 rods 
! mile 

Va mile 
X mile 
% mile 
10 rods 

f mile 

1 mile 

20. 15 rods 
21. 10 rods 

22. % mile 

Location. 
S. W. 7.iI: of sec. 3, T. 61-9, 
S. E. 7.iI: ofN. W. 7.iI: sec. 9, T. 61-9, 
N. ~ of sec. 16, T. 61-9, -
S. ~ of sec. 16, T. 61-9, 
N. W. M of N. E. 7.iI: sec. 29, T. 61-9, 
N. E. 7.iI: of N. W. 7.iI: sec. 29, T. 61-9, 
North part of S~ W. 7.iI: sec. 29, T. 61-9, 
Near the centre of the S. W. 74 sec. 29, 
S. W. cornel' of sec. 29, T. 61-9, -
W. ~'of sec. 32, T. 61-9, 
S. W. 7.iI: of S. W. 7~ sec. 5, T. 60-9, 
N. W. corner of sec. 8, T. 60-9, 
East part of N. W. 7.iI: sec. 8, to a small lake, 
S. E. cornel' of sec. 8, T. 60-9, 
S. W. 7.iI: sec. 9, T. 60-9, -
S. E. 7.iI: sec. 9, and S. W. X sec. 10, T. 60-9, 
West edge of S. E. 7.iI: sec. 10, to lake in the N. E. 7.iI: of sec. 

15, T. 60-9, -
From foregoing lake through N. ~ of sec. 14, T. 60-9, to 

Clear lake, -
From Clear lake southwest to the South branch of Isabelle 

river in the south edge of the N. E'. 7.iI: of sec. 22, T. 60-9, 
North edge of S. E. 7.iI: sec. 22, T. 60-9, 
Central part of S. E. 7.iI: sec. 22, T. 60-9, to lake on the south 

line of this section, -
From foregoing lake southwest through the N. W. X of sec. 

Ascent 
in feet. 

1 
3 
4 

20 
5 
4 
8 
6 
7 

45 
15 
3 

14 
5 

15 
20 

4 

9 

20 
7 

7 

To altitude 
above the sea. 

1,526 
1,529 
1,533 
1,553 
1,558 
1,562 
1,570 
1,576 
1,583 
1,628 
1,643 
1,646 
1,660 
1,665 
1,680 
1,700 

1,704 

1,704 

1,724 
1,731 

1,738 

27, T. 60-9, to Smokehouse lake, - 2 1,740 
By a series of comparative aneroid readings, the following approximate hights above lake Superior were 

ascertained in ascending the Baptism river. The simultaneous readings, extending from 8:00 o'clock to 12:30 p. 
m., were made by Mr. B. Juni. 

Hight of line of bearing of rock No. 127, where it crosses Baptism river, 
Conglomerate outcrop, 
Foot of first fall, 

[Thirty-five feet fall.] 
Top of first fall, 
Foot of second fall, 

[Thirty-five feet fall.] 
Top of second fall, 
Foot of third fall, 

[Sixty feet fall.] 
Top of third fall, 

Feet. 
27.5 
40.0 
82.5 

117.5 
140.0 

175.0 
190.0 

250.0 
282.5 Foot of fourth fall, 

[Thirty-five feet fall.] 
Top of fourth fall _ _ 317.5 
N: W. UN. E. 7.iI: ~ec. 4, T. 56-7, 335.0 

. Throughout most of the county, as represented on the accompanying plate, 

oontour lines have been drawn, at interv~ls of fifty feet, but these are often only 

.approX:~m.ate, and many minor irregularities have been disregarded. They are 

sufficient to express simply the grand outlines of the surface. The method followed 
- 19 

LAKE COUNTY. 
-Elevations.] 

No. Length. Location. 
20. Short rapids.-N. W. X sec. 34, T. 60-10, to Stony lake, _ 
21. 1 mile Crossing N. W. X sec. 35 to Pike lake, 
22. 1 mile S. 72' of sec. 31, T. 60-9, 
23. Current and rapids to lake in sec. 8, T. 59-9 
24. Current and rapids to lake in sec. 22, T. 50-9, 

P07>tages on the south b7'anch of Isabelle 7>iver'. 

Ascent 
in feet. 

3 
32 
28 
11 

6 

269 

To altitude 
above the sea. 

1,668 
1,700 
1,728 
1,739 
1,745 

In ascending the Isabelle river from Bald Eagle lake (1,468 feet above the sea) a portage about a half a 
mile long is made in sec. 5, T. 61-9, with ascent of 50 feet, to 1,518; and two short portag'es successively ascend 
two and five feet in the south part of sec. 34, T. 62-9, to the north of this south branch, near the middle of the 
east half of this section 34, at 1,525 feet. 

No. Length. 
1. 10 rods 
2. Ys mile 
3. 20 rods 
4. Yz mile 
5. 2 rods 
6. t mile 
7. 25 rods 
B. Ys mile 
9. 5 rods 

10. % mile 
11. %' mile 
12. 2 rods 
13. t mile 
14. Ys mile 
15. X mile 
16. 72' mile 
17. 10 rods 

18. i- mile 

19. 1 mile 

20. 15 rods 
21. 10 rods 

22. 72' mile 

Location. 
S. W. X of sec. 3, T. 61-9, 
S. E. ~4, of N. W. X sec. 9, T. 61-9, 
N. 72' of sec. 16, T. 61-9, -
S. 72' of sec. 16, T. 61-9, 
N. W'?4 of N. E. X sec. 29, rr. 61-9, 
N. E. ?~ of N. W. X sec. 29, T. 61-9, 
North part of S. W. X sec. 29, T. 61-9, 
Near the centre of the S. W. ;~ sec. 29, 
S. W. corner of sec. 29, T. 61-9, -
W. ;~ of sec. 32, T. 61-9, 
S. W. X of S. W. ;;;t sec. 5, T. 60-9, 
N. W. corner of sec. 8, '1'. 60-9, 
East part of N. W. X sec. 8, to a small lake, 
S. E. corner of sec. 8, T. 60-9, 
S. W. X sec. 9, T. 60-9, -
S. E. X sec. 9, and S. W. ~4, sec. 10, T. 60-9, 
West edge of S. E'?4 sec. 10, to lake ill the N. E, X of sec. 

15, T. 60-9, -
From foregoing lake through N. 72' of sec. 14, T. 60-9, to 

Clear lake, -
From Clear lake southwest to the South branch of Isabelle 

river in the south edge of the N. E. X of sec. 22, T. 60-9, 
North edge of S. E. X sec. 22, T. 60-9, 
Central part of S. E. X sec. 22, T. 60-9, to lake on the south 

line of this section, -
From foregoing lake southwest through the N. W. X of sec. 

Ascent 
in feet. 

1 
3 
4 

20 
5 
4 
8 
6 
7 

45 
15 
3 

14 
5 

15 
20 

4 

9 

20 
7 

7 

To altitude 
above the sea. 

1,526 
1,529 
1,53.3 
1,553 
1,558 
1,562 
1,570 
1,576 
1,583 
1,628 
1,643 
1,646 
1,660 
1,665 
1,680 
1,700 

1,704 

1,704 

1,724 
1,731 

1,738 

27, T. 60-9, to Smokehouse lake, - 2 1,740 
By a series of comparative aneroid readings, the following approximate hights above lake Superior were 

ascertained in ascending the Baptism river. The simultaneous readings, extenning from 8:00 o'clock to 12:30 p. 
m., were made by Mr. B. J uni. 

Hight of line of bearing of rock No. 127, where it crosses Baptism river, 
Conglomerate outcrop, 
Foot of first fall, 

[Thirty-five feet fall.] 
Top of first fall, 
Foot of second fall, 

[Thirty-five feet fall.] 
Top of second fall, 
Foot of third fall, 

[Sixty feet fall.] 
Top of third fall, 
Foot of fourth fall 

[Thirty-five feet 'fall.] 
Top of fourth fall _ 
N. W. XN. E. X ~ec. 4, T. 56-7, 

Feet. 
27.5 
40.0 
82.5 

117.5 
140.0 

175.0 
190.0 

250.0 
282.5 

317.5 
335.0 

. Throughout most of the county, as represented on the accompanying plate, 

contour lines have been drawn, at intervals of fifty feet, but these are often only 

approximate, and many minor irregularities have been disregarded. They are 

sufficient to express simply the grand outlines of the surface. The method followed 
19 
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in determining these topographic outlines is described in the introduction to this 

volume, but special care was taken to determine the hights of lakes and rivers, along 

the more common routes of travel. Some data were furnished by preliminary rail

road levels, and some leveling was done by the survey. 
Some townships, not yet subdivided by the United States government, have not 

been examined except in a very general way. In one of these is Bellissima, one of 

the largest lakes in the county. 

THE GEOLOGICAL FORMATIONS. 

In considering the geology proper of this county the oldest rocks will be 

described first and the most recent last. Under the term Keewatin are included 

all the clastics of the Archean. These are always more or less metamorphosed, 

but in nearly all cases their fragmental origin is still plain. The very bottom of 

the Keewatin, however, consisting of greenstones, is frequently massive, and 

apparently of originally igneous origin. 

Structurally the Keewatin is divisible into two parts, viz., Lower Keewatin and 

Upper Keewatin, and petrographically into four parts, owing to metamorphism. 

These four parts will be treated separately, and are as follows: (1) Greenstones and 

iron ores; (2) Evident clastics, etc., and iron ores; (3) Mica schists; (4) Muscovadyte 

. and iron ores. The igneous rocks are divisible into: (1) Granite and igneous gneiss; 

(2) Porphyry; and (3) Later dikes of diabase. The igneous rocks, with the excep

tion of some of the bottom greenstones, are plainly of later date than the clastics 

with which they are associated, and are of different ages. To this statement the 

quartz-porphyries may be an exception. 

The Lower Keewatin runs in two main belts across the county. Beginning at 

Garden lake, on the western boundary, T. 63-11 west, where the two belts seem to be 

united in one, the southern arm can be traced along the north side of the Kawishiwi 

river, having a width of three or four miles, including the region of Triangle, N orth

western and.J asper lakes. With a rapid contraction it runs to the south of Snowbank 

lake, but sends a northeastward spur between Moose and Snowbank lakes to the 

vicinity of Flash lake. Eastward from Snowbank lake this belt is encroached on by 

gabbro, and suffers a change to muscovadyte and allied rocks, and it can hardly be 

distinguished as Kawishiwin greenstone until it emerges in the high range which 

appears along the south side of Kekequabic and Ogishke Muncie lakes. 

The northern belt maintains its superficial connection with the southern until 

in the vicinity of Saturday lake. Its width northward from Saturday lake is indefi- , 

nite, as it is cut by granite and is altered gradually to mica schists. It is seen at the 

southern end of Bassimenan (Basswood) lake and about the shores of Urn lake. It 
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also appears between Moose and Wood (or Wind) lakes, and is supposed to extend 

northward to the granite of Basswood lake. It occurs again north of Knife lake, on 

Hunter's island, constituting extensive hilly ranges. 

This greenstone is not unlike that which appears in a similar way in St. Louis 

county, and especially about Ely. It consists of two parts which are not easily sepa

rated, either in the field or in petrographic characters, but which, theoretically, have 

different origins, and which sometimes are quite distinct in outward characters. 

One part is massive, or at least shows no evidence of clastic characters, and is supposed 

to be the older; the other usually shows fragmental characters, and is sometimes 

quit~ plainly bedded by sedimentary assortment. The latter contains the greater 

portion of the iron ores of the county, at least those that are not an integral part of 

the gabbro. Together_ these two members constitute the Kawishiwin, the oldest 

known rock formation of the state. 

The Upper Keewatin lies non-conformably on the Lower Keewatin, and occupies 

the space intervening between the foregoing described belts of the Lower Keewatin. 

It is first observable on the south shore of Saturday lake (Nos. 2145, 2145A), where it 

contains greenstone pebbles from three to ten inches in diameter, and exhibits an 

unconformable relation to the Lower Keewatin. It is also seen as a conglomerate 

on the north side of the same lake. It is not known on Urn lake, but, striking east

wardly and then southeastwardly, appears at the southwestern corner of Pine lake 

and extensively in the northern part of T. 63-9. It here resumes its northeastern 

direction and runs in a wide belt between Moose and Snowbank lakes, lying on both 

sides of the Lower Keewatin spur mentioned. Further northeast it is found about 

the western and northern shores of Snowbank lake, where it is converted to mica 

schist and is intruded by granite. Through here the conspicLloUS part of the Upper 

Keewatin is a conglomerate, but it is also finer, making argillytes, graywackes and 

green schists. It also forms the northern shores of Disappointment lake. About 

Ensign lake the shores are of finer-grained, often sericitic schist, and the same is 

true further northeast to Knife lake. These schists, which embrace jaspilyte ore, 

are of Lower Keewatin age. But about Kekequabic and Ogishke Muncie lakes the 

Upper Keewatin is quite coarse and often conglomeratic, and, as such, it continues 

to Saganaga lake, where it lies non-conformably upon the Saganaga granite. South 

from Ogishke Muncie lake it lies non-conformably upon the greenstones of the Lower 

Keewatin, as illustrated in the chapter (xxiii) on the Fraser lake plate. Its remark

able development here has given the basal part of the Upper Keewatin the name 

Ogishke conglomerate. 

Although these two non-conformable parts of the Keewatin are well known, 

and are often observable within the area of this plate, no attempt has been made to 
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show their separate areas on the accompany-ing plate. Indeed the most of the field

work was done before the significance of this conglomerate and its stratigraphic 

place in the Archean were cOlTectly understood, and it was then too late to trace it 

out in the field in detail. 
1l1etamoJ]Jhism of the Keeu:at1:n. There are two ways in which the Keewatin 

varies in character. One is clue to the original differences in the debris that went into 

its composition,. and hence it becomes noticeable in crosssing the strike of the 

bedding as it outcrops, from southeast to northwest. The other variation is due to 

metamorphism. This metamorphism may come on to any part of the Keewatin, 

and its product varies hot only in consequence of the original sedimentary differ

ences, but in consequence of greater or less nearness to the centre of metamorphic 

activity. As such centres of activity are usually marked by actual intrusions of 

igneous rock, which finally are developed into bosses and irregular areas of igneous 

granite or gabbro. it is neaTly always the case that metamorphism is intensified in 

the direction toward the areas of known igneous rock. It happens, however, that 

a belt of metamorphism by granite crosses this county, but oscillates noticeably in 

intensity because it is not accompanied throughout by the appearance of igneous 

rock. 

Again, the metamorphism of the Keewatin depends on the kind of igneous 

rock which is concerned in the l)roc1uction of the alteration. For instance, the 

alteration produced by the granitic intrusions, or by the force which accompanied 

them, uniformly gave rise to mica schists, when the original rock was clastic and of 

an acid nature, but to hornblendic schists when the basal greenstones were affected. 

Dark gneisses, micaceous and hornblenc1ic at the same time, and usually more or_ 

less siliceous, were produced when the granitic action operated on a basic clastic 

rock, such as most of the iron-bearing rocks of the Kawishiwin. The gabbro, 

however, when in contact on the Keewatin invariably produced a rock which in 

general may be styled mllscovac1yte; and this is true whether the Keewatin sedi

ments had been already altered to mica schist by an earlier granitic intrusion, or 

whether the gabbro comes on to the Keewatin without such prior metamorphism. 

The nature of this muscovac1yte varies with the nature of the original, but the 

tYl)ical muscovadyte is that which is derived from a basic clastic containing at the 

same time some free quartz. This is the rock which has sometimes been called 

noryte, and has also been considered a peripheral condition of the gabbro itself. 

It varies also to the rock which has sometimes been designated in Minnesota actin

olite-magnetite-schist. This takes place where the original rock contained iron 

ore or jaspilyte. It also varies to the oli vinitic iron ore, so-called. Indeed this 

metamorphism, which is illustrated by many specimens described in the chapter on 
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microscopic petrography, generates various ferro-magnesian minerals, the most 

abundant being hypersthene, olivine, cummingtonite (" grltnerite "), enstatite, biotite, 

augite, diallage. With these appear, according to the composition of the original 

greenstone, plagioclase, quartz and magnetite, in varying amounts. It is apparent 

therefore, that, as a general principle, the metamorphic rock produced by proximity 

to an igneous intrusive, causes the generation of those ferro-magnesian minerals, 

which are characteristic of the intrusive rock, thus tending to bring the metamor

phic and the igneous rocks concerned into a greater degree of petrographic similarity. 

Geographically these different metamorphic rocks are characteristically distrib

uted in Lake county. The granite about Bassimenan lake is intruded upon the Lower 

Keewatin, converting it into mica schist and hornblendic rock throughout a belt 

which enters the county from St. Louis county, about two miles in width, but which 

turns about the southern periphery of that granite boss, crossing the general strike 

of the Lower Keewatin, and gradually becomes narrower and almost fades out before 

it leaves the state near Sucker lake. 

In the same manner a narrower belt of mica schist surrounds the granitic boss of 

Snowbank lake, but in this case the granitic intrusion is upon the Upper Keewatin, 

in part, and in part upon the southern arm of the greenstones. These are therefore 

both converted to mica schist. This mica schist is visible about the western shores of 

Snowbank lake, round the southern confines of the same lake, and the southwestern 

portions of Disappointment lake. The limits of these areas of mica schist cannot be 

given exactly. Mica schist has not definite characters, and it fades out imperceptibly 
into less and less micaceous rock. In the case of the region of Snowbank lake, how

ever, the mica schist belt is rather narrow, in keeping with the smallness of the 

granitic intrusion. N early everywhere about Snowbank lake, as well as Disappoint

ment lake, the original rock was coarsely fragmental, even eonglomeratic, and these 

fragmental variations are plainly visible still in the mica schist. 

It was at a later date that the gabbro invaded the same rocks along the south

ern spur of the Kawishiwin, and its effect is seen in the produetion of a peculiar, 

often crumbling, grayish rock called muscovadyte. The mica schist at the south

western angle of Disappointment lake, apparently a part of the Lower Keewatin, 

becomes changed, in passing eastward along the shore, to a conglomeratic muscova

dyte which embraces the iron ores seen at Cheadle's on the south shore of that lake. 

Further northeast this muscovadyte runs to Ima lake, and to the southwestern con

fines of Kekequabic lake, where it turns more eastwardly, following the northern 

border of the gabbro. Along the northern shores of Kawishiwi river, in T. 63-9, this 

rock is coarse, with much biotite. The details of the petrographic characters of these 

metamorphic rocks are given in the chapters dealing with petrography. The local-
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ities can be studied by examining the descriptions connected with the rock samples 

numbered at the end of this chapter. 
(1). The greenstones and iron ores. The lowest (and oldest) iron 0'.00 ht)rizon 

known in Minnesota is that which is found in the clastic greenstones of the Kawish

iwin. It is fairly represented in Lake county, in Ts. 63-8, 9 and 10, where it has 

been superficially explored and tested at several points. It also appears about the 

southern limits of Moose lake, in T. 64-9, where a considerable diamond-drilling has 

been done. So far as known, these deposits have not been shown to be of important 

economical value in Lake county. 
In T. 63-9, on the west line of section 16, at about 340 paces north of the quarter-post,is the southern slope 

of a prominent ridge of greenstone, or diabase, running in a northeast and southwest course, its summit being 
near the northwest corner of section 16. This rock shows in places, and especially on the northern slope of the 
hill, an agglomeratic structure like that seen in the greenstone at Ely, the separate masses being entirely of gre~n
stone and indistinctly outlined on the surface. This agglomeratic structure, which is apparently a feature of 
the upper part of the more evidently massive portions of the Kawishiwin, or near the bottom of the fragmental 
part, gives place further north to a conglomerate of greenstone pebbles, which strikes northwest and southeast. 
From this place these greenstones extend widely over sections 9 and 4, but in sections Sand 5, and in the north-
western part of section 5, the overlying conglomerate hides it. . 

This greenstone contains large ridges of jaspilyte in N. E. 7i sec. S, T.63-9, and in the S. W. ~ sec. 4, some 
of them being continuous for half a mile. The individual bands are red and black, and much crumpled, the ore 
being very largely of magnetite. Debris from these ridges is abundantly mingled, as at Tower, with the overlying 
conglomerate. There is good reason for believing that there exist in the northern part of this town ore deposits 
of value, and that they will yet be brought to light by further exploration. 

Other localities of jaspilyte are in N. W. ?4 N. W. 7i sec. 10 and S. W. 7i N. W. ?4 sec. 4, on the ridge 
which lies between two small lakes. 

The greenstone which surrounds these lenticular bodies of ore is massive and diabase-like, as if it were 
of direct igneous origin, and in that respect is somewhat different from that seen at Tower. This condition, 
however, is believed to be of secondary date and origin. It is a feature which is not confined to the Kawishiwin 
fragmentals, but affects also the overlying conglomerate. There is a belt or axis of metamorphic activity which 
extends from Kekequabic lake to Snowbank lake, giving rise to granitic bosses at these points, but further 
southwest only appearing in the hardening and more or less recrystallizing of the older rocks. This force appears 
to have given a secondary phase of apparent igneous origin, not only to the older clastic greenstones, but to the 
conglomerate of the Upper Keewatin, as will be noted later. 

There is a great range of this greenstone, forming hills which rise 200 feet above Moose lake, running 
through the country south of Moose lake. It was examined S. W. ~ S. W. ~ sec. 32, T. 64--9. There is a con
glomerate here which is apparently interstratified between two greenstones. One of these is agglomeratic, but 
has forms of greenstone as pebbles two or three inches in diameter, of differing grain and texture, though these 
are scarce. These are evidence of fragmental accumUlation, separating two larger masses of what appears to 
be igneous rock. A little west of the centre of sec. 32, T. 64-9, is a display of dark jaspilyte, extending east and 
west in the greenstone. It has comparatively little red or hematitic ore. It is mingled rather confusedly with 
the greenstone, which appears in it in isolated and somewhat irregular areas, and also holds small nodules and 
fragments of the ore, which are as small as half an inch, or smaller. It appears from all that is known of this 
deposit that it is similar in structure to one of those described in sec. 16, T. 63-9, and to that seen in the south 
ridge at Tower, viz., that round about an indigenous jaspilyte lying in the greenstone of the Kawishiwin has 
accumulated a fragmental rock containing much debris from both of them and that this coarse fragmental 
jaspilyte belongs to the basal conglomerate of the Upper Keewatin. By upheaval, shearing and pressure the 
two are thrown together in such confusion that their relations and sequence are not easily made out. 

Further toward the northeast, about Ensign lake and thence northeastward to Knife lake and Otter. Track 
lake, the distinctly greenstone characters of the Lower Keewatin fade out and the clastic characters become 
~or~ evident, .co~stituti~g fine green argillytes, greenish flints and gra~wackes, and containing occasional 
Jas~l:yte depOSIts I.nto .WhlC~ the greenish rock graduates across the bedding with many interchanges of com
position. Such a Jaspllyte IS seen on the north side of Otter Track lake also north of Pseudomesser lake on 
Hun~er'.s i.sland. It is ~robable that the north contact line of superpositi;n of the Ogishke conglomerate on the 
KawIshlWm passes a mIle or two south of the international boundary from Kekequabic lake to Oak lake (east of 
Otter Track lake), but the ~ocks of the region are very distinctly stratified, consist largely of argillyte and fine 
graywacke, and are much ~Isturbed, striking in different directions, varying from northwest to northeast, and 
thus would have to be conSIdered as belonging to the distinctly bedded portions of the Lower Keewatin. 

F~t~er west and southwest, and especially about Pine lake. in T. 64-10, the. lowest greenstone manifests 
other vanatlOns. In the S.W. ~ sec. 34, some drilling and shafting have been done with view to the discovery of 
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ities can be studied by examining the descriptions connected with the rock samples 

numbered at the end of this chapter. 
(1). The greenstones andiron ores. The lowest (and oldest) iron ore flDrizon 

known in Minnesota is that which is found in the clastic greenstones of the Kawish

iwin. It is fairly represented in Lake county, in Ts. 63-8, \) and 10, where it has 

been superficially explored and tested at several points. It also appears about the 

southern limits of Moose lake, in T. 64-9, where a considerable diamond-drilling has 

been done. So far as known, these deposits have not been shown to be of important 

economical value in Lake county. 
In T. 63-9, on the west line of section 16, at about 340 paces north of the quarter-post, is the southern slope 

of a prominent ridge of greenstone, or diabase, ruuning in a northeast and southwest course, its summit being 
near the northwest corner of section 16. This rock shows in places, and especially on the northern slope of the 
hill, an agglomeratic structure like that seen in the greenstone at Ely, the separate masses being entirely of gre~n
stone and indistinctly outlined on the surface. This agglomeratic structure, which is apparently a feature of 
the upper part of the more evidently massive portions of the Kawishiwin, or near the bottom of the fragmental 
part, gives place further north to a conglomerate of greenstone pebbles, which strikes northwest and southeast. 
From this place these greenstones extend widely over sections 9 and 4, but in sections 8 and 5, and in the north-
western part of section 5, the overlying conglomerate hides it. . 

This greenstone contains large ridges of jaspilyte in N. E. M sec. 8, T.63-9, and in the S. W. M sec. 4, some 
of them being continuous for half a mile. The individual bands are red and black, and much crumpled, the ore 
being very largely of magnetite. Debris from these ridges is abundantly mingled, as at Tower, with the overlying 
conglomerate. There is good reason for believing that there exist in the northern part of this town ore deposits 
of value, and that they will yet be brought to light by further exploration. 

Other localities of jaspilyte are in N. W. :4 N. w. 74 sec. 10 and S. W. M N. W. M sec. 4, on the ridge 
which lies between two small lakes. 

The greenstone which surroundf> these lenticular bodies of ore is massive and diabase-like, as if it were 
of direct igneous origin, and in that respect is somewhat different from that seen at Tower. This condition, 
however, is believed to be of secondary date and origin. It is a feature which is not confined to the Kawishiwin 
fragmentals, but affects also the overlying conglomerate. There is a belt or axis of metamorphic activity which 
extends from Kekequabic lake to Snowbank lake, giving rise to granitic bosses at these points, but further 
south west only appearing in the hardening and more or less recrystallizing of the older rocks. This force appears 
to have given a secondary phase of apparent igneous origin, not only to the older clastic greenstones, but to the 
conglomerate of the Upper Keewatin, as will be noted later. 

There is a great range of this greenstone, forming hills which rise 200 feet above Moose lake, running 
through the country south of Moose lake. It was examined S. W. M S. w. M sec. 32, T. 64--9. There is a con
glomerate here which is apparently interstratified between two greenstones. One of these is agglomeratic, but 
has forms of greenstone as pebbles two or three inches in diameter, of differing grain and texture, though these 
are scarce. These are evidence of fragmental accumulation, separating two larger masses of what appears to 
be igneous rock. A little west of the centre of sec. 32, T. 64-9, is a display of dark jaspilyte, extending east and 
west in the greenstone. It has comparatively little red or hematitic ore. It is mingled rather confusedly with 
the greenstone, which appears in it in isolated and somewhat irregular areas, and also holds small nodules and 
fragments of the ore, which are as small as half an inch, or smaller. It appears from all that is known of this 
deposit that it is similar in structure to one of those described in sec. 16, T. 63-9, and to that seen in the south 
ridge at Tower, viz., that round about an indigenous jaspilyte lying in the greenstone of the Kawishiwin has 
accumulated a fragmental rock containing much debris from both of them and that this coarse fragmental 
jaspilyte belongs to the basal conglomerate of the Upper Keewatin. By upheaval, shearing and pressure the 
two are thrown together in such confusion that their relations and sequence are not easily made out. 

Further toward the northeast, about Ensign lake and thence northeastward to Knife lake and Otter Track 
lake, the distinctly greenstone characters of the Lower Keewatin fade out and the clastic characters become 
~or~ evident, .co~stituti~g fine green argillytes, greenish flints and gra~wackeB, and containing occasional 
JaS~l~yte deposlts ~nto .whlc~ the greenish rock graduates across the bedding with many interchanges of com
posltJon. Such a )aspllyte lS seen on the north side of Otter Track lake also north of Pseudomesser lake on 
Hun~er'.s i.sland. It is ?robable that the north contact line of superpositi~n of the Ogishke conglomerate on the 
KaWlshlwll1 passes a mlle or two south of the international boundary from Kekequabic lake to Oak lake (east of 
Otter Track lake), but the rocks of the region are very distinctly stratified consist largely of argillyte and fine 
graywacke, and are much disturbed, striking in different directions varyin~ from northwest to northeast, and 
thus would have to be considered as belonging to the distinctly bedd'ed portions of the Lower Keewatin. 

Fu~t~er west and southwest, and especially about Pine lake. in T.64-10 the. lowest greenstone manifests 
other vanatlOns. In thA S W 1/ 34 d . . . . '.. d' yof 

o • • 74 sec. ,some nllmg and shaftmg have been done wlth Vlew to the lscover 
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merchantable iron are. The rock rises in the form of knobs from 50 to 1";0 feet above the valleys d' 'd . .. ._. . ". ,an carries conSI er-
able fine jasplhtlc sIlICa wIthout the appearance of much jaspilyte proper, so far as could he seen. Th d' d-d '11 

d h ·t " hId ." .[. T . e Iamon n 
cores showe w I e c a ce OllIC SI ICa. he rock III general has a fracture and structure like that at K _ 

d t' 't l't d awawsa chong falls, an con ams pyri -e, ca ~I e, an ~ppar~ntly siderite, and is intersected by slickensided parting planes. 
At the southwest corner of PIlle lake IS a dIsplay of agglomeratic greenstone. This is near the centre of 

sec. 34, T. 64-10, at the western end of a small island. Aside from thc agglomeratic structure, which resembles 
that seen at Ely, the rock is amorphous, but is overlain by a basal conglomerate of the Upper Keewatin, the 
pebbles of whic~ are of fine, flinty gr~en~tone and of jaspilyte. These greenish and flinty pebbles are quite sim
ilar to rock seenm the Lower Keewatm m numerous places from Knife lake westward and southwestward. It 
is quite conspicuous about the south ~hores of the small lake crossed by the section line between sees. 22 and 27, 
T.64-10 (Nos. 2161, 21(2), known as LIttle Sucker lake: It is very siliceous, weathering nearly as light as a granite, 
fine-grained, gray-green within, fibroschistose, but not visibly laminated, rising in bold glaciated bosses. On the 
wellthered surface it is p~tted from the decay of some of the minerals. This rock seems to vary gradually, 
toward the west, to a maSSIve greenstone which has irregularities of structure, and quartz veins, is schistose, but 
is not visibly laminated. This same siliceous, fine-grained rock (hardly a greenstone) is in several small islands 
that cross the lake in a line toward the west. This rock seems to be worthy of a name. It forms an important 
belt in the older greenstone at this place. It is neither greenstone, nor fine granite, nor quartzyte, nor flint, and 
it does not have the metamorphic origin ascribed to hornfels, but in many places it approaches nearest to flint. 
Under the action of metamorphism it would make a very dense and end uring rock. 

Another variation in the older greenstones is to what has been styled, in Mr. Elftman's field-notes, "pepper 
rock," characterized by dark specks, caused by hornblende crystals, which is common about the eastern part of 
Pine lake (Nos. 2164, 2165). It is massive and apparently of igneous origin. But, owing to metamorphism and 
squeezing, much of the' rock, which was O1'iginally clastic, has been so reconstructed, and at the same time forced 
amongst the surrounding masses, that it is frequently impossible to distinguish it from true igneous rock. 

The Kawishiwin about Pine lake also embraces some jaspilyte, in unimportant amounts, lying in rock 
below the conglomerate seen at the southwest con':ier of the lake. Jaspilyte is in a rigid, green, coarse schist, S. 
E. J4 N. E. J4 sec. 34, 'whose structure runs with that of the country, about east and west, dips about 80° to the 
south. It is a low exposure on a small point, and has been explored a little. On the opposite side of the same 
bay, N. E. J4 N. W. 74 sec. 34, the same coarsely schistose greenstone is seen, dipping in the same way, but mainly 
more massive, rising to the hight of twenty feet, sloping from the water in a glaciated boss. 

Near the section line, on the north side of sec. 34, T. 64-10, is a similar coarse, green rock, with a slatiness 
that is about vertical; but this varies on the north to a very fine flint, or flinty, gray-green slate (No. 21(8), much 
jointed, so as to part easily into small rhomboidal fragments, and this rock may have furnished numerous pebbles 
for the overlying conglomerate, whose strike passes through the country east and west but a short distance fur
ther south. The immediate overlie of this conglomerate on the greenstone is seen indistinctly on the small island 
at the southwest end of Pine lake. Here the greenstone itself is not only agglomeratic, but is also spotted indis
tinctly and sparsely with forms that suggest a pebbly composition, the possibly pebbly forms being of a dense 
and compact texture, and slightly different from the matrix. Again, are seen irregularities showing a variation 
in the opposite direction, i. e., coarser in grain than the matrix; and, while these coarser spots are noticeable, 
they are of irregular, often elongated, shapes, in the main. Only rarely does one appear to be rounded as by 
attrition. The rock, as a whole, is irregularly massive, i. e., not laminated or bedded, but, on weathering, at the 
lake level, it develops a coarse lamination which is rough and rather lenticular, dipping southerly. Its compar
atively rotted condition is the chief difficulty with considering it an original irruptive, while its association with 
jaspilyte, with siliceous gray slates and schists and flints, and occasional unmistakable evidences of fragmental 
accumulation, point strongly to a clastic origin. There is no known way by which a rock, originally basic and 
igneous, can be made to assume such forms. It seems reasonable to conclude that here the basal conglomerate 
of the Upper Keewatin lies on an older clastic rock of the Lower I{eewatin. The determination that this green
stone (with its associated clastics) is the oldest known rock, will perhaps allow the assumption of conditions of 
sedimentation qWte different from those that we know of at the present day. 

On the south side of Jasper lake, sec. 2, T.63-10, is a high ridge running northeast and southwest. In the 
S. W. J4 s. W. J4 jaspilyte is found in the lower part of the ridge, dipping about 75° S., running under the 
greenstone (No. 36E). Much of this ridge is composed of a coarse" pepper" rock, i. e., sprinkled with hornblende 
crystals, which stand out on weathered surfaces, making a very rough aspect. This greenstone ridge runs east
ward to the range line, and contains jaspilyte again at half a mile east of Jasper lake. 

The older greenstone, therefore, appears, in the northern part of Lake county, to exist in the form of a 
two-forked area, the branches ot the fork forming a rim of a basin which pitches toward the northeast, and has 
been folded upon itself. In this basin are included folded beds of the Upper Keewatin which lies on the green
stone rim, and exhibits a basal nonconformity along both sides of the basin. The most westerly appearanc.e of 
this conglomerate is on the north shore of Saturday lake. About Ensign and Knife lakes are a lot of fine-gramed 
clastic rocks which are classed with the Lower Keewatin. Here are frequent instances of fine or flinty, siliceous 
bands, alternating with and grading into jaspilytic bands and into argillyte, the jaspilyte appearing to be sim~ly 
a p):lase of the finer sedimentation. Such is seen at the eastern end of the portage from Potato lake to Klllfe 
'lake, where the slates and jaspilyte bands are in common bent and convoluted. Similar slates continue east
wa~d to Mokoman island, where they stand on edge and strike N. 72° W. They split into very thin leaves-even 
a SIxty-fourth part of an inch. 

! 
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merchantable iron ore. The rock rises in the form of knobs from50 to 150 feet above the valley d' 'd . .. .". . ., s, an carnes consl er-
able fine iasPlhtl~SI;~ca without. t~e ~p.pearance of mu?h jaspilyte proper, so far as could be seen. The diamond-drill 
cores showed white ~halced~mc s~hca. The rock III general has a fracture and structure like that at Kawawsa
chong falls, and contams PYrite, cal~lte, and ~ppar~ntly siderite, and is intersected by slickensided parting planes. 

At the southwest corner of Pme lake IS a display of agglomeratic greenstone. This is near the centre of 
sec. 34, T. 64-10, at the western end of a small island. Aside from thc agglomeratic structure, which resembles 
that seen at Ely, the rock is amorphous, but is overlain by a basal conglomerate of the Upper Keewatin the 
pebbles of whic~ are of fine, flinty gr~en.stone and of jaspilyte. These greenish and flinty pebbles are quite 'sim
ilar to rock seen III the Lower Keewatlll III numerous places from Knife lake westward and south westward. It 
is quite conspicuous about the south ~hores of the small lake crossed by the section line between secs. 22 and 27, 
T.64-10 (Nos. 2161, 2162), known as Little Sucker lake: It is very siliceous, weathering nearly as light as a granite, 
fine-grained, gray-green within, fibroschistose, but not visibly laminated, rising in bold glaciated bosses. On the 
we1j.thered surface it is p~tted from the decay of some of the minerals. This rock seems to vary gradually, 
toward the west, to a massive greenstone which has irregularities of structme, and quartz veins, is schistose, but 
is not visibly laminated. This same siliceous, fine-grained rock (hardly a greenstone) is in several small islands 
that cross the lake in a line toward the west. This rock seems to be worthy of a name. It forms an important 
belt in the older greenstone at this place. It is neither greenstone, nor fine granite, nor quartzyte, nor flint, and 
it does not have the metamorphic origin ascribed to hornfels, but in many places it approaches nearest to flint. 
Under the action of metamorphism it would make a very dense and end uring rode 

Another variation in the older greenstones is to what has been styled, in Mr. Elftman's field-notes, "pepper 
rock," characterized by dark specks, caused by hornblende crystals, which is common about the eastern part of 
Pine lake (Nos. 2164, 2165). It is massive and apparently of igneous origin. But, owing to metamorphism and 
squeezing, much of the' rock, which was OTiginally clastic, has been so reconstructed, and at the same time forced 
amongst the surrounding masses, that it is frequently impossible to distinguish it from true igneous rock. 

The Kawishiwin about Pine lake also embraces some jaspilyte, in unimportant amounts, lying in rock 
below the conglomerate seen at the southwest corner of the lake. Jaspilyte is in a rigid, green, coarse schist, S. 
E.?4 N. E. ?4 sec. 34, 'whose structure runs with that of the country, about east and west, dips about 80° to the 
south. It is a low exposure on a small point, and has been explored a little. On the opposite side of the same 
bay, N. E. ?4 N. W. ~4 sec. 34, the same coarsely schistose greenstone is seen, dipping in the same way, but mainly 
more massive, rising to the hight of twenty feet, sloping from the water in a glaciated boss. 

Near the section line, on the north side of sec. 34, T. 64-10, is a similar coarse, green rock, with a slatiness 
that is about vertical; but this varies on the north to a very fine flint, or flinty, gray-green slate (No. 2168), much 
jointed, so as to part easily into small rhomboidal fragments, and this rock may have furnished numerous pebbles 
for the overlying conglomerate, whose strike passes through the country east and west but a short distance fur
ther south. The immediate overlie of this conglomerate on the greenstone is seen indistinctly on the small island 
at the southwest end of Pine lake. Here the greenstone itself is not only agglomeratic, but is also spotted indis
tinctlyand sparsely with forms that suggest a pebbly composition, the possibly pebbly forms being of a dense 
and compact texture, and slightly different from the matrix. Again, are seen irregularities showing a variation 
in the opposite direction, i. e., coarser in grain than the matrix; and, while these coarser spots are noticeable, 
they are of irregular, often elongated, shapes, in the main. Only rarely does one appear to be rounded as by 
attrition. The rock, as a whole, is irregularly massive, i. e., uot laminated or bedded, but, on weathering, at the 
lake level, it develops a coarse lamination which is rough and rather lenticular, dipping southerly. Its compar
atively rotted condition is the chief difficulty with considering it an original irruptive, while its association with 
jaspilyte, with siliceous gray slates and schists and flints, and occasional unmistakable evidences of fragmental 
accumulation, point strongly to a clastic origin. There is no known way by which a rock, originally basic and 
igneous, can be made to assume such forms. It seems reasonable to conclude that here the basal conglomerate 
of the Upper Keewatin lies on an older clastic rock of the Lower Keewatin. The determination that this green
stone (with its associated clastics) is the oldest known rock, will perhaps allow the assumption of conditions of 
sedimentation qJtite different from those that we know of at the present day. 

On the south side of Jasper lake, sec. 2, T.63-1O, is a high ridge running northeast and southwest. In the 
S. W . .l4 s. W . .l4 jaspilyte is found in the lower part of the ridge, dipping about 75° S., running under the 
greenstone (No. 36E). Much of this ridge is composed of a coarse" pepper" rock, i. e., sprinkled with hornblende 
crystals, which stand out on weathered surfaces, making a very rough aspect. This greenstone ridge runs east
ward to the range line, and contains jaspilyte again at half a mile east of Jasper lake. 

The older greenstone, therefore, appears, in the northern part of Lake county, to exist in the form of a 
tWo-forked area, the branches of. the fork forming a rim of a basin which pitches toward the northeast, and bas 
been folded upon itself. In this basin are included folded beds of the Upper Keewatin which lies on the green
stone rim, and exhibits a basal nonconformity along both sides of the basin. The most westerly appearanc.e of 
this conglomerate is on the north shore of Saturday lake. About Ensign and Knife lakes are a lot of fine-grallled 
clastic rocks which are classed with the Lower Keewatin. Here are frequent instances of fine or flinty, siliceous 
bands, alternating with and grading into jaspilytic bands and into argillyte, the jaspilyte appearing to be sim~IY 
a pp.ase of the finer sedimentation. Such is seen at the eastern end of the portage from Potato lake to Kmfe 
lake, where the slates and jaspilyte bands are in common bent and convoluted. Similar slates continue east
wa;d to Mokoman island, where they stand on edge and strike N. 72° W. They split into very thin leaves-even 
a slXty-fo~rth part of an inch. 
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On Pickle jake, at the southwest corner N. E. !4N. W. !4 . sec .. 35, sou"th shore ~f t~~ lake,. is a ~ard green, 
slate, with strike and cleavage N. 300 E. (mag.), vertical, and lamlD~tlOn app~rentlY comcl~mg. wIth thIS. South 
from the shore a few rods the same rock is seen interbedded mmutely wIth dark r~d Jaspllyte, the bands of 
. '1 t . a from a sl'xteenth of an inch to two inches in width. Here the rock IS much crumpled, and no 
J asp I y e varylllb' . ..' .' 

1 t 'jre is discoverable (No. 772G). This rock IS SImIlar to the Irony slates on the north sIde of Otter 
genera s n, . . 0 h l' tl' . 
Track lake. This same rock extends along the south shore of thIS lIttle bay. n t e 1~ e POlllt on the north 
side of the bay a hill is composed of hard, gray slate, sometimes greenish-gray. The stnke of the cleavage is 
N. 600 E., crossing the crumplings of the strata. . 

Similar gray and greenish siliceous slate occurs about the west end o~ EpSIlon lake,. sec. 29, T. 65-'6. ln 
some part this is also a dark red jaspilyte. The slate here becomes very SchIstose and fiSSIle, and resembles a 

sericite schist. 
Further details of the greenstones that appear along the north side of the Kawishiwi river in T.63-9 

and 10 will be found in the description of the Gabbro lake plate (chapter xxi). 
Note. In September, 1898, further examination was made of the greenstones west and southwest from 

Snowbank lake with a view to ascertain, if possible, the relation it bears to the porphyry, or porphyrel, of that 
region, and to the conglomerate mentioned above. The route of examination was from the Kawishiwi river to 
Triangle and Northwestern lakes and eastward from the latter to the great greenstone ridge, northwest 
corner sec. 16, T. 63-9 W.; thence northward to Moose lake, and eastward to Snowbank and Disappointment lakes, 
returning by way of Wood and Bassimenan lakes. Plate BB shows two views of greenstone on the Kawishiwi river. 

In making a portage from the Kawishiwi river to Triangle lake, N. E.!4 S. w. !4 sec. 24, T.63-10, the 
granite runs out soon, but it passes through a phase of schistosity in which red and green alternate in fine films 
of fine-grained rock (No. 2225), often running out. The red element prevails toward the south, and the green 
toward the north. The aspect is such as to suggest that the greenstone, which exists in full force further north, 
is here gradually converted into red granite, the nature of the greenstone having been that of a green wacke 
with more siliceous ingredient toward the south. At the shore of the river the granite shows no abnormal 
features, but it incorporated fragments of the greenstone, as in an igneous intrusion (No. 2.226), Between the 
finely laminated and the plainly fused or granitic rock is a belt, ten to twelve rods wide, of more coarsely laminated 
rock, the two sorts of rock blending into another intermediate phase, evidently not completely fluid, but plastic, 
more crystalline than the finely laminated rock, but less than the granite. So far as appearances in the field 
indicate, there is a perfect blending of the two rocks, the belt of transition being ten to twelve rods wide; the 
direction of the structures in the intermediate rock being the same as that of the mica schist next north, and ' 
the same as that of the greenstone still further north. 

After a narrow belt of mica schist, which does Dot weather red although it is seamed and veined with 
impefectly developed granite in all directions, the real greenstone is encountered. This is also much seamed 
by white quartz of the jaspilyte kind, and is faulted and twisted in all manter of irregularity. It also shows the 
agglomeratic structure seen at Ely, and occasionally is slaty with jaspilitic silica. 

It ought to be stated further, in the description of the foregoing finely laminated rock, that it is not evidently 
crystalline. The red portion is very fine or like felsyte, and the green is greenish-gray, fine-grained and siliceous. 
The whole transitional belt may be due to a shearing movement affecting the contacting portion of the granite, 
at the time of a true igneous intrusion on the greenstone. 

The country thence northward to Triangle lake is occupied, so far as observed, only by greenstone; The 
same is true about the shores of Triangle and Northwestern lakes, and eastward to northwest corner of sec. 16, 
T.63-9. At the section corner of sections 7, 8, 17 and 18 is to be noted an interesting fact, viz., rounded masses 
of white granite are in the greenstone, which in the immediate vicinity is also agglomeratic, though not in the 
portion immediately surrounding the granite pieces. There are ten or fifteen of these granite masses, varying 
from six inches downward. They lie in a rather granular greenstone, and' are associated with some greenstone 
?ebbles equally large. The area in which they lie is perhaps ten feet from one extreme to the other, but it is not 
III any regular way related to the surrounding greenstone, which is massive and seamed. There is no film of 
darker chloritic material surrounding the granitic masses, nor is there about the greenstone pebbles, yet the 
agglomer~tic structure characterizes the greenstone at large, including the presence of the dark films. 

It IS plam here that there are two sources for these greenstone masses or pebbles, one agglomeratic, with 
the surrounding films, and the other conglomeratic, without them. It is possible that this may be a remnant of ' 
the basal conglomerate of tbe Upper Keewatin. 

At the corner of secs. 8, 9, 16 and 17, T. 63-9, the ridge of "diabase" mentioned is fine and firm (No. 2227), 
and much of it is agglomeratic. This ridge slopes gradually (along the section line) toward the north, and at 
abo~t 300 paces south of the quarter-post, east side of section 8, is succeeded by a greenstone conglomerate, 
den:red ap?arently from this greenstone. Besides the greenstone pebbles, which may be referred to the agglom
e.r~tlC port~on of the greenstone, tbis conglomerate contains a few roundish fragments of white and red jaspilitic 
SIlIca. ThIS conglomerate is 105 feet in extent across the strike, and the structure is about vertical. It is suc
ceeded northward by a liO'ht th' t . . . d' th·· , 

• . b -wea enng, quar z-orthoclase porphyntlC rock or porphyry descrIbe III ano,er 
place, w~lCb, in turn, is followed northwardly by anotber greenstone (plate Z' figures 1 and 2) which has a can" 
glomeratlC (?) base holding many pieces of this porphyry (Nos. 2230 and 2240)'. It hence appe;rs that the second 
greenstone was separated from the oldest greenstone by an interval of time during which was produced, in some 
~ay, the por~hyry (No. 2229). In the later greenstone there is, so far as seen, no agglomeratic structure, but 
t at feature IS common in the greenstone lying south of the porphyry. 
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On Pickle lake, at the southwest corner N. E. :xiN. W. :xi sec. 35, sou,th shore ~f t~~ lake,. is a ~ard green 
slate, with strike and cleavage N. 300 E. (mag.), vertical, and lamiD~tion app~rentlY COlllCl~lllg. with thIS. South 
from the shore a few rods the same rock is seen interbedded mlllutely wIth dark r~d JaspIlyte, the bands of 
, '1 t ' a from a sl'xteenth of an inch to two inches in width. Here the rock IS much crumpled, and no 
J asp I y e varylllb .' . ..' .' 
general strike is discoverable (No. 772G). This rock IS similar to the Irony slates on ~he nor~h side of Otter 

T k I k T his same rock extends along the south shore of this little bay. On the little POlllt on the north rac a e. . 
side of the bay a hill is composed of hard, gray slate, sometimes greenish-gray. The stnke of the cleavage is 

N. 60° E., crossing the crumplings of the strata. . 
Similar gray and greenish siliceous slate occurs about the west end o~ Epsilon lake,. sec. 29, T. 65-6. in 

some part this is also a dark red jaspilyte. The slate here becomes very schistose and fissile, and resembles a' 

sericite schist. 
Further details of the greenstones that appear along the north side of the Kawishiwi river in T.63-9 

and 10 will be found in the description of the Gabbro lake plate (chapter xxi). 
Note. In September, 1898, further examination was made of the greenstones west and southwest from 

Snowbank lake with a view to ascertain, if possible, the relation it bears to the porphyry, or porphyrel, of that 
region, and to the conglomerate mentioned above. The route of examination was from the Kawishiwi river to 
Triangle and Northwestern lakes and eastward from the latter to the great greenstone ridge, northwest 
corner sec. 16, T. 63-9 W.; thence northward to Moose lake, and eastward to Snowbank and Disappointment lakes, 
returning by way of Wood and Bassimenan lakes. Plate BB shows two views of greenstone on the Kawishiwi river. 

In making a portage from the Kawishiwi river to Triangle lake, N. E.:xi S. w. :xi sec. 24, T.63-10, the 
granite runs out soon, but it passes through a phase of schistosity in which red and green alternate in fine films 
of fine-grained rock (No. 2225), often running out. The red element prevails toward the south, and the green 
toward the north. The aspect is such as to suggest that the greenston-e, which exists in full force further north, 
is here gradually converted into red granite, the nature of the greenstone having been that of a green wacke 
with more siliceous ingredient toward the south. At the shore of the river the granite shows no abnormal 
features, but it incorporated fragments of the greenstone, as in an igneous intrusion (No. ~226). Between the 
finely laminated and the plainly fused or granitic rock is a belt, ten to twelve rods wide, of more coarsely laminated 
rock, the two sorts of rock blending into another intermediate phase, evidently not completely fluid, but plastic, 
more crystalline than the finely laminated rock, but less than the granite. So far as appearances in the field 
indicate, there is a perfect blending of the two rocks, the belt of transition being ten to twelve rods wide; the 
direction of the structures in the intermediate rock being the same as that of the mica schist next north, and ' 
the same as that of the greenstone still further north. 

After a narrow belt of mica schist, which does not weather red although it is seamed and veined with 
impefectly developed granite in all directions, the real greenstone is encountered. This is also much seamed 
by white quartz of the jaspilyte kind, and is faulted and twisted in all manter of irregularity. It also shows the 
agglomeratic structure seen at Ely, and occasionally is slaty with jaspilitic silica. 

It ought to be stated further, in the description of the foregoing finely laminated rock, that it is not evidently 
crystalline. The red portion is very fine or like felsyte, and the green is greenish-gray, fine-grained and siliceous. 
The whole transitional belt may be due to a shearing movement affecting the contacting portion of the granite, 
at the time of a true igneous intrusion on the greenstone. 

The country thence northward to Triangle lake is occupied, so far as observed, only by greenstone. The 
same is true about the shores of Triangle and Northwestern lakes, and eastward to northwest corner of sec. IS, 
T.63-9. At the section corner of sections 7, 8, 17 and 18 is to be noted an interesting fact, viz., rounded masses 
of white granite are in the greenstone, which in the immediate vicinity is also agglomeratic, though not in the 
portion immediately surrounding the granite pieces. There are ten or fifteen of these granite masses, varying 
from six inches downward. They lie in a rather granular greenstone, and' are associated with some greenstone 
?ebbles equally large. The area in which they lie is perhaps ten feet from one extreme to the other, but it is not 
III any regular way related to the surrounding greenstone, which is massive and seamed. There is no film of 
darker chloritic material surrounding the granitic masses, nor is there about the greenstone pebbles, yet the 
agglomer~tic structure characterizes the greenstone at large, including the presence of the dark filmll. . 

It IS plalll here that there are two sources for these greenstone masses or pebbles, one agglomeratic, with 
the surrounding films, and the other conglomeratic, without them. It is possible that this may be a remnant of ' 
the basal conglomerate of the Upper Keewatjn. 

At the corner of sees. 8, 9, 16 and 17, T. 63-9, the ridge of "diabase" mentioned is fine and firm (No. 2227), 
and much of it is agglomeratic. This ridge slopes gradually (along the section line) toward the north, and at 
abo~t 300 paces south of the quarter-post, east side of section 8, is succeeded by a greenstone conglomerate, 
den:ed ap~arently from this greenstone. Besides the greenstone pebbles, which may be referred to the agglOJn~ . 
e.r~tIC port~on of the greenstone, this conglomerate contains a few roundish fragments of white and red jaspilitic 
SIlica. ThiS conglomerate is 105 feet in extent across the strike and the structure is about vertical. It is suc-
ceeded northward by a ljcrht weath ' t h '. . 'b d' th la ,'.' ,b - ermg, quar z-ort oclase porphyntlc rock, or porphyry, descrl e m ano er 
pee, \\ ~ICh, m turn, IS followed northwardly by another greenstone (plate Z figures 1 and 2). which has a con
glomeratIC (?) base holding many pieces of this porphyry (Nos. 2230 and 2240)'. It hence appe~rs that the second 
greenstone was separated from the oldest greenstone by an interval of time during which was produced, in some 
:ay, the por~hyry (No. 2229). In the later greenstone there is, so far as seen, no agglomeratic structure, but 
t at feature IS common in the greenstone lying south of the porphyry. 
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With a hand-glass it can be seen that in the later, or fragmental, greenstone the green hornblendes are 
roundish, and embraced in a mesh-work of the white element which seems to be silica. In some places this 
mesh-work stands above the rest of the rock and forms a sharp roughness. In the ignoous greenstones the white 
element (feldspar) weathers away faster than the dark, and the prominences are of pyroxene, or of pyroxene and 
magnetite. In some parts of this later greenstone the grain is very fine, hut usually with a hand-glass, on some
what weathered sllrfaces, this relation between the hornblende and the white element can he seen with more or 
less distinctness. In examining a true igneous greenstone the white element is seen to have the form of plagioclase 
crystals, which enter independently into the darker element, making an ophitic structure. This is not every
where observable in such rock, but the two elements are confusedly mixed; yet even an occasional instance of 
this structure is enough to show that the dark element crystallized later than the white, which is the reverse of 
the fact in the fragmental greenstone. 

The line between sees. 4 and 5, T. 63-9, runs north ward into a lake before reaching the town line, and at the 
'shore of the lake is a deposit of jaspilyte in greenstone. Before reaching this jaspilyte, for several rods the inter
rupted rock exposure shows a fragmental greenstone, sometimes with fine pieces of jaspilyte disseminated thickly, 
and sometimes with variations in the greenstone itself, even to showing schistose bands of fine grain. At the 
same time throughout the whole mass is much fine silica, which makes a sharply rough weathered surface. 
There are also many veins of vitreous quartz (compare figure 2, plate WW). 

Nearer the jaspilyte mass the greenstone becomes apparently pebbly, with siliceous variations of itself, and 
nearer still the siliceous element is more evenly distributed. In that way, with a coarser condition of the horn
blendic element, is produced the rock which Elftman styled" pepper rock," the siliceous element constituting 
half or more of the actual contents and surrounding the hornblendes. It is in the midst of this rock that occurs 
the jaspilyte. Near the jaspilyte the hornblendes are sometimes over a quarter of an inch long. 

The jaspilyte is abundantly interbedded with hornblendic rock material, such as has been described at 
Tower. The ore, so far as seen, is poor and of small amount, none being seen of merchantable quality. Occa
sionally even the siliceous element of the greenstone goes into these interlaminations along with the hornblendic. 
and the jaspilyte is actually banded with narrow, parallel belts of greenstone, the only difference between these 
bands and the regular greenstone mass being the slightly more siliceous nature of the bands and the coarser 
condition of the hornblendes. 

J aspilyte recurs again at the east end of this lake, where the greenstone is also cut by three red granitic dikes. 
The rock immediately south from the jaspilyte mass is conglomeratic, and at the west it is agglomeratic, 

It appears that the conglomeratic portion consists of the central cores of the agglomeratic bombs, the rock being 
light-weathering greenstone in each, but in the former without the encircling dark films. 

At a point further west, still on the south side of the same lake, is a gabbroid rock (No. 2247) in which 
apparently pyroxene and (magnetite?) exist, the latter being reddish and perhaps nowbaving some of the altera
tion products oftitaniferous magnetite. This rock, at one place at least, has a sharp contact on the schistose 
conglomeratic greenstone described above, and is plainly of later date than that greenstone. This rock may be 
compared with No. 2254. 

Continuing along the bare, rocky ridge which bounds this lake on the south, there is to be observed much 
of the rock resembling gabbro (No. 2247), and of the coars(), massive greenstone which embraces the jaspilyte 
above. These rocks are closely intermixed, but in the field the gabbroid rock shows no important shearing effect, 
and in other respects seems to be later. The other becomes schistose and is cut by the gabbroid rock. In one 
the pyroxene crystals stand out on the weathered surface, causing the chief roughness; in the other the rough
ness appears to be due to a siliceous mesh which permeates the mass of the rock. 

A similar gabbroid rock (No. 2254) cuts the basal conglomerate of the Upper Keewatin at the west end of a 
small lake lying near and north of the west end of this lake. In the vicinity are several drift boulders of gabbro 
whose source is not known, but which probably came from the north, and from similar dikes or bosses. 

The Upper Keewatin, at this place, contains pebbles as follows, forming a coarse and conspicuous bluff 
near the little lake: greenstone, jaspilyte, fragments of the agglomeratic amygdaloid of the Lower Keewatin, 
slaty and flinty pieces from the slates and graywackes seen south of here, fine-grained porphyritic granitic rock 
(No. 2248). 

Along the north side of still another little lake, S. E. X sec. 32, T. 64-9, is a conspicuous hill in which is a 
great display of gabbroid rock (No. 2255), and it here apparently cuts older greenstone. It is fifty paces soutb 
of the quarter-post, between sections 32 and 33. It is amygdaloidaI, in narrow belts, the fillings being pinkisb 
:vhite, hard and coarsely radiated, as large as peas, and apparently a zeolite. It is evident that this greenstone 
IS fresher than any of the Kawishiwin greenstones, and also that is later than the Upper Keewatin, which it cuts. 
It forms the chief topographic outlines for a quarter of a mile, continuing for some distance north of the above 
mentioned quarter-post, in a very rough country, the main ridges running north of east (No. 2258), but the next 
sharp ridge, whose summit is 250 paces north of the same quarter-post, is composed of agglomeratic greenstone. 
It is precipitous, both to the south and to the north, and about 150 feet above the adjacent valleys. 

The next ridge is composed of greenstone conglomerate, with some pebbles of jaspilyte, and some of a rock 
much resembling Nos. 2255 and 2258. The great bulk of the conglomerate consists of fine-grained siliceous 
greenstone which may have come from the agglomeratic masses of the older greenstone. It is largely cemented 
b~ quartz. Toward the north this graduates into finer conglomerate (No. 2259) and to graywacke, interbedded 
WIth coarser conglomerate. On crossing a subordinate valley the next ridge is found to be of graywacke and 
greenish graywacke, but toward the north this ridge is porphyritic with white feldspars (No. 2260), which are 
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apparently pyroxene and (magnetite?) exist, the latter being reddish and perhaps now having SOlle of the altera
tion products of·titaniferous magnetite. This rock, at one place at least, has a sharp contact on the schistose 
conglomeratic greenstone described above, and is plainly of later date than that greenstone. This rock may be 
compared with No. 2254. 

Continuing along the bare, rocky ridge which bounds this lake on the south, there is to be observed much 
of the rock resembling gabbro (No. 2247), and of the COaI'S~, massive greenstone which embraces the jaspilyte 
above. These rocks are closely intermixed, but in the field the gabbroid rock shows no important shearing effect, 
and in other respects seems to be later. The other becomes schistose and is cut by the gabbroid rock. In one 
the pyroxene crystals stand out on the weathered surface, causing the chief roughness; in the other the rough
ness appears to be due to a siliceous mesh which permeates the mass of the rock. 

A similar gabbroid rock (No. 2254) cuts the basal conglomerate of the Upper Keewatin at the west end of a 
small lake lying near and north of the west end of this lake. In the vicinity are several drift boulders of gabbro 
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much resembling Nos. 2255 and 2258. The great bulk of the conglomerate consists of fine-grained siliceous 
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sprinkled over' the weathered. The rock remains. green, or grayi~h green, but the feldspars wea~her a yttle pink. 
They are more numerous in some places than m others, and, mdeed, the~e are small ar~as m. whIch a rude 
banding, somewhat like that of stratification, can be seen. ~hroughout this rock are foreIgn pI.eces,. either of 
jaspilyte or of greenstone, and a micaceous darker rock, a lillca-porphyry, occurs suddenly, runnmg lIke a dike 

(No. 2261). .. . .. 
In some places this green porphyritic rock (No. 2260) holds Jaspllyte pIeces SIX mches across. Where it is 

in contact with the slates and graywacke there is a band of a couple of feet in which the two rocks mix .. Some~ 
times the porphyry is really a greenstone, with only very rare evident crystals (No. 2262). It seems not only to 
be in contact with the slate and graywacke, cutting them as an igneous rock, but also has a kind of alternation. 
with them as if a member of the same sedimentary series. This alternation is hard to understand, but in view 
of the zigz~g h'acture and intense squeezing it may be these alternations are due to mechanical fracture followed 
by pressure, as well as to the inclusion of slate in the porphyry in the act of intrusion. Thereare_numerouB 
bits of slate and jaspilyte in this green porphyry, but the rock is mainly massive and uniform; the schistosity 
can be attributed to fracture and movement. 

Along the section line between sees. 32 and 33, and between secs. 28 and 29, T. 64-9, the structure 
seems to consist of a succession of short ridges formed primarily by folding, the geological horizon gradually 
ascending toward the north. The most of the rocks dip nearly vertical, or slightly to the south. The last rock 
at the shore of Moose lake is a conglomerate much resembling some parts of the Stuntz conglomerate, but finer, 
the pebbles derived apparently from some porphyry belonging in the Lower Keewatin, but now folded, along with 
the Lower Keewatin greenstones, closely with the Upper Keewatin. The mechanical contacts of the porphyry 
on its own debris, formed by such folding, are difficult to distinguish from true igneous intrusion, and hence 
some of this porphyry may not belong to the Lower Keewatin, although there is no proof to the contrary. 

The island in Moose lake crossed by the section line between secs. 28 and 29, T. 64-9, is composed largely 
of an irony sericitic schist, cut by a rather fresh diabase dike four feet wide, and by a narrow vein-like quartzose 
dike of fine red granite. This schist (No. 2270) is bright green at the summit of the island toward the northeast 
end, and is charged with carbonate of iron, which oxidizes but does not stain the weathered surface. This 
bright green or bluish green color, however, fades out in other places, and the surface is more or less rusty, the 
interior being gray. In this rock is much pyrite, evidently cupriferous, since the schist is stained by malachite 
green at a little depth, in scattered small points. Most of the island is outwardly composed of fissile, rusty 
sericitic schist standing vertical, but along the south shore is a fine slaty argillyte. 

Westward from the jaspilyte locality, on the trail from Moose lake to Wood lake, is found a series of ridges 
of the Upper Keewatin. Some are of conglomerate and some of schist. The last ridge, near which the trail 
passes, is the highest. The rock of this ridge illustrates the close folding and shearing to which much of 
this region has been subjected. The rock weathers light blue, or greenish, but does not belong to the green
stones of the Lower Keewatin. It consisted originally of banded, fine slate and fine graywacke, but it is broken 
into a series of short parts in a manner like that illustrated at Cloquet (figures 1 and 2, plate Y Y), in Carlton 
county. Hence, on the weathered upper surface it appears somewhat like a sheared, or pressed, conglomerate, 
consisting of only two sorts of rock. On weathered vertical surfaces, however, the separate parts, which might 
be mistaken for detrital pebbles, are seen to descend far down into the mass lenticularly. 

On the trail from Moose lake to Flask lake, there occur two greenstone ridges, which can be referred to 
the Lower Keewatin, the intervening ridges belonging probably to the Upper Keewatin. One of these old green
stone ridges is about one-third of the way to Flask lake, and the other is near that lake. Granitic rock and 
granite porphyry cut the former. The last rock seen toward the east is a fine schist. 

East of Flask lake the rock is distinctly greenstone, rather firm and often hornblendic, like No. 2267, but 
toward Snowbank lake it becomes more and more conglomeratic, as seen at the west shore of that lake. It is 
hard, greenish, massive, and blotched with epidote seams and veins. This rock is included in the Upper Keewatin. 
It is that cut by the Snowbank lake granite. 

(2). Evident clastics and iron orcs. Allusion has been made to the Upper Kee
watin, as distinct from the Lower by reason of the coarse basal conglomerate that 
marks the commencement of the former. It is in this conglomerate that occur the 
iron ore deposits here referred to. The conglomerate is a very extensive part of the 
Upper Keewatin, and can be identified from Saganaga lake to Saturday lake, but iron 
ore has been found indigenous in it at but one place. 

This iron ore is not known to be different from that already described in the 
Lower Keewatin, in any other respect than that it is at a higher stratigraphic hori
zon, and is the matrix rock of a coarse conglomerate. They are both banded jaspilyte. 
This locality is on the l)Ortage trail from Moose lake to Wood lake, but near Moose 
lake; west side of sec. 21, T. 64-9. 
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Along the section line between secs. 32 and 33, and between secs. 28 and 29, T. 64-9, the structure 
seems to consist of a succession of short ridges formed primarily by folding, the geological horizon gradually 
ascending toward the north. The most of the rocks dip nearly vertical, or slightly to the south. The last rock 
at the shore of Moose lake is a conglomerate much resembling some parts of the Stuntz conglomerate, but finer, 
the pebbles derived apparently from some porphyry belonging in the Lower Keewatin, but now folded, along with 
the Lower Keewatin greenstones, closely with the Upper Keewatin. The mechanical contacts of the porphyry 
on its own debris, formed by such folding, are difficult to distinguish from true igneous intrusion, and hence 
some of this porphyry may not belong to the Lower Keewatin, although there is no proof to the contrary. 

The island in Moose lake crossed by the section line between secs. 28 and 29, T. 64-9, is composed largely 
of an irony sericitic schist, cut by a rather fresh diabase dike four feet wide, and by a narrow vein-like quartzose 
dike of fine red granite. This schist (No. 2270) is bright green at the summit of the island toward the northeast 
end, and is charged with carbonate of iron, which oxidizes but does not stain the weathered surface. This 
bright green or bluish green color, however, fades out in other places, and the surface is more or less rusty, the 
interior being gray. In this rock is much pyrite, evidently cupriferous, since the schist is stained by malachite 
green at a little depth, in scattered small points. Most of the island is outwardly composed of fissile, rusty 
sericitic schist standing vertical, but along the south shore is a fine slaty argillyte. 

Westward from the jaspilyte locality, on the trail from Moose lake to Wood lake, is found a series of ridges 
of the Upper Keewatin. Some are of conglomerate and some of schist. The last ridge, near which the trail 
passes, is the highest. The rock of this ridge illustrates the close folding and shearing to which much of 
this region has been subjected. The rock weathers light blue, or greenish, but does not belong tc) the green
stones of the Lower Keewatin. It consisted originally of banded, fine slate and fine graywacke, but it is broken 
into a series of short parts in a manner like that illustrated at Cloquet (figures 1 and 2, plate Y Y), in Carlton 
county. Hence, on the weathered upper surface it appears somewhat like a sheared, or pressed, conglomerate, 
consisting of only two sorts of rock. On weathered vertical surfaces, however, the separate parts, which might 
be mistaken for detrital pebbles, are seen to descend far down into the mass lenticularly. 

On the trail from Moose lake to Flask lake, there occur two greenstone ridges, which can be referred to 
the Lower Keewatin, the intervening ridges belonging probably to the Upper Keewatin. One of these old green
stone ridges is about one-third of the way to Flask lake, and the other is near that lake. Granitic rock and 
granite porphyry cut the former. The last rock seen toward the east is a fine schist. 

East of Flask lake the rock is distinctly greenstone, rather firm and often hornblendic, like No. 2267, but 
toward Snowbank lake it becomes more and more conglomeratic, as seen at the west shore of that lake. It is 
hard, greenish, massive, and blotched with epidote seams and veins. This rock is included in the Upper Keewatin. 
It is that cut by the Snowbank lake granite. 

(2). Evident clastics and iron ores. Allusion has been made to the Upper Kee
watin, as distinct from the Lower by reason of the coarse basal conglomerate that 

marks the commencement of the former. It is in this conglomerate that occur the 
iron ore deposits here referred t.o. The conglomerate is a very extensive part of the 

Upper Keewatin, and can be identified from Saganaga lake to Saturday lake, but iron 
ore has been found indigenous in it at but one place. 

This iron ore is not known to be different from that already described in the 
Lower Keewatin, in any other respect than that it is at a higher stratigraphic hori
zon, and is the matrix rock of a coarse conglomerate. They are both banded jaspilyte. 

This locality is on the l)Ortage trail from Moose lake to Wood lake, but near Moose 
lake; west side of sec. 21, T. 64-9. 
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'('he country is burnt off (Allgust, 1897) and the rock is bare, showing its structure. There is a series of 
north-northeast and south-southwest ridges crossing the country parallel to the direction of the lake and of the 
islands, and on the portage. trail they are quite conspicuous. At the lake is schist, quite fissile, as seen on some 
of the islands and the pomts, and argillyte, often green and falling down in large slabs, probably suitable for 
roofing slate. Immediately north of the portage landing rises a very singular and interestino' ridO'e which is 
steep on the south side an~ sl~nts :vith the dip, and is somewhat more gradual on the north. The di~ is 800 or 
85° toward the south. ThIS ndge IS made up of conglomerate, in general, but shows interesting combinations: 

1. It contains considerable deposits of jaspilyte, normal in all essential characters, rather magnetitic than 
iliematitic, but considerably contorted and varying to a greenish siliceous jaspilyte, and to dark slate. 

'2. T.:hisjaspilyte embraces rocks of different kinds, as pebbles, and even occasionally as boulders the bands 
of the jaspilyte swinging Touno and embracing them when large. The enclosed stones are of different sorts but 
red granitic rock prevail~. Such red granitic rock is also the prevalent pebble throughout. Greenstone pebbles, 
hard, siliceous, green, flInty pebbles, and apparently pebbles of jaspilyte, which is fiery red in color, are also 
included in the jaspilyte.* Yet in the main, it is simply a banded jaspilyte nearly free from pebbles. The largest 
granite boulder seen is about ten inches in diameter. This jaspilyte is indigenous in the formation and its layers 
are frequently separated by fine green sediment, and sometimes by a coarser gritty green sediment. When the 
interleaved sediment is fine and greenish, it is also very siliceous, making a greenish flint. A bouldery portion of 
this jaspilyte is represented by figures 1 and 2, plate X. 

3. The conglomerate, in its southern portion, is characterized by a red-weathering granite, but it also con
tains greenstone and jaspilyte and a siliceous, very fine rock, like flint. 

4. The jaspilyte itself occurs not only as large masses, but is strung out in small lenticular tbin sheets 
throughout the southern part of the conglomerate; and it fades out sometimes across the bedding into the gen
eral conglomerate, passing through a stage of siliceous, black or greenish slate (No. 2274). 

5. Aside from the twisted and confused condition, there is nothing further worthy of note in the southern 
belt, which is about thirty feet across. 

On the south the rock, while plainly a part of the fragmental series, is of a coarse, irregular green schist, 
containing much vitreous quartz in veins running with the schist. This is visible only at the west end of the 
ridge. There is also some such quartz in irregular deposits throughout this conglomerate. 

B. On the north side, while the conglomerate is continued in that direction, yet it consists wholly of 
greenstone debris, and is so consolidated that it looks like the massive greenstone of the Lower Keewatin. In 
some places it is so fine-grained, massive and uniform that it looks like some conditions of the agglomeratic 
greenstone. 

7. The importance of this observation consists in showing conditions that attended the origin of the 
jaspilyte with its .irony ingredient, cotemporary with a fragmental accumulation, and due to a force (oceanic 
water), the same as that which accumulated the conglomerate itself. That it is so fine can be explained on the 
precipitation theory. 

Another ridge further north, according to Mr. Elftman, is of conglomerate, with pebbles of red granite, 
greenstone and jaspilyte. This is 300 feet from the foregoing. The entire thickness of the conglomerate at this 
place is about BOO feet. The third ridge still further north consists of firm, compact, much-sheared green schist 
and graywacke, supposed to belong to the Upper Keewatin, as already described. There is another jaspilyte 
belt north of the one described, having a width of about thirty or forty feet, making a total thickness of about 
100 feet of jaspilyte in BOO feet of conglomerate. 

The great Ogishke conglomerate, which here contains this ore, is a conspicuous formation all the way 
from Saturday lake to Saganaga lake. It is worthy of note that in 1887 Dr. A. Winchell published a note of a 
similar occurrence of jaspilyte in this conglomerate near Ogishke Muncie lake, as follows:t "Ogishke conglom
erate, pretty well developed. Contains red jasper, not as a pebble, and this is banded and associated with 
hematite (No. 88BW)." 

This conglomerate is in nearly all places quite coarse, but it shades sometimes 

into graywacke, and the graywacke becomes argillyte. One of its greatest peculi

arities is its porphyritic aspect, arising from the abundant dissemination of feldspar 

crystals. In several of the annual reports these feldspars have been considered as 
- 'A more careful enumeration of the sorts of rock represented in this conglomerate waS made in September, 1898, viz.: 

1. Dark-weathering greenstone, rounded, one piece being twenty inches in longer ·diameter. 
2. Red fine-grained granite, weathering pink. 
3. Brick·red jasper, in angular fragments, sometimes in the bands of jaspilyte. 
4. Porphyry, not quartziferous twenty inches in diameter; rounded, also very fine; abundant. 
5. Light-weathering greenston~. 
6. Hard felsyte, light green. 
7. Dioryte, with rather coarse hornblendes. . . 

. 8. Pinkish, fine'grained, apparently granitic rock, with phenocrysts of hornblende, very common m the rIdge next west. 
(This may be ~he same as the red granite, No.2.) . ' . . . . ". . hich su . 

The brlck'red jasper pieces are confined to the conglomerate 111 the near VlClluty of the mall1.Jaspllyte mas.s, w g 
gests that they may all be referred to displacement from their parent mass in the conglomerate by foldmg and shearmg, and that 
hence they may not indicate an earlier jaspilyte. 

t Sixteenth A nnual Report, p. 315, 1888. 
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rI'he country is burnt off (August, 1897) and the rock is hare, showing its structure. There is a series of 
north-northeast and south-southwest ridges crossing the country parallel to the direction of the lake and of the 
islands, and on the portage. trail they are quite conspicuous. At the lake is schist, quite fissile, as seen on some 
of the islands and th~ pomts, and argillyte, often gre~n and falling down in large slabs, prohably suitahle for 
roofing slate. ImmedIately north of the portage landmg rises a very singular and interestino' rido-e which is 
steep on the south side an~ sl?nts :vith the dip, and is somewhat more gradual on the north. The di~ is 800 or 
85° toward the south. ThIS ndge IS made up of conglomerate, in general, but shows interesting combinations: 

1. It contains considerable deposits of jaspilyte, normal in all essential characters, rather magnetitic than 
.!hematitic, but considerably contorted and varying to a greenish siliceous jaspilyte, and to dark slate. 

"2. This jaspilyte embraces rocks of different kinds, as pebbles, and even occasionally as boulders, the bands 
of the jaspilyte swinging Tound and embracing them when large. The enclosed stones are of different sorts but 
red granitic rock prevail~. Such red granitic rock is also the prevalent pebble throughout. Greenstone pebbles, 
hard, siliceous, green, fhnty pebbles, and apparently pebbles of jaspilyte, which is fiery red in color, are also 
included in the jaspilyte.* Yet in the main, it is simply a banded jaspilyte nearly free from pebbles. The largest 
granite boulder seen is abou t ten inches in diameter. This j aspilyte is indigenous in the formation and its la}'ers 
are frequently separated by fine green sediment, and sometimes by a coarser gritty green sediment. When' the 
interleaved sediment is fine and greenish, it is also very siliceous, making a greenish flint. A bouldery portion of 
this jaspilyte is represen ted by figures 1 and 2, plate X. 

3. The conglomerate, in its southern portion, is characterized by a red-weathering granite, but it also con
tains greenstone and jaspilyte and a siliceous, very fine rock, like flint. 

4. The jaspilyte itself occurs not only as large masses, but is strung out in small lenticular thin sheets 
throughout the southern part of the conglomerate; and it fades out sometimes across the bedding into the gen
eral conglomerate, passing through a stage of siliceous, black or greenish slate (No. 2274). 

5. Aside from the twisted and confused condition, there is nothing further worthy of note in the southern 
belt, which is about thirty feet across. 

On the south the rock, while plainly a part of the fragmental series, is of a coarse, irregular green schist, 
containing much vitreous quartz in veins running with the schist. This is visible only at the west end of the 
ridge. There is also some such quartz in irregular deposits throughout this conglomerate. 

6. On the north side, while the conglomerate is continued in that direction, yet it consists wholly of 
greenstone debris, and is so consolidated that it looks like the massive greenstone of the Lower Keewatin. In 
some places it is so fine-grained, massive and uniform that it looks like some conditions of the agglomeratic 
greenstone. 

7. The importance of this observation consists in showing conditions that attended the origin of the 
jaspilyte with its .irony ingredient, cotemporary with a fragmental accumulation, and due to a force (oceanic 
water), the same as that which accumulated the conglomerate itself. That it is so fine can be explained on the 
precipitation theory. 

Another ridge further north, according to Mr. Elftman, is of conglomerate, with pebbles of red granite, 
greenstone and jaspilyte. This is 300 feet from the foregoing. The entire thickness of the conglomerate at this 
place is about 600 feet. The third ridge still further north consists of firm, compact, much-sheared green schist 
and graywacke, supposed to belong to the Upper Keewatin, as already described. There is another jaspilyte 
belt north of the one described, having a width of about thirty or forty feet, making a total thickness of about 
100 feet of jaspilyte in 600 feet of conglomerate. 

The great Ogishke conglomerate, which here contains this ore, is a conspicuous formation all the way 
from Saturday lake to Saganaga lake. It is worthy of note that in 1887 Dr. A. Winchell published a note of a 
similar occurrence of jaspilyte in this conglomerate near Ogishke Muncie lake, as follows:t "Ogishke conglom
erate, pretty well developed. Contains red jasper, not as a pebble, and this is banded and associated with 
hematite (No. 886W)." 

This conglomerate is in nearly all places quite coarse, but it shades sometimes 

into graywacke, and the graywacke becomes argillyte. One of its greatest peculi

arities is its porphyritic aspect, arising from the abundant dissemination of feldspar 

crystals. In several of the annual reports these feldspars have been considered as - 'A more careful enumeration of the sorts of rock represented in this conglomerate was made in September, 1808, viz.; 
1. Dark·weathering greenstone, rounded, one piece being twenty inches in longer "diameter. 
2. Red fine-grained granite, weathering pink. 
3. Brick-red jasper, in angular fragments, sometimes in the bands of jaspilyte. 
4. Porphyry, not quartziferous, twenty inches in diameter; rounded, also very fine; abundant. 
5. Light-weathering greenstone. 
6. Hard felsyte, light green. 
7. Dioryte, with rather coarse hornblendes. . . 

. B. Pinkish, fine·grained, apparently granitic rock, with phenocrysts of hornblende, very common m the rIdge next west. 
(Thismaybe~hesameastheredgranite,No.2.) ." . . ',' hichsu. 

The brlck·red jasper pieces are confined to the conglomerate m the near VlCllllty of the mam.Ja"pllyte mas.s, w g 
gests that they may all be referred to displacement from their parent mass in the conglomerate by foldmg and shearmg, and that 
hence they may not indicate an earlier jaspilyte. 

t Sixteenth A nnual Report, p. 315, 1888. 
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of secondaTY origin, due to metamorphic agencies, developed since the consolidation 

of the TOCk. These crystals aTe not always angulaT and entire, but as fragments· 

they aTe Teduced in size and blend with other debTis to form the genexal matrix of 

the Tock. Such pseudo-poTphYTitic Tock was named porphyrel by Dr. A. Winchell, 

in the fifteenth annual Teport,* a name which seems appropriate and necessary. Sev

eral petrographical descTiptions of this rock from the vicinity of Kekequabic, Moose, 

Zeta and Ogishke Muncie lakes aTe given elsewheTe (Nos. 1062, 1094, 2170). What 

may have been the source of these feldspar crystals is still a subject of inquiry. There 

were, as appeal'S from the field observations, many dikes, and perhaps considerable 

areas, of porphyry, very similaT to this Tock, and of pOTphyritic gxanite like that, of 

Iron lake, cutting the Lower Keewatin, and, on disintegration in the ocean of the 

age of the UppeT Keewatin, such cTystals may have been disengaged in great num

bers. As these cTystals, however, are associated with augite cTystals (usually much 

alteTed to hornblende), and as the rock seems to gTade into a Tock which is essen

tially a submarine tuff having more or less of ordinaTY detTital character, it is per

haps mOTe likely that in some cases the crystals weTe ejected fTom volcanic craters 

of the date of the Upper Keewatin. 
This rock has attxacted a gTeat deal of attention fTom all membeTS of the survey. 

This is owing to its bold and fTequent exposures, its gTeat extent and its variations 
in composition, and to a poweTful metamorphism which it has suffeTed, causing it to 
take on the aspect of a dense mica schist, and even to act apparently the role of an 
intTusive amongst the associated strata. These intrusive characters aTe considered 
undeT the following heading: J.gneous rocks of the Keewatin. 

""_t Scttunlay lake. The most western known appearance of this conglomerate in Lake county is on the 
western shores of Saturday lake. On the south side, at S. W. ~ N. E. ~ sec. 36, T. 64-11, near the portage land
ing from Fall lake, is an argillitic and chloritic condition of this conglomerate (Nos. 175W and 2145). The rock 
is completely beset with pebbles, mostly less than three inches, but some are stones six to ten inches, in diameter, 
weathering lighter colored than the matrix and having a finer grain (No. 2145A). On fresh fractUre the pebbles 
are greenish and blend with the rock so as to be almost indistinguishable. They are hard and weather nearly 
white. The schistose structure runsN. 45° E., and the pebbles have a prevailing parallelism with the schistosity. 
They appear like flint and sometimes have an older fine jointing or structure resembling slatiness, which does 
not agree with the schistosity of the rock. 

A light weathering belt, somewhat in the form of a dike, cuts the little knob composed mainly of this 
conglomerate, nearly, but not quite, parallel with its schistosity. It is a straggling dike and is very fine-grained, 
with a fine schistosity parallel with that of the rock. The green schist lying a little further south stands nearly 
vertical, and much resembles the green schist seen along the south shore of Fall lake (Nos. 2147 and 2148). A 
low bluff, S. W. ~ N. E. ~ sec. 36, T. 64-11, consists of a more uniform greenstone, not showing sedimentary 
structure, but holding irregular light-colored siliceous masses, curiously shaped. This rock (No. 2148) resembles 
the rock at Ely, even to the amygdaloidal porosity; but here, instead of having bomb-like forms with calcite in 
pe~ipheral cavities, such cavities are generally distributed in the rock, and, on weathering, such cavities are 
q Ulte marked. This schist and greenstone, therefore, are a part of the Lower Keewatin, and the line of transition 
from Lower to Upper is between this and the foregoing conglomerate knob. 

On the l:orth side of Saturday lake the basal conglomerate appears conspicuously at the shore, forming a 
range of low hIlls for half a mile in N. E. ~ N. E. ~4 sec. 36, T. 64-11. Here the rock is very schistose, and yet it 
has, as at No. 2145, veins of vitreous silica. Frequently a whitened, weathered surface presents much the aspect 
of the Stun~z conglomerate, but in general here the matrix is much more green. . 

At Puw lake. From Saturday lake the strike of the northern border of the conglomerate is nearly east
ward, to the southwest corner of Pine lake, where it appears on a small island, as already mentioned, and in the 

* Op. cit. p. 150, 1886 [1887]. 
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of secondary origin, due to metamorphic agencies, developed since the consolidation 

of the rock. These crystals are not always angular and entire, but as fragments -

they are reduced in size and blend with other debris to form the general matrix of 

the rock. Such pseudo-porphyritic rock was named porphyrel by Dr. A. Winchell, 

in the fifteenth annual report,* a name which seems appropriate and necessary. Sev

eral petrographical descriptions of this rock from the vicinity of Kekequabic, Moose, 

Zeta and Ogishke Muncie lakes are given elsewhere (Nos. 1062, 1094, 2170). What 

may have been the source of these feldspar crystals is still a subject of inquiry. There 

were, as appears from the field observations, many dikes, and perhaps considerable 

areas, of porphyry, very similar to this rock, and of porphyritic granite like that. of 

Iron lake, cutting the Lower Keewatin, and, on disintegration in the ocean of the 

age of the Upper Keewatin, such crystals may have been disengaged in great num

bers. As these crystals, however, are associated with augite crystals (usually much 

altered to hornblende), and as the rock seems to grade into a rock which is essen

tially a submarine tuff having more or less of ordinary detrital character, it is per

haps more likely that in some cases the crystals were ejected from volcanic craters 

of the date of the Upper Keewatin. 
This rock has attracted a great deal of attention from all members of the survey. 

This is owing to its bold and frequent exposures, its great extent and its variations 
in composition, and to a powerful metamorphism which it has suffered, causing it to 
take on the aspect of a dense mica schist, and even to act apparently the role of an 
intrusive amongst the associated strata. These intrusive characters are considered 
under the following heading: I.r;neous rocks oj the Keewatin. 

At Scdunlay lake. The most western known appearance of this conglomerate in Lake county is on the 
western shores of Saturday lake. On the south side, at S. W. 74 N. E. 74 sec. 36, T. 64-11, near the portage land
ing from Fall lake, is an argillitic and chloritic condition of this conglomerate (Nos. 175W and 2145). The rock 
is completely beset with pebbles, mostly less than three inches, but some are stones six to ten inches, in diameter, 
weathering lighter colored than the matrix and having a finer grain (No. 2145A). On fresh fracture the pebbles 
are greenish and blend with the rock so as to be almost indistinguishable. They are hard and weather nearly 
white. The schistose structure runs N. 45° K, and the pebbles have a prevailing parallelism with the schistosity. 
They appear like flint and sometimes have an older fine jointing or structure resembling slatiness, which does 
not agree with the schistosity of the rock. 

A light weathering belt, somewhat in the form of a dike, cuts the little knob composed mainly of this 
conglomerate, nearly, but not quite, parallel with its schistosity. It is a straggling dike and is very fine.grained, 
with a fine schistosity parallel with that of the rock. The green schist lying a little further south stands nearly 
vertical, and much resembles the green schist seen along the south shore of Fall lake (Nos. 2147 and 2148). A 
low bluff, S. W. 74 N. E. 74 sec . .36, T. 64-11, consists of a more uniform greenstone, not showing sedimentary 
structure, but holding irregular light-colored siliceous masses, curiously shaped. This rock (No. 2148) resembles 
the rock at Ely, even to the amygdaloidal porosity; but here, instead of having bomb-like forms with calcite in 
pe~ipheral cavities, such cavities are generally distributed in the rock, and, on weathering, such cavities are 
q Ulte marked. This schist and greenstone, therefore, are a part of the Lower Keewatin, and the line of transition 
from Lower to Upper is between this and the foregoing conglomerate knob. 

On the north side of Saturday lake the basal conglomerate appears conspicuously at the shore, forming a 
range of low hllls for half a mile in N. K 74 N. E. ~4 sec. 36, T. 64-11. Here the rock is very schistose, and yet it 
has, as at No. 2145, veins of vitreous silica. Frequently a whitened, weathered surface presents much the aspect 
of the Stun~z conglomerate, but in general here the matrix is much more green. 

At Pme lake. From Saturday lake the strike of the northern border of the conglomerate is nearly east
ward, to the southwest corner of Pine lake, where it appears on a small island, as already mentioned, and in the 

* Op. cit. p. 159, 1886 [1887]. 
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same manner is immediately above a fragmental greenstone. At the centre of sec. 34 T. 64-10 Pine lake it 
contains pebbles of jaspilyte and siliceous greenstone. It rises as a glaciated dome dIrectly fr~m the water. 
The structure, d~p, ~trike, etc., .cannot be made out, but a general elongation of the pebbles, and the frequency 
of short seams, mdlCate a strIke about east and west. The western part of the island mentioned consists of 
amorphous and agglomeratic ~reenstone, and the eastern is of conglomerate, and contains pebbles of fine and 
siliceous greenstone and of jaspilyte. The greenstone end of the island rises highest. The green siliceous 
pebbles of the conglomerate are like some flinty portions of the Lower Keewatin, which is well known, and 
occurs about Little Sucker lake, about a mile further north. 

At Jasper lake, and in general through the northwestern portion of T. 63-9 W., wherever this conglomerate is 
seen, it is frequently charged with pebbles and sometimes with large masses of jaspilyte. These masses are so 
large sometimes that they appear to be in situ. In the same region are numerous knobs of indigenous jaspilyte, 
lying in greenstone, and these have supplied the debris of the conglomerate, whether it be of the green element 
from the Lower Keewatin, or of the jaspilyte. The formation here has resumed its strike toward the northeast. 
It appears on both sides of Moose lake, and forms a 'prominent part of the high ridge which runs along the east 
side of Moose lake. It occupies, however, in general, lower tracts than the underlying greenstone. 

At and near Moose lake, on the line between secs. 32 and 29, T. 64-9, east of Moose lake, about a quarter 
of a mile from the lake, this formation appears at about 100 feet above Moose lake. It has a strike a little south 
of west, and stands nearly vertical, yet dips toward the south. The rock varies from graywacke to conglomerate. 
A schistose structure runs northeast, parallel with the direction of the lake. At numerous places in the gray
wacke, which is interbedded with conglomerate and with greenish slate, the hard rock is well preserved and 
exhibits glacial strire. At the top of the hill this graywacke is coarse and rough. A large layer, running con
formably with the strike, contains may elongated pieces of slate, like the slate interbedded with the formation; 
and in some places such fine slaty material is apparently in fine fragments mixed with the coarse grit. The 
graywacke also embraces pebbles of graywacke like itself, but either coarser or finer, so that their forms are 
distinct on) the weathered surfaces. Sometimes, alongside of a graywacke layer containing such large frag
ments and small bits of rock like the rock of the formation, and even along both sides, can be seen unbroken 
strata of fine slaty material running parallel to each other. If the detached pieces of slate were included by 
brecciation in the coarser grit strata, why were not these straight beds also broken up? On the contrary the 
stratification in the main is rigid and continuous for rods. Some instances of squeezing and folding, and the 
thrusting of one layer into another, are observable here, but on a smaller scale than described on sec. 20, T. 
62-15 W. (at Vermilion lake); but usually such derangements can be seen to be due to folding, and are, moreover, 
not common. Such folding can hardly account for the dissemination of these pieces, unless accompanied by 
brecciation and shearing. The phenomena here are somewhat like those which accompany the intrusion of a 
molten rock, and the incorporation of particles from the walls (see plate Y, figure 1). Yet the nature of the rock 
which appears to be a part of the conglomerate of the Upper Keewatin, and which is pebbly like a conglomerate, 
decidedly opposes the idea of the igneous origin of this rock. This is an anomalous condition of observed facts 
respecting this conglomerate, but, as will appear further, it is not an isolated case (rocks Nos. 2169-72; compare the 
chapter devoted to the Carlton plate). 

In closely examining the alternations in the strata of the conglomerate, and searching for the place of 
superposition on the greenstone, it appears that there is a greater or less thickness of debris from the green
stone which, recomposed and sometimes hardened by metamorphosing pressure, appears like the greenstone 
itself, but is in places plainly made up of small imperfectly rounded fragments, which were not far transported 
from their native places. The conglomerate all along here dips toward the south, i. e., toward a greenstone 
range, at an angle of about 85~. . This is a part of the main greenstone belt of the region, and in general may be 
said to extend to the Kawishiwi river. 

On the trail from Moose lake to Flask lake, this conglomerate appears conspicuously, the trail passing across 
the strike of the bedding. The country is sometimes hilly, and is favorable for careful examination. The rock in sev
eral instances was noted to be very similar to the Stuntz conglomerate, but most of itis a porphyritic conglomerate 
or porphyrel, the crystals being of detrital origin (No. 2184). At the same time in places it looks much like an 
igneous rock, and especially in the near vicinity of Snowbank lake, where metamorphism is more intense (No. 2185). 
Several low ridges of porphyry in situ occur in the midst of the conglomerate between Moose and Flask lakes. 

~s this conglomerate about the shores of Snowbank and Disappointment is largely changed by metamor
phism, it will be considered in connection with the mica schists and igneous rocks of the Keewatin. Not much 
is known of the clastic rocks of the Upper Keewatin between Snowbank and Kekequabic lakes, but at the latter 
place they appear under various phases, and they are described in detail by Dr. Grant, in c~apter xxiii, Fras~r 
Lake plate, especially in their igneous characters. Here, also, however, there is a blend~ng of 19.neous and clast.lc 
characters in the· same rock, and some of the conglomerate is so altered that it appears lIke gramte, although still. 
showing numerous boulder forms. In less modified form this conglomerate is to be seen at Zeta lake. 

Zeta lake is at the centre of sec. 28, T. 65-6, lying between Kekequabic and Ogishke Muncie lakes. It is, 
therefore, at such a distance from the granitic centre of the former that it is free, or nearly free, from. the met~
morphosing effects radiating from that granite, but itis, yet, not so far that the rock take.s on the ~lamly clastic 
characters exhibited by this conglomerate at the latter lake. The name porphyrel was glVen to this .conglomer
ate at this place by Dr. A. Winchell.* At the narrows of this lake, S. E. 74: N. E. 74: sec. 28, T. 65-6, is a charac
teristic appearance of this conglomerate (Nos. 1062, 1769, 1770). It is firm and rises in hills from fifty to seventy-- * Fifteenth Annual Report, pp. 158, 159, 1886 [1887]: 
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same manner is immediately above a fragmental greenstone. At the centre of sec. 34, T. 64-10, Pine lake, it 
contains pebbles of jaspilyte and siliceous greenstone. It rises as a glaciated dome directly from the water. 
The structure, d~p, ~trike, etc., .cannot be made out, but a general elongation of the pebbles, and the frequency 
of short seams, mdICate a strIke about east and west. The western llart of the island mentioned consists of 
amorphous and agglomeratic g;reenstone, and the eastern is of conglomerate, and contains llebbles of fine and 
siliceeus greenstone and of jaspilyte. The greenstone end of the island rises highest. The green siliceous 
pebbles of the conglomerate are like some flinty portions of the Lower Keewatin, which is well known, and 
occurs about Little Sucker lake, about a mile further north. 

At Jasper lake, and in general through the north western portion of T. 63-9 W., wherever this conglomerate is 
seen, it is frequently charged with pebbles and sometimes with large masses of jaspilyte. These masses are so 
large sometimes that they appear to be in situ. In the same region are numerous knobs of indigenous jaspilyte, 
lying in greenstone, and these have supplied the debris of the conglomerate, whether it he of the green element 
from the Lower Keewatin, or of the jaspilyte. The formation here has resumed its strike toward the northeast. 
It appears on both sides of Moose lake, and forms a 'prominent part of the high ridge which runs along the east 
side of Moose lake. It occupies, however, in general, lower tracts than the underlying greenstone. 

At and near Moose lake, on the line between secs. 3:2 and 29, T. 64-9, east of Moose lake, about a quarter 
of a mile from the lake, this formation appears at about 100 feet above Moose lake. It has a strike a little south 
of west, and stands nearly vertical, yet dips toward the south. The rock varies from graywacke to conglomerate. 
A schistose structure runs northeast, parallel with the direction of the lake. At numerous places in the gray
wacke, which is interbedded with conglomerate and with greenish slate, the hard rock is well preserved and 
exhibits glacial stri::e. At the top of the hill this graywacke is coarse and rough. A large layer, running con
formably with the strike, contains may elongated pieces of slate, like the slate interbedded with the formation; 
and in some places such fine slaty material is apparently in fine fragments mixed with the coarse grit. The 
graywacke also embraces pebbles of graywacke like itself, but either coarser or finer, so that their forms are 
distinct on .the weathered surfaces. Sometimes, alongside of a graywacke layer containing such large frag
ments and small bits of rock like the rock of the formation, and even along both sides, can be seen unbroken 
strata of fine slaty material running parallel to each other. If the detached pieces of slate were included by 
brecciation in the coarser grit strata, why were not these straight beds also broken up? On the contrary the 
stratification in the main is rigid and continuous for rods. Some instances of squeezing and folding', and the 
thrusting of one layer into another, are observable here, but on a smaller scale than described on sec. 20, T. 
62-15 W. (at Vermilion lake); but usually such derangements can be seen to be due to folding, and are, moreover, 
not common. Such folding can hardly account for the dissemination of these pieces, unless accompanied by 
brecciation and shearing. The phenomena here are somewhat like those which accompany the intrusion of a 
molten rock, and the incorporation of particles from the walls (see plate Y, figure 1). Yet the nature of the rock 
which appears to be a part of the conglomerate of the Upper Keewatin, and which is pebbly like a conglomerate, 
decidedly opposes the idea of the igneous origin of this rock. This is an anomalous condition of observed facts 
respecting this conglomerate, but, as will appear further, it is not an isolated case (rocks Nos. 2169-72; compare the 
chapter devoted to the Carlton plate). 

In closely examining the alternations in the strata of the conglomerate, and searching for the place of 
superposition on the greenstone, it appears that there is a greater or less thickn8ss of debris from the green
stone which, recomposed and sometimes hardened by metamorphosing pressure, appears like the greenstone 
itself, but is in places plainly made up of small imperfedly rounded fragments, which were not far transported 
from their native places. The conglomerate all along here dips toward the south, i. e., toward a greenstone 
range, at an angle of about 85°. This is a part of the main greenstone belt of the region, and in general may be 
said to extend to the Kawishiwi river. 

On the trail from Moose lake to Flask lake, this conglomerate appears conspicuously, the trail passing across 
the strike of the bedding. The country is sometimes hilly, and is fa vorable for careful examination. The rock in sev
eral instanees was noted to be very similar to the Stuntz conglomerate, but most of it is a porphyritic conglomerate 
or porphyrel, the crystals being of detrital origin (No. 2184). At the same time in places it looks much like an 
igneous rock, and especially in the near vicinity of Snowbank lake, where metamorphism is more intense (No. 2185). 
Several low ridges of porphyry in situ occur in the midst of the conglomerate between Moose and Flask lakes. 

As this conglomerate about the shores of Snowbank and Disappointment is largely changed by metamor
phism, it will be considered in connection with the mica schists and igneous rocks of the Keewatin. Not much 
is known of the clastic rocks of the Upper Keewatin between Snowbank and Kekequabic lakes, but at the latter 
place they appear under various phases, and they are described in detail by Dr. Grant, in chapter xxiii, Fras~r 
Lake plate, especially in their igneous characters. Here, also, however, there is a blending of igneous and clastic 
characters in the same rock, and some of the conglomerate is so altered that it appears like granite, although still. 
showing numerous boulder forms. In less modified form this conglomerate is to be seen at Zeta lake. 

Zeta lake is at the centre of sec. 28, T. 65-6, lying between Kekequabic and Ogishke Muncie lakes. It is, 
therefore, at such a distance from the granitic centre of the former that it is free, or nearly free, from. the met~
morphosing effects radiating from that granite, but itis, yet, not so far that the rock takes on the ~lamly clastIc 
characters exhibited by this conglomerate at the latter lake. The name porphyrel was given to thIS .conglomer
ate at this place by Dr. A. WinchelL* At the narrows of this lake, S. E. ~4 N. E. 74 sec. 28, T. 65-6, IS a charac
teristic appearance of this conglomerate (Nos. 1062, 1769, 1770). It is firm and rises in hills from fifty to seventy-
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five feet high. Blocks having a sharp, almost a basaltic jointage, fall down and lie along. the ~each. This 
basaltic structure in graywacke and slate at Epsilon lake is shown by figure 2: pl~te Y. It IS plalllly, at first, 
porphyritic, the feldslJarS being most numerous in some of the pebbles, but also dIstnbuted througho~t the green 
matrix and also conglomeratic, the pebbles consisting of porphyry and of greenstone. It has no schIstose struc
ture b~t shows occasionally a linear distribution of parts which is like a sedimentary banding. Hornblende 
crystals are perhaps as numerous in the rock as those of feldspar, b~t are not s~ conspicuous: Th~ occasional 
pebbles have undergone a partial re-crystallization and are blended With. th~ matnx, so that their outlllles are not 
distinctly defined, but the existence and the size of the pebble are now llldlCated by the greater or less frequency 
of the li~ht feldspar crystals. The greenstone pebbles, which are distinctly rounded, are not at all porphyritic, 
and cau~e dark sPOtR over the surface freshly broken. The rock was fragmental originally, but is now compacted 
and partially re-crystallized by metamorphism. 

The porphyry pebbles in this rock indicate the prior existence of a rock in considerable amount capable of 
supplying them, and it is likely that all the clastic feldspar crystals of this rock came from the same source. 

Ogishke Muncie lake. It has not been possible to separate this rock from the great conglomerate seen 
about Ogishke Muncie lake, either geographically or petrographically. 

Indeed, sometimes a rock of the same character is seen at Ogishke Muncie lake (No.1080). It. was specially 
noted and collected at S. E. 7ik sec. 22, T. 65-6, where tue crystals are somewhat rounded and disseminated 
through a coarse granular matrix in which are numerous rounded grains of quartz of about the same size, some 
fine red jasper, pebbles of greenstone, and of flint. About Ogishke Muncie lake the shores in nearly all parts 
consist of this conglomerate, but the northeastern shores consist of the fragmental parts of the Lower Keewatin. 
A collection of various pebbles from this conglomerate was made near the centre of sec. 23, T. 65-6, viz.: flint, 
from gray to black, like that seen about Knife lake, varying to siliceous argillyte; a quartzyte which is almost as 
fine as flint, but has a tendency to turn red; granitic porphyry, or simply porphyry, capable of furnishing 
many feldspar crystals on disintegration; fiery red jasper; banded jaspilyte; diabase; quartz; granite, with 
coarse quartzes like that of Saganaga lake; gray, banded quartzyte; fine-grained, greenish-gray porphyryte or 
dioryte; greenstone, without quartz, rather coarse and resembling the gabbro of the Knife lake headland, etc., 
sec. 22, T. 65-7, and N. W. 7ik N. W. Xi: sec. 29, T. 65-6; diabase with porphyritic plagioclase altered to" huronite," 
like rock No. 798aG; greenstone, fine-grained, gray; vein quartz, loosely open and mingled with epidote; fine, 
flesh-red granite, or aplyte, rusty, spongy vein quartz; quartz dioryte, or gabbro, like the rock of the headland 
(sec. 22, T. 65-7). 

Dr. A. Winchell made the following enumeration of pebbles in this conglomerate on Camper's island, 
in Ogishke Muncie lake:* "Without attempting a complete enumeration, the following may be named: (1) 
syenyte, resembling saganaga syenyte, but with little hornblende; (2) greenstone; (3) porphyry; (4) red jasper; (5) 
flint; (6) quartz, opaque, white; (7) petrosilex; (8) ordinary syenyte with black hornblende; (9) dioryte, coarse, 
with dark-green hornblende; (10) dioryte, fine, with dark-green hornblende; (11) porphyroid, weathering light 
and cellular; (12) siliceous schist; (13) carbonaceous, siliceous argillyte-sparingly." 

Along the south side of Ogishke Muncie lake the base of this conglomerate can be seen in unconformable 
superposition on the Lower Keewatin, as figured in chapter xxiii (Fraser Lake plate). It here frequently con
tains large rounded boulders of greenstone. It ascends well up on the northern slopes of the Twin peaks and 
in places becomes more siliceous, resembling the Stuntz conglomerate, and hardly distinguishable from a quartz 
porphyry (Nos. 1754-5). It has here suffered great compression, and, while plainly a conglomerate, viewed at 
large, when examined in hand specimens it would be classed as an igneous rock of the quartz-porphyry group, 
a statement which seems to be true of the coarser beds of the Upper Keewatin in many places. 

At Saganaga lake. This conglomerate lies upon the Saganaga lake granite and is well seen, in its obscure 
clastic characters, at the portage between Oak lake and Saganaga lake (Nos. 2031 and 2032). Further toward the 
northeast it is much coarser, and, according to Dr. Lawson, on the north shore of Saganaga lake it contains 
numerous very large boulders of the granite, making a conspicuous display. In the vicinity of Oak lake, how
ever, it is very fine-grained, and consists wholly of recemented debris of the granite itself. It thus resembles the 
granite proper, and as such it has been described by every geologist who has noted it on this portage. A little 
examination, however, toward the east, and on the shores of the bay running south, is enough to convince the 
observer of its true nature. As a rock it is light-colored. It lacks the ferro-magnesian minerals, and in that 
fact it differs from the true granite microscopically, while in thin section its fragmental structure is most evident. 
It is strictly a graywacke, and it is seen to be interbedded with slate along the shores of the bay in sec. 24, T. 
66-6 W., although its lowest portions, including a thickness of several hundred feet show so little variation by 
sedimentary action that it appears to be a massive granite. Some detailed descriptions are included in the 
twenty-fourth .a~nual report. The conglomeratic composition appears higher in the series. This fine and non
stratIfied condltlOn of the bottom of this conglomerate apparently is widespread, and when it comes upon the 
older g~eensto~es the resultant clastic rock is hardly distinguishable from the parent rock. This renders it 
almost ImpOSSible to trace out the boundary line of superposition of the Upper Keewatin on the Lower. 

(3). Mica schists. There are distinctly two sorts of mica schist within the 

limits of the county, viz., that IJroduced by the granitic intTUsion upon the Upper 

Keewatin, and that resulting from the contact of the gabbro. 
* Sixteenth Repo'-t, p. 347. 
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fine red jasper, pebbles of greenstone, and of flint. About Ogishke Muncie lake the shores in nearly all parts 
consist of this conglomerate, but the northeastern shores consist of the fragmental parts of the Lower Keewatin. 
A collection of various pebbles from this conglomerate was made near the centre of sec. 23, T. 65-6, viz.: flint, 
from gray to black, like that seen about Knife lake, varying to siliceous argillyte; a quartzyte which is almost as 
fine as flint, but has a tendency to turn red; granitic porphyry, or simply porphyry, capable of furnishing 
many feldspar crystals on disintegration; fiery red jasper; banded jaspilyte; diabase; quartz; granite, with 
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examination, however, toward the east, and on the shores of the bay running south, is enough to convince the 
observer of its true nature. As a rock it is light-colored. It lacks the ferro-magnesian minerals, and in that 
fact it differs from the true granite microscopically, while in thin section its fragmental structure is most evident. 
It is strictly a graywacke, and it is seen to be interbedded with slate along the shores of the bay in sec. 24, T. 
66-6 W., although its lowest portions, including a thickness of several hundred feet show so little variation by 
sedimentary action that it appears to be a massive granite. Some detailed descriptions are included in the 
twen~y-fourth .a~nual report. The conglomeratic composition appears higher in the series. This fine and non
stratIfied condItIOn of the bottom of this conglomerate apparently is widespread, and when it comes upon the 
older g~eenstones the resultant clastic rock is hardly distinguishable from the parent rock. This renders it 
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Under the action of the granitic metamorphism there is a widespread hard

ening of the clastics, with the generation of biotite mica and secondary feldspar. 

These schists, as seen about Snowbank lake, are very firm, and aside from their con

glomeratic composition-are rather fine-grained and dense, usually having a strong 

and.persistent schistosity, and compose some of the hills and prominent ridges of the 

region. The gabbro produces a rock which is also charged with biotite mica, but is 

characterized in the field with less firmness, and indeed frequently crumbles rather 

easily. The biotite here is sometimes in idiomorphic forms. This rock, within the 

area of this plate, has a close relationship with the rock called muscovadyte, into 

which it grades imperceptibly, and as such it embmces the iron ore seen at the 

south side of Disappointment lake. It appears that the rather loose and more friable 

condition of this schist is due to the other minerals which are found in it, and these 

other minerals are again due to the nature of t,he original rock before meta

morphism. It is the greenstone band of the Archean which gives origin to these 

schists, and especially the clastic portions of the greenstones. They are typically 

seen about the shores and bluffs of the Kawishiwi river in sec. 16, T. 63-9. The 

differences of weathering between these schists are caused by the different amounts 

of quartz and of feldspathic ingredients. These minerals abound in the former, and 

are sometimes wholly wanting in the latter. When quartz becomes abundant in 

the latter it is in connection with the occurrence of some of the jaspilyte ore 

deposits, and the metamorphism of all the adjoining rock presents several very 

interesting petrographic features, which are detailed in the chapter on the Petro

graph'ic Geology of the northern part of the state (Nos. 2197-2203). In general it may 

be said that the resultant rock contains minerals secondary after those found in the 

greenstones, but associated with each other in a different order of generation, and 

in addition is found much hypersthene which frequently was the last to take its 

place, and embraces the other minerals poikilitically. Quartz and magnetite in 

varying amounts, sometimes composing nearly the whole rock, mark the jaspilyte 

horizons. 
_ An extensive belt of mica schist and micaceous gneiss, varying to hornblendic greenstones, extends across 

T. 64-11, northeastwardly, and southeastwardly across T. 64-10, turning northeastwardly again and running in a 
narrower belt across T. 64-9 to the vicinity of Prairie portage. This area forms a border about the granitic boss 
of Bassimenan lake, which is intrusive into it in many places in the form of dikes, and is the result of metamor
phism of the Lower Keewatin. It is also largely hornblendic. It occurs on the islands and shores of that lake. 
It fades out geographically into sericitic schists and into argillytes of the Lower Keewatin, when derived from 
the acid clastics of that formation, and into the massive and fragmental greenstones, when from the lower 
beds. These lower beds seem to be re-crystallized in situ on a large scale when affected by the zones of deep
seated regional metamorphism, becoming simply massive greenstones, but when in the immediate contact zone 
they are converted very largely into hornblende schists. 

Tlie mica schists produced by the Snowbank lake granitic boss are almost uniformly conglomeratic, 
having been formed bi the metaphorism of the Ogishke conglomerate and related rocks of the Upper K.eewatin, 
The large, round peninsula on which is located the corner post of secs. 26, 27, 34 and 35, T. 64-9 consIsts of a 
dense micaceous rock (No. 2185), more or less cut by dikes of granite. It has a distinct conglomeratic st~ucture, 
and traces of the original sedimentary bedding. It strikes in the same direction as the general coast hne, and 
parallel with the conglomerate further west (in sections 34 and 27) and the same as that in section 26. It dips 
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region. The gabbro produces a rock which is also charged with biotite mica, but is 

characterized in the field with less firmness, and indeed frequently crumbles rather 

easily. The biotite here is sometimes in idiomorphic forms. This rock, within the 

area of this plate, has a close relationship with the rock called muscovadyte, into 

which it grades imperceptibly, and as such it embra,ces the iron ore seen at the 

south side of Disappointment lake. It appears that the rather loose and more friahle 

condition of this schist is due to the other minerals which are found in it, and these 

other minerals are again due to the nature of t,he original rock before meta

morphism. It is the greenstone band of the Archean which gives origin to these 

schists, and especially the clastic portions of the greenstones. They are typically 

seen about the shores and bluffs of the Kawishiwi river in sec. 16, T. 63-9. The 

differences of weathering between these schists are caused by the different amounts 

of quartz and of feldspathic ingredients. These minerals abound in the former, and 

are sometimes wholly wanting in the latter. When quartz becomes abundant in 

. the latter it is in connection with the occurrence of some of the jaspilyte ore 

deposits, and the metamorphism of all the adjoining rock presents several very 

interesting petrographic features, which are detailed in the chapter on the Petro

graphic Geology of the northern part of the state (Nos. 2197-2203). In general it may 

be said that the resultant rock contains minerals secondary after those found in the 

greenstones, but associated with each other in a different order of generation, and 

in addition is found much hypersthene which frequently was the last to take its 

place, and embraces the other minerals poikilitically. Quartz and magnetite in 

varying amounts, sometimes composing nearly the whole rock, mark the jaspilyte 

horizons. 
An extensive belt of mica schist and micaceous gneiss, varying to hornblendic greenstones, extends across 

T. 64-11, northeastwardly, and southeastwardly across T. 64-10, turning northeastwardly again and running in a 
narrower belt across T. 64-9 to the vicinity of Prairie portage. This area forms a border about the granitic boss 
of Bassimenan lake, which is intrusive into it in many places in the form of dikes, and is the result of metamor
phism of the Lower Keewatin. It is also largely hornblendic. It occurs on the islands and shores of that lake. 
It fades out geographically into sericitic schists and into argillytes of the Lower Keewatin, when derived from 
the acid clastics of that formation, and into the massive and fragmental greenstones, when from the lower 
beds. These lower beds seem to be re-crystallized in situ on a large scale when affected by the zones of deep
seated regional metamorphism, becoming simply massive greenstones, but when in the immediate contact zone 
they are converted very largely into hornblende schists. 

The mica schists produced by the Snowbank lake granitic boss are almost uniformly conglomeratic, 
having been formed by the metaphorism of the Ogishke conglomerate and related rocks of the Upper Keewatin, 
The large, round peninsula on which is located the corner post of secs. 26, 27, 34 and 35, T. 64-9 consists of a 
dense micaceous rock (No. 2185), more or less cut by dikes of granite. It has a distinct conglomeratic st~ucture, 
and traces of the original sedimentary bedding. It strikes in the same direction as the general coast lme, and 
parallel with the conglomerate further west (in sections 34 and 27) and the same as that in section 26. It dips 
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nearly vertical, like all the rocks of the region. The rock at the centrbe .of se~. 261, afnd westward along the 
bay, is a " porphyritic" kind of conglomerat~, or porphyre~, the feldspars emg sImp y ragments of crystal~, ~o 
far as they appear in the matrix, but larger m some. constItuent porphyry ~ebbles (Nos. 2186 and 2187). ThIS IS 
not markedlv micaceous, but at a quarter of a mIle further northeast,~. e., S. W. ?i N. E. ?i sec. 26, T. 64--9, 
mica schist i~ at the shore of the lake (No. 2188). It is here cut by large dikes of granite, as well as by porphyry 
(N 2189) the aranite cutting the porphyry, a series of facts which is considered later under the topic Igneous 
1'o~7~s. The characters of the conglomerate about Snowbank lake and about Disappointment lake vary from 
mica schist where the rock was fine-grained at first, to a conglomerate and a conglomeratic mica schist, or to a 

orphyry w'hich acts the part of an intrusive on the mica schist, the intrusive rock not being separable either in 
~he field or under the microscope from the porphyritic conglomerate. 

Disappointment lake. The large point in the southern part of sec. 33, T. 64-~, I?isap~ointment lake, con
sists of hard, sub-crystalline, massive conglomerate, supposed to be Upper Keewatm, m whICh are a few horn
blendes, but scarcely visible mica schist characters. Westwardly, to the line between sees. 32 and 33, T. 64--8, 
the rocks were bare at the time examined, and the conglomeratic character is evident, the strike being irregular, 
but mainly east-northeast. There are some granitic dikes and also some basic, the former, in one instance, cutting 
the latter, the rock showing an increasing tendency to veining characteristic of mica schist-such fine veins as 
cross each other but hardly make anything but a coarse mesh-work in the rock itself, and appear on weathered 
surfaces. The rock becomes reddened in small areas, both by the existence of boulders and by splashes, as it 
were, of incipient granite of irregular shapes. In the main, however, the formation is dark-colored, micaceous 
and hornblendic (Nos. 2205 and 2206). All along the west shores of the lake the rdck is decidedly micaceous and 
decidedly conglomeratic. 

Near the centre of sec. 32, T. 64-8, west shore of Disappointment lake, a little southeast from the centre, 
the mica schist is conglomeratic, having a semi-granitic aspect. It is here cut by many dikes of red granite, and 
also contains pebbles of reel granite. It can hardly be called mica schist here, although denominated so in the 
field notes of H. V. Winchell and A. H. Elftman. It is a very siliceous rock, probably a part of the same general 
formation, made up of debris of granite, quartzose rocks, and perhaps of quartz porphyry, and was originally, 
when fine-grained, a graywacke. 

On the Kawishiwi Tit'er. There is a narrow belt of mica schist, belonging to the Lower Keewatin, 
extending eastward along the north side of the Kawishiwi, the continuation of that seen at" Silver City," at the 
north end of White Iron lake. So far as it extends into T. 63-10 it is described and mapped in the chapter 
devoted to Gabbro Lake plate, chapter xxi. In the next town west it is encroached on more narrowly by the 
distinctively massive greenstones of the Lower Keewatin, and the metamorphic effect of the adjoining granite is 
not to produce mica schist, but to recrystallize the greenstone itself. However, mica schist appears through 
sections 27 and 34 on the shores of Farm lake, in sections 35 and 26, at the latter becoming somewhat gray
wackenitic, while in section 25 mica schist and graywacke schist are interbedded, the latter containing much 
feldspar in many distinct grains with undefined outlines. 

The first appearance of the second (mentioned) sort of mica schist is near the gabbro margin on the 
Kawishiwi river, sec. 19, T. 63-9. The rock here is a firm, tough, dark-colored, aphanitic and quartzless one 
which weathers red in some places. It is crossed by many veins or thin seams which, being harder than the' 
adjacent rock, causing sharp ridges on the surface, which cross and reticulate with each other, cause the rock to 
appear like a cemented breccia, the parts not much displaced from each other. Some open spots have lost 
weathered-out fragments that were softer. There is a general gneissic, perpendicular structure that runs east and 
west. This is on an island that rises about four feet above the summer stage of the river, and the characters of 
the rock hardly illustrate the mica schist seen at the gabbro contacts; yet quite near this island is another, further 
south, which is composed of a biotitic gneiss, and such rock continues for a mile and more eastward, when it 
gives place to a more distinctly micaceous schist. 

About the north ends of the northeast and southwest lakes through which the riverfiows in secs.15 and 16, T. 
63-9, is an interesting series of exposures, repeating some of the phenomena seen in section 19 of the same town. The 
old greenstone formation is here altered by the gabbro so as to form a twisted and broken gneissic, but sometimes 
heavy bedded rock, dipping in the same direction as the gabbro, and passing gradually into the gabbro, through 
a stage which is biotitic and pyroxenic (Nos. 982-4) and which has received the name muscovadyte. The older 
rock, as has been stated, sometimes consisted of more or less siliceons graywackes and schists, and sometimes was 
largely ~omposed ?f a debris of greenstone elements. In the former case the resulting muscovadyte is siliceous 
and gne1SS1C. but 1t always contains a large amount of biotite. In the latter the resultant rock is more highly 
bi~titic, a.n~ frequently e~br~ces hypersthene and olivine, plagioclase, magnetite, augite and diallage; and from 
thIS condItIon the tranSItIon 1S so easy to the gabbro that this phase of the older rock has been very generally 
assumed by f~rmer observers to be an accidental condition of the gabbro proper. Without a careful study.of 
the field relatIOns over very extended areas, the intermediate position of this Bofter mica schist, between gneIss 
~nd muscovad~te, and the transitions from the last into the gabbro, would hardly be recognized. This subiect 
1S .more. fully dlscus~ed ~ater, in considering the gabbro of Lake connty. A very favorable place for studying 
thIS serIes of tranSItIOns IS along the Ka wishi wi river in T. 63-9. 

Along.ow S01lthern shore of Disappointment lake this mica schist continues from the most south
:vestedy ~ortJon of the lake, but it shows in nearly all places a tendency toward the muscovadyte as seen at the 
uon locahty S. W. )4 N. E. 7.J: sec. 4, T. 63-8 (No. 2197). 
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not markedlv micaceous, but at a quarter of a mile further northeast,~. e., S. W. ?i N. E. ?i sec. 26, T. 64--9, 
mica schist i~ at the shore of the lake (No. 2188). It is here cut by large dikes of granite, as well as by porphyry 
(N 2189) the aranite cutting the porphyry, a series of facts which is considered later under the topic Igneous 
1>o~1~S. The characters of the conglomerate about Snowbank lake and about Disappointment lake vary from 
mica schist where the rock was fine-grained at first, to a conglomerate and a conglomeratic mica schist, or to a 

orphyry w'hich acts the part of an intrusive on the mica schist, the intrusive rock not being separable either in 
~he field or under the microscope from the porphyritic conglomerate. 

Disappointment lake. The large point in the southern part of sec. 33, T. 64-~, I?isap~ointment lake, con
sists of hard, sub-crystalline, massive conglomerate, supposed to be Upper KeewatIll, III whICh are a few horn
blendes, but scarcely visible mica schist characters. Westwardly, to the line between secs.32 and 33, T. 64--8, 
the rocks were bare at the time examined, and the conglomeratic character is evident, the strike being irregular, 
but mainly east-northeast. There are some granitic dikes and also some basic, the former, in one instance, cutting 
the latter, the rock showing an increasing tendency to veining characteristic of mica schist-such fine veins as 
cross each other but hardly make anything but a coarse mesh-work in the rock itself, and appear on weathered 
surfaces. The rock becomes reddened in small areas, both by the existence of boulders and by splashes, as it 
were, of incipient granite of irregular shapes. In the main, however, the formation is dark· colored, micaceous 
and hornblendic (Nos. 2205 and 2206). All along the west shores of the lake the rock is decidedly micaceous and 
decidedly conglomeratic. 

Near the centre of sec. 32, T. 64--8, west shore of Disappointment lake, a little southeast from the centre, 
the mica schist is conglomeratic, having a semi-granitic aspect. It is here cut by many dikes of red granite, and 
also conia-ins pebbles of reel granite. It can hardly be called mica schist here, although denominated so in the 
field notes of H. V. Winchell and A. H. Elftman. It is a very siliceous rock, probably a part of the same general 
formation, made up of debris of granite, quartzose rocks, and perhaps of quartz porphyry, and was originally, 
when fine-grained, a graywacke. 

On the Kawishiwi Tit'eT. There is a narrow belt of mica schist, belonging to the Lower Keewatin, 
extending eastward along the north side of the Kawishiwi, the continuation of that seen at" Silver City," at the 
north end of White Iron lake. So far as it extends into T. 63-10 it is described and mapped in the chapter 
devoted to Gabbro Lake plate, chapter xxi. In the next town west it is encroached on more narrowly by the 
distinctively massive greenstones of the Lower Keewatin, and the metamorphic effect of the adjoining granite is 
not to produce mica schist, but to recrystallize the greenstone itself. However, mica schist appears through 
sections '27 and 34 on the shores of Farm lake, in sections 35 and 26, at the latter becoming somewhat gray
wackenitic, while in section 25 mica schist and graywacke schist are interbedded, the latter containing much 
feldspar in many distinct grains with undefined outlines. 

The first appearance of the second (mentioned) sort of mica schist is near the gabbro margin on the 
Kawishiwi river, sec. 19, T. 63-9. The rock here is a firm, tough, dark-colored, aphanitic and quartzless one 
which weathers red in some places. It is crossed by many veins or thin seams which, being harder than the' 
adjacent rock, causing sharp ridges on the surface, which cross and reticulate with each other, cause the rock to 
appear like a cemented breccia, the parts not much displaced from each other. Some open spots have lost 
weathered-out fragments that were softer. There is a general gneissic, perpendicular structure that runs east and 
west. This is on an island that rises about four feet above the summer stage of the river, and the characters of 
the rock hardly illustrate the mica schist seen at the gabbro contacts; yet quite near this island is another, further 
south, which is composed of a biotitic gneiss, and such rock continues for a mile and more eastward, when it 
gives place to a more distinctly micaceous schist. 

About the north ends of the northeast and southwest lakes through which the river flows in secs.15 and 16, T. 
63-9, is an interesting series of exposures, repeating some of the phenomena seen in section 19 of the same town. The 
old greenstone formation is here altered by the gabbro so as to forma twisted and broken gneissic, but sometimes 
heavy bedded rock, dipping in the same direction as the gabbro, and passing gradually into the gabbro, through 
a stage which is biotitic and pyroxenic (Nos. 982-4) and which has received the name muscovadyte. The older 
rock, as has been stated, sometimes consisted of more or less siliceous graywackes and schists, and sometimes was 
largely ~omposed ?£ a debris of greenstone elements. In the former case the resulting muscovadyte is siliceous 
and gneISSIC. but It always contains a large amount of biotite. In the latter the resultant rock is more highly 
bi~titic, a.n? frequently e~braces hypersthene and olivine, plagioclase, magnetite, augite and diallage; and from 
thIS condltlOn the tranSItIon is so easy to the gabbro that this phase of the older rock has been very generally 
assumed by f~rmer observers to be an accidental condition of the gabbro proper. Without a careful study.of 
the field relatlOns over very extended areas, the intermediate position of this softer mica schist, between gneIss 
~ndmuscovad~te, and the transitions from the last into the gabbro, would hardly be recognized. This subject 
IS .more. fully dIscus~ed ~ater, in considering the gabbro of Lake county. A very favorable place for studying 
thIS senes of translhons IS along the Kawishiwi river in T. 63-9. 

Along .the sovthern shoTe oj Disappointment lalee this mica schist continues from the most south
:vestedy ~ortlOn of the lake, but it shows in nearly all places a tendency toward the muscovadyte as seen at the 
Iron localIty S. W. ~ N. E.;.J: sec. 4, T. 63-8 (No. 2197). 
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(4). Muscovadyte and iron m·es. After what has already been stated, it is not 

, necessary to dwell on the nature and origin of the muscovadyte and its contained ores. 

It is, of course, only an accident that the northern rim of the gabbro, with the accom

panying alteration of the clastic greenstone8, pa8ses, along the southern 8ide of Di8-

appointment lake, so as to include one of the jaspilyte len8es of the Keewatin, in 

favorable position for studying its stratigraphy and its peculiar lithology. It was 

from this locality that was received the first correct conception of these ores. There 

are several similar local iron ore deposits, further toward the northeast, as well as 

toward the southwest, and they have been placed hypothetically in the base of the 

Animikie in all the annual reports, but it is now believed that they belong in the 

Keewatin, and were originally lenticular masses of jaspilyte identical to those which 

now exist in the Keewatin at Towel' and Ely. Whether other iron ore deposits which 

occur well within the gabbro mass, and which are frequently titanic, can be assigned, 

any or all of them, to the same source, it is impossible to state; but it is reasonable 

to assume, under the view taken below of the origin of the gabbro, that they were 

likewise originally jaspilitic bodies in the Keewatin. 
One of these deposits is in S. E. !4 sec. 30, T. 62-10, at a distance of a mile and a half south of the margin 

of the gabbro. The are is fine-grained and" olivinitic," similar to that north of Birch lake, and" the rock which 
contains it is a massive crystalline rock like gabbro, but stands in beds which are nearly vertical, though the 
dip is not constant. These strata are olivinitic, and, besides being finely granular, possess a banded structure. 
* * * The gabbro itself being also largely composed of magnetite here renders it more difficult to distinguish 
between the two kinds of rock." * The rock is here also quite hornblendic as well as quartzose. A quartzyte bed 
twenty feet thick runs along the northern side of this are. 

The iron which is on the north shore of Fraser lake, S. W. !4 sec. 14, T. 64-7, is of the same kind. At the 
bottom of the shallow pits which have been sunk into it the ore is quite rich, though" olivinitic" (No. 248G). 
It is in bands running east and west, and dipping south about 80°, and is frequently quite quartzose, with evident 
bedding, and is associated with considerable deposits of coarsely crystalline hornblende; the country rock is 
frequently of the nature of muscovadyte. This iron ore deposit continues, apparently, into N. E.!4 sec. 23, about 
a quarter of a mile further west, where it stands vertical, runs east and west and splits easily along parallel 
planes. It is here nicely interbanded with quartzyte, and the quartzyte becomes interbedded with a muscovado
like rock (No. 266G). 

Another small exposure of similar ore occurs in connection with quartzyte and hornblende rock, N. E. J4 
sec. 29, north shore of Thomas lake. 

THE IGNEOUS ROCKS OF THE KEEWATIN IN LAKE COUNTY. 

(1). Granite and igneOtls gneiss. There are four areas of granite or igneous 

gneiss within the limits of the county, viz.: that of Bassimenan lake, that of White 

Iron lake, that of Snowbank lake and that of Kekequabic lake. 

So far as known the first is intrusive only into the Lower Keewatin, and is sup

posed to be of the same age as the granite of White hon lake, which also cuts the 

Lower Keewatin at Birch lake. The Saganaga lake granitic area is of the same age-. 

The granite of Snowbank lake is intrusive in the Upper Keewatin, and is prob

·ably. of the same date as that of Kekequabic lake. 

There are evidences also of two granites in the areas of White Iron lake and of 

Snowbank lake. There are dikes and bosses of fine-grained red granjte, which cuts - *H. V. WINCHELL, iIi. Seventeenth Annual Eepo,·t, p. 96. 
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* * * The gabbro itself being also largely composed of magnetite here renders it more difficult to distinguish 
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bottom of the shallow pits which have been sunk into it the ore is quite rioh, though" olivinitio" (No. 24SG). 
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a quarter of a mile further west, where it stands vertical, runs east and west and splits easily along parallel 
planes. It is here nicely interbanded with quartzyte, and the quartzyte becomes interbedded with a muscovado
like rock (No. 266G). 

Another small exposure of similar ore occurs in connection with quartzyte and hornblende rock, N. E. 74 
sec. 29, north shore of Thomas lake. 

THE IGNEOUS ROCKS OF THE KEEWATIN IN LAKE COUNTY. 

(1). Granite and igneous gne1:ss. There are four areas of granite or igneous 

gneiss within the limits of the county, viz.: that of Bassimenan lake, that of White 

Iron lake, that of Snowbank lake and that of Kekequabic lake. 

So far as known the first is intrusive only into the Lower Keewatin, and is sup

posed to be of the same age as the granite of White Iron lake, which also cuts the 

Lower Keewatin at Birch lake. The Saganaga lake granitic area is of the same age'. 

The granite of Snowbank lake is intrusive in the Upper Keewatin, and is prob

·ably. of the same date as that of Kekequabic lake. 

There are evidences also of two granites in the areas of White Iron lake and of 

Snowbank lake. There are dikes and bosses of fine-grained red granite, which cuts - *H. V. WINCHELL, in Seventeenth Annual RepO?·t, p. 96. 

:20 



286 THE GEOLOGY OF MINNESOTA. 
[Granite of Bassimenan and White Iron lakes. 

the older granite, and it is quite probable that, in the region southwestward from 

White Iron lake, where the Giant's range rises abruptly like a monster granitic dike, 

there is a later intrusion of granite which cuts an older (White Iron lake) granite, 

although there is no field evidence, other than the suddenness of the elevation of the 

Giant's range, of the existence of granites of two dates in the Giant's range proper.·. 

Two granites appear distinctly at several places about White Iron lake and on the 

Kawishiwi. 
The Bassimenan (at' BassUJood) lake granite is well exposed on the islands and 

along the south shores of Bassimenan lake. It is very often gneissic; i. e., it is sepa

rated into sheets, generally from four to ten inches thick, which are either horizontal 

or show a dip toward the south, but sometimes as thin as half an inch to two inches. 

The partings are scarcely more micaceous than the rest of the rock, and it is evident 

that their distinctness depends much on the amount of atmospheric exposure which 

the rock has suffered. This granite is apt to vary to a syenyte, and occasionally horn-. 

blende crystals are coarse, i. e., they are long and slender, as they fill vugs in the 

rock (No. 187W), or are blended in a compact hornblende mass. The rock also is 

frequently dark with the large content of hornblende. It is intrusive on the green

stones which it surrounds in small parts and converts to hornblende schists. Some 

phases of this rock are also dioritic. It sometimes is porphyritic with large feldspars. 

This area of granite has not been well studied. 

At the Prairie portage, below the falls, sec. 2, T. 64-9, this granite appears as 

narrow dikes in the schists, and forms the first barrier of the outlet of Sucker lake. 

In its coarser aspects it is a characteristic hornblende granite, or syenyte, wit,h quartz 

(N o. 2211), but in many cases it is fine-grained, and, as the schist is granitized' the 

two are quite similar in some hand specimens (Nos. 2212, 2213). A view at N orth

east cape, in Bassimenan lake, is shown by figure 2, plate AA. 

The granite of TVhite Iron lalee extends into Lake county on the island formed 

by the branching of the Kawishiwi river. It is here (west side of T. 62-11) coarsely 

porphyritic with orthoclase (No. 136aE and Nos. 136bE, 953). This coarse compo

sition prevails toward the northeast, the orthoclases being half an inch thick and 

sometimes reaching an inch and a half, A fine-grained syenyte is distributed through 

this rock, very capriciously occurring in dikes and veins, arid sometimes in the form 
of larger masses or layers. 

At the north e~d of Copeland's lake a change takes place. There is a dike running apparently north
northw:s~ from the l:ttle bay in northeast corner of sec. 7, across the river, probably being the chief agent in 
d,etenmm.ng. the locatIOn of the rapids at the head of Copeland's lake. It cuts through syenyte. On the east 
s;de of, thiS .IS much confusion in the character of the rock. Sometimes it is gneissic syenyte, not porphyritic 
Sometimes It appears to b d' b . I' 't d . fi err . ;, ' ,e la a~e mImi e areas, and sometimes apparently a dioryte, and agam a ?e-
b amed S3 ~n} te, and a dIstmct gneiss, the last having a dip northwest about ·800. On the west shore, funnlllg 
from sec. 6 to sec 5 T 6'LIO' b ld d' . . h . r " .,. - ,IS a 0 an conspICUOUS perpendICular wall of fine-gramed syenyte, aVll!g· 
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the older granite, and it is quite probable that, in the region southwestward from 

White Iron lake, where the Giant's range rises abruptly like a monster granitic dike, 

there is a later intrusion of granite which cuts an older (White Iron lake) granite, 

although there is no field evidence, other than the suddenness of the elevation of the 

Giant's range, of the existence of granites of two dates in the Giant's range proper. 

Two granites appear distinctly at several places about White Iron lake and on the. 

Kawishiwi. 
The Bassimenan (at' BassUJood) lake granite is well exposed on the islands and 

along the south shores of Bassimenan lake. It is very often gneissic; i. e., it is sepa

rated into sheets, generally from four to ten inches thick, which are either horizontal 

or show a dip toward the south, but sometimes as thin as half an inch to two inches. 

The partings are scarcely more micaceous than the rest of the rock, and it is evident 

that their distinctness depends much on the amount of atmospheric exposure which 

the rock has suffered. This granite is apt to vary to a syenyte, and occasionally horn-. 

blende crystals are coarse, i. e., they are long and slender, as they fill vugs in the 

rock (No. 187W), or are blended in a compact hornblende mass. The rock also is 

frequently dark with the large content of hornblende. It is intrusive on the green

stones which it surrounds in small parts and converts to hornblende schists. Some 

phases of this rock are also dioritic. It sometimes is porphyritic with large feldspars. 

This area of granite has not been well studied. 

At the Prairie portage, below the falls, sec. 2, T. 64-9, this granite appears as 

narrow dikes in the schists, and forms the first barrier of the outlet of Sucker lake. 

In its coarser aspects it is a characteristic hornblende granite, or syenyte, with quartz 

(No. 2211), but in many cases it is fine-grained, and, as the schist is granitized, the 

two are quite similar in some hand specimens (Nos. 2212, 2213). A view at N orth

east cape, in Bassimenan lake, is shown by figure 2, plate AA. 
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sition prevails toward the northeast, the orthoclases being half an inch thick and 
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of larger masses or layers. 
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and tough, and very dark colored (rocksNos. 2215-2220). This dark green rock is not a part of the Kawishiwin 
greenstone, at least in its present form, but is an igneous rock of later date. It becomes a coarse dioryte and 
then a syenyte, and passes by insensible gradations into the hornblendic and granitic rock of the country. It 
occupies a considerable area along the west side of the bay mentioned. 

At the S. W. 7i sec. 4, T. 62-10, is a nearly perpendicular wall of reddish, fine-grained syenyte, having 
the appearance of "palisades" and recalling the" great palisades" of the north shore of lake Superior. It stands 
in a rudely columnar and slightly sloping position, rises from the lake level to the hight of forty or fifty feet 
and extends along the lake shore about twenty-five rods. Long columns fall away. The same red, fine-grained 
syenyte appears in the bay in sec. 9, T. 62-10, and along the bay into which the river flows from the southwest. 
This red syenyte (No. 979), which sometimes is very hornblendic, continues to the gabbro contact, S. W. 7i sec. 9, 
T. 62-10, where it is embraced more or less within the gabbro, apparently as inclusiolls. 

Similar fine-grained red rock appears on the west side of White Iron lake, N. E. 7i N. E. 74 sec. 14, T. 62-12, 
forming a ridge at the lake, forty feet high, sloping to the north alld west (No. 24E). This has a fiery red color, 
and is about twenty feet thick, massive and dike-like, stands nearly vertical, with a sharp contact on the granite. 
Veins of red rock run from the main mass into the surrounding granite, showillg the later origin of the red rock. 

At numerous places along the Kawishiwi the same rock appears. Near the centre of sec. 26, T. 63-10, on 
the north side of the lake, the outcropping syenyte is very hornblendic,making nearly a black rock. In patches, 
however, is seen a fine, red syenyte, the transition from one to the other being abrupt. The fed syenyte becomes 
at once the prevailillg rock, and is much developed in hills about fifty feet high, in N. W. };i: N. w. 74 sec. 26, 
T.63-10. 

On the N. W. 7i sec. 27, T. 63--10, is a fine-grained, firm, slightly micaceous quartzose (and also feldspathic) 
gray rock (No. 989) with evident sedimentary bedding E. 50° S., at an angle of 75° from the horizon, resembling 
a graywacke in color and grain. The few" mica" scales seen are not of biotite, but are greenish. It is similar 
to some graywackes seen at Vermilion lake. Across the river north-northeast from this rock is a nearly white 
gneissic rock, a kind of feldspathic graywacke, dipping northeast. This has some reddish weathered spots. In 
the line of strike east from No. 989 is a small island in the lake, so near the shore that it canllot be of any 
other rock than No. 989. It contains rock No. 991, and, while it is gray within, and has the same glleissic or 
faintly bedded structure, it weathers light red, and at a short distance it might be taken for fine red syenyte. 

A little east of No. 990 appears No. 992, a kind of chloritic syenyte. This is massive or heavily bedded, 
without gneissic structure, weathers red-apparently an irruptive rock, at least being outwardly dispesed like 
an igneous rock. It is closely cross-jointed, making small lenticular angular blocks. It continues east along the 
north shore (No. 993) as far as the quarter-post of section 22, and becomes the red syenyte noted further east. 

On the point between the two bays on the south side N. W. 74 sec. 27, T. 63-10, the rock is the same as 
rock No. 991 and dips southerly, but with a less evident gneissic structure. Finely twisted and back-folded 
bedding can be seen on the weathered surface, like some seen in the graywacke on sec. 20, T. 62-15, showing a 
former plastic or nearly plastic condition. In the midst of it appears rock represented by No. 994, which is a 
fine red quartzose rock. This is taken at random from the surface of this graywacken gneiss. It is sub-crystalline, 
yet contains many fragmental grains. The color is light red, sprinkled through, or about evenly divided, with a 
light green, the former being apparently orthoclastic and the latter epidotic. "This shows the possibility, llay 
the actuality, of this graywacken gneiss becoming the prevailing red syenyte of the region, the whole having 
resulted, as already intimated, from a modification of the sediment aries. This graywacken gneiss, when fused 
completely, seems to have produced the rock No. 993. When changed less it constitutes the' palisade rock' of 
the region, and mingles with the gabbro. When less changed it makes the red-weathering, fine, sub-crystalline 
gneiss. This interesting observation, while it may not account for all the red syenyte and gneiss of the regioll, 
yet affords a plausible supposition for the origin of that which is associated closely with the gabbro rock."* 

Another form of the modified sedimentary rock is No. 995, which succeeds to the rock No. 991 in N. W. ;~ 
sec. 28, T. 63-10. It is hornblendic, quartzose, orthoclastic-at least has reddish feldspar grains (not crystals)
gray and firm. It is micaceous in streaks or laminae. It makes the long rapids here, and rises in the form of a 
ridge running northeast and southwest in the direction of the strike of rock No. 991, rising about eighty feet 
above the river. The general structure dips southeasterly at an angle of 80° from the horizon. Along the imme
diate river channel this rock rises on the right and left somewhat in the manner of the fille red syenyte or 
"palisade" rock, nearly perpendicular, having a jointed and pseudo-basaltic appearance. It is apparentl! irrup
tive in the greenstones of the Lower Keewatin, as well as in the coarse porphyritic granite of the Whlte Iron 
Lake region. 

The granite and porphyry of Snowbank lake. The lake itself occupies the most 

of the area of this granite, but about the shores it is frequently seen penetrating 

the conglomerate and the mica schists of the Upper Keewatin. It extends nearly 

'" across the narrow strip of land separating Snowbank lake from Disappointment 

lake. It has been noted that in places this granite is augitic (Nos. 522G, 524G, 271E 

• ffiijteenth Annual Rep01·t, p. 853, 1886 .. 
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and tough, and very dark colored (rocks Nos. 2215-2220). This dark green rock is not a part of the Kawishiwin 
greenstone, at least in its present form, but is an igneous rock of later date. It becomes a coarse dioryte and 
then a syenyte, and passes by insensible gradations into the hornblendic and granitic rock of the country. It 
occupies a considerable area along the west side of the bay mentioned. 

At the S. W. 7i sec. 4, T. 62-10, is a nearly perpendicular wall of reddish, fine-grained syenyte, having 
the appearance of "palisades" and recalling the" great palisades" of the north shore of lake Superior. It stands 
in a rudely columnar and slightly sloping position, rises from the lake level to the hight of forty or fifty feet 
and extends along the lake shore about twenty-five rods. Long columns fall away. The same red, fine-grained 
syenyte appears in the bay in sec. 9, T. 62-10, and along the bay into which the river flows from the southwest. 
This red syenyte (No. 979), which sometimes is very hornblendic, continues to the gabbro contact, S. W. 7i sec. 9, 
T. 62-10, where it is embraced more or less within the gabbro, apparently as inclusions. 

Similar fine-grained red rock appears on the west side of White Iron lake, N. E. 7i N. E. 74 sec. 14, T. 62-12, 
forming a ridge at the lake, forty feet high, sloping to the north and west (No. 24E). This has a fiery red color, 
and is about twenty feet thick, massive and dike-like, stands nearly vertical, with a sharp contact on the granite. 
Veins of red rock run from the main mass into the surrounding granite, showing the later origin of the red rock. 

At numerous places along the Kawishiwi the same rock appears. Near the centre of sec. 26, T. 63-10, on 
the north side of the lake, the outcropping syenyte is very hornblendic, making nearly a black rock. In patches, 
however, is seen a fine, red syenyte, the transition from one to the other being abrupt. The red syenyte becomes 
at once the prevailing rock, and is much developed in hills about fifty feet high, in N. w. 74: N. w. 74 sec. 26, 
T.63-10. 

On the N. W. 7i sec. 27, T. 63--10, is a fine-grained, firm, slightly micaceous quartzose (and also feldspathic) 
gray rock (No. 989) with evident sedimentary bedding E. 50° S., at an angle of 75° from the horizon, resembling 
a graywacke in color and grain. The few" mica" scales seen are not of biotite, but are greenish. It is similar 
to some graywackes seen at Vermilion lake. Across the river north-northeast from this rock is a nearly white 
gneissic rock, a kind of feldspathic graywacke, dipping northeast. This has some reddish weathered spots. In 
the line of strike east from No. 989 is a small island in the lake, so near the shore that it cannot be of any 
other rock than No. 989. It contains rock No. 991, and, while it is gray within, and has the same gneissic or 
faintly bedded structure, it weathers light red, and at a short distance it might be taken for fine red syenyte. 

A little east of No. 990 appears No. 992, a kind of chloritic syenyte. This is massive or heavily bedded, 
without gneissic structure, weathers red-apparently an irruptive rock, at least being outwardly disposed like 
an igneous rock. It is closely cross-jointed, making small lenticular angular blocks. It continues east along the 
north shore (No. 993) as far as the quarter-post of section 22, and becomes the red syenyte noted further east. 

On the point between the two bays on the south side N. W. 74 sec. 27, T. 63-10, the rock is the same as 
rock No. 991 and dips southerly, but with a less evident gneissic structure. Finely twisted and back-folded 
bedding can be seen on the weathered surface, like some seen in the graywacke on sec. 20, T. 62-15, showing a 
former plastic or nearly plastic condition. In the midst of it appears rock represented by No. 994, which is a 
fine red quartzose rock. This is taken at random from the surface of this graywacken gneiss. It is sub-crystalline, 
yet contains many fragmental grains. The color is light red, sprinkled through, or about evenly divided, with a 
light green, the former being apparently orthoclastic and the latter epidotic. "This shows the possibility, nay 
the actuality, of this graywacken gneiss becoming the prevailing red syenyte of the region, the whole having 
resulted, as already intimated, from a modification of the sedimentaries. This graywacken gneiss, when fused 
completely, seems to have produced the rock No. 998. When changed less it constitutes the' palisade rock' of 
the region, and mingles with the gabbro. When less changed it makes the red-weathering, fine, sub-crystalline 
gneiss. This interesting observation, while it may not aC'count for all the red syenyte and gneiss of the region, 
yet affords a plausible supposition for the origin of that which is associated closely with the gabbro rock."* 

Another form of the modified sedimentary rock is No. 995, which succeeds to the rock No. 991 in N. W. ~4: 
sec. 28, T. 63--10. It is hornblendic, quartzose, orthoclastic-at least has reddish feldspar grains (not crystals)
gray and firm. It is micaceous in streaks or lamimB. It makes the long rapids here, and rises in the form of a 
ridge running northeast and southwest, in the direction of the strike of rock No. 991, rising about eighty feet 
above the river. The general structure dips southeasterly at an angle of 80° from the horizon. Along the imme
diate river channel this rock rises on the right and left somewhat in the manner of the fine red syenyte or 
"palisade" rock, nearly perpendicular, having a jointed and pseudo-basaltic appearance. It is apparentl~ irrup
tive in the greenstones of the Lower Keewatin, as well as in the coarse porphyritic granite of the WhIte Iron 
Lake region. 

The granite and porphyry of Snowbank lake. The lake itself occupies the most 

of the area of this granite, but about the shores it is frequently seen penetrating 

the conglomerate and the mica schists of the Upper Keewatin. It extends nearly 

~ across the narrow strip of land separating Snowbank lake from Disappointment 

lake. It has been noted that in places this granite is augitic (Nos. 522G, 524G, 271E 

• Fijteenth A. nnual RepOI·t, p. 353, 1886. . 
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and 2194), resembling in that respect that of the region of Kekequabic lake. It 
is not believed that this is due to any difference of. origin or of date, but that the 

augitic character appears sporadically according to the nature of the clastics from 

the metamorphism and fusion of which the granite is supposed to have been derived .. 

Very frequently this granite is rather a syenyte or occaRionally a dioryte (No. 487G). 

One of the most interesting features of the granite of Snowbank lake is its 

relation to a porphyry, sometimes a quartz porphyry, and sometimes a granite 

porphyry (Nos. 1729, 2189, 2196, 270E, 290G and 497G), and through this rock to the 

porphyritic conglomerate of the region which is a part of the Upper Keewatin. 

There is a noticeable parallel between the geology of this lake and that of 

Kekequabic lake. In each there is a porphyritic conglomerate, a porphyry which 

becomes granitic, and a granite which is sometimes augitic. At Kekequa

bic lake the porphy~'y is known also to be sometimes augitic, but that character 

has not yet been observed certainly in the porphyry of Snowbank lake. Field 

observations by nearly all members of the survey testify that the conglomerate is 

so nearly related to the porphyry that they cannot be separated in many instances. 

This is a repetition of the fact which has been observed in other places, notably 

about Zeta lake, where a porphyritic conglomerate acquires the outward characters 

of an intrusive, and even at Vermilion lake, where by pressure some of the coarse 

fragmentals have been crowded into the spaces separating broken parts of the sur

rounding clastics. The conglomerate being thickly sprinkled with fragments of 

feldspar crystals, which are sometimes aCCOml)anied by quartz, and also by frag

ments of granite and of jaspilyte, must have been originally of fragmental origin and 

mechanical accumulation. The" porphyritic" appearance is due therefore to the 

nature of the debris, and not to a formation of feldspars afterwards. These feld

spars are not always found, but the rock grades into graywacke and to argillyte. 

By the metamorphism which was imposed on this fragmental rock, and which was 

accompanied by pressure and folding, and resulted, in the granitic area, in the com

plete fusion of the clastic materials, a great variety of structural as well as petro

graphic facts of iml)ortance and high geologic interest were developed. The 

l)etrology of the rocks collected about Snowbank lake has not been so completely 

investigated as that of the rocks of Kekequabic lake, but as the two regions are 
unquestionably parallel in their leading features the conclusions derived from one 
may be applied to the other. The important facts are: 

1. Transition from the conglomerate to the porphyl'eZ and to porphyry. 
2. Transition from the porphyry to the granite. $ 

3. The granite cuts the conglomerate, and also the porphyry. 

4. The formation in general, when it was not fused, is re-crystallized, and its 
conglomeratic composition is still apparent in the mica schist which resulted. 
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5. The mica schist is sub-granitized over large areas, weathering red like a 

nne-grained granite, though still retaining its sedimentary banding. 

6. The coarser beds of the formation, especially the conglomeratic, are first to 

show the effects of re-crystallization, and apparently first take up the role of an 

intrusive. 

7. In the process of re-crystallization of a conglomerate containing clastic feld

spars, the fine matrix is completely micro-granitized and interlocked, the original 

outlines of the fine grains being lost, thus forming a ground mass, as of an igneous 

rock. As the grains are larger and larger, they show more and more distinctly their 

original forms, but this depends also on the intensity of the metamorphosing force, 

which obviously varied from place to place. As the feldspar fragments become coarse 

enough, at any point in the sedimentation, to preserve their outlines after metamOT

phism, they are seen to ,be interlocked about their margins, by the addition of zones 

of new feldspathic grmvth, into the fine surrounding matrix, and also to contain 

new feldspathic restorations. Such new growth is sometimes in the form of micro

perthite, following the original lamination or cleavage of the feldspars, but is more 

frequently distributed irregularly throughout the original grains. 

8. A granite results from this process by increasing either the intensity of the 

metamorphism, carrying it to aqueo-igneous fusion, or by beginning with a clastic 

of uniform granular composition. In the former case the coarser, if not the coarsest, 

of the original grains lose their outlines, and in the latter, by any degree of meta

morphism, a granitic texture is acq l1ired. But in both cases the original clastic 

grains can still be detected, in numerous thin sections, by the differences existing 

between the old feldspars and the restorations, and in the latter case there might 

be a complete petrographic gradation from granite, through a fragmental gneiss to 

graywacke and to any ordinary grit. 

9. Quartz serves as the readiest element to suffer these changes and to act as 

a new cement, taking'the forms of micro-granulyte and micro-pegmatyte. 

10. The ferro magnesian elements of the original clastic, when they exist, are 

changed,for the most part, to hornblende, butin the IJOrphyry and granites of Snowbank 

and Kekequabic lakes it sometimes retains its augitic characters, in whole or in pa,rt. 

11. It is evident that the more fluid parts of the altered rock would necessarily 

penetrate openings in all the less fluid, and for that reason the granite forms intru

sions on the porphyry and on the schists; yet this is not invariably the case, fOT at 

contacts of the granite and the porphyry the latter has been seen entering the fonner 

as little finger-like dikes over small distances, as though the porphyry were in a fluid 

state later than the granite. Such variations might take place by reason of a tem

porary release or shifting of the centre of metamorphic intensity. 
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penetrate openings in all the less fluid, and for that reason the granite forms intTU

sions on the porphyry and on the schists; yet this is not invariably the case, for at 

contacts of the granite and the porphyry the latter has been seen entering the former 

as little finger-like dikes over small distances, as though the porphyry were in a fluid 

state later than the granite. Such variations might take place by reason of a tem

porary release or shifting of the centre of metamorphic intensity. 
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12. From the nature of the case the intrusive porphyry exists in limited. 

amounts, while the granite OCCUTS in large bosses and as wider dikes. A fusion on a 

sufficiently large scale to form a large amount of intrusive porphyry would require 

so slow cooling as to convert the fused rock necessarily into a granite. 

13. The belt of metamorphism and fusion of the Upper Keewatin clastics wit

nessed at Kekequabic and Snowbank lakes was perhaps cotemporary with the forma

tion of the fine red granites which appear on the Kawishiwi and on White Iron lake, 

cutting the White Iron Lake granite, and perhaps the dikes occasionally seen in the 

Lower Keewatin graywackes and schists between White Iron lake and Snowbank 

lake. -Whether this epoch of folding and metamorphism was also that which gave 

origin to the gabbro which is immediately adjacent on the south is not now known, 

but, while it is reasonable to suppose it was, there are differences which indicate that 

the gabbro was later. In any case, the molten rock, which becomes the intrusive, 

was caused to set back, sometimes several miles, upon the strata still unfused, and 

to penetrate and even overwhelm them in a general catastrophe. Usually such 

intTUsives only penetrate the strata from which they are derived or those of later 

date, but occasionally they penetrate older rocks which lie within the course of the 

metamorphic belt. Thus occur a few acid dikes in the oldest greenstones southward 

from the Saganaga Lake granite boss, and -perhaps others in the Kawishiwi valley, 

T.63-10. 

There is a porphyry which belongs in the Lower Keewatin which should not be 

confounded with this porphyry-conglomerate. That, probably, was in part the 

source of the fragmental feldspar crystals seen in this, when they were not derived 

from volcanic action in Upper Keewatin time. The older porphyry is more distinctly 

an igneous rock, and is described in a subsequent paragraph. 

The remarkable conglomerate which forms the basal member of the Upper Keewatin exhibits a composi
tion dependent on the nature of the rock from which it was derived. Its so-called porphyritic aspect, forming 
" porphyrel," is predominantly displayed between Moose and Snowbank lakes, but it also extends southwest
wardly into T. 63-9, and northeastwardly to Kekequabic and Ogishke Muncie lakes. Its double r61e of sedimentary 
and intrusive is abundantly evinced by the statements of the field-books of A. Winchell, A. H. Elftman, H. V. 
Winchell, U. S. Grant and of the writer, although, in some instances, without a full apprehension of the significance 
of the anomalous facts recorded. Therefore, there has been a varied interpretation. By A. Winchell the facts 
were fully understood at the localities examined by him. By Mr. Elftman the whole conglomeratic belt between 
Snowbank and Moose lakes was considered of igneous character-a porphyry mass of the Lower Keewatin cutting 
the greenstone-the source of many of the pebbles seen in the western portion where the conglomeratic composi
tion is well preserved. Still, he makes record of the fact that, as a porphyry, it contains boulders and also cuts 
the Upper Keewatin. H. V. Winchell states that the porphyry becomes conglomeratic, and Dr. Grant reports the 
anomalo~s fact ~f a conglomeratic granite at Kekequabic lake, which he cannot explain, and leaves it in doubt 
whether It constitutes a part of the granite of the region.* The actually intrusive action of this copglomerate, 
where it contains conspicuous feldspars, is visible only in the reerion west of Snowbank lake and round the borders 
of ~he s~all granitic boss at Kekequabic lake. Where it does ~ot contain conspicuous feldspars, and acts still as 
an m.tru~lve, the ~o?k is.a ~ne-~rained granite without noticeable peculiarities, for, where the coarse feldspars are 
wantmg m the ol'lgmal, It IS eVIdent that no pebbles of any kind lar~e enough to warrant the term conglomerate 
could have b:en gathered under the action of sedimentary selection, and the granitizingof such a rock without 
complete fuslOn would produce a non-porphyritic granite. 

* Ohapter xxiii, Fraser Lake plate. 
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It has been noticed, also, that the finer portions of the original clastic formation sometimes survive en 1Jutsse 
and maintain their outward characters longer than the coarser, and thus make their appearance as bands and 
as fragments in the midst of the coarser materials after the granitization of the formation. 

There are several dikes of porphyry in the region of the Kawishiwi, T. 63-10, which are supposed to cut 
the Lower Keewatin (Nos. 300G, 402G, 403G,411G, 413G-415G, 417G, 458G). This rock is quite similar to the 
porphyry which cuts the Upper Keewatin west of Snowbank lake, when examined microscopically, and also is 
like the porphyry which occurs at Kekequabic lake. If these dikes preceded the Upper Keewatin, thus being 
probably cotemporary with the origination of the White Iron Lake granite, they may have united with that 
granite (which is often conspicuously and coarsely porphyritic) in giving clastic feldspars to the conglomerate 
of the Upper Keewatin. Their source, therefore, under the hypothesis of this chapter as to the origin of such 
intrusives, must have been from some acid materials of the Lower Keewatin, and perhaps from an acid frag
mental not yet identified in the Lower E:eewatin. But these dikes may also be of date later than the Upper 
Kl)ewatin, whatever their source, for they are in the metamorphic zone which crosses the county from White 
Iron lake to Kekequabic lake. In that case they may also have originated from a possible acid fragmental in the 
Lower Keewatin, as above, or they may be the result of a sidewise intrusion of fused or plastic Upper Keewatin 
into the Lower Keewatin at the date of the origination of the granite of the region of Snowbank lake. Mr. Elft
man has also noted such dikes cutting the greenstones south of Moose lake. 

Numerous details of field-observation will be found in the chapter (XXII) devoted to the Snowbank 
Lake plate. 

Note. Later observations made in September, 1898, in the region southwest from Snowbank lake, afford 
some interesting facts respecting the Lower Keewatin porphyry above mentioned. 

At the east side of sec. 8, T. 63-9, near the quarter post, is a large area of this rock (No. 2228), extending 
westward. Its orthoclase crystals are rather fragmentary, yet one crystal was seen an inch and a quarter in 
larger diameter. Two diabase dikes here cut this rock, one being four feet wide and the other an inch and a 
quarter. This diabase sometimes shows clusters of crystals of plagioclase. The porphyry· holds rounded quartz 
pebbles, sparsely as a usual thing, and rather fine, resembling porphyritic quartzes, but one was seen which 
measured three-fourths of an inch in diameter. It also contains occasionally pieces of greenstone. It is seamed 
with veins of finely granular quartz of the jaspilitic sort, and of vitreous quartz, the latter in large deposits. 

The contact of this porphyry is on a greenstone conglomerate, which conglomerate lies on the· agglom
eratic Lower Keewatin greenstone, and contains only greenstone materials. The porphyry is mainly green at 
the point of contact, but is spotted with rounded fragments of white and red jaspilitic silica. Although in one 
place these two rocks were seen to approach each other within two or three feet, it was not possible to find them 
in absolute contact. Near the plane of contact, at a short distance either way from the place at which the two 
rocks were seen near together, are large deposits of vein quartz which belong in the porphyry. 

There is no appearance of any porphyry ingredients (orthoclase crystals and vitreous quartz) in the green
stone conglomerate, but there are a few fragments of greenstone in the porphyry. The whole structure is 
elongated N. 65° W., as shown by the shapes of the green pebbles in the greenstone conglomerate. 

There is a swampy tract near the same quarter post, now nearly free from vegetation by reason of a 
burning four or five years ago, in which the surface is composed of boulders, ninety-nine per cent. of them being 
apparently of this porphyry. One of these boulders seems to have come from the plane of contact between the 
greenstone conglomerate, above mentioned, and this porphyry. There seems to be here a transition from the 
greenstone conglomerate to the porphyry, as shown by the figure below. 

FIG. 38. ALTERNATING MANNER OF CONTACT OF PORPHYRY ON GREENSTONE CONGLOMERATE. 

There are three bands of porphyry about three-quarters inch thick, separated by .three band~ of green 
schist, about one-eighth inch thick, the whole transition being complete in about four mches. ThIS h~s the 
characters of a sedimentary transition. The materials of the porphyry afe rather fine at first, but constJtute a 
real POrphyry which is otherwise like the body of that rock, except being a little darker colored, perhaps by 
reason of disseminated green element from the greenstone. . ., d 

Following the strike about northwest, at a distance of about one-quarter mIle from the sectJ~n hne, a~ 
further, along a spur of high land, the north-south order of occurrence of the various rock masses IS found y 
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th b t be as reIJresented by the following diagram, figure 39, which may be supposed to include the 
e 0 server 0 , I b ' , d b t h' h' 't I f b t ml'le and a half the larger part of that lllterva elllg occuple y a greens one w lC IS fre-In erva 0 a ou a ' , . " , 

tl I t 'c and extending north from the great greenstone ndge WhICh IS a conspICUouS landmark quen y agg omera I , <' ,.,' , , 

existing at the corners of secs, 8, 9, 16 and 17, T, 63-9, . ImmedIately ~o the north from thIS ndge IS a thm b~nd 
f t 'lomer"te whl'ch at the point exammed, has a thIckness of 105 feet, the structure standlllg o greens one cong "" < •• • 

vertical and striking northwest, The manner of transltlOn from thIS conglomerate to the porphyry has not been 
. ·t b t's supposed to be represented by the boulder sketched above (:figure 38). It would be unwar-seen tn St tt U I' . . 

t d t base an important conclusion on a single observation, especIally as the boulder exammed may have 
ran eo. . f h' h' t th hud some other source. Yet, as no instance was found of the mtruslOn 0 t IS porp yry, m 0 - e greenstone to 
the south of it, there is no authority aside from the nature of the r~ck to assume an. Igneous contact on the 
greenstone conglomerate. The porphyry, however (~o. 2229), furlllSh~s much debrIS to th.e conglomerate 
(No. 2230), which overlies it apparently by regular de~ntal sequence. ThIS porphyry .conglomerate can be s?en 
here only six or eight feet thick. It fades out soon mto a greenstone (No. 2231) WhICh appears .to be ~assIve, 
but which is to be classed provisionally with the fragmental greenstones of the Lower Keewatlll. ThIS later 
fragmental greenstone is therefore separated from the more clearly !gneous (a~d earlie~t) gree~stone ?y a :emark
abJe band of porphyry. It develops further north into an extenSIve formatlOn havlllg an llldefimte thIckness, 
and as a conglomerate it extends westward as described below. 

s. R-id{fe SE f S~ 8, 6.3-.9 

FIG. 39. NORTH AND SOUTH SECTION. 
East side of sec. 8, T. 63-9, 

The greenstone conglomerate contains, so far as can be seen, nothing but greenstone debris, and fine jas
pilitic silica in small pebbles. The largest pebbles are from two to three inches in their longer diameter, but in 
general they are about half an inch. The conglomeratic character fades out into a green schist, with a vertical 
structure in both. 

In the porphyry there are sometimes indistinct traces of a banding like sedimentation, but, in general, 
this rock is homogeneous, massive, hard and jointed like an igneous rock. It is not always porphyritic, but has 
a graywacken aspect. Indeed, there is more of the non-porphyritic than of the distinctly porphyritic, but there 
is no possibility of separating one from the other. So far as can be seen here this poryhyry can be considered 
one of a successional series of strata laid down by oceanic forces, and such it would be considered in the light of 
all that can be discovered, were it not for the nature of the rock, which, according to universal acceptance, 
requires that it be classed as an igneous intrusive. (Oompare the twenty-fourth annual report, p. 71.) 

To the north of this porphyry, as already mentioned, is a belt of supposed fragmental greenstone. This 
belt, on the section line between sees. 8 and 9, T. 63-9, is about 275 feet wide, and next north of it appears a rock 
similar to the porphyry, but a little finer grained and somewhat schistose, with a coarse, rough structure. Again, 
north of the quarter post, which is at the creek, the porphyry reappears, somewhat schistose and rough, approach
ing graywacke. At still further north, perhaps a quarter of a mile north of the quarter post, the porphyry varies 
to a gray, siliceons, hardly porphyritic rock (No. 223~), a near approach to graywacke. This continues northward 
for quite a distance, when a green phase comes on (like No. 2231). This rapidly fades out into a bluish-green, coarse, 
schistose slate, then to a lighter coarse slate or graywacke, which continues north to the swamp. In the swamp, 
at fifty paces south from the section corner (northwest corner section 9), are low, moss-covered knobs of slate 
(No. 2233), which is apparently cut by a dike of greenstone running northwest (No. 2234). No idea of the strnc
~ural relat.ions of the parts noted in this section lying northward from that shown in figure 39 could be obtained 
III the rapId traverse made. The rock simply varies from point to point, as noted. 

This porphyry is seen again extensively in making a trip along the north side of section 8 in the same 
town .. Starting from the northeast corner of the section, after a swamp of a quarter of a mile, rocky country of 
low hIlls supervenes, from which the forest has been burnt. At :first these hills consist of graywacke, rather 
coarsely schistose and hardly showing any sedimentary banding, but striking N. 25 D W. (magnetic). Here is also 
~ greenstone later than the porphyry, for it contains mass of the porphyry. These two rocks occur here in 
Isolated knobs and short ridges, quite irreg-ularly and regardless of the northwest strike. This greenstone (NoS. 
22~5, 2240) also c~rries fine pebbles from the porphyry, strung out northwest in a sedimentary manner, the pebbles 
bemg ,from one-eIghth to three-fourths of an inch in diameter. It is plain, from the structures seen here, that 
there IS ~reat confusion, consequent, probably, on the abnormal strike; and it is to be presumed that the gen
erally mlxe~ arrangement of the two rocks is due to that greater irregularity. The greenstone here showS no 
agglomerat.lc structure, but it is hard, massive, jointed irregularly and seamed, and at the southern border is 
crowded WIth porphyry debris (plate Z, figures 1 and 2). 
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at fifty paces south from the section corner (north west corner section 9), are low, moss-covered knobs of slate 
lNo. 2233), which is apparently cut by a dike of greenstone running northwest (No. 2234). No idea of the struc
~ural relat.ions of the parts noted in this section lying northward from that shown in figure 39 could be obtained 
m the rapId traverse made. The rock simply varies from point to point, as noted. 

This porphyry is seen again extensively in making a trip along the north side of section 8 in the same 
town .. Starting from the northeast corner of the section, after a swamp of a quarter of a mile, rocky country of 
low hIlls supervenes, from which the forest has been burnt. At first these hills consist of graywacke, rather 
coarsely schistose and hardly showing any sedimentary banding, but striking N. 25° W. (magnetic). Here is also 
~ greenstone later than the porphyry, for it contains mass of the porphyry. These two rocks occur here in 
Isolated knobs and short ridges, quite irregularly and regardless of the northwest strike. This greenstone (Nos. 
22~, 2240) also c~rries fine pebbles from the porphyry, strung out northwest in a sedimentary manner, the pebbles 
bemg .from one-eIght.h to three-fourths of an inch in diameter. It is plain, from the structures seen here, that 
there IS ?Teat confUSIOn, consequent, probably, on the abnormal strike; and it is to be presumed that the gen
erally llllxe~ arrangement of the two rocks is due to that greater irregularity. The greenstone here shoWS no 
agglomera~lC structure, but it is hard, massive, jointed irregularly and seamed, and at the southern border is 
crowded WIth porphyry debris (plate Z, figures 1 and 2). 
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At 650 paces west of the corner post is a north and south greenstone dike (No. 2236) cutting the quartz 
porphyry. About four rods west of this dike * is an evidently fragmental spot in the porphyry. The whole rock 
is roughly schistose in a direction about E.25° N., ridged with interrupted finer belts resembling siliceous 
argillyte, and holds pieces of greenstone and slaty greenstone varying in size from ten inches (rounded) to one
half inch. It also has pieces of jaspilyte and rounded quartz. The slaty greenstone is like argillyte, and runs 
usually with the structure, standing on edge. It (the porphyry) contains much 'luartz in grains less than a pea, 
but also as large as an inch in diameter, the last being very rare. At the same time (lUartz grains that cannot out
wardly be distinguished from the quartzes of quartz porphyry are abundantly disseminated through the rock. 
Indeed, the bulk of the whole consists of more or les8 rounded fragments of orthoclase and quartz, lying in a 
fine pellucid matrix, which also appears to be essentially quartz, in sufficient abundance to keep the coarser 
grains from interlocking, but allowing them to come loosely into contact (No. :l237). 

There are variations in this porphyry. Sometimes it has much and distinct orthoclase, and in other cases 
none. It also varies to an exceedingly fine-grained rock with no apparent quartz nor feldspar, as crystals; but 
yet on close examination it is seen that fine quartz grains are still present. In other cases it holds vitreous 
quartz grains surrounded by a mesh of quartz which is apparently like that of the jaspilyte, i.e., very finely 
granular (No. 2238). Indeed the rock shows some alliance in structl1l'e and composition with the well known 
jaspilyte. 
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FIG. 40. THE GEOLOGY OF SNOWBANK LAKE. 

Outcrops occurring in the swamp, just west of this dike, show a sub-granitic rock (No. 2239) resembling 
the grayish-red granitic rocks at Kekequabic lake, but on the westerly side of this swamp the porph!ry has 
abrupt contacts on a greenstone containing original jaspilyte. Such contacts could be formed by the foldmg and 
twisting which the rocks have suffered here. The porphyry occurs suddenly in knobs an~ s~all al:eas, some; 
times coincident with the schistosity of the greenstone and sometimes across it. The regIOn IS plamly one ~ 
great dynamic displacement, and su~h relations may be dne entirely to such ~isplacement. The conglom~ratlc 
transition (No. 2240) from the porphyry to the fragmental greenstone occupIes nor:nally about four feet, but 
large masses of the porphyry, apparently detrital, are in the greenstone at greater dlsta~ces, say fifty .feet, ~:: 
the porphyry, while at the same time larger masses are detached, evidently by foldmg, these bemg s -

- 1 d' b' (No 516H) Beventeenth • This dike is that mentioned by H. V. Winchell, and described as passing under Cope an s ca III . . 
Annual Repo,·t, p. 123. 
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Later dikes of diabase: 

times very large and sometimes consisting of parts of t~is conglomeratic zone. Such features are visible N. W. 
74 N. E. 74 sec. 8, T. 6.3-9, at 430 paces west and about eIghty paces south of the northeast corner of section 8 

(see plate Z, figures 1 and 2). 
There is here visible also a conglomeratic phase which comes on toward the northeast from the mass of 

the porphyry appearing like the Upper Keewatin. It embraces quartz porp~yry pebbl.es, ,,:,it~ quite a number 
of greenstone, of hard, flinty slate, jaspilitic quartz ~nd gray quartzyte. ThIS change I~ wIthlll a foot, and the 
apparent base for the conglomerate is the porphyry Itself. The conglomerate has a thIckness of about twenty 
feet and grades off to a graywacke which is distinctly bedded. The pebbles of the conglomerate are small, and 
the rock so gradually passes in the other direction into the non-conglomeratic kind that it is impossible to point 
out the contact with the porphyry proper. It is evident that throughout this region of porphyry there are mas· 
sive areas of porphyry, sometimes sub-granitic, and other areas of detrital rock largely derived from such por· 
phyry, which can hardly be distinguished, at least in the field, from each other. 

It will require much time and more careful study than it has been possible to give to this rock in this 
region to warrant any attempt to outline it geographi,cally, or to distinguish the massive from the fragmental. 
Added to the great resemblance of the fragmental to the massive, is the broken and folded condition of all the 
formations, which increases the intricacy of the structure and the difficulty of the tracing out of the dif· 
ferent parts. 

Between Moose and Flash lakes, T. 64--9, and occupying a tract of high land running northeast and south· 
west for several miles, may be seen much of the porphyry above noted. It is closely folded with beds that have 
been formed by debris, from it and from the Keewatin greenstones, involving the stratigraphic line of separation 
of the Upper Keewatin from the Lower. There is a succession of ridges of greenstone and porphyry, the most 
southeastern hill range being of agglomeratic greenstone, and the rocks toward the northwest being in the 
higher stratigraphic horizon. The most characteristic features of the Stuntz conglomerate are near Moose lake 
1'he strata stand sometimes vertical, but sometimes dip at a high angle toward the south or southeast. 

The outline sketch of Snowbank lake on previous page (figure 40) shows the geology of its shores as made 
in the field by the writer in 1893. 

The granite ~l Kekequabic lake. The characters, both microscopical and regional, 

of this granite, are given in detail by Dr. Grant, in the chapter (xxiii) devoted to the 

Fraser Lake plate. A large series of thin sections from this locality have' been 

examined, and the results of petrographic study are given in the chapter devoted to 

that subject. These results are also summarized in the chapter on Structural' 

Geology in vol. v. They are practically the same as those already stated for the 

Snowbank Lake area. Dr. Grant's description goes into the details of the mineralogy 

of the granite and the porphyry, and recognizes fully the wholly crystalline and 

plainly intrusive features. It may be well to direct attention to the rocks which are 

not fully described in that chapter, but which are designated" contact rocks," and 

"hornblenc1ic phase of the granite," the latter being plainly conglomeratic, for in 

these apparently exist the links that bind the fragmental rocks of the region gen
etically with the intrusive. 

(3). Later dikes of dl:abase. Throughout the county, north of the northern 

border of the gabbro, are found dikes of fresh diabase. They are the latest formed 

rocks of the area of the Keewatin, but belong to the date of the Keweenawan. 

These dikes are usually over six inches in width, and not infrequently they are from 

ten to fifty feet. They nm in all directions, and are frequent near the northern 

border of the gabbro, from which they are presumably peripheral offshoots. 

There is another series of diabasic rocks, not generally occurring as dikes, 

which apparently have a different origin and an earlier date, to which brief allusion 

should be made. They are constituent parts of the Lower Keewatin, and to some. 
extent also of the Upper Keewatin. They lie in the axis of the metamorphic belt 
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phyry, which can hardly be distinguished, at least in the field, from each other. 

It will require much time and more careful study than it has been possible to give to this rock in this 
region to warrant any attempt to outline it geographi,cally, or to distinguish the massive from the fragmental. 
Added to the great resemblance of the fragmental to the massive, is the broken and folded condition of all the 
formations, which increases the intricacy of the structure and the difficulty of the tracing out of the dif
ferent parts. 

Between Moose and Flash lakes, T. 64---9, and occupying a tract of high land running northeast and south
west for several miles, may be seen much of the porphyry above noted. It is closely folded with beds that have 
been formed by debris, from it and from the Keewatin greenstones, involving the stratigraphic line of separation 
of the Upper Keewatin from the Lower. There is a succession of ridges of greenstone and porphyry, the most 
southeastern hill range being of agglomeratic greenstone, and the rocks toward the northwest being in the 
higher stratigraphic horizon. The most characteristic features of the Stuntz conglomerate are near Moose lake 
'l'he strata stand sometimes vertical, but sometimes dip at a high angle toward the south or southeast. 

The outline sketch of Snowbank lake on previous page (figure 40) shows the geology of its shores as made 
in the field by the writer in 1893. 

The granite ~l Kekequabic lake. The characters, both microscopical and regional, 

of this granite, are given in detail by Dr. Grant, in the chapter (xxiii) devoted to the 

Fraser Lake plate. A large series of thin sections from this locality have' been 

examined, and the results of petrographic study are given in the chapter devoted to 

that subject. These results are also summarized in the chapter on Structural 

Geology in vol. v. They are practically the same as those already stated for the 

Snowbank Lake area. Dr. Grant's description goes into the details of the mineralogy 

of the granite and the porphyry, and recognizes fully the wholly crystalline and 

plainly intrnsive features. It may be well to direct attention to the rocks which are 

not fully described in that chapter, but which are designated" contact rocks," and 

"hornblendic phase of the granite," the latter being plainly conglomeratic, for in 

these apparently exist the links that bind the fragmental rocks of the region gen

etically with the intrusive. 

(3). Later dikes of diabase. Throughout the county, north of the northern 

border of the gabbro, are found dikes of fresh diabase. They are the latest formed 

rocks of the area of the Keewatin, but belong to the date of the Keweenawan. 

These dikes are usually over six inches in width, and not infrequently they are from 

ten to fifty feet. They rnn in all directions, and are frequent near the northern 

border of the gabbro, from which they are presumably peripheral offshoots. 

There is another series of diabasic rocks, not generally occurring as dikes, 

which apparently have a different origin and an earlier date, to which brief allusion 

should be made. They are constituent parts of the Lower Keewatin, and to some. 
extent also of the Upper Keewatin. They lie in the axis of the metamorphic belt 
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but outside of the areas where that metamorphism resulted in the fusion of the acid 

.ti~ and seem to be due to the same metamorphism exerted on the greenstones. 

They have been mentioned in Ts. '63-9 and 63-10, where they embrace sometimes the 

jaspilyte ore~, but they also occur in the general greenstone areas in other town::::, 

and in some cases they are closely associated with the Upper Keewatin about Snow

bank lake. They have not been differentiated carefully from the intrusive diabases, 

nor have they been studied petrographically. It is simply sugge::::ted here that they 

, are metamorphic conditions of the greenstones of the Keewatin, sometimes of the 

massive and sometimes of the clastic portions. If the greenstones received the 

pressure and heat which converted the conglomerates, etc., into granite, they were 

probably reformed, and may not only have been converted into fre::::h crystalline 

diabases, but may have penetrated the adjoining rocks as dikes in the same manner 

as the granite. This may be the source of some of the diabase dikes that occur in 

the northern part of the county. If the greenstone formation be allowed to he the 

primordial crust of the earth it must underlie all the granitic and other rocks, and 

in case of folding and fissuring of the overlying rocks this basement of greenstone 

would be likely to send numerous tongues upward through the granites at great dis

tances from any surface exposure of the greenstones, and this may have occurred at 

any of the epochs of folding and fusion. 

THE TACONIC. 

The rocks which succeeded to the Keewatin in Minnesota are divisible into 

Animikie and Keweenawan, and are believed to be of the age of the Lower Cam

brian, which in America early received the name Taconic. These parts are separated 

by a non-conformity which, though not conspicuously exhibited in Lake county, is 

marked by a basal conglomerate and a quartzyte. It is an interesting fact that 

these parts are both profoundly affected by igneous basic rocks. The earlier part, 

however (Animikie), is not known in Minnesota to have been accompanied with 

cotemporary surface eruptions. Its igneous rocks are all (or nearly all) of later date 

than the clastic rocks of the formation itself, and take the shapes of dikes, sills 

(Logan sills, so named by Lawson), and perhaps small laccoliths, of the date of the 

gabbro or of some later intrusives. The Keweenawan, however, beginning, cl1l'0no

logically, with the basal conglomerate lying on the Animikie, and its eruptives, was 

accompanied by cotemporary surface lavas, often of great volume, which formed 

sheets that spread connectedly over many miles of surface, and which are separated, 

toward the end of the formation, by beds of red sandstone, or by sandstone and 

shale. As the igneous activities waned the region gradually sank, allowing the 

, ocean to cover large areas which had been dry land, and the later deposited frag

mental rocks are much thicker and more extended than the earlier. On the entire 
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mental rocks are much thicker and more extended than the earlier. On the entire 
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cessation of igneous activity the sandstones, becoming white and siliceous, increased 

still in thickness, and finally were replaced by magnesian and argillaceous limestones, 

which are conformably interstratified with them, thus introducing the Hinckley and 

St. Croix series, the equivalent of the Upper Cambrian. 

When the term Keweenawan is applied to the rocks of Minnesota a certain 

deO'ree of confusion is introduced, since it was made to cover the igneous rocks of 
b 

the Animikie and of the sandstones and conglomerates which lie above the Animikie. 

The igneous intrusions into the Animikie (the gabbro and the red rock) and their 

surface equivalents, were completed before the date of the great conglomerate, and 

chronologically have therefore nothing to do with the Keweenawan. As an appel

lation for the igneous rocks simply, regardless of the chronologic extent of the term 

Animikie, Keweenawan has significance, but as a time division, beginning after the 

Animikie, it should exclude a large part (probably the greater part) of the basic 

igneous rocks to which it was applied, so far as they occur in Minnesota. The base 

of the conglomerate is a chronologic datum which should separate the formations. 

The Animikie. There is not a known exposure of unquestioned normal Ani

mikie in Lake county. There is a conspicuous belt of " red rock" which is supposed 

to have resulted from the fusion of the Animikie (and perhaps older rocks), crossing 

the county from southwest to northeast, south of the main gabbro belt, but this wil1 

be treated in the discussion of the igneous rocks of the Taconic. 

There is also a series of outcrops of iron ore which in the annual reports and in 

the bulletins have been referTed to the Animikie. They are the quartzose and 

olivinitic ores that occur near the northern border of the gabbro, associated in all 

cases with a greater or less amount of muscovadyte, which are now referred to the 

Keewatin, having received their present characters by the action of the gabbro revo

lution upon the jaspilytes and associated greenstones of that formation. These ores 

have already been described under the heading MltSCovadyte and its iron ores) in a 

previous part of this chapter. 

The strike of the Animikie strata is approximately represented by the band of 

red rock, and as this TLms along south of the main gabbro mass, and has a general 

agreement with the major structures of the northeastern part of the state, it appears 

to be, primarily, located by those orogenic forces which determined the position and 

form of the northwestern environs of the lake Superior basin, and in that respect 

the red rock, as well as the gabbro, shows an alliance with those great land move

ments which have always determined the limits of the oceanic formations. These 

rocks now have a distinctly igneous nature, but their distribution and position con

form to a possible earlier clastic nature, when they were brought to the general, 

positions they now occupy. In the absence of definite facts bea,ring on this question 
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to he, primarily, located by those orogenic forces which determined the position and 
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within Lake county, it can only be assumed here as a plausible hypothesis that the 

red rock represents the original Animikie, after fusion and more or less transporta

tion from its original strike. (Compare chapter xxviii, Pigeon point.) 

The gabbro and othe1" igneous j'Oc7cs of the An,zmikie, Facts which are detailed in 

the chapters devoted to the region of Pigeon point and that of Duluth (plates lxxxv 

and lxxxviii) show the necessity of dividing the Keweenawan igneous rocks of Irving 

into two parts, the earlier having penetrated the Animikie and fused it and become 

cQnsolidated prior to the accumulation of the next fragmental, the great Puckwunge 

conglomerate, and the later occurring as surface flows after the formation of the 

conglomerate, and to some extent during the conglomerate. This separation into 

. upper and lower, or later and earlier, is quite different from all the divisions intro

duced by Irving. His" Upper Keweenawan" included the later diabases and much 

of the red sandstones-i. e., the "tilted red sandstones "-and the lower diabases 

with the gabbro were included by him in the" Lower Keweenawan." In order that 

the upper and lower Keweenawan, as described in this report, may not be con

founded with the designations employed by Irving and the Wisconsin reports, it has 

been thought best to apply new names to the two parts, viz.: 

Cabotian, including the gabbro, anorthosyte, red rock and the great Beaver Bay 

diabase, with all surface lavas that preceded the Puckwunge conglomerate. This 

name is taken from the ancieut name applied by Buchette, according to Schoolcraft, 

to the mountain range that appears at Duluth formed by the gabbro, and which 

extends in general eastward, outlining the rim of the lake Superior basin, through

out Minnesota. 

Manitou, including the igneous rocks from the Puckwunge conglomerate to the 

top of the igneous series. This upper limit will not appear at the same strati

graphic horizon at all points, because of the probably longer duration of igneous 

activity at points further east than at the western extremity of the lake Superior 

basin. This term is taken from the Manitou river which enters lake Superior in 

this county, where are exposed some of the lower traps of this division and some of 

the upper portions of the conglomeratic beds, although not the Puckwunge con

glomerate. 

IIi Lake county the gabbro, at its widest place, covers twenty-five miles, and at 

its narrowest twenty-one miles, and its length is forty-two miles. Its superficies is 

hence about 575 square miles within the county. Along its northern border it comes 

. abruptly into contact with the White Iron Lake granite and with different parts of 

the Keewatin. Its southern limit is in general the northern limit of the red rock, 

but there are numerous places where these rocks are intricately inter-locked, and in 
some instances isolated areas of the red rock are surrounded by gabbro. Generally 
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such isolated areas of red rock have been omitted in the mapping seen on the 

accompanying plate. 
Date of the gabbro. It is not certain, nor indeed is it probable, that the gabbro 

revolution followed immediately after the completion of the fragmental beds of the 

Animikie. The absolute summit of the Animike is an elusive geological datum, 

not yet certainly determined. Some observations recorded in the Pigeon Point 

chapter (xxviii) tend to show that the Animikie was followed by a gentle igneous 

epoch, accompanied by surface lavas and probably by volcanic ash, before the gre~t 

convulsion which introduced the sills and dikes, and this is in agreement with the 

record of the deep well sunk at Short Line Park, near Duluth, and also is indicated 

by the superposition of the Beaver Bay diabase upon some diabases and soft con

glomerates-that diabase being supposed to be the great surface representative of 

the gabbro epoch. It is hence possible that the Animikie gradually blended with 

eruptive debris and shaded off so easily into the Keweenawan that its upper limit 

will not soon be detected. However that may be, there was a great gabbro revolu

tion at a date somewhat later than the Animikie, which resulted in such alteration , 
of the Animikie that, its characteristic debris being found in the Puckwunge con

glomerate in the form of red rock pebbles, associated with white quartz and with 

fragments of Animikie slate, it is plain that a profound erosin interval was here in

terposed. It is this great gabbro revolution to which belong not only the great 

gabbro mass, mentioned above, but also its surface equivalents found further south, 

the chief of which is the great diabase mass which forms the summits of the Sawteeth 

mountains, named by Mr. Elftma,n Beaver Bay diabase. The centre of the gabbro 

mass being in the central part of the county, it superficially suffered a flowage toward 

the south, covering and fusing the Animikie, and reached the present shore line of 

lake Superior, and even continued within the deeper portions of the basin to a 

distance unknown. There seems to have been, at this date, one great uniform move

ment of a sheet of basic igneous rock which now extends from Duluth to the north
east em angle of Minnesota. Its thickness, as seen in the northward-facing bluffs 
of theSawteeth range of hills, reaches several hundred feet. This surface movement 
carried along with it not only the superficial portion of the gabbro as it existed prior 

to the flowage, but enveloped and transported portions of the rocks over which it 

moved. In Lake county the Animikie strata were completely fused, and th~ acid 
rock thus formed united with the general movement, forming lavas which are often 
mixed confusedly with the basic. While this, in general, was the character of the 

translation toward lake Superior, there are many interesting facts of detail and 

many variations which unite to make the problem of the origin, history and relations 

of the gabbro one of fascinating geological interest, the full discussion of which 

will be found in the general chapter on Structural Geology (vol. v). 
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This great flow sheet was cotemporary with an extension of the gabbro into 

the unfused Animikie as dikes and sills, as seen in Cook county, and with the forma

tion of diabase dikes in the older rocks along the northern border of the gabbro. 

With the lapse of time, and especially on account of the erosion of the glacial epoch, 

the surface connection between the parent gabbro mass and this great sheet has been 

broken, and the underlying red rock mass now separates them by a wide band that 

crosses the county. This red rock band embraces the sources of the streams of the 

county, whether they flow north or south, and it is therefore the most elevated part 

of the county; the moving gabbro flood must have had its thinnest parts along this 

red rock reef; this, in part, will account for the entire removal of the basic sheet 

over at least a portion of the red rock' belt. 
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FIG, 41. ANORTHOSYTE AND ITS RELATION '1'0 'l'HE BEA VEE BAY DIABASE, NEAR BEAVER BAY, 

. Peculiarities of the gabbro. Very interesting features of the gabbro, as repre

Sented by the Beaver Bay diabase sheet, appear at Beaver bay and at Splitrock river. 

The diabase surrounds isolated masses, often fifty or more feet in diameter, but 

usually Jess; of "feldspar rock," which present a strong contrast, in outward aspect, 

with the dark colors of the diabase. They are very common at Beaver bay, but 

some of the largest are at Splitrock point. They are also common and larger on 
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some of the diabase hills a mile or two back from the lake. Mr. EUtman's descrip

tion of some of these knobs is as follows: 
September 4, 1893. Going north on the county road which follows the section line between secs. 34 and 35 

and secs. 26 and 27, T. 56-8, to the quarter post (probably the west quarter post of section 26), a peak 270 feet 
above the level of the quarter post rises on the way and causes the road to swing to the west. This peak rises 
in almost perpendicular walls 170 feet on the west side, but slopes more gradually towards the south and east. 
It bears about northwest and southeast and is about one-fourth of a mile long and one-eighth wide at the top. 

The rock is the same as the anorthosyte seen at Beaver bay. It rises in snow-white knobs over the surface 
of the hill. The rock is cut by numerous small veins which weather to a pure white color (No.1 of figure 41), 
Numerous small grooves cross the rock in one direction, having no definite and fixed direction in relation to the 
whole hill. Generally upon each knob the direction is different from that of its neighbor; Upon several knobs 
the grooves are cut by others running perpendicular to them (No.2 of figure 41). This striation gives the rock 
a bedded appearance, when the striffi are parallel. Another form of this is a fan-like striation (No.3 of figure 
41). In this case the striffi appear to branch out from a centre and leave part of the rock unstriated. Rock 
No. 188aE, anorthosyte cut by veins; No. 188bE shows ordinary striation. 

The sketches in figure 41 represent the structures described. No.4 (of figure 41) shows the manner in 
~hich diabase (No. 398E) is distributed in the anorthosyte. The diabase appears to form the base of the hill, 
and the wandering dike is an offshoot from the main mass. It is somewhat finer grained at contact with the 
anorthosyte. 

Near the section line (east line of section 27) and toward the northern edge of the hill the rock becomes 
somewhat darker as shown by No. 188cE. The anorthosyte here, although in some places composed entirely of 
feldspar without any accessory constituents, presents in other places the same variation in mineral constituents 
as seen in the gabbro farther north. On the north and west sides of the hill the rock is similar to gabbro and 
is composed of the usual proportions of augite, magnetite and fine-grained feldspar. The minerals have a 
tendency to collect in separate masses, each mineral by itself. This gives a peculiar mottled appearance to the 
rock upon its surface. When fresh the augite and magnetite form green and black spots (No. 188dE). These 
weather to a light yellow mineral (No. 188eE). Whenever these different minerals occur together they seem to 
have this peculiar combination. There are also parts of the rock in which the accessory ingredient is evenly 
distributed as shown by No. 188fE. Again, in 80me exposures on the southwest side of the hill, masses (not 
boulders) of pure feldspar are enclosed by a medium grained portion of the rock, like Bome gabbro, composed of 
feldspar, augite and magnetite in the usual proportion and evenly distributed. But the dark mineral is foliated 
and has a schistose appearance. 
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FIG. 42. A.1"!ORTHOSYTE KNOBS IN SEC. 27, T. 5(\,,8, NEAR BEAVER BAY. 

. Near the centre of the top of the hill are several irregular dikes of black gabbro or diabase (No. 189E), 
w~lCh cut the anorthosyte and even enclose angular and rounded pieces 'of the same rock. Figure 41 shows 
thIS black gabbro dike. 

Southwest of the above described hill is another elevation 120 feet higher than this. The rise is gradual 
from the town road to the S. E. !4 of S. W.!4 of sec. 27, T. 56-8, where an almost level piece of ground, one-
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FIG. 42. AJ.'fORTHOSYTE KNOBS IN SEC. 27, T. 56-8, NEAR BEAVER BAY. 
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quarter of a mile across, forms the top. On the west side there is a perpendicular wall of black gabbro or dia
base 200 feet high. The rock from this locality is represented by No. 199E. The rock, wherever examined 
does not differ from the specimen taken. No trace of anorthosyte was found here. No exposures of rock wer~ 
foand on either side of the neck connecting the anorthosyte hill with the black gabbro hill, but it is most prob
able that the gabbro found cutting the anorthosyte is a part of the same rock which forms the hill farther south-

• . west. This being the case, the anorthosyte rock is not in its original position, but is a mass transported by the 
black gabbro, perhaps separated from a larger mass. 

North of the hill in the S. W. :J4 of sec. 27, T. 56-8, and one-quarter of a mile south of the north quarter post 
of the same section is a hill of about the same hight as the anorthosyte hill. It rises abruptly on all sides, and 
on the western side, about 150 feet from the top, it slopes gradually down to the swamp. Around the base the 
rock is the same black gabbro seen cutting the anorthosyte and forming the hill directly Bouth of here (No. 191E). 
Upon the top and near the southern end of the hill is an outcrop of anorthosyte rock. This is a large boulder (?) 
500 feet square on the upper surface. The anorthosyte (No. lODE) is composed of nearly pure feldspar for the 
greater part, but small areas, in which feldspar, augite and magnetite are evenly distributed, were also seen. 
This hill is known by the Beaver Bay people as Schaff's hill. [The "black gabbro" here mentioned is the Beaver 
Bay diabase.] 

A map of section 27 containing these hills is shown by figure 42. 

The shore of Beaver bay, from the red syenyte knob at the south point of the 

bay to the dark diabase at the northeastern, exhibits great variety and often confu

sion in the manner in which the red rock and the feldspar masses are associated, 

both being enclosed in the Beaver Bay diabase, but they can perhaps all be attributed 

to one general movement of the Beaver Bay diabase sheet. There are pebbles and 

boulders of the red rock embraced in the diabase, and the same red rock has the 

appearance of strings and veins and dikes cutting the diabase. It is in contact with 

masses of feldspar, crowded between it and the trap. The spots and masses of red 

rock are distributed, in some cases with pieces of the feldspar rock, throughout the 

trap, showing the accession of both ingredients when the trap was molten, and even 

contemporaneously. The feldspar rock varies in composition, becoming an ordinary 

gabbro, and the red rock varies from a quartz porphyry to a granitic syenyte. It was 

fluidized and runs about in belts and veins, not only through the diabase, but also 

through the feldspar rock. 
At other points about Beaver bay, there are apparently two diabases, and it has 

been suggested by Mr. Elftman that one is a sill of later date penetrating the older 
basic sheets. But it is more likely that the finer diabase dikes that appear in the 
great sheet, and which are seen to cut the feldspar masses, are only apophyses from 

the unco9led deeper portions of the same sheet. 
Suppose a great sheet of diabase, derived from the gabbro batholith, be put in 

motion over the strike of the Animikie. Its great body of heat and slow movement 
may be suppose.d to fuse the Ani~ikie, and to incorporate portions of it. In the 
ou~ward motion, especially wherever the surface of the diabase became solidified, 
the deeper molten portions would penetrate the cracks formed by shrinkage; and, 
when the diabase was not solidified, there must have been a contemporaneous 
fluidity, which would cause occasional intermixtures. If, as believed, the feldspar 
masses are segregations from the gabbro mass,* and, being a little lighter than the -----'It will be observed that the gabbro and the diabase are considered essentially the same rock, derivedt 8nd1 ~on~olidat~d 
UWier differing conditions from the same magma. All petrographic facts known to the writ~r: and all struc ura ea ures 0 • 

Bel'V:ed, when interpreted in the light of such a hypothesis, are consistent with such common ongm of these rocks. 
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masses of feldspar, crowded between it and the trap. The spots and masses of red 

rock are distributed, in some cases with pieces of the feldspar rock, throughout the 

trap, showing the accession of both ingredients when the trap was molten, and even 

contemporaneously. The feldspar rock varies in composition, becoming an ordinary 

gabbro, and the red rock varies from a quartz porphyry to a granitic syenyte. It was 

fluidized and runs about in belts and veins, not only through the diabase, but also 

through the feldspar rock. 
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been suggested by Mr. Elftman that one is a sill of later date penetrating the older 

basic sheets. But it is more likely that the finer diabase dikes that appear in the 
great sheet, and which are seen to cut the feldspar masses, are only apophyses from 

the unc09led deeper portions of the same sheet. 
Suppose a great sheet of diabase, derived from the gabbro batholith, be put in 

motion over the strike of the Animikie. Its great body of heat and slow movement 
may be supposed to fuse the Anil~ikie, and to incorporate portions of it. In the 

outward motion, especially wherever the surface of the diabase became solidified, 
the deeper molten portions would penetrate the cracks formed by shrinkage; and, 
when the diabase was not solidified there must have been a contemporaneous . , 
fluidity, which would cause occasional intermixtures. If, as believed, the feldspar 

masses are segregations from the gabbro mass,* and, being a little lighter than the - '.It will be observed that the gabbro and the diabase are considered essentially the same rock, derived "~d con~oli~:~b~ 
under differing conditions from the same magma. All petrographic facts known to the Wl'lt~lr: and all struct~_al fell. ur 
served, When interpreted in the light of such a hypothesis, are consistent with such common ongm of these rock:;. 

:'1 
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gabbTo in geneml, weTe OTiginally most abundant at the top of the gabbro batholith, 

they would have accompanied the diabasic flow in considemble numbers, and would 

have been subjected to the same incidents of consolidation and fracture, and hence 

to the fOTmation of intersecting dikes of diabase, as the diabase sheet itself. Yet all 

these variations could be consideTed as incidental to the movement of one immense 

flow of igneous rock. At some points, especially in the aTe a of the parent gabbro, 

neal' the line of contact with the red rock, the gabbro is frequently cut by the red 

Tock, indicating the later date of the red rock, which is in keeping with the sup- . 

posed origin of the Ted rock, and is laTgely owing to the gTeater ease with which, 

under aqueo-igneous fusion, siliceous magmas are transported; but the great flow 

sheet of the BeaveT Bay diabase embmces considemble quantities of the Ted Tock, 

and carried them along in a manneT somewhat analogous to the tmnsportation of 

the feldspaT masses. 
In townships 62-10 and 11, and 61-10 and 11, is an area of about two townships 

in extent of foliated olivine gabbro. Within this area aTe numerous knobs of feld

Sl)aT Tock as cleaT, fresh and coarse as the anorthosyte masses found near the lake 

Superior coast. In many instances the feldspar knobs appear like water-woI'll 

boulders enclosed in the overlying olivine gabbro. 

On West Greenwood lake, T. 58-10, are extensive outCTOPS of fresh hypersthene 

gabbro. This is cut in seveml places by dikes of Ted Tock which forms Greenwood 

mountain, south of the lake. 

A point of importance, in studying the gabbro, as stated by Mr. Elftman, is 

that the gabbro along the centre of the formation has a belt in which are numerous 

knobs and areas a mile in extent composed of plagioclase rock similar to that men

tioned above. In going from the northern 01' southern limits of the gabbro toward 

this belt, it is very noticeable that the ferro-magnesian minemls decrease and the 

feldspar increases in propOTtion. The rock has a more stmtified appearance, arising 

from the arrangement of the constituent minerals in bands. This separation of the 

minerals, when carried to extremes, produces the large aggregations of feldspar.* 

The 'inu8col'adyte. This rock occurs frequently at the northern bord"er of the 

gabbro where the gabbro is in contact with the Keewatin. It is typically developed 

when the Keewatin is greenstone, and especially if it be some fragmental green

stone having a sedimentary structure. When the greenstone is more siliceous a 

pyroxenic gneiss is produced, as on the long point in Gabimichigama lake. There 

is no doubt that wherever this rock appears it is the result of contact of the gabbro 

on the Keewatin, and is apparently a step in the conversion of the greenstone into 

gabbro. If at the same place the greenstone embraced jaspilyte, it is altered to a 

* A. H. EL]'TilIAN. Twenty-second AmlUal RepoTt, pp. 169,170. 
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:;,: A. H. E-LFT?-IAN. Twenty-second A iinual Repo'i"t, pp. 169, 170. 
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quartzose and olivinitic ore, and such deposits have already been noted under the 

heading Muscovadyte and its 1:1'on ores. There have been made numerous observa

tions that demonstrate that frequently the gabbro with a coarse crystalline texture 

has covered angular pieces of the muscovadyte, and in those places that the gabbro 
in such form is of later date than the muscovadyte. 

FIG. 43. GABBRO ON "MUSOOVADO" FRAGMENTS. 
Island near the centre N. W. 74 sec. 6, T. 64-5. Gabimichigama lake. 

Still, there are numerous observations which indicate a close genetic relation

ship between the muscovadyte and the gabbro itself, and in these conditions it has 

been considered a phase of the gabbro. Structurally and petrographically it is in 

many places inseparable from the gabbro. There are considerable areas lying some

times several miles south from the main northern border of the gabbro which are 

occupied entirely by muscovadyte, and in some of these instances the two rocks 

are closely intermixed and blended, and seem to be of cotemporary date. This 

intermixture is perhaps still more frequent along the northern limit of the gabbro 

where the muscovadyte is plainly derived from the Keewatin. It is this alliance 

with the igneous gabbro on one hand and with the greenstones of the Keewatin on 

the other that suggests the idea that the muscovadyte is a connecting stage in the 

formation of the gabbro from the Keewatin by a process of metamorphism and 

fusion, i. e., by a force identical with that which metamorphosed and fused the other 

(acid) Archean rocks, producing granite, syenyte, dioryte, etc., as already indicated. 

Note. On visiting again, October 6, 1898, the Cheadle iron locality, south side of 

Disappointment lake, the following facts were carefully noted: 

1. The ore is in bedding that dips about 80° toward the south. 

2. The dip of the formation in which it occurs is the same. 

S. The formation is that seen at the lake shore and westward further, passing 

into the houldery greenstone seen at the southwest end of Snowbank lake. 

4. The ore, therefore, is in a bouldery greenstone which, in this area, is placed 

in the Lower Keewatin. 

5. The ore is in several bands, one of them being further south than the real 

gabbro border. 
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6. Where it occurs in this most southern band it is a coarse conglomerate, 

evidently also a phase of the greenstone formation. ;. 
7. The quartzose ore bands alternate with gabbroid bands containing coarsely, ~ 

crystalline hypersthene (?). ' ') 
8. In small amounts there is a similar ore in the gabbro. 

9. The ore hence probably resulted from an alteration of jaspilyte in the 

Keewatin. 
10. The pebbly and bouldery muscovadyte is conspicuous as muscovadyte, in 

most places from the lake shore to the iron ore. 

11. It gradually loses its fine grain going south. 

12. As it acquires a coarser grain the bouldery forms become less and less dis- ~~ 
4'r 

tinct. 
~ 

13. The gabbro contains boulders, generally much like the muscovadyte, even :l 
when the rock has become coarsely gabbroid, and these are in some cases as large as_ :~ 
six 01' eight inches. 

14. In some cases such boulders aTe not of muscovadyte but are quite siliceous, 

as if originally granitoid. 
15. The bouldery iron ore further south is permeated and enclosed by coarsely 

crystalline gabbro, but in general fOTms, apparently, a belt about ten feet thick that 

runs as if in place. 

16. The gabbro in places forms abrupt contacts on the muscovadyte. 

17. As to the pebbles, whether in the muscovadyte or in the gabbro, they are 

much altered, tending to become muscovadyte in both rocks-at least in the muscov"' 

" 

;t 

adyte they are less altered than in the gabbro. As a fact, they are not very com<~ 
",rk, 

mon, as conspicuous foreign masses, in the gabbro, but seem to be lost in the gab- ;~l 

bro. Yet sometimes, over a weathered surface of gabbro, may be seen roundish;1 

areas, either coarser or finer grained than the average, and these are probably da~~ 

to differing pebbles whose composition responded with varying readiness to tb~~t 
transforming force which, in general, resulted in the gabbro mass. ;}! 

It may be added, that there is some doubt as to the separateness of this con- .~; 
glomerate from that which is cut extensively by the Snowbank Lake granite, an{ ; 

which is considered as Upper Keewatin. 

There have been made a multitude of detailed observations on the field appearances of the gabbro in Lake, 
county, the most of those by Mr. Elftman never having been published. He has summarized the results in a,' 
paper in the American Geologist (vol. xxii, pp. 132-149), but the rock numbers and all special descriptions a 
designed to be included in the twenty-fourth report of the survey. 

The red rock, as it appears in the west bluff of Beaver bay, is represented< ' 
" 

rocks Nos. 124 and 625. It appears like a red granite, but consists of a confu,<, ' 

compound of quartz and feldspar, the greater part of the latter being orthoclase, 'ai, . 
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reddened by ferric oxide. The quartz and orthoclase are united sometimes in a 

micro-pegmatitic or micro-poikilitic manner, but in general they have confused and 

ill-defined relations. A reddened felsitic matter permeates and clouds much of the 

quartz and all of the feldspar. With a trace of a ferro-magnesian mineral, now in 

the form of chlorite, and an occasional grain of some iron ore, pyrite or magnetite, 

this rock differs from the finer apobsidians of the red rock series only in baving 

reached a more advanced stage of crystalliz;ation before consolidation. The more 

rhyolitic forms are more common, and constitute th@ pebbles of the lake beach so 

abundantly that sometimes for several miles the beach presents a pinkish red color. 

Such rock is also more abundant inland. 

At West Greenwood lake are numerous dikes of the red rock cutting the gabbro, 

and the red rock forms extensive outcrops south of the lake. Greenwood mountain 

is a mass of .fiery red red-rock of rather fine grain, not rhyolitic, the quartz in isolated 

masses, but having a common orientation over large areas. In some places a plain 

rhyolitic structure prevails, and when the color varies with the bands the rock pre

sents a handsome appearance. Such aspect occurs near the Beaver Bay trail in 

S. E. i sec. 33, 'T. 58-10, on the south side of the broad ridge. Here the rock varies 

to almost black, and probably is affected by assimilation of diabasic elements from 

the gabbro. Such assimilation goes so far sometimes that the rock is a mixture of 

the acid and the basic minerals. But whatever the variations in colqr or in crystal

line condition, the red rock as a body is distinct from the diabases and can be traced 

almost continuously across its entire width, and, with interruptions, to the red rock 

at Beaver bay. It is sometimes cut by diabase dikes, hut it is difficult or impossible 

to determine their relative ages, although believed to be, as a mass, in its original 

genesis of later date than the great sheet of Beaver Bay diabase, though partially 

enclosed in it and permeating it at a later period (plate DD, figure 1). 

Relations of the red 'rocle and gabb'ro. Dr. Grant made an examination of the 

country from lake Polly, which is in T. 63-6 W., into the next town south. Gabbro 

was seen along the river and lake in many places, in N. W. i sec. 34, T. 63-6 W. It 

·is quite coarse grained, and is cut by branching vein-like dikes of reel granite. These 

are from half an inch to ten feet across and run in every direction, not noticeably 
finer-grained at the surfaces contacting on the gabbro than at the centres (No. 755G). 
It consists of a fine-grained, pinkish biotite granite, the biotite being in comparatively 
small amount. A short distance further east these dikes become very numerous, 
composing about one-third of the gabbro, where it outcrops. Still further east, in 

sees. 34 and 35, T. 63-6 W., granite dikes are not so numerous. 
The shores of a small lake ab@ut* in sec. 2, T. 62-6 W., show outcrops of coar~e

grained gabbro sometimes cut by small granite dikes. 

*LooatiOilB oannot be given exact, since this township has not been subdivided by the U. S. government. 
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At Syenyte lake, which is about a mile and a quarter southeastward from the 

last mentioned lake, gabbro occurs associated with a fine-grained dioryte at a short 

distance north of the lake. The gabbro is very coarse-grained and is composed 

largely of feldspar. The dioryte is much finer (No. 756G), dark gray and contains 

quartz and is sharply separated from the gabbro by distinct contact lines. Dikes of 

dioryte were not seen in the gabbro, but angular fragments of the gabbro of various 

sizes and shapes occur in the dioryte. Red granite dikes up to twenty feet in 

width cut both gabbro and dioryte with sharply marked dike walls. The dioryte in 

thin section shows a granitic aggregate of plagioclase, hornblende, quartz, magnetite 

and pyroxene, the last in small scattered grains which usually have rounded 

outlines. 
The shores of Syenyte lake, so far as examined, are divided between red granite 

and gabbro, the latter represented by No. 757G. This rock is even coarser-grained 

than usual. The granite is a hornblende granite of fine but rather uniform grain, 

varying in color from almost white to brick red (Nos. 758G to 763G). 

From these observations, thus abbreviated from the Twenty-fourth Report 

Dr. Grant concluded that the evidence is conclusive that the granite is later 

than the gabbro. The main granite mass can in some cases be continuously 

traced into some of the apophyses that penetrate the gabbro, and these continue as 

dikes of greater or less frequency for a distance of several miles into the gabbro 

area, sometimes five miles from the general limit of the gabbro. The dikes are not 

finer grained, as a whole, nor near contact with the gabbro, than the rock of the 

main mass, this indicating the heated condition as well as the deep-seated position 

of the gabbro at the time of the intrusion of the dikes. Still, the sharp edges of the 

dikes, and the rare mingling of the elements of the two rocks, indicate that the 

granite, while perhaps not much younger than the gabbro, was of later date than 

the solidification of that rock. In other areas there are facts which seem to indi

cate that the two rocks were molten at about the same time. 

At Baptism river and at the" Great Palisades" the red rock makes characteristic 

outcrops (Nos. 139, 140, 154). At the former locality a sharp, sloping, rocky point 

projects into the lake with a perpendicular face toward the south, the red rock lying 

on a series of trap rocks consisting of amygdaloidal basic surface flows. Up Bap

tism river is a conglomerate of pebbles largely from this rock (No. 149). The Great 

Palisades have a total altitude of 315 feet, the highest perpendicular wall rising out 

of the lake is 210 feet. At the water level the red rock comes into superposition 

on a diabase and exhibits a varied lithology (No. 140). It is by the easier erosion 

of this part that the face of the Palisade bluff gradually recedes inland. As they 

become unsupported, column after column of the bluff slides down perpendicularly 
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dioryte were not seen in the gabbro, but angular fragments of the gabbro of various 

sizes and shapes occur in the dioryte. Red granite dikes up to twenty feet in 

width cut both gabbro and dioryte with sharply marked dike walls. The dioryte in 

thin section shows a granitic aggregate of plagioclase, hornblende, quartz, magnetite 

and pyroxene, the last in small scattered grains which usually have rounded 

outlines. 
The shores of Syenyte lake, so far as examined, are divided between red granite 

and gabbro, the latter represented by No. 757G. This rock is even coarser-grained 

than usual. The granite is a hornblende granite of fine but rather uniform grain, 

varying in color from almost white to brick red (Nos. 758G to 763G). 

From these observations, thus abbreviated from the Twenty-fourth Report 

Dr. Grant concluded that the evidence is conclusive that the granite is later 

than the gabbro. The main granite mass can in some cases be continuously 

traced into some of the apophyses that penetrate the gabbro, and these continue as 

dikes of greater or less frequency for a distance of several miles into the gabbro 

area, sometimes five miles from the general limit of the gabbro. The dikes are not 

finer grained, as a whole, nor near contact with the gabbro, than the rock of the 

main mass, this indicating the heated condition as well as the deep-seated position 

of the gabbro at the time of the intrusion of the dikes. Still, the sharp edges of the 

dikes, and the rare mingling of the elements of the two rocks, indicate that the 

granite, while perhaps not much younger than the gabbro, was of later date than 

the solidification of that rock. In other areas there are facts which seem to indi

cate that the two rocks were molten at about the same time. 

At Baptism river and at the" Great Palisades" the red rock makes characteristic 

outcrops (Nos. 139, 140, 154). At the former locality a sharp, sloping, rocky point 

projects into the lake with a perpendicular face toward the south, the red rock lying 

on a series of trap rocks consisting of amygdaloidal basic surface flows. Up Bap

tism river is a conglomerate of pebbles largely from this rock (No. 149). The Great 

Palisades have a total altitude of 315 feet, the highest perpendicular wall rising out 

of the lake is 210 feet. At the water level the red rock comes into superposition 

on a diabase and exhibits a varied lithology (No. 140). It is by the easier erosion 

of this part that the face of the Palisade bluff gradually recedes inland. As they 

become unsupported, column after column of the bluff slides down perpendicularly 
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and generally breaks into large blocks which remain and make a breakwater pro

tecting the lower beds from the force of the waves and ice; but sometimes they 

remain standing partially erect and unbroken, after sliding down, leaning against 

the bluff. One could be seen standing in 1878, when this examination was made, 
about twenty-five feet long. 

The immediate coast line, with geological designations, is represented on plate FF. 

The Manitou, series. This name is intended to cover that part of the eruptive 

Keweenawan which followed the great gabbro revolution. The fragmental base is 

a pebbly conglomerate which embraces debris from the altered Animikie, as well as 

Animikie slates unaltered, red rock, quartz and quartzyte. This rock, which is named 

Yuckwunge conglO1nemte from the stream Oll whose southern bluffs it appears COll

spicuously in Cook county, is supposed to be represented in Lake county by a red

rock pebbly conglomerate seen in outcrop a short distance up the Baptism river, at 

one-half mile below the first falls. Some of the pebbles are six inches across 

(No. 149). Still, this conglomerate is sometimes finer, and even shaly, indicating a 

supply of red eruptive material, not entirely in keeping with the nature of the basal 

conglomerate at other points. These shalyoutcrops appear, therefore, to be in some 

oIthe upper horizons of the conglomerate, which is known to be accompanied at 

other places, as at Grand Portage island, by cotemporary lavas. Such lavas gave 

rise to a loose and red conglomerate, often mingled with laumontitic zeolites, as 

seen at the mouth of Manitou river. The Baptism river conglomerate is also in out

crop at the coast at three-fourths of a mile east of Baptism river, where it rises 

thirty feet, and is hardened and altered much by a diabase dike twenty feet wide 

(No. 155A). The Manitou series accompanied and followed the Puckwunge con

glomerate. 

The diabases which succeeded the Puckwunge conglomerate, alternate with 

amygdaloidal partings, and sometimes with sandstones. The total thickness of these 

diabases cannot be given, but they probably reached several hundred feet. They 

are well seen with associated fragmentals at Little Marais, and for a mile westward, 

at Gooseberry river and along the coast to the western limit of the county. These 

sandstones, even when conglomeratic, differ from the basal conglomerate so pro

foundly that they need not be confounded with it. 
There are also many diabase dikes which penetrate even the latest surface lavas 

known in Lake county, and according to Mr. Elftman a large spur of the same enters 

the county hom Cook county, crossing Ts. 60-6 W. and 60-7 W. 

There are seven layers of trap alternating with loose, sometimes brecciated, 

amygdaloidal layers, visible in rounding the point from Agate bay to Burlington 

bay,and five in entering Agate bay from the west. The dip is generally toward the 
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and generally breaks into large blocks which remain and make a breakwater pro

tecting the lower beds from the force of the waves and ice; but sometimes they 

remain standing partially erect and unbroken, after sliding down, leaning against 

the bluff. One could be seen standing in 1878, when this examination was made, 

about twenty-five feet long. 

The immediate coast line, with geological designations, is represented on plate FF. 

The ~JJ!Ianitou, series. This name is intended to cover that part of the eruptive 

Keweenawan which followed the great gabbro revolution. The fragmental base is 

a pebbly conglomerate which embraces debris from the altered Animikie, as well as 

Animikie slates unaltered, red rock, quartz and quartzyte. This rock, which is named 

puckwun.ge conglo1ne't"ate from the stream on whose southern bluffs it appears con

spicuously in Cook county, is supposed to be represented in Lake county by a red

rock pebbly conglomerate seen in outcrop a short distance up the Baptism river, at 

one-half mile below the first falls. Some of the pebbles are six inches across 

(No. 149). Still, this conglomerate is sometimes finer, and even shaly, indicating a 

supply of red eruptive material, not entirely in keeping with the nature of the basal 

conglomerate at other points. These shalyoutcrops appear, therefore, to be in some 

of the upper horizons of the conglomerate, which is known to be accompanied at 

other places, as at Grand Portage island, by cotemporary lavas. Such lavas gave 

rise to a loose and red conglomerate, often mingled with laumontitic zeolites, as 

seen at the mouth of Manitou river. The Baptism river conglomerate is also in out

crop at the coast at three-fourths of a mile east of Baptism river, where it rises 

thirty feet, and is hardened and altered much by a diabase dike twenty feet wide 

(No. I.55A). The Manitou series accompanied and followed the Puckwunge con

glomerate. 

The diabases which succeeded the Puckwunge conglomerate, alternate with 

amygdaloidal partings, and sometimes with sandstones. The total thickness of these 

diabases cannot be given, but they probably reached several hunched feet. They 

are well seen with associated fragmentals at Little Marais, and for a mile westward, 

at Gooseberry river and along the coast to the western limit of the county. These 

sandstones, even when conglomeratic, differ from the basal conglomerate so pro

foundly that they need not be confounded with it. 
There are also many diabase dikes which penetrate even the latest surface lavas 

known in Lake county, and according to Mr. Elftman a large spur of the same enters 

the county from Cook county, crossing Ts. 60-6 W. and 60-7 W. 

There are seven layers of trap alternating with loose, sometimes brecciated, 

amygdaloidal layers, visible in rounding the point from Agate bay to Burlington 

bay, and five in entering Agate bay from the west. The dip is generally toward the 
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lake. Along the point east of Burlington bay a similar succession of trap and amyg

daloid layerfl from six to twenty feet thick are seen, dipping in the same direction 

toward the lake; but neal' the extremity of the point is a remarkable instance of a 

heavy trap layer supported for a long distance on buttresses of amygdaloid standing 

between deep and dark purgatories. The trap bed is about ten feet thick, and the 

whole rises twenty-five or thirty feet gradually from the lake level, the amygdaloid 

being about fifteen feet thick and resting on another trap bed which, further on, 

either east or west, also rises from the lake with a similar dip, but without forming 

a long bridge. This bridge is destitute of trees, and at a distance somewhat simu

lates a large and heavy railroad bridge. There are thirteen caverns, separated by 

natural buttresses. The reader may compare the general plate showing the lake 

Superior shore (plate FF). 

The lake shore in Lake COW1ty. The first work done in the study of Lake county 

was along the shore of lake Superior in 1878.* Numerous rock samples were col

lected, most of them now thin-sectioned and reported more in detail in their petro

graphic characters in vol. v of this report. At the same time sketches and a few 

photogral)hs were .made, and some of these are used to illustrate this and other 

cha]Jters. 

POINT EAST OF BURLINGTON BAY. 

FIG. 44. 

The eastern shore of Burlington bay and the point are constructed, like the 

shores of Agate bay, of alternating layers of soft and hard rock, the whole more or 

less igneous or vesicular. N ear the extremity of the point is a remarkable instance 

of a heavy trap bed supported on buttresses (figure 44) of softer amygdaloid whieh 

separate deep and dark purgatories to the number of thirteen. The trap bed, which 

lies like the superstructure of a bridge on piers, is about ten feet thick, and the 

whole rises twenty-five or thirty feet toward the west, but descends gradually to the. 
lake level toward the east. 

Some illustrations have been given of the manner of distribution of the feldspar 

masses in the diabase at Beaver bay, and some descriptions by Dr. Elftman. 

Along the shore of Beaver bay are unsurpassed facilities for studying the rela" 

tions of these two rocks. Dr. Lawson has given some photographs of the same in 

Bulletin X, and some of his views are also reproduced in plate CC. Some field sketches 

by the writer are seen in figures 44, 45 and 46. The first repeats the fact, represented .. 
* Detailed field d 't' escnp Ions are published in the Ninth and Tenth Annual Reports of the survey. 
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a long bridge. This bridge is destitute of trees, and at a distance somewhat simu

lates a large and heavy railroad bridge. There are thirteen caverns, separated by 
natural buttresses. The reader may compare the general plate showing the lake 

Superior shore (plate FF). 

The lake shOl'ein Lake county. The first work done in the study of Lake county 

was along the shore of lake Superior in 1878.* Numerous rock samples were col

lected, most of them now thin-sectioned and reported more in detail in their petro

graphic characters in vol. v of this report. At the same time sketches and a few 

photographs were .made, and some of these are used to illustrate this and other 

chapters. 

POINT CAST OF BURLINGTON BAY. 

FIG. 44. 

The eastern shore of Burlington bay and the point are constructed, like the 

shores of Agate bay, of alternating layers of soft and hard rock, the whole more or 

less igneous 01' vesicular. N ear the extremity of the point is a remarkable instance 

of a heavy trap bed supported on buttresses (figure 44) 'of softer amygdaloid whiclJ. 

separate deep and dark purgatories to the number of thirteen. The trap bed, which 

lies like the superstructure of a bridge on piers, is about ten feet thick, and the 

whole rises twenty-five or thirty feet toward the west, but descends gradually to the _ 
lake level toward the east. 

Some illustrations have been given of the manner of distribution of the feldspar 

masses in the diabase at Beaver bay, and some descriptions by Dr. Elftman. 

Along the shore of Beaver bay are unsurpassed facilities for studying the rela

tions of these two rocks. Dr. Lawson has given some photographs of the same in 

Bulletin X, and some of his views are also reproduced in plate ee. Some field sketches 

by the writer are seen in figures 44, 45 and 46. The first repeats the fact, represented-

* Detailed field descriptions are published in the Ninth and Tenth Annual Reports of the survey. 
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by Dr. Elftman, that the feldspar masses are intimately associated with the diabase 

in such a manner that their shapes are materially modified by the diabase, sometimes 

penetrating them in apophyses and in isohtted areas. The second shows a basaltic 

trap mass which evidently transported a large feldspar block. In cooling, the trap 

did not acquire a columnar structure, verticcLl against the feldspar mass, as it prob-

I = Fel ilsf'CI "" Tn asses. 

2 = T~a.p 532. 

FIG. 4.5. POINT OF ROCK IN BEAVER BAY. 
North of the mouth of the creek, 

ably would had the feldspar mass been a cold and earlier rock, but its columns are 

vertical against the lower rock surface, shown in figure 47. The feldspar, therefore, 

seems to have been as hot as the trap itself, though not so mobile. It will be 

noticed, also, that the same trap carries a piece of red granite, seen near the water

level. Such red rock, more frequently in the form of quartz-porphyry or aporhy-
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FIG. 46. FELDSPAR BLUFF. 
First east of Two Harbor bay, looking east. 

olyte, is quite abundant in a few localities in the trap of Beaver bay. A lenticular 

mass in this trap is shown by plate DD, figure 1. 

Figure 47 represents a more general succession of parts at Two Harbor bay.* 

• This is a small bay a short distance west of Beaver bay, and should not be confounded with the .ore-sbipping port of Two 
IfarbOr8. The latter bay, in this report, is known by its old name, Agate bay. 
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olyte, is quite abundant in a few localities in the trap of Beaver bay. A lenticular 

mass in this trap is shown by plate DD, figure 1. 

Figure 47 represents a more general succession of parts at Two Harbor bay.* - • This is a small bay a short distance west of Beaver bay, and should not be confounded with the ore-sbipping port of Two 
Harbo~s. The latter bay, in thi~ report, is known by its old name, Agate bay. 
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This sketch shows a westward continuation of the basaltic sheet seen in figure 46, 

but the feldspar mass is not the same. 

FIG. 47. ALTERNATION. 
At the first high pomt east of Two Harhor hay. 

The sandstones that succeeded the basal (Puckwunge) conglomerate alternate 

with the upper part of the Manitou traps, and gradually prevail over the traps. 

It is likely that vegetation and other 

FIG. 48. MARKS OF VEGETATION SEEN ON A SOlYLEWHAT SANDY SLAB OF RED SHALY 
AMYGDALOID ON THE BEACH AT FLOOD BAY, OCTOBER 19, 1881. 

orgamc for111s slowly occupied the shallow waters. This is indicated by the faint 

vegetable traces seen on a sandstone slab and sketched in figure 48. Flood bay is 

neal' the mouth of Stuart's river. 
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These upper sandstones and crumbling conglomerates into which the Puck

wnnge conglomerate seems to graduate appear abundantly along the coast west

ward from Little Marais, where they alternate with layers of common diabasic trap 

(N os. 630-635), as shown by the sketch, figure 49. 
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This sketch shows a westward continuation of the basaltic sheet seen in figure 46, 

but the feldsl)ar mass is not the same. 

FIG. 47. ALTERNATION. 
At, the first, high pomt cast of Two Harbor bay. 

The sandstones that succeeded the basal (Puckwunge) conglomerate alternate 

with the upper part of the Manitou tral)s, and gTadually prevail over the traps. 

They finally are entirely free from trap sheets. It is likely that vegetation and other 

FIG. 48. MARKS OF VEGETATION SEEN ON A SOlliEWHAT SANDY SLAB OF RED SHALY 
AMYGDALOID ON THE BEACH AT FLOOD BAY, OCTOBER 19, 1881. 

orgalllC forms slowly occupied the shallow waters. This is indicated by the faint 

vegetable traces seen on a sandstone slab and sketched in figure 4:8. Flood bay is 

neal' the mouth of Stuart's river. 
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These upper sandstones and crumbling conglomeTates into which the Puck

wunge conglomeTate seems to graduate appear abundantly along the coast west

ward from Little Marais, where they alternate with layers of common diabasic trap 

(N os. 630-635), as shown by the sketch, figure 4:9. 
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The same trap-sheet seen in figures 46 and 47 continues further eastward, and 

its relations are seen again in figure 50, where it is seen to lie on a breccia similar 

to that seen in figure 47, and to pass below' a large mass of red granite. 

FIG. 50. FIRST AND SECOND HIGH POINTS EAST OF TWO HARBOR BAY. 
, 

A general view of the outline of the Great Palisades is shown by figure 51. 
This rock is in general a reddish aporhyolyte, varying to apobsidian and to quartz 

porphyry, having a confused vertical columnar structure. It is represented by rocks 

Nos. 138, 139 and 140, and appears at several other points on the coast further west 

and at the mouth of Baptism river. The altitude of the perpendicular bluff near 

FIG. 51. THE GREAT PALISADES. 

FIG. 52. STRUOTURAL RELATIONS AT THE EAST AND WEST ENDS OF THE GREAT PALISADES. 

the mouth of Palisade creek is 125 feet; of the palisades near the north line of sec

tion 28, back of the bluff, 145 feet, separated from the main palisades by a slight 

depression. The highest point of the palisades is 315 feet; highest perpendicular 

over the lake, 210 feet. This is an isolated mass, which breaks away immediately 
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back from the lake shore, the lower country being occupied by the prevailing green 

trap of the region. 
The Great Palisades condense the moisture that rises from -the lake in a 

southerly wind, and a mist is much of the time about their summit. The bare rock

all over the top is covered by a thick cushion of moss, which is supported by this 

moisture. 
That the palisade rock is one of the series of surface flows of lava during the 

Keweenawan is shown by the nature of the rock as well as by the relations it bears 

to the trap at the east and at the west, where it is seen to overlie some of the 

trap sheets. 
In figure 53 it is represented as penetrated by dikes and curved sheets of trap 

which has a basaltic structure perpendicular to the surfaces of the palisade rock. 

FIG. 53. PALISADE ROOK. 
About one and one-half miles west of the Great Palisades. 

Figure 54 shows the manner in which Gooseberry river is choked by beaches; 

and the profile of the Keweenawan trap-sheets, through which it has maintained 

a channel. The rock (No. 518) embraces a great many agates. 

40 "t'oos wiiJe 

FIG. 54. MOUTH OF GOOSEBERRY RIVER. 

Rock samples collected in Lake county. By referring the following rock numbers to the petrographic 
descriptions in another part of this work, much detail of the characters of all the rocks of the county will 
be found: 

Nos. 92-162; 322-356; 517--534; 628-640; 738-766; (767 and 768 are also probably from Lake county); 
810-819; 948-951; 954; 979-1000; 1017-1070; 1073-1087; 1093-1127; 1361-1379; 1385-1446; 1709; 1715--1771; 
2030%; 2145-2274. 

Nos. 93W-106W; 126W-135W; 138W-151W; 174W-281W; 294W-382W; 524W-569W; 887W-987W. 
Nos. 30H-74H; 407H-417H; 420H-432H; 458aH; 461H-542H. 
Nos. 1G-5G; 68G-114G; 128G; 132G-169G; 245G-277G; 299G-644G; 690G-700G; 711G; 727G-820G; 

840G-845aG; 850G; 853G-854aG; 1068G; 1069G. 
Nos. 27E-138E; 146E-150E; 152E-186E; 188E-228bE' 260E-263E' 266E-290E' 351E-425E; 572E-637E; 

697E-767E. ' , , 

312 THE GEOLOGY OF MINNESOTA. 
[Rock samples. 

back from the lake shore, the lower country being occupied by the prevailing green 

trap of the region. 
The Great Palisades condense the moisture that rises from -the lake in a 

southerly wind, and a mist is much of the time about their summit. The bare rock

all over the top is covered by a thick cushion of moss, which is supported by this 

moisture. 
That the palisade rock is one of the series of surface flows of lava during the 

Keweenawan is shown by the nature of the rock as well as by the relations it bears 

to the trap at the east and at the west, where it is seen to overlie some of the 

trap sheets. 
In figure 53 it is represented as penetrated by dikes and curved sheets of trap 

which has a basaltic structure perpendicular to the surfaces of the palisade rock. 

FIG. 53. PALISADE ROOK. 
About one and one-half miles west of the Great Palisades. 

Figure 54 shows the manner in which Gooseberry river is choked by beaches; 

and the profile of the Keweenawan trap-sheets, through which it has maintained 

a channel. The rock (No. 518) embraces a great many agates. 

407:005 wiOe 

FIG. 54. MOUTH OF GOOSEBERRY RIVER. 

Rock samples collected in Lake county. By referring the following rock numbers to the petrographic 
descriptions in another part of this work, much detail of the characters of all the rocks of the county will 
be found: 
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OI-IAPTER XII. 

THE GEOLOGY OF COOK OOUN'rY.* 

By U. S. GRANT. 

Situation and area. Cook county (plate 69) is the extreme eastern and north

eastern county in Minnesota. It has approximately the form of an isosceles triangle 

whose base is its western border. The county is bounded on the north and east by 

Ontario, on the south and east by lake Superior, and on the west by Lake county. 

The extreme length, east and west, of Cook county is about seventy-two miles, and 

its extreme breadth about fifty-four miles, while the total area is 1,680.4 square 
miles, of which 1,406.84 are land and 273.56 water.t 

SURFACE FEATURES. 

Natural drainage. Cook county lies in two great continental drainage basins, 

that of Hudson bay, and that of the gulf of St. Lawrence. The area which belongs 

to the first basin is confined to the northwestern part 8f the county and comprises 

not more than one-eighth of the total area of the county. On the international 

boundary the divide between the two great drainage basins IS between South and 

North lakes, the latter of which lies in the Hudson Bay basin. From this point the 

*Thematerial for this chapter has been collected largely from the following sources: N. H. WINCHELL, field work of 1878, 
/!Ieventh Annual Repm·t, pp. 9-25, and Ninth Annual Repo'rt, pp. 4Z-85; field work of 1879, Tenth Annual Repo'!'t, pp. 42-48, 
5~1, 64-90, 98-106; field work of 1886, Fifteenth Annual Report, pp. 372, 378-381; field work of 1887, Six!,eenth Annual Report, 
pp. 60-95, 9~; field work of 1892, not published; field work of 1893, not published; field work of 1896, published in part in. A mer. 
Geol., vol. ~O, pp. 50, 51, .Tuly, 1897, and in TwentY-folwth Annual Report, pp. 48-? A. WINCHELL, field work of 1~6, Fifteenth 
Annual Report, pp. 171-172; field work of 1887, HixteenthAnmwl Report, pp. 211-314,352-368. H. V. WINCHELL, field work of 
1888, Seventeenth Annual Report, pp. 104-111. U. S. GRANT, field work of 1888, Seventeenth Annual Report, pp. 151-161, 
168-186; field work of 1891, Twenf.ieth Annual RejJ01·t, pp. 88-95; field work of 189~ and 1893, Twenty-fourth Annual Report. 
A. C. LAWSON, field work of 1891, Twentieth Ann'ual Report, pp. 181-289, and Bulletin 8, pp. 1-48. C. P. BERKEY, field work of 
1893, T'!lenty-second Annual Repo,·t, pp. 134-140; A. H. EL~'TMAN, field work of 1895-1897, published in part in Amer. Geol., 
vol. XXI, pp. 90-109, 175-188; vol. xxii, pp. 131-149. .. 
. The examination of this county has been confined largely to the vicinity of the lake SuperIOr shore and the lllt~rna

tlOnal boundary, along the latter of which the examination has usually been carried as far south as the south Side of township 65. 
In addition to the above may be mentioned the following routes of preliminary reconnoissances in the interior of the ?ounty: 
(1). From Gabimichigama lake, at the southwest corner of T. 65-5 W., south-southeastwardly through Little Saganaga, Mesabi, Duck, 
Wmd and Sawbilliakes to the Poplar river and along this stream to its mouth, in sec. 34, T. 60-3 W. (2) F;om Gunfiint lake 
south through the lakes in T. 64-2 W. to Brule lake, and then northward through the eastern parts of Ts. 68-4 W. and 64-4 W. 
(3) From Grand Mar~s through Devil Track, Abita, Little Trout, Misquah, Cross and Poplar lakes to Gunfiint lake. (4) Alon,g 
the. Grand Marais and Rove Lake road. (5) Through the lakes in the northern part of T. 64-2 E. and southeast by McFarland s 
trail to lake Superior at Horseshoe bay. (6) From Grand Portage village westward to the lakes near the northwestern corner of 
T. 63-5 E .. (7) Along the Grand Portage trail. .. , . 

This chapter can in no sense be considered a detailed and final account of the geology of this county, for the mfolmatlOn at 
hand will not warrant such an account, and, moreover, the time allowed for the preparation of this chapter will not pe;mit of a 
full presentation of the details at hand. Considerable detailed information is given in the chapters d.evoted to the speCial plates 
of the Mesabi ir?n range in this county, and these chapters should be consulted for special desc~iptions of the. area comprised m 
these pla~s, :which are, beginning at the west, the Akeley Lake, Gunfiint Lake, Rove Lake, Mou,;,tamLake. and Pigeon Pomt pl~tes. 
The deSCriptIOn of these is comprised in chapters xxiv to xxviii. The author's detailed acquamtance With this county IS lalgely 
confined to its northwestern quarter, but he has visited other parts of the county. 

+ Fin. Report, vol. i, p, 114. 
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t F'in. Report, vol. i, p. i14. ' 
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divide passes southward a shoTt distance east of the centre of 11. 65-2 W., then west

ward and southwestward to near the southwest corner of T. 64-3 W., then it con

tinues southwestward to near the centre of T. 63-4 W. and westward through T. 

63 W. The drainage of the Hudson Bay basin follows two lines in this county, 

both of which unite in Saganaga lake. The first carries the waters of North, Gun

flint and adjacent lakes, and the waters brought from the south by Cross river, and 

forms the international boundary from Gunflint to Saganaga lake. Along -this 

stream, which, like many others in this part of the state, is a series of lakes con

nected by short stretches of rapid water, are a n.umber of rapids and, waterfalls. One 

of these falls, over granite, is at the entrance of this stream into Saganaga lake and 

is shown in figure 2 of plate PP in the chapteT on the Pigeon Point plate. The second 

line of drainage includes Little Saganaga and Gabimichigama lakes, whose waters 

pass westward into Ogishke Muncie lake in Lake county, and then eastward into 

Cook county through Frog rock, West Sea Gull and Sea Gull Jakes to Saganaga lake. 

The streams of the gulf of St. Lawrence drainage all empty into lake Superior. 

With the exception of the Pigeon river and parts of the Brule and Devil Track rivers, 

these streams pursue a course a little east of south, while the three rivers mentioned 

have a more easterly course. The lower parts of the streams flowing into lake 

Superior are very rapid and contain many waterfalls. The finest of these is the 

Pigeon River falls, which is illustrated in the chapter on the Pigeon Point plate. The 

lower part of the upper falls of Cascade river is shown in plate HH, figure 3. 

Lakes. Lakes are abundant, especially in the northern half of the county. 

Along the international bOltndary, in the area underlain by Animikie strata, the 

lakes have a marked east and west elongation, coinciding with the strike of the 

rocks, and to the south in the Keweenawan area a number of the lakes also show 

elongation in this same direction. Such are Tucker, Winchell, Brule and Devil 

Track lakes. Brule lake (T. 63-3 W.) is of interest from the fact that it has two 

outlets, one from its east and one from its west end.* These two outlets are of 

approximately equal volume, and both flow over rock beds. The eastern stream is 

the Brule river, which, after an east-southeasterly course of some forty miles, enters 

lake Superior in T. 62-3 E. The western stream finds its way into the Temperance 

river, whose mouth is forty-three miles southwest of that of the former stream. The 

water which flows through the Becond outlet travels some thirty miles before 
reaching lake Superior. 

Topog)'up11 !J. The surface of Cook county is in general rough and hilly, but 

not mountainous. The hill ranges have a general northeasterly direction in the 

southern part of the county, conforming to the lake Superior shore, while farther' 

*0. P. BERKEY, Tu)(!uly-second Annual Report, pp. 137,138. 
U. S_ GR.L'CT, AT"')". Geol_, vol. xix, pp. 407-111. 
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Topography. J 
COOK COUNTY. 315 

north they run more ea3terly. Cros3ing the county from 

west to east are certain belt3 which are more or less 

sharply separated from each other becau3e of differences 

of topography. From the lake Superior shore the land rises 

abruptly, and within one to four miles from the shore hill 

tops are reached which rise seveml hundred feet above the 

lake. This marked escarpment is characteri3tic of the north 

shore of lake Superior in Minnesota, and the steep slope 

continues beneath the lake level. Among these hills near 

the lake are two prominent peaks, mount .Josephine and 

Carlton peak. The former lies at the base of the point 

which separates Grand Portage and Waswangoning bays and 

rises 703 feet above lake Superior or 1,305 feet above sea level. 

Carlton peak (see figure 2 of plate HH) is in sec. 20., T. 

59-4 "V., and its summit is 927 feet above the lake or 1,529 

feet above the sea. The Sawteeth mountains are a prom

inent feature of the high lands just back from the lake shore; 

they exhibit markedly serrate tops, as shown in the sketch 

herewith. 

Connected with the lake Superior shore are numerous 

features of interest. Many of these have been described by 

Dr. A. C. Lawson,* and from his descriptions much of the 

following is taken. 

There is a very evident l'Glationship bGtween the general topography of the 
north side of lake Superior and the geologic:al conditions which obtain in different 
portions of its extent. In Cook county there are two great geological provinces 
fronting on the lake; these are the Keweenawan and the Animikie. Corre
sponding to each of these great geological provinces there is a distinct type of 
topography. And in addition there are three important facts which have con
trolled the development of the topography of the Minnesota shore of lake 
Superior. These are: (1) The drainage basin of the lake is a comparatively 
narrow strip of land. The streams here entering the lake, although rapid, and 
though actively deepening their trenches, are insignificant in size and bring but 
a small amount of material to the shore. (2) The rapid deepening of the water 
off the coast. (3) '1'he exposure of the shore to the open expanse of the lake 
without the protection of any material breakwaters. 

Sea cliffs exist in many places along the lake shore, where it is formed of 
Keweenawan rocks. These cliffs are seemingly the direct product of shore 
action and appear to be in active recession. But in cases it would seem that 
these cliffs are not true sea cliffs, but were developed independent of the lake. 
In some of the cliffs caves and clefts have been formed by the action of the 
waves, as well as overhanging cliffs and arched passages. One of the latter is 
shown in plate HH, figure l. Here an island, which is composed of part of a 
nearly horizontal trap-sheet, has had its centre undermined and cut through. 

At Good Harbor bay some soft sedimentary shales protected on the lake
ward side bv a rido-e of hard igneous rock have afforded conditions favorable for 

J '" , b . 
shore erosion, and the bay is the result. The cliffs at the back of the bay, emg 

* Twentieth Annual Eepo,·t, pp. 181-289. 

Topography.) 
COOK COUNTY. 315 

north they run more easterly. Crossing the county from 
west to east are certaI'11 belts h' 1 1 . , W IC 1 are more or ess 
sharply separated from each other because of differences 

of topography. From the lake Superior shore the land rises 

abruptly, and within one to four miles from the shore hill 

tops are reached which rise several hundred feet above the 

lake. This marked escarpment is characteristic of the north 

shore of lake Superi or in Minnesota, and the steep slope 

continues beneath the lake level. Among these hills near 

the lake are two prominent peaks, mount ,Josephine and 

Carlton peak. The former lies at the base of the point 

which separates Grand Portage and Waswangoning bays and 

rises 703 feet above lake Superior 01' 1,305 feet above sea level. 

Carlton peak (see figure 2 of plate HH) is in sec. 20., T. 

59-4 VV., and its summit is 927 feet above the lake or 1,529 

feet above the sea. The Sawteeth mountains are a prOlll

inent feature of the high lands just back from the lake shore; 

they exhibit markedly serrate tops, as shown in the sketch 

herewith. 

Connected with the lake Superior shore are numerous 

features of interest. Many of these have been described by 

Dr. A. C. Lawson,* and from his descriptions much of the 

following is taken. 

There is a very evident relationship between the general topography of the 
north side of lake Superior and the geologic:al conditions which obtain in different 
portions of its extent. In Cook county there are two great geological provinces 
fronting 011 the lake; these are the Keweenawan and the Animikie. Corre
sponding to each of these great geological provinces there is a distinct type of 
topography. And in addition there are three important facts which have con
trolled the development of the topography of the Minnesota shore of lake 
Superior. These are: (1) The drainage basin of the lake is a comparatively 
narrow strip of land. The streams here entering the lake, although rapid, and 
though actively deepening their trenches, are insignilicant in size and bring but 
a small amount of material to the shore. (2) The rapid deepening of the water 
off the coast. (3) '1'he exposure of the shore to the open expanse of the lake 
without the protection of any material breakwaters. 

Sea cliffs exist in many places along the lake shore, where it is formed of 
Keweenawan rocks. These cliffs are seemingly the direct product of shore 
action and appeal' to be in active recession. But in cases it would seem that 
these cliffs are not true sea cliffs, but were developed independent of the lake. 
In some of the cliffs caves and clefts have been formed by the action of the 
waves, as well as overhanging cliffs and arched passages. One of the latter is 
shown in plate HH, figure 1. Here an island, which is composed of part of a 
nearly horizontal trap-sheet, has had its centre undermined and cut through. 

At Good Harbor bay some soft sedimentary shales protected on the lake
ward side by a ridge of hard, igneous rock have afforded conditions favorable .for 
shore erosion, and the bay is the result. The cliffs at the back of the bay, bell1g 

* Twentieth Annual Repo>·t, pp. 181-289. 
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'of this soft shale in nearly horizontal attitudes, are actively receding, and a sh~ngle beach has been piled 
up along the base of the material which has not yet been. reduced to clay and ca~l'led out to deep water. The 
beech is not large, and in violent storms is doubtless entlrely moved. A few mIles farther on Grand Marais 
harbor presents a fine pebble and shingle beach which extends in the form of a broad based spit ~onnecting 
the island on which the lighthouse stands with the main shore (see plate HH, figure 4). The materIal of this 
beach is again the same red quartz porphyry which has ~een .so often referred to as a sour~e of supply of 
shore drift. The cliff from which it is in this case derived IS a lIttle to the east of Grand MaraIS. 

Fish-hook point, the mouth of Brule river and Deronda bay are other places where notable beaches occur, 
and in all these cases they are found in the immediate vicinity of cliffs of red quartz porphyry and the embank-
ments are nearly altogether composed of this material. . 

These beaches thus briefly alluded to are the only very prominent ones that attract attention in coasting 
along the shore in Oook county from the west to Grand Portage. The longest of them is probably not more 
than one-eighth of a mile in length; and if it is borne in mind that these are distributed over a shore of some 
eighty miles, their mere enumeration is sufficient to indicate the meagerness of beaches along its extent. It is 
not intended by this explicit allusion to these beaches to imply that there are not others. There are many small 
coves along the shore, so small that they afford no shelter for a row-boat, and also short stretches of. open shore 
between jutting points, where local detritus has accumulated and has been thrown up into beach form., The. 
proportion of these, however, to the total length of coast is very small. There are also stretches of shore which 
are essentially bare shelving rock, but which in patches are encumbered with boulders. In general the im, 
pression received by inspection of the Keweenian shore from a row-boat is that of a wonderful dearth of shore 
drift and a great extent of bare rock, and one is constantly struck by tho association of the more important 
beach accumulations with the occurrence of a red quartz porphyry, and an allied and quite similar rock in 
which quartz cannot be detected macroscopically. This association depends upon the property which this rock
has of yielding pebbles by reason of its shattered jointage structure, the resulting fragments being hard 
and resistant. 

In passing from the Keweenian to the Animikie province along the shore of the lake one is impressed by 
the great contrast which is presented in the relative abundance of beaches. Along the Animikie shore, beaches 
are the rule except where the great dikes occupy the water's edge. The reason for the difference lies in the 
diverse petrographical characters of the two formations. In the Keweenian the only rock capable of yielding 
shore drift in abundance, the red porphyry, is of limited occurrence, and it is prevented from yielding large 
quantities by its association with harder rocks which keep the line of the shore from receding. In the Animikie 
province it is far otherwise. The Animikie slates and slaty sandstones and quartzytes occur along the entire 
Animikie coast and have yielded an overwhelming amount of material eminently suitable for the formation of 
shingle beaches. 

On the shingle beaches storms frequently build terraces or storm beaches a few feet above the present lake 
level. Plate II, figure 1, shows one of these shingle beaches, at the rear of which are two storm beaches. And 
figure 2 of the same plate shows other storm beaches and a bar of shingle thrown across the mouth of a stream, 
whose waters enter the lake by seeping through the shingle. 

Pot-holes are not commonly developed on lake shores. They are usually the products of stream actiqn. 
On one part of the Minnesota shore, however, they are distinctly the product of wave action, and may be 
observed in process of formation. The place where they were observed is on the shore about two miles east of 
the mouth of the Temperance river. Here the shore is occupied by an amygdaloidal lava of uneven texture, 
which forms a shelving, lakeward sloping platform. In this platform are numerous pot-holes, the deepest 
having a depth of about four feet and a diameter at the mouth of about three feet. In the bottom of the pot, 
unless it is very shallow or has been breached, there are always one or more hard erratic boulders which do the 
work of grinding out the hole when set in motion by the waves pouring over the surface of the platform. The 
holes are not as symmetrical as those formed by stream action, but there is no essential difference between them 
and the latter. It is to be noted that the rocks which are here susceptible of having pot-holes developed in 
them by wave action also afford in the canon of the Temperance river the finest, though not the la.rgest, pot-holes 
to be seen in any of the streams of this coast. The canon of the river is formed by a systematic series of deep 
pot-holes which have breached into one another, giving the walls of the canon a concavely scalloped form. 

In the form of the shore line the two geological provinces (the Keweenawan and the Animikie) differ 
markedly. The shore line in the Keweenawan province is, on the whole, a remarkably simple line. It has the 
form of a slack bow concave to the lake. Projecting headlands and deep bays are entirely absent. Such salients 
and re-entrants as are worthy of note are obtuse in form and do not appreciably add to the length of the shore 
line. Yet, i~ mi~ute detail, the line is frequently sharply jagged and serrate, and there is a marked abse:nceof 
those sweepmg SIllUOUS curves which characterize mature shores. Shore erosion is active in the producti~:n of 
c?ves: and .the whole tendency of development appears to be, in this adolescent stage oIthe shore, the reverse of 
8lmplIficatIOn. The present stage of the lake found the shore without indentations and avigoroull hegilm.ing 
has been made in the work of evolving them and in effecting a more intricate form of shore contout. 'But it is 
scarcely more than a beginning. The notches, clefts and coves of the shore can only be rendered appreciable on 
a very large scale map, and do not affect the general statement of the simplicity of the shore line considered ail 
a whole. . . 

The gene~al trend of the shore along the front of the Animikie province is not a simple line. Deep, narrow 
bays, and promment, sharp headlands prevail, and the length of shore line is large in proportion to the extent of 
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'of this soft shale in nearly horizontal attitudes, are actively receding, and a shingle beach has been piled 
up along the base of the material which has not yet been. reduced to clay and ca~Tied out to deep water. The 
beech is not large, and in violent storms is doubtless entlrely moved. A few mIles farther on Grand Marais 
harbor presents a fine pebble and shingle beach which extends in the form of a broad based spit connecting 
the island on which the lighthouse stands with the main shore (see plate HH, figure 4). The material of this 
beach is again the same red quartz porphyry which has been so often referred to as a source of supply of 
shore drift. The cliff from which it is in this case derived is a little to the east of Grand Marais. 

Fish-hook point, the mouth of Brule river and Deronda bay are other places where notable beaches occur, 
and in all these cases they are found in the immediate vicinity of cliffs of red quartz porphyry and the embank
ments are nearly altogether composed of this material. 

These beaches thus briefiy alluded to are the only very prominent ones that attract attention in coasting 
along the shore in Oook county from the west to Grand Portage. The longest of them is probably not more 
than one-eighth of a mile in length; and if it is borne in mind that these are distributed over a shore of some 
eighty miles, their mere enumeration is sufficient to indicate the meagerness of beaches along its extent. It is 
not intended by this explicit allusion to these beaches to imply that there are not others. There are many small 
coves along the shore, so small that they afford no shelter for a row-boat, and also short stretches of open shore 
between jutting points, where local detritus has accumulated and has been thrown up into beach form., The 
proportion of these, however, to the total length of coast is very small. There are also stretches of shore which 
are essentially bare shelving rock, but which in patches are encumbered with boulders. In general the im
pression received by inspection of the Keweenian shore from a row-boat is that of a wonderful dearth of shore 
drift and a great extent of bare rock, and one is constantly struck by thc association of the more important 
beach accumulations with the occurrence of a red quartz porphyry, and an allied and quite similar rock in 
which quartz cannot be detected macroscopically. This association depends upon the property which this rock
has of yielding pebbles by reason of its shattered jointage structure, the resulting fragments being hard 
and resistant. 

In passing from the Keweenian to the Animikie province along the shore of the lake one is impressed. by 
the great contrast which is presented in the relative abundance of beaches. Along the Animikie shore, beaches 
are the rule except where the great dikes occupy the water's edge. The reason for the difference lies iii. the 
diverse petrograllhical characters of the two formations. In the Keweenian the only rock capable of yielding 
shore drift in abundance, the red porphyry, is of limited occurrence, and it is prevented from yielding large 
quantities by its association with harder rocks which keep the line of the shore from receding. In the Animikie 
province it is far otherwise. The Animikie slates and slaty sandstones and quartzytes occur along the entire 
Animikie coast and have yielded an overwhelming amount of material eminently suitable for the formation of 
shingle beaches. 

On the shingle beaches storms frequently build terraces or storm beaches a few feet above the present lake 
level. Plate II, figure 1, shows one of these shingle beaches, at the rear of which are two storm beaches. And 
figure 2 of the same plate shows other storm beaches and a bar of shingle thrown across the mouth of a stream, 
whose waters enter the lake by seeping through the shingle. 

Pot-holes are not commonly developed on lake shores. They are usually the products of stream actiQn. 
On one part of the Minnesota shore, however, they are distinctly the product of wave action, and may be 
observed in process of formation. The place where they were observed is on the shore about two miles east of 
the mouth of the Temperance river. Here the shore is occupied by an amygdaloidal lava of uneven texture, 
which forms a shelving, lakeward sloping platform. In this platform are numerous pot-holes, the deepest 
having a depth of about four feet and a diameter at the mouth of about three feet. In the bottom of the pot, 
unless it is very shallow or has been breached, there are always one or more hard erratic boulders which do the 
work of grinding out the hole when set in motion by the waves pouring over the surface of the platform. The 
holes are not as symmetrical as those formed by stream action, but there is no essential difference between them 
and the latter. It is to be noted tbat the rocks which are here susceptible of having pot-holes developed in 
them by wave action also afford in the canon of the Temperance river the finest, though not the largest, pot-holes 
to be seen in any of the streams of this coast. The canon of the river is formed by a systematic series of deep 
pot-holes which have breached into one another, giving the walls of the canon a concavely scalloped form. 

In the form of the shore line the two geological provinces (the Keweenawan and the Animikie) differ 
markedly. The shore line in the Keweenawan province is, on the whole, a remarkably simple line. It has the 
form of a slack bow concave to the lake. Projecting headlands and deep bays are entirely absent. Such salients 
and re-entrants as are worthy of note are obtuse in form and do not appreciably add to the length of the shore 
line. Yet, i~ mi~ute detail, the line is frequently sharply jagged and serrate, and there is a marked absence of 
those sweepmg smuous curves which characterize mature shores. Shore erosion is active in the productic;m of 
c?ves: and .the whole tendency of development appears to be, in this adolescent stage of the shore, the reverse of 
SllllplIficatlOn. The present stage of the lake found the shore without indentations, and a vigorous beginI)ing 
has been made in the work of evolving them and in effecting a more intricate form of shore contour. But it is 
scarcely more than a beginning. The notches, clefts and coves of the shore can only be rendered appreCiable of! 
a very large scale map, and do not affect the general statement of the simplicity of the shore line considered ail 
a whole. . 

The gene.ral trend of the shore along the front of the Animikie province is not a simple line. Deep, narrow 
bays, and pronnnent, sharp headlands prevail, and the length of shore line is large in proportion to the extent of 
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the coast. The sculpture which gave rise to these bays and points is pre-lacustrine, and the tenden<;y of the shore 
action is, in contrast to that noted on the shore of the Keweena wan province, towards simplification. The tendency 
in this direction is, however, not strongly mfl:rked on account of the resistant character of the extremities of the 
promontories, which have not yet been appreciably truncated at the line of the present stage of the lake. The 
tendency is chiefly manifest in the filling up of the heads of the bays. While the shore contour of the Animikie 
province is in strong contrast to that of the Keweenawan by reason of these large salients and re-entrants, there 
is also a radical difference in the minute detail of the shore eon tour in the intervals between the points and 
along those portions of the shore which are exempt from bays. There is very little of the sharp, local notching 
and clefting of the shore line where the shore is rocky, and none of it where the shore is occupied by shingle. 
Thus the shore contour of the Animikie province is intricate in its general features, but simple in its minute 
detail, while that of the Keweenawan is simple in its general features and serrate in its minute detail. The 
conditions governing the local trend of the bays and points along the Animikie front is easily recognizable, a~d 
there is a prevailing parallelism in these features.* 

Beyond, to the north of the sudden rise in the land near the lake shore, is a 

surface which is still rough, but has no very marked elevations. This district incl ucles 

CL tract of land extending from the top of the hills, which rise so suddenly from the 

lake, northward, for several miles. The north limit of this district may be taken as 

a line running from the Pigeon river a few miles south of South Fowl lake southwest

ward to near Elephant lake, and thence a little south of west to the western edge 

of the county. 

Farther north, described in the chapters devoted to the Gunflint Lake and Rove 

Lake plates, is a belt, from six to ten miles in width, extending from the western side 

of the county eastward beyond the Grand Marais and Rove Lake road. Here are 

several east and west hill ranges, made, for the most part, of Keweenawan granites. 

One of these ranges (the Misquah hills), which lies near the south side of Ts. 64-1 W. 

and 64-2 W., contains points over 2,200 feet above sea level, or 1,600 feet above lake 

.. Superior. One point, in the Misquah hills, south of the east end of Winchell lake, 

in sec. 36, T. 64-2 W., is 2,230 feet above the sea, and is the highest point known in the 

state. Two other prominent points are BruIe mountain, south of the Brule river, in 

sec. 21, T. 63-1 W., which is 2,170 feet above the sea; and Eagle mountain, near the 

southern edge of T. 63-2 W., whose hight has not been determined. 

To the north of these hill ranges is a less rough district, which is undel'lain by 

gabbro. In places this is quite hilly, but again it becomes comparatively flat, as in 

the northern half of T. 64-2 W. The characters of this district are described in the 

chapters devoted to the special plates, especially in those referring to the Gunflint 

Lake and Fraser Lake plates. 

Still to the north and forminO' the northern border of the county from the west , b 

side of Gunflint lake to Pigeon point, is another district, of topography quite distinct 

from any of the others above mentioned. In fact, it is the only district which is 

very markedly everywhere distinct from the others. This is the district underlain 

by Animikie rocks. Here there are parallel east and west ridges, capped by diabase 

sills; the northern slope of each ridge is steep and frequently precipitous, while the - • Other feature~ of the lake Superior shore, i. e., the abandoned beaches, are described further on in this chapter. 
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the coast. The sculpture which gave rise to these bays and points is pre-lacustrine, and the tenden<;y of the shore 
action is, in contrast to that noted on the shore of the Keweenawan province, towards simplification. The tendency 
in this direction is, however, not strongly marked on account of the resistant character of the extremities of the 
promontories, which have not yet been appreciably truncated at the line of the present stage of the lake. The 
tendency is chiefly manifest in the filling up of the heads of the bays. While the shore contour of the Animikie 
province is in strong contrast to that of the Keweenawan by reason of these large salients and re-entrants, there 
is also a radical difference in the minute detail of the shore contour in the intervals between the points and 
along those portions of the shore which are exempt from bays. There is very little of the sharp, local notching 
and clefting of the shore line where the shore is rocky, and none of it where the shore is occupied by shingle. 
Thus the shore contour of the Animikie province is intricate in its general features, but simple in its minute 
detail, while that of the Keweenawan is simple in its general features and serrate in its minute detail. The 
conditions governing the local trend of the bays and points along the Animikie front is easily recognizable, a~d 
there is a prevailing parallelism in these features.* 

Beyond, to the north of the sudden rise in the land near the lake shore, is a 

surface which is still rough, but has no very marked elevations. This district includes 

(J, tract of land extending from the top of the hills, which rise so suddenly from the 

lake, northward, for several miles. The north limit of this district may be taken as 

a line running from the Pigeon river a few miles south of South Fowl lake southwest

ward to near Elephant lake, and thence a little south of west to the western edge 

of the county. 

Farther north, described in the chapters devoted to the Gunflint Lake and Rove 

Lake plates, is a belt, from six to ten miles in width, extending from the western side 

of the county eastward beyond the Chand Marais and Rove Lake road. Here are 

several east and west hill ranges, made, for the most part, of Keweenawan granites. 

One of these ranges (the Misquah hills), which lies near the south side of Ts. 64-1 W. 

and 64-2 W., contains points over 2,200 feet above sea level, or 1,600 feet above lake 

Superior. One point, in the Misquah hills, south of the east end of Winchell lake, 

in sec. 36, T. 64-2 W., is 2,230 feet above the sea, and is the highest point known in the 

state. Two other prominent points are Brule mountain, south of the Brule river, in 

sec. 21, T. 63-1 W., which is 2,170 feet above the sea; and Eagle mountain, near the 

southern edge of T. 63-2 W., whose hight has not been determined. 

To the north of these hill ranges is a less rough district, which is underlain by 

gabbro. In places this is quite hilly, but again it becomes comparatively flat, as in 

the northern half of T. 64-2 W. The characters of this district are described in the 

chapters devoted to the special plates, especially in those referring to the Gunflint 

Lake and Fraser Lake plates. 

Still to the north, and forming the northern border of the county from the west 

side of Gunflint lake to Pigeon point, is another district, of topography quite distinct 

from any of the others above mentioned. In fact, it is the only district which is 

very markedly everywhere distinct from the others. This is the district underlain 

by Animikie rocks. Here there are parallel east and west ridges, eapped by diabase 

sills; the northern slope of each ridge is steep and frequently preeipitous, while the - • Other features of the lake Superior shore, i. e., the abandoned beaches, are described furt.her on in this chapter. 
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southern slope is quite gentle. Towards the east, in the vicinity of Pigoon point, 

the hill ranges, which follow the same general direction, are stoo:p on Doth sides, being 

formed by great vertical diabase dikes instead ot southward dipping diabase sills.* 

The Archean area, which forms the northwestern corner of the county, has, at 

the south (Ts. 65-4 and 65-5 W.), a massive, east and west hill range (the Giant's 

range) formed of granite on the east and of greenstone on the west. This range rises 

in places to a hight of 2,000 feet above sea level. On the north the Giant'~ range 

slopes toward Saganaga lake, and this lake lies in a comparatively flat district under

lain by the same granite which forms the eastern part of the Giant's range in this 

county. 

Elevations. The elevations of the following points have been determined. 

Other elevations may be found by consulting the chapters and maps devoted to special 
areas in this county-chal)ters xxiv to xxviii, plates 81 to 85. 

Elet'ations determinecl by leveling.t 

Lake Superior (datum), 
Deyil Track lake, T. 62-1 west, 
Little Pine lake, sec. 35, T. 63-1 west 
Club Foot lake, sec. 34, T. 6.3-1 west, 
Round lake, sec. 34, T. 63--1 west, 
Lake Abita, sec. 21, T. 63-1 west, 
Brule mountaiu, sec. 21, T. 63-1 west, 
Bruit; Ri,'er lakes, sec. 16, T. 63--1 west, -
Little Trout lake, sec. 5, T. 63-1 west, 
Ridge south of this lake, -
Misquah lake, sec. 32, T. 64-1 west, 
Hill east of this lake (one of the Misquah hills) 
Cross lake, sec. 29, T. 64--1 west, 
North Brule lake, sec. 19, T. 64--1 west, _ 
Gaskanas lake, sec. 26, T. 64--2 west, _ 
Winchell lake, secs. 26 to 30, T. 64-2 west, 
Hill south of this lake, in sec. 34, T. 64-2 west, 
Sham lake, sec. 36, T. 64-3 west, _ 
Brule lake, secs. 13 to 18, T. 63-3 west, 
Hill at west end of Brule lake, sec. 18, T. 63-3 west, 
Georgia lake, sec. 13, T. 63-4 west, 
Suneyors' lake, sec. 12, T. 63--1 west 
Lake Ida Belle, sec. 2, T. 63-4 west '_ 
N arrow lake, sec. 35, T. 64-4 west, ' 
Kiskadinna lake, sec. 2-1, T. 134--1 west, 
Ham lake, sec. 35, T. 65-4 west, _ 
Xorth quarter post, sec. 28, T. 65-4 west, 
Loon lake, secs. 32 to 36, T. 65-3 west, 
:Mayhew lake, sec .. '36, T. 65-3 west. _ 
Beayer lake, sec. 33, T. 65-2 west, _ 
Tucker lake, secs. 2 to 4, T. 64-3 west, 
Banadad lake, secs. 10 to 12, T. 6J---3 west 
Lake, sees. 7 and 8, T. 6±-2 west, ' 
Lake, sec. 10, T. 64-2 west, 
Poplar lake, sec. 7, T. 64-1 west _ 
Straight lake, sees. 7 and 18, T. '64-1 west 
Caribou lake, sec. 18, T. 64-1 west, _ ' 

Feet above 
the sea. 

601.56 
1,636 
1,837 
1,885 
1,920 
2,048 
2,170 
1,649 
1,910 
1,994 
1,911 
2,223 
1,866 
1,854 
1,874 
1,910 
2,213 
1,915 
1,851 
2,084 
1,841 
1,849 
1,794 
1,782 
1,767 
1,706 
2,038 . 
1,745 
1,853 
1,880 
1,847 
1,944 
1,942 
1,927 
1,859 
1,879 
1,868 

* See the chapters on the Gunfunt Lak 1 po . • _,_,,,., 
Abel, see figures Z-,l of plate NN l'n the eM t e an, h,geOn Pomt plates for descriptions of the topography peculiar to theAUJ.WUUe. 

, p er ou t e Gunftint Lak !at 
t The leyeling was done in 1893 uy Messrs. L. A. Ogaard and :.. ~. ;inchell. 
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southern slope is quite gentle. Towards the east, in the vicinity of Pigeon point 

the hill ranges, which follow the same general direction, are gUmp on Doth sides, being 

formed by great vertical diabase dikes instead of southward dipping diabase sills.~ 

The Archean area, which forms the northwestern corner of the county, has, at 

the south (Ts. 65-4 and 65-5 W.), a massive, east and west hill range (the Giant's 

range) formed of granite on the east and of greenstone on the west. This range rises 

in places to a hight of 2,000 feet above sea level. On the north the Giant'~ range 

sl01JeS toward Saganaga lake, and this lake lies in a comparatively flat district under

lain by the same granite which fOTms the eastern part of the Giant's range in this 

county, 

Eluatiolls. The elevations of the following points have been determined. 

Other elevations may be found by consulting the chapters and maps devoted to special 

area,s in this county-chalJters xxiv to xxviii, plates 81 to 85. 

Ele~'ations determined by leveling.t 

Lake Superior (datum), 
Deyil Track lake, T. 62-1 west, 
Little Pine lake, sec. 35, T. 63-1 west 
Club Foot lake, sec. 34, T. 6.3-1 west, 
Round lake, sec. 34, T. 63-1 west, 
Lake Abita, sec. 21, T. 63-1 west, 
Brule mountain, sec. :11, T. 63-1 west, 
Brule Ri"er lakes, sec. 16, T. 63-1 west, 
Little Tl'out lake, sec. 5, T. 63-1 west, 
Ridge south of this lake, -
Xilisquah lake, sec. 32, T. 64-1 west, 
Rill east of this lake (one of the lVIisq uah hills) 
Cross lake, sec. 29, T. 64-1 west, 
North Brule lake, sec. 19, T. 64-1 west, _ 
Gaskanas lake, sec. 26, T. 64-2 west, _ 
'IVinchelllake, secs. 26 to 30, T. 64-2 west, 
Hill south of this lake, in sec, 34, T. 64-2 west, 
Sham lake, sec. 36, T. 64-,1 west, _ 
Brule lake, secs. 13 to 18, T. 63-3 west, 
Hill at west end of Brule lake, sec. 18, T. 63-3 west, 
Georgia lake, sec. 1:3, T. 133-4 west, 
Surwyors' lake, sec. 12, T. 63-4 "'est, 
Lake Ida Belle, sec. 2, T. 63-4 ,vest _ 
N arrow lake, sec. 3;5, T. 64-4 ,yest, , 
Kiskadinna lal{e, sec. 24, T. «4-4 west, 
Ham lake, sec. 35, T. 65-4 west, 
~orth quarter post, sec. 28, T. 65-4 west, 
Loon lake, sees. 32 to 36, T. 65-3 "est, 
i\Iayhew lake, sec. 86, T. 65-3 west. _ 
Beayer lake, sec. 3.3, T. 65-2 west, _ 
Tucker lake, sees. :2 to 4. T. 64-:3 \wst 
Banadad lake, sees. 10 t~ 12, T. 64-8 ~'est 
Lake, sees. 7 and 8, T. 64-2 ,,'est, , 
Lake, sec. 10, T. 64-2 most, 
Poplar lake, sec. I, T. 64-1 west, 
Straight lake, sees. 7 and 18, T. 64-1 west 
Caribou lake, sec. 18, T. 64-1 west, _ ' 

Feet above 
the sea. 

601.56 
1,638 
1,837 
1,885 
1,920 
2,048 
2,170 
1,649 
1,910 
1,994 
1,911 
2,223 
1,866 
1,854 
1,874 
1,910 
2,213 
1,915 
1,851 
2,084 
1,841 
1,849 
1,794 
1,782 
1,767 
1,706 
2,038 . 
1,746 
1,853 
1,880 
1,847 
1,9«-
1,942 
1,927 
1,859 
1,879 
1,868 

< ::iee the chapters on the GUnflint Lak -1 P' ~ ~. . . .• _,~'"; . 
.,;,lsct, see fi~ures 2-4 of plate NN in th 1 t 8 an, '~con PUlllt plat~3 for cleSCl'lptlOns of the topography peculiart{)theA1llUU"'e 

~ o. ~ ~ , e Clap er 011 the Gunflint. Lake late 
I The leveling "as clone in 1898 lJY Messrs. L. A. Oga8.rd ancl A. ir. Winchell. 
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Meeds lake, secs. 14 and 15, T. 64-2 west, 
Hungry Jack lake, secs. 2 to 4, T. 64-1 west, 
Birch lake, secs. 33 to 36, T. 65-1 west, 
Daniels lake, sec. 25, T. 65-1 west, 
Duncan's lake, sec. 28, T. 65...:1 west, 
Rose lake, secs. 20 to 24, T. 65-1 west, 
Rat lake, sec. 19, T. 65-1 west, 
South lake, secs. 22 to 24, T. 65-2 west, 
North lake, sec. 15, T. 65-2 west, -
Gunflint lake, secs. 19 to 24, T. 65-3 west, 
Chub (Akeley) lake, sec. 29, T. 65-4 west, 
Paulson lake, sec. 25, T. 65-5 west, 
Kakigo (Black Trout) lake, sec. 34, T. 65-5 west, 
Bashitanaqueb lake, sec. 2, T. 64-5 west, . 
Clothespin (Peter) lake, secs. 32 to 34, T. 65-5 west, 
Gabimichigama lake, sec. 31, T. 65-5 west, -
Agamok lake, sec. 31, T. 65-5 west, 
Little Saganaga lake, secs. 7 to 9, T. 64-5 west, 
Muscovado lake, sec. 36, T. 65-5 west, 
Green lake, first east of last, -
Charley lake, sec. 32, T. 65-4 west, 
Gaiter lake, just northwest of last, 
Bear lake, secs. 33 and 34, T. 65-4 west, 
Flying Cloud lake, north part sec. 31, T. 65-4 west, 
Greenwood Island lake, sec. 11, T. 64-5 west, 
East and West lake, secs. 14 and 15, T. 64-5 west, -
Mount Josephine, northeast of Grand Portage bay,* 
Carlton peak, sec. 20, T. 59-4 west,* -
Pike lake, secs. 15 to 17, T. 61-2 westt, -

Elevations less c(cc1wately determined. 

South Devil Track lake, sec. 31, T. 62-1 east, 
Hill south of Little Pine lake, sec. 35, T. 63-1 west, 
Hill three miles east of Brule mountain, sec. 24, T. 63-1 west, 
Hill northeast of Little Trout lake, sec. 5, T. 63-1 west, 
Hill near Winchell lake, sec. 36, T. 64-2 west, 
Ridge south of Brule river, sec. 22, T. 63-2 west, 
Granite ridge, sec. 14, T. 65-4 west, -
Ridge in sec. 23, T. 65-4 west, 
Sea Gull lake, secs. 9 to 12, T. 65-5 west, 
Ridge south of Gunflint lake, sec. 25, T. 65-4 west, 
No-name lake, secs. 34 to 36, T. 65-2 west, -
Portage lake, secs. 3 to 5, T. 64-2 west, -
Hill south of Hungry Jack lake, sec. 3, T. 64-1 west, 
Hill south of Duncan's lake, sec. 4, T. 65-1 west, 
Rose Lake mountain, secs. 20 and 21, T. 65-1 west, 
Hill in sec: 31, T. 65-5 west, 
Hill in sec. 29, T. 65-5 west, 
Little Round lake, sec. 12, T. 64-5 west, 
Big Round lake, secs. 7 and 8, T. 64-4 west, 
Little Copper lake, secs. 9 and 10, T. 64-4 west, 
Lake in sec. 15, T. 64-4 west, -
Hill, one-fourth mile west of this lake, 
Snipe lake, sec. 3, T. 64-4 west, 
Hill north of this lake, 
South Fowl lake, sec. 1, T. 64-3 east, 
North Fowl lake, sec. 26, T. 65-3 east, 
Moose lake, secs. 19 to 21, T. 65-3 east, 
Mountain lake, secs. 14 to 18, T. 65-2 east, 
Rove lake, secs. 19 to 22, T. 65-1 east, 
Pine lake, secs. 1 and 2, T; 65-4 west, - 'As determined by the U. S. Lake Survey. 

t As determined by Dr. A. H. EUtman. 
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Feet above 
the sea. 
1,879 
1,687 
1,684 
1,684 
1,664 
1,528 
1,531 
1,558 
1,550 
1,547 
1,779 
1,708 
1,663 

'1,657 
1,608 
1,587 
1,585 
1,600 
1,706 
1,730 
1,763 
1,782 
1,748 
1,738 
1,641 
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Feet above 
the sea. 
1,613 
1,995 
2,050 
2,023 
2,230 
2,027 
1,967 
1,942 
1,440 
1,892 
1,787 
1,8n 
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1,907 
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1,967 
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1,465 
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Meeds lake, secs. 14 and 15, T. 64-2 west, 
Hungry Jack lake, secs. 2 to 4, T. 64-1 west, 
Birch lake, secs. 33 to 36, T. 65-1 west, 
Daniels lake, sec. 25, T. 65-1 west, 
Duncan's lake, sec. 28, T. 65...:1 west, 
Rose lake, secs. 20 to 24, T. 65-1 west, 
Rat lake, sec. 19, T. 65-1 west, 
South lake, secs. 22 to 24, T. 65-2 west, 
North lake, sec. 15, T. 65-2 west, -
Gunflint lake, secs. 19 to 24, T. 65-3 west, 
Chub (Akeley) lake, sec. 29, T. 65-4 west, 
Paulson lake, sec. 25, T. 65-5 west, 
Kakigo (Black Trout) lake, sec. 34, T. 65-5 west, 
Bashitanaqueb lake, sec. 2, T. 64-5 west, 
Clothespin (Peter) lake, secs. 32 to 34, T. 65-5 west, 
Gabimichigama lake, sec. 31, T. 65-5 west, -
Agamok lake, sec. 31, T. 65-5 west, 
Little Saganaga lake, secs. 7 to 9, T. 64-5 west, 
Muscovado lake, sec. 36, T. 65-5 west, 
Green lake, first east of last, -
Charley lake, sec. 32, T. 65-4 west, 
Gaiter lake, just northwest of last, 
Bear lake, secs. 33 and 34, T. 65-4 west, 
Flying Cloud lake, north part sec. 31, T. 65-4 west, 
Greenwood Island lake, sec. 11, T. 64-5 west, 
East and West lake, secs. 14 and 15, T. 64-5 west, -
Mount Josephine, northeast of Grand Portage bay,* 
Carlton peak, sec. 20, T. 59-4 west,* -
Pike lake, secs. 15 to 17, T. 61-2 westt, -

Elevations less c(cc1wately cleterminecl. 

South Devil Track lake, sec. 31, T. 62-1 east, 
Hill south of Little Pine lake, sec. 35, T. 63-1 west, 
Hill three miles east of Brule mountain, sec. 24, T. 63-1 west, 
Hill northeast of Little Trout lake, sec. 5, T. 63--1 west, 
Hill near Winchell lake, sec. 36, T. 64-2 west, 
Ridge south of Brule river, sec. 22, T. 63-2 west, 
Granite ridge, sec. 14, T. 65-4 west, -
Ridge in sec. 23, T. 65-4 west, 
Sea Gull lake, secs. 9 to 12, T. 65-5 west, 
Ridge south of Gunflint lake, sec. 25, T. 65-4 west, 
No-name lake, sees. 34 to 36, T. 65-2 west, -
Portage lake, secs. 3 to 5, T. 64-2 west, -
Hill south of Hungry Jack lake, sec. 3, T. 64-1 west, 
Hill south of Duncan's lake, sec. 4, T. 65-1 west, 
Rose Lake mountain, secs. 20 and 21, T. 65-1 west, 
Hill in sec: 31, T. 65-5 west, 
Hill in sec. 29, T. 65-5 west, 
Little Round lake, sec. 12, T. 64--5 west, 
Big Round lake, secs. 7 and 8, T. 64-4 west, 
Little Copper lake, secs. 9 and 10, T. 64-4 west, 
Lake in sec. 15, T. 64-4 west, -
Hill, one-fourth mile west of this lake, 
Snipe lake, sec. 3, T. 64-4 west, 
Hill north of this lake, 
South Fowl lake, sec. 1, T. 64-3 east, 
North Fowl lake, sec. 26, T. 65-3 east, 
Moose lake, secs. 19 to 21, T. 65-3 east, 
Mountain lake, secs. 14 to 18, T. 65-2 east, 
Rove lake, secs. 19 to 22, T. 65-1 east, 
Pine lake, secs. 1 and 2, T; 65-4 west, - 'As determined by the U. S. Lake Survey. 

t As determined by Dr. A. H. Elitman. 
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Feet above' 
the sea. 

Granite (Banks Pine) lake, sees. 10 and 15, T. 66-4 west, 1,448 
Saganaga lake, northeast edge of Cook county, 1,434 
Red Rock lake, secs. 28 and 3B, T. 66-5 west, 1,435 
West Sea Gull lake, sec. S, T. 65-5 west, 1,450 
Sea Gull lake, secs. 9 to 12, T. 65-5 west, 1,440 
Frog Rock lake, sec. IS, T. 65-5 west, 1,470 

The highest known point in Cook county, and in the state of Minnesota, is the 

hill already mentioned (page 317), which rises 2,230 feet above the sea. The lowest 

water surface is lake Superior, 602 feet. This makes a difference of 1,628 feet 

between the extremes of altitude in Cook county. Mr. Warren Upham has esti

mated the mean altitude of the county as 1,550 feet above sea level. 

Soil and timber. Wherever there is sufficient soil for farming, and such areas 

are common throughout the county,' but more especially in the drift covered country 

just back of the steep hills which rise from lake Superior, crops can be raised in 

abundance; in fact, most of the common farm products, except, perhaps, Indian 

corn, can be grown. Farming has been carried on in several places along the lake 

shore, as at Poplar river (Lutsen) and Grand Marais. Back from Grand Marais, 

in the vicinity of Devil Track lake, is good farming country, and large parts of the 

Pigeon River Indian reservation are well adapted to agriculture. As the country 

is developed more and becomes better settled, it will be found that large tracts can 

be fanned. 

The county is timbered and much white and N oryvay pine is present, little 

lumbering having as yet been done. Birch and sugar maple are also common, the 

latter being especially abundant in the western part of the Pigeon River Indian 

reservation. And poplar and spruce are abundant. 

GEOLOGICAL STRUO'I'URE. 

Within the area of Cook county there are the following geological formations, 

the most recent being placed at the top: 

Post-glacial, 
Glacial, 
Keweenawan, 
Anirnikie, 
Archean. 

The three which lie below the glacial deposits may be briefly described as 

follows: At the northwest corner of the county is an area of Archean rocks consist

ing of granites, greenstones, conglomerates, slates, schists, etc. These are the oldest 

rocks in the county. They have been much folded and eroded, and on their worn 

surfaces the Animikie strata were deposited. Rocks of the latter age lie to the south 

of the Archean area and dip towards the south, usually at a low angle. South of 

the Animikie strata and in general overlying them are the Keweenawan rocks, which 

are in part (Cabotian) igneous rocks composed largely of gabbro and granite. South 
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Feet above' 
the sea. 

Granite (Banks Pine) lake, secs. 10 and 15, T. 66-4 west, 1,448 
Saganaga lake, northeast edge of Cook county, 1,434 
Reel Rock lake, secs. 28 and 3.'l, T. 66-5 west, 1,435 
West Sea Gull lake, sec. 8, T. 65-5 west, 1,450 
Sea Gull lake, secs. 9 to 12, T. 65-5 west, 1,440 
Frog Rock lake, sec. 18, T. 65-5 west, 1,470 

The highest known point in Cook county, and in the state of Minnesota, is the 

hill already mentioned (page 317), whiclI rises 2,230 feet above the sea. The lowest 

water surface is lake Superior, 602 feet. This makes a difference of 1,628 feet 

between the extremes of altitude ill Cook county. Mr. Warren Upham has esti

mated the mean altitude of the county as 1,550 feet above sea level. 

80il and timber. Wherever there is sufficient soil for farming, and such areas 

are common throughout the county,- but more especially in the drift covered country 

just back of the steep hills which rise from lake Superior, crops can be raised in 

abundance; in fact, most of the common farm products, except, perhaps, Indian 

corn, can be grown. Farming has been carried on in several places along the lake 

shore, as at Poplar river (Lutsen) and Grand Marais. Back from Grand Marais, 

in the vicinity of Devil Track lake, is good farming country, and large parts of the 

Pigeon River Indian reservation are well adapted to agriculture. As the country 

is developed more and becomes better settled, it will be found that large tracts can 

be fanned. 

The county is timbered and lUuch white amI Norway pine is present, little 

lumbering having as yet been done. Birch and sugar maple are also common, the 

latter being especially abundant in the western part of the Pigeon River Indian 

reservation. And poplar and spruce are abundant. 

GEOLOGICAL STRUOTURE. 

Within the area of Cook county there are the following geological formations, 

the most recent being placed at the top: 

Post-glacial, 
Glacial, 
Keweenawan, 
Animikie, 
Archean. 

The three which lie below the glacial deposits may be briefly described as 

follows: At the northwest corner of the county is an area of Archean rocks consist

ing of granites, greenstones, conglomerates, slates, schists, etc. These are the oldest 

rocks in the county. They have been much folded and eroded and on their worn , 
surfaces the Animikie strata were deposited. Rocks of the latter age lie to the south 

of the Archean area and dip towards the south, usually at a low angle. South of 

the Animikie strata and in general overlying them are the Keweenawan rocks, which 

are in part (Cabotian) igneous rocks composed largely of gabbro and granite. South 
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of the Cabotian rocks and overlying them and dipping to the south under lake 

Superior are other Keweenawan rocks, which consist of conglomerate and sand

stone and large amounts of igneous material (Manitou), much of which is in the 

form of surface flows. 

The Archean. The Archean rocks are confined to a comparatively small area 

at the northwestern corner of the county, and they ~~re conveniently divided into 

four groups-greenstones, Lower Keewatin, granite and Upper Keewatin. The green

stones are composed essentially of aggregates of hornblende and a plagioclase feld

spar, and they are regarded as originally basic igneous rocks which are now more or 

less altered and may be called diorytes. As stated in the chapter on the Akeley Lake 

plate, there are some reasons for regarding SOHle of the greenstones as the oldest 

rocks in the county, even more ancient than the Lower Keewatin rocks, but that they 

are thus of pre-Keewatin (Archean, as that term is used by the U. S. Geological 

Survey) age is not certain. These greenstones are well exposed all through the 

area mapped as underlain by them, but they can most conveniently be seen at Frog 

Rock lake, at the southern end of West Sea Gull lake and along the northern border 

of the Animikie rocks as far east as sec. 27, T. 65-4 W. The greenstones are cut by 

a few quartz porphyry and quartzless porphyry dikes. 

The Keewatin rocks consist of greenstones, green schists, sericitic schists, argillytes, 

graywackes, jaspilytes, conglomerates, etc. It is possible to divide the Keewatin into 

two series separated by a 1'I1arked unconformity. Unfortunate]y, our present knowl

edge will not enable us to everywhere separate these two parts of the Keewatin, so we 

have been compelled to map some territory as 'underlain by Keewatin which has 

not been separated into the two parts. Older than the Upper Keewatin, and belonging, 

in part at least, to the Lower Keewatin, are granite, jaspilyte, greenstone and flinty 

slate, all of which occur as pebbles in the basal conglomerate of the Upper 

Keewatin. With this later series, we know, belong some conglomerates, argillytes 

and graywackes, and in part we are able to outline the area underlain by these later 

rocks. The Upper Keewatin is unconformable on the Lower Keewatin, but contacts 

. between the two have not been reported in this county. However, contacts between 

the basal member of the Upper Keewatin and the granite and greenstone are known. 

At such places the later rocks are found resting unconformably on the older. One 

of the best places to see this unconformable overlie is near the west shore of West 

Sea Gull lake, and another is at the extreme northwestern cornel' of the plate at 
Saganaga lake. 

, At the latter place a junction between the granite and the Keewatin clastics 

has been known for. some years, but it seems in general to have been taken for an 
eruptive contact, and the writer thus described it.* Later, opportunity was had to - • T'wentieth Annual Repm'/" pp. 83-95; Arne?'. Geol., vol. x, pp, 4-10. 
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of the Cabotian rocks and overlying them and dipping to the south under lake 

Superior are other Keweenawan rocks, which consist of conglomerate and sand

stone and large amounts of igneous material (Manitou), much of which is in the 

form of surface flows. 

The Archean. The Archean rocks are confined to a comparatively small area 

at the northwestern corner of the county, and they ~Lre conveniently divided into 

four groups-greenstones, Lower Keewatin, granite and Upper Keewatin. The green

stones are composed essentially of aggregates of hornblende and a plagioclase feld

spar, and they are regarded as originally basic igneous rocks which are now more or 

less altered and may be called diorytes. As stated in the chapter on the Akeley Lake 

plate, there are some reasons for regarding some of the greenstones as the oldest 

rocks in the county, even more ancient than the Lower Keewatin rocks, but that they 

are thus of pre-Keewatin (Archean, as that term is used by the U. S. Geological 

Survey) age is not certain. These greenstones are well exposed all through the 

area mapped as underlain by them, but they can most conveniently be seen at Frog 

Rock lake, at the southern end of West Sea Gull lake and along the northern border 

of the Animikie rocks as far east as sec. 27, T. 65-4 W. The greenstones are cut by 

a few quartz porphyry and quartzless porphyry dikes. 

The Keewatin rocks consist of greenstones, green schists, sericitic schists,argillytes, 

graywackes, jaspilytes, conglomerates, etc. It is possible to divide the Keewatin into 

two series separated by a :marked unconformity. Unfortunately, our present knowl

edge will not enable us to everywhere separate these two parts of the Keewatin, so we 

have been compelled to map some territory as 'underlain by Keewatin which has 

not been separated into the two parts. Older than the Upper Keewatin, and belonging, 

in part at least, to the Lower Keewatin, are granite, jaspilyte, greenstone and flinty 

slate, all of which occur as pebbles in the basal conglomerate of the Upper 

Keewatin. With this later series, we know, belong some conglomerates, argillytes 

and graywackes, and in part we are able to outline the area underlain by these later 

rocks. The Upper Keewatin is unconformable on the Lower Keewatin, but contacts 

. between the two have not been reported in this county. However, contacts between 

the basal member of the Upper Keewatin and the granite and greenstone are known. 

At such places the later rocks are found resting unconformably on the older. One 

of the best places to see this unconformable overlie is near the west shore of West 

Sea Gull lake, and another is at the extreme northwestern corner of the plate at 

Saganaga lake. 

, At the latter place a junction between the granite and the Keewatin clastics 

bas been known for some years, but it seems in general to have been taken for an 

eruptive contact, and the writer thus described it.* Later, opportunity was had to - • T'wentieth Annual Repo?·/ .• pp. 83-95; Ame?-. Geol., yol. x, pp. 4-10. 
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study thin sections of the rocks collected at this locality, and it then became evident 

that the rock which had been regarded as a contact facies of the granite was in 

reality a clastic rock composed of granitic debris little assorted. This, when con

solidated, makes a recomposed granite. At once the conclusion was reached that 

here was an unconformable overlie of Keewatin clastics on granite. A visit to this 

spot in September, 1896, in company with Messrs. N. H. Winchell, A. H. Elftman 

and H. Fo Bain showed that the conclusion reached from a study of the rock sections 

was correct. At the actual contact between the two rocks it is quite difficult to tell 

them apart; about the only difference observable macroscopically is -that in the 

recomposed granite (base of the Upper Keewatin) the hornblende of the true granite 

is lacking. On going farther away (west) from the granite, the recomposed granite 

becomes similar to and grades into graywackes interbedded with slates. 'rhe slates 

and graywackes are well exposed in the little bay of Saganaga lake in sec. 24, 

T. 65-6 W., and on going overland between this bay and the adjacent bay in sec. 19, 

T. 65-5 \lV., the actual contact between the granite and the recomposed granite can 

be found. At the portage to Oak lake at the west end of Saganaga lake, and for a 

quarter of a mile or more east of this portage, on both sides of the international 

boundary, the recomposed granite is well exposed. Rock samples (2031 to 2045) 

were colleeted at this locality and represent different phases of the recomposed. 

granite; they will be described in the chapter devoted to petrography. 

The Archean granite which is found in Cook county is confined to. the vicinity 

of Saganaga lake and the district between this lake and Gunflint lake. It is a 

coarse-grained gray to reddish granite and is known as the Saganaga granite. The 

chief components are quartz, orthoclase, acid plagioclase and hornblende; the rock 

is thus a hornblende granite, and typical samples of it are numbered No.6SSG. 

A peculiar and characteristic feature of this granite is its large grains of quartz, 

which are conspicuous on weathered surfaces. The q uartzes are commonly a quarter 

of an inch in diameter, and they frequently become larger. While the granite mass 

is as a whole quite uniform in composition and grain, it varies in places, especially 

along its southern border in T. 65-5 Wo, to a more basic rock. The quartz becomes 

scareer and is sometimes practically lacking, and the rock becomes a hornblende 

syenyte. At the same time the lime-soda feldspar, which is pr~sent to a consider

able amount everywhere, as far as examined, increases in quantity as the quartz 

deereases, and the rock varies not only to a syenyte, but also to a dioryte. Sphene 

(titanite) is a common eonstituent of the granite, and in places the sphene crystals 

beeome quite notieeable maeroseopically (686G). 

On an island in Saganaga lake (So E. i N. W. i sec. 14, T. 66-5 W.) is a large 

white quartz vein in which a number of yea)rs ago some mining for gold and silver 
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study thin sections of the rocks collected at this locality, and it then became evident 

that the rock which had been regarded as a contact facies of the granite was in 

reality a clastic rock composed of granitic debris little assorted. This, when con

solidated, makes a recomposed granite. At once the conclusion was reached that 

here was an unconformable overlie of Keewatin clastics on granite. A visit to this 

spot in September, 1896, in company with Messrs. N. H. Winchell, A. H. Elftman 

and H. F. Bain showed that the conclusion reached from a study of the rock sections 

was correct. At the actual contact between the two rocks it is quite difficult to tell 

them apart; about the only difference observable macroscopically is -that in the 

recomposed granite (base of the Upper Keewatin) the hornblende of the true granite 

is lacking. On going farther away (west) from the granite, the recomposed granite 

becomes similar to and grades into graywackes interbedded with slates. '1'he slates 

and graywackes are well exposed in the little bay of Saganaga lake in sec. 24, 

T. 65-6 W., and on going overland between this bay and the adjacent bay in sec. 19, 

T. 65-5 \lV., the actual contact between the granite and the recomposed granite can 

be found. At the portage to Oak lake at the west end of Saganaga lake, and for a 

quarter of a mile or more east of this portage, on both sides of the international 

boundary, the recomposed granite is well exposed. Rock samples (2031 to 2045) 

were colleeted at this locality and represent different phases of the recomposed 

granite; they will be described in the chapter devoted to petrography. 

The Archean granite which is found in Cook county is confined to. the vicinity 

of Saganaga lake and the district between this lake and Gunflint lake. It is a 

coarse-grained gray to reddish granite and is known as the Saganaga granite. The 

chief components are quartz, orthoclase, acid plagioclase and hornblende; the rock 

is thus a hornblende granite, and typical samples of it are numbered No. 686G. 

A peculiar and characteristic feature of this granite is its large grains of quartz, 

which are conspicuous on weathered surfaces. The ql1artzes are commonly a quarter 

of an inch in diameter, and they frequently become larger. While the granite mass 

is as a whole quite uniform in composition and grain, it varies in places, especially 

along its southern border in T. 65-5 W., to a more basic rock. The quartz becomes 

scarcer and is sometimes practically lacking, and the rock becomes a hornblende 

syenyte. At the same time the lime-soda feldspar, which is pr~sent to a consider

able amount everywhere, as far as examined, increases in quantity as the quartz 

decreases, and the rock varies not only to a syenyte, but also to a dioryte. Sphene 

(titanite) is a common constituent of the granite, and in places the sphene crystals 

become quite noticeable macroscopically (686G). 

On an island in Saganaga lake (S. E. 1 N. W. 1 sec. 14, T. 66-5 W.) is a large 

white quartz vein in which a number of yea)rs ago some mining for gold and silver 
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was carried on, but without success. The main rock of this island is a fluorite 

grarnite (Nos. 676G, 677G, 678G, 2046), and this, as far as the writer Imows, is the only 

fluorite granite reported from the state. The fluorspar is not in great amount, but 

is scattered in small grains throughout the rock. 

The Saganaga granite is cut by a few small dikes of a much finer grained 

granite, or aplyte, which is composed almost entirely of quartz and alkali feldspar. 

Samples from one of these aplyte dikes are Nos. 6810 and 682G . 

. The relations of the Saganaga granite to the Upper Keewatin have already been 

spoken of. Its relations to the greenstones are entirely different in a number of 

places, the most conspicuous of which are (1) The bluff on the south shore of West 

Sea Gull lake, in N. W. i N. E. i sec. 17, T. 65-5 W., and (2) A locality just west of 

this lake in the S. E. i- sec. 7, T. 65-5 W. At both localities the granite is seen cut

tingthe greenstone in a complex of branching vein-like forms, bnt the second locality 

shows these branching tongues of the granite to the best effect. At the first locality, 

however, the relations of the two rocks are sufficiently distinct. 

The relations of the granite to tlle Lower Keewatin rocks are not definitely known. 

As has already been stated, the Saganaga granite is older than the Upper Keewatin 

and younger than the greenstones along its southern border, but the relations of 

this mass of granite to the Lower Keewatin rocks have not been observed in this 

county, unless these greenstones be of Lower Keewatil1 age. Dr. A. C. Lawson has 

described a conglomerate cut by the Saganaga granite near the northwest comer of 

Saganaga lake, in Canadian territory,* and Dr. A. H. Elftman informs the writer 

that he has observed this same granite cutting a conglomerate and other clastics 

farther towards the east. It would thus seem that the Saganaga granite is younger 

than the Lower Keewatin. 

The Animikie. The Animikie rocks rest unconformably on the granite, the 

greenstones and some of the Keewatin rocks. Animikie strata occur in a smaIl area 

on the south side of Gabimichigama lake at the west line of the county. They next 

appear about four miles farther northeast (in N. W. i sec. 34, T. 65-5 W.) and then 

continue uninterruptedly to the extreme eastern side of the county at Pigeon point. 

At first (on the west) the belt occupied by these r()cks is very narrow, but towards 

the east it soon widens out and spreads both north and south of the international 

boundary. 

The northern limit of the Animikie lies along the southern side of the Giant's 

range and the strata dip off gently to the south, or a little east of south. Towards 

the east the dip is small, and at times is almost flat, but in general the angle of dip 

is from 80 to 100. 'fowards the west the angle of dip increases, and in some places - • Amer. Geol., vol. vii, p. 324, May, 1891. 
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was carried on, but without success. The main rock of this island is a fluorite 

gra-nite (Nos. 676G, 677G, 678G, 2046), and this, as far as the writer lmows, is the only 

fluorite granite reported from the state. The fluorspar is not in great amount, but 

is scattered in small grains throughout the rock. 

The Saganaga granite is cut by a few small dikes of a much finer grained 

granite, or aplyte, which is composed almost entirely of quartz and alkali feldspar. 

Samples from one of these aplyte dikes are Nos. 681G and 682G. 

. The relations of the Saganaga granite to the Upper Keewatin have already been 

spoken of. Its relations to the greenstones are entirely different in a number of 

places, the most conspicuous of which are (1) The bluff on the south shore of West 

Sea Gull lake, in N. W.l N. E. ±- sec. 17, T. 65-5 W., and (2) A locality just west of 

this lake in the S. E. i sec. 7, T. 65-5 W. At both localities the granite is seen cut

tingthe greenstone in a complex of branching vein-like forms, but the second locality 

shows these branching tongues of the granite to the best effect. At the first locality, 

however, the relations of the two rocks are sufficiently distinct. 

The relations of the granite to t11e Lower Keewatin rocks are not definitely known. 

As has already been stated, the Saganaga granite is older than the Upper Keewatin 

and younger than the greenstones along its ESouthern border, but the relations of 

this mass of granite to the Lower Keewatin rocks have not been observed in this 

county, unless these greenstones be of Lower KeewatiIl age. Dr. A. C. Lawson has 

described a conglomerate cut by the Saganaga granite near the northwest corner of 

Saganaga lake, in Canadian territory,* and Dr. A. H. Elftman informs the writer 

that he has observed this same granite cutting a conglomerate and other clastics 

farther towards the east. It would thus seem that the Saganaga granite is younger 

than the Lower Keewatin. 

The Animikie. The Animikie rocks rest unconformably on the granite, the 

greenstones and some of the Keewatin rocks. Animikie strata occur in a sma,ll area 

on the south side of Gabimichigama lake at the west line of the county. They next 

appear about foul' miles farther northeast (in N. W. i sec. 34, T. 65-5 W.) and then 

continue uninterruptedly to the extreme eastern side of the county at Pigeon point. 

At first (on the west) the belt occupied by these r?cks is very narrow, but towards 

the east it soon widens out and spreads both north and south of the international 

boundary. 

- The northern limit of the Animikie lies along the southern side of the Giant's 

range and the strata dip off gently to the south, or a little east of south. Towards 

the east the dip is small, and at times is almost fiat, but in general the angle of dip 

is from 80 to 100. Towards the west the angle of dip increases, and in some places - • Amer. Geol., vol. vii, p. 324, May, 1891. 
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reaches 500 to 60 0 , or even higher. The Animikie strata thus form a gentle south

ward dipping monocline. In some places, especially west of Gunflint lake, the simple 

monoclinal structure is replaced by some small folds in the taconyte or iron-bearing 

member. The axes of these folds run approximately east and west, and the most 

noticeable fold is a syncline in the southel'll parts of secs. 21 and 22, T. 65-4 W. 

In Minnesota the Animikie has been divided into four members,* which, in 

descending order, are as follows: 
Graywacke-slate member. 
Black slate member. 
Taconyte or iron-bearing member. 
Quartzyte member (Pokegama quartzyte). 

rrhe lower two are typically developed in St. Louis county, where the black 

slate, and also perhaps the upper member, is known. In Cook county all but the 

lowest n1.ember are typically developed, and this lowest member is lacking. No 

fragmental qual'Zyte, except a few small layers in the taconyte member, is known 

at the base of the Animikie in Cook county. 

The Taconyte or iron-bearing member shows the usual features of this member 

as already described in St. Louis county.t 'rhe rocks of this member are confined 

to a belt some nine miles in length extending westward from Gunflint lake, and to a 

small area between this lake and North lake. A considerable part of Gunflint lake 

is undoubtedly underlain by these rocks, which pass entirely into Canadian territory 

at North lake. 
To the south of the taconyte member is the overlying black slate member 

which is composed largely of black carbonaceous slates, often very fissile, but some

times quite massive in alJpearance. Some of the more massive parts of this member 

are well exposed near the top of the bluff, at the first rapids above the mouth of 

Cross river, which flows into the west end of Gunflint lake (No. 961G to No. 961cG). 

This member is found in outcrop near the south shores of Gunflint, South and Rose 

lakes, and, as far as known, it passes entirely into Canadian territory before reaching 

Rove lake. 

The graywacke slate or upper member of the Animikie forms the main mass 

of the rocks of this age in Cook county. On the west it first appears west from, 

Loon lake and continues eastward to and beyond 'the limits of the county. This 

member is composed of black and gray siliceous slates, graywacke slates, and fine 

quartzytes and quartz slates. The quartzyte layers are seen in places along the 

south side of Loon lake, near the top of the Animikie as there exposed, and on 

going eastward the quartzyte and quartz slate increase in amount and form the, 

main mass of the upper member of the Animikie. These quartzytes are well known 

,., TI('f!1/lJj-second .. AnHU(f,l RC}J01'/, p. 74. 

th ~81eelT1t'cn{iPlll A HIllWI Report" PI'. 111-180; Bnne/.in 10; and the chapters on the northern part of St. LouiS county, and on 
e speCla pates of the MesabI Iron ranroe in that county in this volume. -
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ward dipping monocline. In some places, especially west of Gunflint lake, the simple 
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member. The axes of these folds run approximately east and west, and the most 
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lowest member are typically developed, and this lowest member is lacking. No 

fragmental qnaTZyte, except a few small layers in the taconyte member, is known 

at the base of the Animikie in Cook county. 

The Taconyte 01' iron-bearing member shows the usual features of this member 

as already described in St. Louis county.t 'rhe rocks of this member are confined 

to a belt some nine miles in length extending westward from Gunflint lake, and to a 

small area between this lake and North lake. A considerable part of Gunflint lake 

i.s undoubtedly underlain by these rocks, which pass entirely into Canadian territory 
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To the south of the taconyte member is the overlying black slate member 

which is composed largely of black carbonaceous slates, often very fissile, but some

ti.mes quite massive in apl)earance. Some of the more massive parts of this member 

are well exposed near the top of the bluff, at the first rapids above the mouth of 

Cross river, which flows into the west end of Gunflint lake (No. 961G to No. 961cG). 

This menlber is found in outcrop near the south shores of Gunflint, South and Rose 

lakes, and, as far as known, it passes entirely into Canadian territory before reaching 

Hove lake. 

The graywacke slate 01' upper member of the Animikie forms the main mass 

of the rocks of this age in Cook county. On the west it first appears west from 

Loon lake and continues eastward to and beyond "the limits of the county. This 

member is composed of black and gray siliceous slates, graywacke slates, and fine 

quartzytes and quartz slates. The quartzyte layers are seen in places along the 

south side of Loon lake, near the top of the Animikie as there exposed, and on 

going eastward the quartzyte and quartz slate increase in amount and form the. 

main mass of the upper member of the Animikie. These quartzytes are well known 

>I:: TF'(,lIly-s(!eoncl A lUI uu,l Repo?"!, p. 74. 
+. See r,ccn tietlt A ",nw I Report., pp. 111-180; B "/leU" 10; and the chapters on the northern part of St. Louis county, and on 

the speCIal plates of t.he Mesabi iron ran!(e in that county in this volume. -
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in the vicinity of Pigeon point, where the name Wauswaugoning quartzyte has been 

applied to them; they are described in the chapter on the Pigeon Point plate. In 

the vicinity of the Puckwunge river, south of South Fowl lake, and e8pecially along 

the Grand Portage trail there is a fine-grained gntywacke-like rock which Prof. N. 

H. Winchell has named the Grand Portage graywacke, and referred to the upper 

part of the Animikie above the clastics of Pigeon point,-~f 

The Animikie strata have been intruded by vast amouhts of igneou8 matter 

which has solidified in the form of diabase. This igneous material take8 two forms

sills, parallel to the strata, and dikes which cut the strata in variou8 directions. 

The dikes are usually vertical and commonly run approximately east and west. 

The sills and dikes vary in thickness from a few inches to a hundred feet or more. 

On account of the more resistant nature of these igneous rocks they stand up above 

the general level of the Animikie strata and form a large part of the outcrops. 

From these numerous outcrops, especially of the sills, one might reach the con

clusion that a much greater thickness of these rocks exists than is actually the case. 

To these sills are due the sharp, northward facing cliffs which are so characteristic 

of the region of the international boundary in Cook County .. t . 
The Keweenawan. Lying to the south of the Aniinikie area and extending to 

the lake Superior shore are the Keweenawan rocks. These dip southward or south

southeast at low angles, and underlie three-fourths or more of the county. The vast 

mass of these rocks is of igneous origin, and only comparatively few sedimentary 

beds are known. The Keweenawan rocks have been divided by the state geologist 

into three parts, which, in descending order, are as follows: 

Igneous rocks, Manitou. 
Conglomerate and sandstone, Puckwunge. 
Igneous rocks, Cabotian. 

The conglomerate is regarded as forming the base of an unconformity which 

separates the Keweenawan 'into two divisions. Associated with the Manitou rocks 

are some red sandstones which are of later date than the conglomerate, but which 

can be conveniently classed with it, the conglomerate, sandstones and Manitou igneous 

rocks forming the upper division of the Keweenawan.t 

(1). The Cabotian. In this division, the oldest of the Keweenawan, are included 

three general classes of rocks: (1) Gabbro; (2) Granite and its finer grained equiva

lents; (3) Diabase and other basic surface and dike rocks. 

The gabbro-the great gabbro mass of northeastern Minnesota-occupies a con

siderable tract of country to the south of the Animikie. This rock mass consists of 

*See the description of the Pigeon Point plate. . + For a description of the dikes in the Animikie see the chapter on the Pigeon Point plate, and for an account of the SIlls 
see the cpapter on the Gunflint Lake plate and also Bt!lletin 8, pp. ~4-48. 

i These upper and lower divisions of the Keweenawan do not agree fully with the Upper and Lower Keweenawal~ ~s 
~eSCrihed by R. D. IRVING, U. S. Ge.ol. S"rt'ey, l~Ion. 5, The divisions of the Keweenawan, as used III thIS report, are d,scusse III 

he chapter on structural geology, in vol. v. 
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in the vicinity of Pigeon point, where the name Wauswaugoning quartzyte ha,s been 

applied to them; they are described in the chapter on the Pigeon Point ph\,te. In 

the vicinit.y of the Puckwunge river, south of Sout.h Fowl lake, and especially along 

the Grand Portage trail there is a fine-grained grct,ywacke-like rock which Prof. N. 

H. Winchell has named the Grand Portage graywacke, and referred to the upper 

part of the Animikie above t.he clastics of Pigeon point.,-~f 

The Animikie strata have been intruded by vast amouhts of igneous matter 

which has solidified in the form of diabase. This igneous mat.erial takes two forms

sills, parallel to t.he st.rat.a, and dikes which cut t.he st.rat.a in various directions. 

The dikes are usually vert.ical and commonly run approximately eCLst and west. 

The sills and dikes vary in t.hickness from a few inches to a hundred feet or more. 

On account of t.he more resist.ant nature of t.hese igneous rocks t.hey stand up above 

the general level of the Animikie st.rata and form a large part of the outcrops. 

From t.hese numerous outcrops, especially of t.he sills, one might reach the con~ 

elusion that a much greater thickness of these rocks exists than is actually the case. 

To these sills are due the sharp, northward facing cliffs which are so characteristic 

of the region of the international boundary in Cook County:t . 

The Keweenawan. Lying to the south of the Aniinikie area and extending to 

the lake Superior shore are the Keweenawan rocks. These dip southward or south

southeast at low angles, and underlie three-fourths or more of the county. The vast 

mass of these rocks is of igneous origin, and only comparatively few sedimentary 

beds are known. The Keweenawan rocks have been divided by the state geologist 

into three parts, which, in descending order, are as follows: 

Igneous rocks, Manitou. 
Conglomerate and sandstone, Puckwunge. 
Igneous rocks, Cabotian. 

The conglomerate is regarded as forming the base of an unconformity which 

separates the Keweenawan 'into two divisions. Associated with the Manitou rocks 

are some red sandstones which are of later date than the conglomerate, but which 

can be cOllveniently classed with it, the conglomerate, sandstones and Manitou igneous 

rocks forming the upper division of the Keweenawan.t 

(1). The Cabotian. In this division, the oldest of the Keweenawan, are included 

three general classes of rocks: (1) Gabbro; (2) Granite and its finer grained equiva

lents; (3) Diabase and other basic surface and dike rocks. 

1'11e gabbro-the great gabbro mass of northeastern Minnesota-occupies a con

siderable tract of country to the south of the Animikie. This rock mass consists of 

• See the description of the Pigeon Point plate. . -ll + For a description of the dikes in the Animikie see the chapter on the Pigeon Pomt plate, and for an account of the 81 8 
see the cJ1apter on the Gunflint Lake plate and also Bullet.in 8, pp. ~4-48. 

! These upper and lower divisions of the Keweenawan do not agree fully with the Upper and Lower Kewe~nawal~ as 
~esCribed by R D. IRVING, U. S. Geol. S",rvey, 1rIon. 5. The divisions of the Keweenawan, as used III thl8 report, are d,scusse m 
he chapter on structural geology, in vol. v. 
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a coarse-grained granitic aggregate of plagioclase (usually near labradorite), augite 

(diallage), olivine and magnetite (titaniferous); sometimes an orthorhombic pyroxene 

is present. The rock varies at times on account of the greater or less amount of the 

constituent minerals. The two most noticeable variations, as exhibited in Cook 

county, are towards a pure plagioclase rock (anorthosyte) and towards a titaniferous 

magnetite. The first is seen in the vicinity of Little Saganaga lake, T. 64-5 W., and 

the second occurs at several places, as at Mayhew lake, just north of Tucker lake, 

and west of BruIe lake, in secs. 21 and 22, T. 63-4 W. On the east the gabbro is 

found in contact with the upper or graywacke-slate member of the Animikie, and 

in going west the gabbro comes in contact with lower strata, successively lying on 

the black slate member of the Animikie, the iron-bearing member of the Animikie, 

and the Archean clastics and greenstones, while still further west (in Lake county) 

it lies on Archean granite. The gabbro has exercised a marked influence on the 

rocks with which it has come in contact, at the contact the older rock being com

pletely recrystallized. This metamOTphism can be seen in a number of places at 

the northem edge of the gabbro, but is especially well marked at the southwest 

comer of Loon lake, where the rocks of the upper member of the Animikie are 

recrystallized, and westward from sec. 27, T. 65~4 W., where the iron-bearing member 

of the Anim.ikie has been profoundly affected. The characters of the gabbro mass 

seem to indicate that it was in the nature of a great laccolith, but the southern or 

upper side of this mass has not been studied sufficiently to clearly demonstrate the 

laccolitic nature of the gabbro. 

Granites exist in a number of places in or to the south of the gabbro area. They 

usually form belts trending west-southwest and east-northeast, and, on account of 

their resistant nature, commonly make hill ranges. The granites in places reach 

the lake Superior shore, but in general along this shore these rocks are represented 

by finer-grained facies, such as quartz porphyries. In general the granites are of 

later date than the gabbro, and dikes of the former cut the latter, as at lake Ida Belle 

in the northeastem part of T. 63-4 W. The granites are usually of rather fine grain 

and are red in color. The constituent minerals are mainly feldspar (orthoclase, anor

thoclase, acid plagioclase), quartz, homblende and augite. 

Diabase and other surface and dike rocks of the Cabotian are common. They 

occupy in general a belt of country south of the gabbro and granites and frequently 

extend to the lake Superior shore. Such rocks are also found much farther north, 

as in the yicinity of Brule lake. The surface flows are frequently amygdaloid and 

closely resemble the later flows of the Manitou (see figure 3 of plate HH, where 

the Cascade river is shown descending over layers of coarse and fine-grained amyg

daloidal diabase and tuff; these layers dip at a low angle towards S. 250 E.; S. E.l 
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a coarse-grained granitic aggregate of plagioclase (usually near labradorite), augite 

(diallage), olivine andlllagnetite (titaniferous); sometimes an orthorhombic pyroxene 

is present. The rock varies at times on account of the greater or less amount of the 

constituent minerals. The two most noticeable variations, as exhibited in Oook 

county, are towards D, pure plagioclase rock (anorthosyte) and towards a titaniferous 

magnetite. The first is seen in the vicinity of Little Saganaga lake, T. 64-5 W., and 

the second occurs at several places, as at Mayhew lake, just north of Tucker lake, 

and west of Brule lake, in secs. 21 and 22, T. 63-4 W. On the east the gabbro is 

found in contact with the upper or graywacke-slate member of the Animikie, and 

in going west the gabbro comes in contact with lower strata, successively lying on 

the black slate member of the Animikie, the iron-bearing member of the Animikie, 

and the Archean clastics and greenstones, while still further west (in Lake county) 

it lies on Arehean granite. The gabbro has exercised a marked influence on the 

rocks with which it has come in contact, at the contact the older rock being com

pletely recrystallized. This metamorphism can be seen in a number of places at 

the northern edge of the gabbro, but is especially well marked at the southwest 

corner of Loon lake, where the rocks of the upper member of the Animikie are 

recrystallized, and westward from sec. 27, T. 65~4 W., where the iron-bearing member 

of the Animikie has been profoundly affected. The characters of the gabbro mass 

seem to indieate that it was in the nature of a great laccolith, but the southern or 

L1pper side of this mass has not been studied sufficiently- to clearly demonstrate the 

laccolitic nature of the gabbro. 

Granites exist in a number of places in or to the south of the gabbro area. They 

usually form belts trending west-southwest and east-northeast, and, on account of 

their resistant nature, commonly make hill ranges. The granites in places reach 

the lake Superior shore, but in general along this shore these rocks are represented 

by finer-grained facies, such as quartz porphyries. In general the granites are of 

later elate than the gabbro, and dikes of the former cut the latter, as at lake Ida Belle 

in the northeastern part of T. 63-4 W. The granites are usually of rather fine grain 

and are reel in C0101'. The constituent minerals are mainly feldspar (orthoclase, anor

thoclase, acid plagioclase), quartz, hornblende and augite. 

Diabase and other surface and dike rocks of the Cabotian are common. They 

occupy in general a belt of country south of the gabbro and granites and frequently 

extend to the lake Superior shore. Such rocks are also found much farther north, 

as in the yicinity of Brule lake. The surface flows are frequently amygdaloid and 

closely resemble the later flows of the Manitou (see figure 3 of plate HH, where 

the Cascade river is shown descending over layers of coarse and fine-grained amyg

daloidal diabase and tuff; these layers dip at a low angle towards S. 25° E.; S. E. i 
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sec. 12, T. 61-2 W.) One of the most persistent belts of Cabotian rocks is that known 

as the Beaver bay diabase which is found at or near the lake shore for considerable 

distances both east and west of Beaver bay. This rock in its typiccll form is a 

coarse-grained, almost black, olivine diabase. It forms in places a marked range of 

hills (the Sawteeth range) a short distance north of the lake shore (see figure 55 on 

page 315). In places, as at Carlton peak (see figure 2 of plate HH), this diahase includes 

vast masses of coarse-grained anorthosytes, which have been described hy Drs. A. C. 
Lawson* and A. H. Elftman.t 

(2). Pttckwwtge conglomerate. The basal rock of the upper part of the Ke

weenawan is a conglomerate which grades upward into a sandstone. This conglom

erate and sandstone are known in several places, as on the north side of Grand Port

age island, or a short distance west of Grand Portage, and north of Otter lake in T. 

64-3 E. These occurrences are described in the chapters on the Pigeon Point and 

Mountain Lake plates. Along the lake Superior shore in some places there are heds 

of red sandstone mixed with more or less igneous material. Such occur at the mouth 

of Poplar river (Lutsen) and at Good Harbor bay. 

(3). The Manitou. This consists of igneous rocks, which are mainly basic, and 

which occur most commonly as flows. These rocks are, in general, confined to a 

narrow belt along the lake Superior shore. These flows are at times cut by diabase 

dikes, also of Manitou date. In this connection it should be mentioned that dikes 

of comparatively unaltered diabase are found cutting all of the different formations 

in Cook county, but (1) as there evidently were two or more dates for the intrusion 

of these dikes, and (2) as the dikes are so uniform in lithological character, it has 

b~en impossible to state the age of all of these dikes, except to say that they are 

referred to the Keweenawan: 

The lake S'uperior shore. Starting on the west and going northeastward along 

this shore numerous outcrops are seen, notes upon which are as fo11ovvs.+ In con

nection with these notes reference should be had to plates FF and GG, especially the 

latter, in the chapter on Lake county. § 
No. 161. Diabase from the shore at the town line between ranges 5 and 6 (on section 36), one of the layers 

associated with altered conglomerate in an amygdaloidal state, some having thalite and mesolite. Some has 
what appears like prehnite (lintonite?) and some calcite. These are not evenly disseminated, but often are found 
in patches or clumps closely aggregated, the rest of the rock having less. 

No. lolA. Brown, aluminous vein-rock in No. 161. These veins are from two to four inches wide and 
contain heulandite. 

No. 16lE. Pebbles of mesolite, from the top of No. 161. 
No. 102. Amygdaloid, from the same place as No. 161. 

* Bulletin 8, pp. 1-23. 
+ l'wenty-second Ann7tal Bcpo'rt, pp. 174-179' also in unpublished manuscript. _ . 

. The anorthosytes at Carlton peak are to be'discussed by N. H. WINCHET"L in the chapter on structural g'eology III vol. v 
of tIns report, and by A. H. ELFTMAN in the Arner";can Geologi.,t. 

1 Taken from the notes of N. H. WINCHELL, Ninth Annual RepOl·t, pp. 42 61. 
~ The rocks here mentioned are described in detail in vol. v. 
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sec. 12, T. 61-2 W.) One of the most persistent belts of Cabotian rocks is that known 

as the Beaver bay diabase which is found at or neal' the lake shore for considerable 

distances both east and west of Beaver bay. This rock in its typical form is ct 

coarse-grained, almost black, olivine diabase. It forms in places a marked range of 

hills (the Sawteeth range) a short distance north of the lake shore (see figure 55 on 

page 315). In places, as at Carlton peak (see figure 2 of plate HH), this diabase includes 

vast masses of coarse-grained anorthosytes, which have been described by Drs. A. C. 
Lawson* and A. H. Elftman.t 

(2). Puckwunge conglomerate. The basal rock of the upper part of the Ke

weenawan is a conglomerate which grades upward into a sandstone. This conglom

erate and sandstone are known in several places, as on the north side of Grand Port

age island, or a short distance west of Grand Portage, and north of Otter lake in T. 

64-3 E. These occurrences are described in the chapters on the Pigeon Point and 

Mountain Lake plates. Along the lake Superior shore in some places there are beds 

of red sandstone mixed with more or less igneous material. Such occur at the mouth 

of Poplar river (Lutsen) and at Good Harbor bay. 

(3). The Manitoll. This consists of igneous rocks, which are mainly basic, and 

which occur most commonly as flows. These rocks are, in general, confined to a 

narrow belt along the lake Superior shore. These flows are at times cut by diabase 

dikes, also of Manitou date. In this connection it should be mentioned that dikes 

of comparatively unaltered diabase are found cutting all of the different formations 

in Cook county, but (1) as there evidently were two or more dates for the intrusion 

of these dikes, and (2) as the dikes are so uniform in lithological character, it has 

b~en impossible to state the age of all of these dikes, except to say that they are 

referred to the Keweenawan. 

The lake Superior shore. Starting on the west and going northeastward along 

this shore numerous outcrops are seen, notes upon which are as follo·ws.:j: In con

nection with these notes reference should be had to plates FF and GG, especially the 

latter, in the chapter on Lake county. § 
No.16l. Diabase from the shore at the town line between ranges 5 aGd 6 (on section 36), one of the layers 

aBsociated with altered conglomerate in an amygdaloidal state, some having thalite and mesoiite. Some has 
what appears like prehnite (lintonite?) and some calcite. These are not evenly disseminated, but often are found 
in patches or clumps closely aggregated, the rest of the rock having less. 

No. 161A. Brown, aluminous vein-rock in No. 161. These veins are from two to four inches wide and 
contain heulandite. 

No. 161B. Pebbles of mesolite, from the top of No. 161. 
No. 162. Amygdaloid, from the same place as No. 161. 

* Bulletin 8, pp. 1-23. 
+ 1'wenty-second Annual Repo.,.t, pp. 174·179' also in unpublished manuscript. . 

. The anorthosytes at Carlton peak are to be 'discussed by N. H. WINCHELL in the ch"pter on st,ructural geology III vol. v 
of tlns report, and by A. H. ELFTMAN in the A 7M,·';can Geologist. 

t Taken from the notes of N. H. WINCHELL, Ninth A n"gal Report, pp. 42 6l. 
~ The rocks here mentioned are described in detail in vol. Y. 
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From the last place to Sugar Loaf point the coast is low, with much stony and gravelly beach, the points 

only being of rock. This rock is coarse dark trap. . ., 
No. 163. From Sugar Loaf point-a small pomt enclosmg a lIttle bay and harbor on the northwest side with 

a sandy beach, and having a. conspicuous tuft of tl'ee~ st~nding i~olated from the low shore lying next west of it. 
The rock is rough trap, conslStmg of two sorts, and dlppmg. S. 10 E., at an a~gle of abo~t 12. The upper part 
appears to be somewhat more uniform and basaltic, or ~asslVe, and of a greemsh co!or, eIghteen feet thick. The 
lower is harder and has many concretions and amygdalOldal spots. These spots are m nests, the amygdules being 
of mesolite and stilbite ('I). There are, perhaps, of this, three or four fe~t, but it is irregularly bedded, and 
contains pebbles as if conglomeratic. These pebbles and enclosed masses seem to be so thoroughly embraced in 
the rock that they were more likely to have been in the molten mass-semi-fused-than to have been -of marine 
orio'in. The gree;Jish color of the upper portion seems to come from the weathering of the firm trap. The upper 
po;tion also becomes globuliferous in disintegrating under the weather, exhibiting the characters that have been 
ascribed to melaphyre. 

East of Sugar Loaf point, to Two islands, the coast is rocky most of the way, particularly in the western 
portions, with several short pebbly beaches. The rock is of the same sort as at the point, and along the beach 
are strewn white pebbles of mesolite, with stilbite. The coarse basalt of the point rises again immediately 
on the east of the bay, disclosing purgatories below it in the amygdaloid, the bluff rising twenty-five feet, and 
being cut by canyon-like gorges, and crossed by two or three little streams before reaching Two Island river. 

No. 164. Trap rock, like No. 163, dipping toward the lake at an angle of about 12°, between Sugar Loaf 
point and Two Island river. 

No. 165. From the westerly of the Two islands the rock rises about forty feet, basaltiform on the west side 
dipping southeast, conformably with the dip of the rock on the shore. The westerly is the larger island, forty 
rods long, the other being about twenty feet high and twenty rods long. The rock is similar to that of No: 163. 

The Two Island river, like many others, is closed during the summer months by a gravely spit that turns 
westerly from its point of starting from the shore, under the action of the wind and waves of the lake as opposed 
by the current of the river. The drift of the beach seems always to be toward the west, and these spits that shut 
up the streams are uniformly in that direction, the river being continued sometimes behind the spit for several 
rods before, by entering the gravel, it is finally lost altogether. (Compare figure 2 of plate II.) The coast line 
is hardly broken by the river, especially in the existence of this spit, but the valley seems to be in the eroded 
place of one of the more amygdaloidal layers of the igneous formation that forms the coast line. There are sev
eral falls a short distance up this stream, as there are up all these streams, making the north shore more abundant 
in water-power than any other part of the state. 

The rock of Two Island rIver continues to form the coast to Cross river, the shore ascending from the 
water with the slightly varying dip, from three to fifteen feet, but rarely having perpendicular walls. 

At Temperance river the same beds are cut through by the river, and the underlying amygdaloid allows of 
the sudden recession of the lowest rock-barrier within the line of coast, so as to form a small rock-bound amphi
theater, rising suddenly and perpendicularly from the lake-level on all sides, forming a good harbor for smaH 
boats. This is entered through a little niche in the rocky coast, in quiet water. The water of the river descends 
by a short plunge over the next lower layer of trap-rock directly into the water on a level with lake Superior. 
Above the fall is a narrow gorge, only visib.le on ascending the rocks, crooked and filled with cascades, through 
which the river rushes with a rapid current, throwing a white spray on all sides. This gorge exhibits some large 
pot-holes, some also worn and broken, thus showing how the river has eaten into the rock and excavated this 
gorge. There is no larger stream between this and the St. Louis. 

FIG. 56. GLOBULIFEROUS WEATHERING .JOINTAGE NEAR TEMPERANCE RIVER. 

Ascending the Temperance river the layers of the copper series can be seen 90nstantly rising, the dip of 
the formation being greater than the descent of the river, so that by the time the falls are reached several 
;lu,nClred feet of thickness Of. bed have been passed over. They all have a general resemblance to ~he~seJ~es, 
J8mg a trap hke Nos. 163, 164 and 165, but m places, or rather in beds, amygdaloid aI, these beds comll1g 111 WIth 
a rough alternatIon, but not with continued regUlarity. They may have been partly sedimentary, but they 
show no outward signs of it, except, perhaps, this kind of stratification-which still may be due to successive 
overflows of lava. Indeed the amygdaloid beds seem to alternate in a manner as if a flow of lava became 
amygdaloidal by degrees toward the upper surface, the denser portions passing upwardly gradually in the m?re' 
open, but the open parts passing upwardly suddenly to compact, non-vesicular layers. There is also a markmg 
on the upper 8:ufaces of some of the amygdaloidal beds, which seems to show the effect of cooling fro~ 
a ~olten ~ondlbon. These marks or wrinkles are transverse to the direction of the dip. They are III 

a tiner gramed rock, though on the upper surface of the amygdaloidal layers, and seem to be of the same 

NOTE.-Figure 56 illustrates the 'h' h The rock No.le6 is the sameth~t forms the gate to the am hith t '-t manner 111 W Ie the heavy beds sometimes disintegrate. 
p ea 61' a the mouth of Temperance river. 
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From the last place to Sugar Loaf point the coast is low, with much stony and gravelly beach, the points 

only being of rock. This rock is coarse dark trap. . ., 
No. 163. From Sugar Loaf point-a small pomt enclosmg a lIttle bay and harbor on the northwest side with 

a sandy beach, and having a. conspicuous tuft of tree~ st~nding i:olated from the low shore lying next west of it. 
The rock is rough trap, conslstmg of two sorts, and dlppmg S. 10 E., at an a~gle of abo?t 12. The upper part 
appears to be somewhat more uniform and basaltic, or ~assive, and of a greemsh co~or, eIghteen feet thick. The 
lower is harder and has many concretions and amygdalOldal spots. These spots are m nests, the amygdules being 
of mesolite and stilbite ('I). There are, perhaps, of this, three or four feElt, but it is irregularly bedded, and 
contains pebbles as if conglomeratic. These :pebhles and enclosed masses seem to be so thoroughly embraced in 
the rock that they were more likely to have been in the molten mass-semi-fused-than to have been·ofmarine 
orio'in. The gree;Jish color of the upper portion seems to come from the weathering of the firm trap. The upper 
po;tion also becomes globuliferous in disintegrating under the weather, exhibiting the characters that have been 

ascribed to melaphyre. 
East of Sugar Loaf point, to Two islands, the coast is rocky most of the way, particularly in the western 

portions, with several short pebbly beaches. The rock is of the same sort as at the point, and along the beach 
are strewn white pebbles of mesolite, with stilbite. The coarse basalt of the point rises again immediately 
on the east of the bay, disclosing purgatories below it in the amygdaloid, the bluff rising twenty-five feet, and 
being cut by canyon-like gorges, and crossed by two or three little streams before reaching Two Island river. 

No. 164. Trap rock, like No. 163, dipping toward the lake at an angle of about 12°, between Sugar Loaf 
point and Two Island river. 

No. 165. From the westerly of the Two islands the rock rises about forty feet, basaltiform on the west side 
dipping southeast, conformably with the dip of the rock on the shore. The westerly is the larger island, forty 
rods long, the other being about twenty feet high and twenty rods long. The rock is similar to that of No. 163. 

The Two Island river, like many others, is closed during the summer months by a gravely spit that turns 
westerly from its point of starting from the shore, under the action of the wind and waves of the lake as opposed 
by the current of the ri vel'. The drift of the beach seems al ways to be toward the west, and these spits that shut 
up the streams are uniformly in that direction, the river being continued sometimes behind the spit for several 
rods before, by entering the gravel, it is finally lost altogether. (Compare figure 2 of plate 11.) The coast line 
is hardly broken by the river, especially in the existence of this spit, but the valley seems to be in the eroded 
place of one of the more amygdaloidal layers of the igneous formation that forms the coast line. There are sev
eral falls a short distance up this stream, as there are up all these streams, making the north shore more abundant 
in water-power than any other part of the state. 

The rock of Two Island rIver continues to form the coast to Cross river, the shore ascending from the 
water with the slightly varying dip, from three to fifteen feet, but rarely having perpendicular walls. 

At Temperance river the same beds are cut through by the river, and the underlying amygdaloid allows of 
the sudden recession of the lowest rock-barrier within the line of coast, so as to form a small rock-bound amphi
theater, rising suddenly and perpendicularly from the lake-level on all sides, forming a good harbor for small 
boats. This is entered through a little niche in the rocky coast, in quiet water. The water of the river descends 
by a short plunge over the next lower layer of trap-rock directly into the water on a level with lake Superior. 
Ahove the fall is a narrow gorge, only visible on ascending the rocks, crooked and filled with cascades, through 
which the river rushes with a rapid current, throwing a white spray on all sides. This gorge exhibits some large 
pot-holes, some also worn and broken, thus showing how the river has eaten into the rock and excavated this 
gorge. There is no larger stream between this and the St. Louis. 

FIG. 56. GLOBULIFEROUS WEATHERING .JOINTAGE NEAR TEMPERANCE RIVER. 

Ascending the Temperance river the layers of the copper series can be seen ponstantly rising, the dip of 
the formation being greater than the descent of the ri ver, so that by the time the falls are reached several 
hunflred feet of thickness of bed have been passed over. They all have a general resemblance to themselves, 
being a trap like Nos. 163, 164 and 165, but in places, or rather in beds, amygdaloid aI, these beds coming in with 
a rough alternatIOn, but not with continued regUlarity. They may have been partly sedimentary, but they 
show no outward signs of it, except, perhaps, this kind of stratification-which still may be due to successive 
overflows of lava. Indeed the amygdaloid beds seem to alternate in a manner as if a flow of lava became 
amygdilloidal by degrees toward the upper surface, the deuser portions passing upwardly gradually in the ID?re' 
open, but the open parts passing upwardly suddenly to compact, non-vesicular layers. There is also a markIng 
on the upper s.urfaces of some of the amygdaloidal beds, which seems to show the effect of cooling fro~ 
a ~olten ~ondltlOn. These marks or wrinkles are transverse to the direction of the dip. They are JIl 

a tiuer gramed rock, though on the upper surface of the amygdaloidal layers, and seem to be of the same 

NOTE.-Figure 56lllustrates the . h' h The rock No. 166 is the same th~t forms the gate to the am ruth t . t manner 1!1 W Ie the heavy beds sometimes disintegrate. 
p ea er a the mouth of Temperance river. 
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kind of rock, though redder, as the amygdaloid itself. They are seen at four different horizons, and overlie 
uniformly beds of a<foot or a foot and a half up to three feet and a half of amygdaloidal trap, with which they 
are connected b:y slow changes into the same structure. They are themselves somewhat amygdaloidal, but with 
much finer and fewer amygqules. There is sometimes a thin belt, or interrupted stratum, of highly and coarsely 
vesicular and amygdaloidal rock immediately under the wrinkles, which causes the separation of sheets of the 
wrinkled finer rock from the rest of the bed. These wrinkled surfaces, which are transverse to the suppolled 
flow of the molten rock toward the lake Superior basin, may have been caused by the superficial cooling of a 
film of rock on the surface of the flowing lava. The lava continuing to flow-toward the lake valley-the film 
was wrinkled by being obstructed by its own stiffness, as cream is wrinkled transversely on the edge of a pan 
as the milk runs out below. As the liquid below moved on, the crust somewhat stiffened, could not 80 freely 
move, but yet was not hard enough to maintain its position. By friction it was carried on more slowly, but 
wrinkled transverse to the force moving it. The crumpled layers are about an inch thick, but sometimes two or 
three are infolded upon each other, making a crumpled layer of three or four inches. They are much finer and 
denser in grain and structure than the beds on which they lie, and are of a redder color. The convex sides of 
the wrinkles are upward. The trap here is all of a dark color, as distinguished from the red trap and laumon
titic amygdaloids, and overlies the red amygdaloids between here and Poplar river. The amygdules are calcite, 
stilbite, mesolite, with chlorite in its various stages of change. Sometimes embraced in these wrinkled layers 
are lenticular areas or patches, one-half inch to one and one-half inches thick, of a red grit, resembling the red 
sandrock with which these traps are associated, and within the amphitheater, near the water on the north side, 
is an irregular triangular patch of ferruginous, thin-bedded shale, itself amygdaloidal, lying under a layer of dark 
trap and over the beds t~at show these wrinkled surfaces. Five layers of alternating trap and amygdaloid are 
visible between the lake and the first fall, somewhat less than one-quarter mile up the river. 

No. 166. Heavy, dark trap, forming the gate to the amphitheater at Temperance river, from the top of the 
bluff, twenty-two to twenty-five feet. 

No. 167. Ochery, red, shaly beds of grit in a niche in the disturbed amygdaloid under the beds of No. 166, 
zero to three feet; with fine argillaceous films. 

~~ - )~:B~ /~ . JC~ ";..~ £..-.r~"1 

E~$!~~ 
Lake line 

FIG. 57. SUPERPOSITION OF ROCKS AT THE MOUTH OF TEMPERANCE RIVER . 

. No. 168. Amygdaloid of calcite; same as the next, but taken higher in the beds. 
No. 169. Upper surface of an amygdaloid layer, rising like a dome near the water, exposing three feet. 
No. 170. Wrinkled upper surface of an amygdaloid layer, from near the mouth of the river. 
No. 171. From the lowest layer exposed at the falls, about one mile up Temperance river; outwardly a 

trap undistinguishable from all the rest at Temperance river. This fall is on N. W. 34 sec. 30, where a little 
creek joins the river from the northwest. 

The gorge of this river, and the falls, taken with the cascades, the pot-holes and the rapid descent, are 
altogether a most remarkable combination of picturesque river erosin. They are in the midst of inaccessible 
and wild scenery. The gorge is so narrow it can be stepped across, the only danger being to secure footing on 
the other side, for a failure would precipitate a man down a gorge from 50 to 100 feet into a foaming river .. In.one 
part of this gorge, which is about sixty rods long, are several perpendicular faHsof the water, some of them bemg mto 
large pot-holes, from which the water whirls and plunges downward obliquely into others. Some of the aban
doned pot-holes are on the rock 100 feet above the water, and some are even outside the river gorge, and show 
where the river has acted formerly. 

No. 172. About three-quarters of a mile below the mouth of Temperance river; from a layer of tra~ that 
weathers green, is irregularly bedded and in spots is amygdaloidal. This is a little higher than No. 166, Il1 the 
~edding, but at points further east, and particularly at a point about one-third of a mile east of Te~p~rance 
rIver, seems to hold large globular masses, as if of boulders, and at other places seems to be conglomeratlC Il1 the 
same way. Nos. 167 and 168 become a thinly bedded amygdaloid running along the shore between No. 166 and 
NO.)69. 

No.172A. Slickensided stilbite, from this. 
No. 173. Northeast corner sec. 28, T. 59-4 W. In a little stony bay facing northeast. Thi~ bay is partly 

.~ut in by a projecting trap point running northeast, from which this number is obt.ained. It tS .a~ amygda
lotdal trap containing stilbite, thalite, calcite, with some laumontite in amygdules and Il1 nests and JOll1ts. The 
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kind of rock, though redder, as the amygdaloid itself. 'l'hey arfl seen at four different hori~oD8, and overlie 
uniformly beds of a'foot or a foot and a half up to threfl feet and a half of amygduloidal trap, with which they 
are connected b:y slow changes into the same structure. They are themselves somcwhat amygdaloidal, but with 
much finer and fewer amygqules. There is sometimes a thin belt, or interrupted stratul1J,of highly and coarsely 
vesicular and amygda.loidal rock immediately under the wrinkles, which causcs the separation of sheets of the 
wrinkled finer rock from the rest of the bed. These wrinkled surfaces, which am transverse to the sllpposed 
fiowof the molten roek toward the lake Superior basin, may have been caused by the superficial cooling of a 
film of rock on the surface of the flowing lava. The lava continuing to fiow--toward the lake valley-the film 
was wrinkled by being obstructed by its own stiffness, as eream is wrinkled transvcrsely on the edge of a pan 
as the milk rnns out below. As the liquid below moved on, the cru"t somewhut stiffened, could nut so freely 
move, but yet was not hard enough to maintain its position. By frictiun it was carried on more slowly, but 
wrinkled transverse to the force moving it. The crumpled layers are about an inch thick, but sometimes two or 
three are infolded upon each other, making a crumpled layer of three or four inches. rrlley are much finer and 
denser in grain and structure than the beds on which they lie, and are of a redder color. The convex sides of 
the wrinkles are upward. r1'he trap here is all of a dark color, as distinguished from the red trap and laumon
titic amygdaloids, and overlies the red amygdaloids between here and Poplar river. The amygdules are calcite, 
stilbite, mesolite, with chlorite in its various stages of change. Sometimes embraced in these wrinkled layers 
are lenticular areas or patches, one·half inch to one and one-half inches thick, of a red grit, resembling the red 
sandrock with which these traps are associated, and within the amphitheater, near the water on the north side, 
is an irregular triangular patch of ferruginous, thin-bedded shale, itself amygdaloidal, lying under a layer of dark 
trap and over the beds that show these wrinkled surfaces. Five layers of alternating trap and amygdaloid are 
visible between the lake and the first fall, somewhat less than one·quarter mile up the river. 

No. 166. Heavy, dark trap, forming the gate to the amphitheater at Temperance river, from the top of the 
bluff, twenty· two to twenty-five feet. 

No. 167. Ochery, red, shaly beds of grit in a niche in the disturbed amygdaloid under the beds of No. 166, 
zero to three feet; with fine argillaceous films. 

FIG. 57. SUPERPOSITION OF ROOKS AT THE Mou'rH OF TEMPERANOE RIVER. 

. No. 168. Amygdaloid of calcite; same as the next, but taken higher in the beds. 
No. 169. Upper surface of an amygdaloid layer, rising like a dome near the water, exposing three feet. 
No. 170. Wrinkled upper surface of an amygdaloid layer, from near the mouth of the river. 
No. 171. From the lowest layer exposed at the falls, about one mile up Temperance river; outwardly a 

trap undistinguishable from all the rest at Temperance river. This fall is on N. w. ;4 sec. 30, where a little 
creek joins the river from the northwest. 

The gorge of this river, and the falls, taken with the cascades, the pot-holes and the rapid descent, are 
altogether a most remarkable combination of picturesque river erosin. They are in the midst of inaccessible 
and wild scenery. The gorge is so narrow it can be stepped across, the only danger being to secure footing on 
the other side, for a failure would precipitate a man down a gorge from 50 to 100 feet into a foaming river. In one 
part of this gorge, which is about sixty rods long, are several perpendicular falls of the water, some of them being into 
large pot·holes, from which the water whirls and plunges downward obliquely into others. Some of the aban
doned pot·holes are on the rock 100 feet above the water, and some are even outside the river gorge, and show 
where the river has acted formerly. 

No. 172. About three· quarters of a mile below the mouth of Temperance river; from a layer of tra~ that 
weathers green, is irregularly bedded and in spots is amygdaloidal. This is a little higher than No. 166, 111 the 
~eddiIig, but at points further east, and particularly at a point about one-third of a mile east of Terr:p~rance 
fiver, seems to hold large globular masses, as if of boulders, and at other places seems to be conglomeratlc 111 the 
same way. Nos. 167 aI)d 168 become a thinly bedded amygdaloid running along the shore between No. 166 and 
No. ).69. 

No. 172A. Slickensided stilbite, from this. 
No. 173. Northeast corner sec. 28, T. 59-4 W. In a little stony bay facing northeast. Thi~ bay is partly 

s~ut in by a projecting trap point running northeast, from which this number is obtained. It IS .a~ amygda-
10ldal trap containing stilbite thalite calcite with some laumontite in amygdules and in nests and JOll1ts. The , , , 
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stilbite occupies the larger cavities, or lines them,.the thalite being as filling to amygdules ~r in geodes of heu
landite. l'he rock itself is roughly bedded, and dips toward the lake at an angle of about 10 . 

No. 173A. Heulandite, taken from No. 173. 
No. 173B. Weathered mesolite from the beach in the bay on section 28, near No. 173. 
No. 174. At five miles from Temperance river (sec. 12, T. 59-4 W.) the bluffs. rise from twenty to forty feet, 

d are made up of trap and amygdaloid, sometimes having the globuliferous jointage noted. near Temperance 
:~~r (see figure 56, page 328); the amygdaloi.d also sometime~ being conglomera ~ic, containing harder ~sses of 
more compact rock; still somewhat amygdaloldal; and a ferrugmous sandstone whICh seems rather to fill vems and 
irregular cavities. There is much calci~e and laumontite in this amygdaloid. The samples wit~ this number are of 
the more compact rock in the amygdalOId, and of the sandstone. There are many deep purgatones and arched. pas
sages and buttressed porches along here. The globuliferous jointage noted is not due to the existence of 
boulders in the mass, but to a natural separation of the bed along conchoidal or curving surfaces, as it prepares 
to disintegrate. These all dip toward the lake about 15°. 

No. 175. At six miles (about) east of Temperance river (the coast all the way from that river being con
tinuously rocky with the same as seen at Temperance river), the conglomeratic beds appear on the coast. Here 
they are more distinctly conglomeratic than at other point~. Some of them cont~ix: angular and somewhat 
rounded masses of different texture, though not of much different color or composItIOn, from the mass of the 
rock. Here there are also lumps of amygdaloid contained in a red sandrock, the amygdules being largely of 
calcite and laumontite; but the sandstone, which, however, is hardly gritty, but ferruginous and aluminous, 
makes up less than one-half of the mass. These beds (No. 175) are about six feet thick. They are overlain, in 
an oblique upward strike from the water, by a bed of trap undistinguishable from the trap that occurs frequently 
along here, and are underlain by the next. 

No. 176. A tough, thin-bedded rock, containing much iron, and having a red mineral (heulandite?) separa
ting its frequent joints, so as to appear blood-red on approach, or spotted blood-red. Its general color is dark
brown or black, and it is seamed with calcite, and laumontite, the second including the former as between 
the walls of a vein, the veins being rarely more than one-quarter inch in thickness. It is finely amygdaloidal 
with the same minerals; twenty-two feet thick; resembles the Two Harbor rock. 

No. 177. Is another bed of amygdaloid and sandstone, eight feet thick, underlying No. 176. (See No. 626.) 
No. 178. Shows four feet, but beyond, at another bluff, rises so as to show ten feet. It is a less amyg

daloidal state of No. 177, and lies below No_I77. The last two numbers are got about fifty rods east of Nos. 175 
aud 176. There is an isolated pillar of No. 176 standing on a broad pedestal rising about twelve feet high, about 
forty feet from the shore. . 

Round the next little point, about twenty rods further, these beds are broken and confused, the dip 
changing to the southwest. There are here broken upward bends, or domes, of soft amygdaloid that encroach 
on No. 176 so as by weathering to make deep purgatories with buttresses of No. 176 separating them. After a 
short interval the beds go back again, and retain their usual dip toward the lake. (Compare No. 626.) 

No. 179_ Comes in below these amygdaloids, at about a mile west of Poplar river; a greenish, heavily bed
ded doleryte; rising about ten feet and returning near the water, as the coast line crosses the strike of the beds. 
The coast between Temperance and Poplar rivers is very picturesque and interesting, but difficult for small 
boats. The trap and amygdaloids take a thousand fantastic shapes, as the line of the lake level cuts across the 
undulations of their bedding and change of dip. Sometimes the bridge of trap, as it runs down to the lake, is 

. entirely eaten under, forming deep purgatories; or it sometimes breaks down, leaving islands of rock just off the 
line of coast. Sometimes island, bridge and all are taken away, and the waves break on ~the base of a high 
bluff that often rises perpendicularly from the water, or is skirted by a little, short pebbly beach, a rod or more 
inside the line of islands. 

No. 180. From the middle island at the mouth of Poplar river. Here the strike of a heavy layer of trap 
runs along the shore, but about six rods lakeward it exists as islands and a reef left by the waves, thus enclosing 
a small and imperfect harbor for small boats; contains mesolite. 

No. 181. Underlies No. 180 and does not vary much from it, except in being more evenly and more thinly 
bedded; and in separating into closer joints, so as to disintegrate, leaving No. 180 to stand alone, and really causing 
its more rapid demolition. Nos. 180 and 181 form substantially one rock, and are both what has been styled trap 
along here. In weathering they become very rusty, when not under friction,. and brick-red, crumbling in little 
red globules. These beds are twenty-four feet thick. 

No. 182. Is directly under No. 181, and is a shaly, red, easily crumbling rock, apparently of not uniform 
thickness, but, in one place, is about eight feet thick; on the east of Poplar river, associated with a red con
glomerate. 

No. 183. A highly amygdaloidal rock, exposed below No. 182, but ascending, at other places when exposed, 
so as to "pinch" out No. 182, and almost uniting with No. 181. This crumbles and gets brick-red on weathering 
on the beach. Nos. 182 and 183 seem to be the equivalents of Nos. 175, 176 and 177, but there is here no layer 
like No. 176. 

No. 184. A vein of breccia (?) about eighteen or twenty inches wide crosses the face of a crumoling, 
greenish trap, running N. 40° E.; similar to a rock that seems to have been embraced in the vein; one-eighth of 
a mile east of Poplar river. This vein is nearly white, and is made up of calcite, thalite (?) and laumontite. 

No. 185. Laumontite and stilbite; each associated with calcite, occur in large nests in the rock, of about 
the same beds as No. 183, at three miles east of Poplar river. 
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stilbite occupies the larger cavities, or lines them, the thalite being as filling to amygdules or in geodes of heu
landite. The rock itself is roughly bedded, and dips toward the lake at an angle of about lOt>. 

No. 173A. Heulandite, taken from No. 173. 
No_173B. Weathered mesolite from the beach in the bay on section 28, near No. 173. 
No. 174. At five miles from Temperance river (sec. 12, T. 59-4 W.) the blufIs rise from twenty to forty feet, 

and are made up of trap and amygdaloid, sometimes having the globuliferous jointage noted near Temperance 
ri v~r (see figure 56, page 328); the amygdaloi.d also sometime: being conglomera :ic, containing harder ~s of 
more compact rock; still somewhat amygdalOldal; and a ferrugmous sandstone wInch seems rather to fill vems and 
irreO'ular cavities. There is much calcite and laumontite in this amygdaloid. The samples with this number areof 
the ~ore compact rock in the amygdaloid, and of the sandstone. There are many deep purgatories and arched. pas
sages and buttressed porches along here. ~he globuliferous jointage ~oted is nO.t due to the e~istence of 
boulders in the mass, but to a natural separatIOn of the bed along conchoidal or curvlDg surfaces, as It prepares 
to disintegrate. These all dip toward the lake about 15°. 

No. 175. At six miles (about) east of Temperance river (the coast all the way from that river being COD

tinuously rocky with the same as seen at Temperance river), the conglomeratic beds appear on the coast. Here 
they are more distinctly conglomeratic than at other point~. Some of them cont~i~ angular and somewhat 
rounded masses of different texture, though not of much different color or compOSition, from the mass of the 
rock. Here there are also lumps of amygdaloid contained in a red sandrock, the amygdules being largely of 
calcite and laumontite; but the sandstone, which, however, is hardly gritty, but ferruginous and aluminous, 
makes up less than one-half of the mass. These beds (No. 175) are about six feet thick. They are overlain, in 
an oblique upward strike from the water, by a bed of trap undistinguishable from the trap that occurs frequently 
along here, and are underlain by the next. 

No. 176. A tough, thin-bedded rock, containing much iron, and having a red mineral (heulandite?) separa
ting its frequent joints, so as to appeal' blood-red on approach, or spotted blood-red. Its general color is dark
brown or black, and it is seamed with calcite, and laumontite, the second including the former as between 
the walls of a vein, the veins being rarely more than one-quarter inch in thickness. It is finely amygdaloidal 
with the same minerals; twenty-two feet thick; resembles the Two Harbor rock. 

No. 177. Is another bed of amygdaloid and sandstone, eight feet thick, underlying No. 176. (See No. 626.) 
No. 178. Shows four feet, but beyond, at another bluff, rises so as to show ten feet. It is a less amyg

daloidal state of No. 177, and lies below No. 177. The last two numbers are got about fifty rods east of Nos. 175 
and 176. There is an isolated pillar of No. 176 standing on a broad pedestal rising about twelve feet high, about 
forty feet from the shore. 

Round the next little point, about twenty rods further, these beds are broken and confused, the dip 
chauging to the southwest. There are here broken upward bends, or domes, of soft amygdaloid that encroach 
on No. 176 so as by weathering to make deep purgatories with buttresses of No. 176 separating them. After a 
short interval the beds go back again, and retain their usual dip toward the lake. (Compare No. 626.) 

No. 179. Comes in below these amygdaloids, at about a mile west of Poplar river; a greenish, heavily bed
ded doleryte; rising about ten feet and returning near the water, as the coast line crosses the strike of the beds. 
The coast between Temperance and Poplar rivers is very picturesque and interesting, but difficult for small 
boats. The trap and amygdaloids take a thousand fantastic shapes, as the line of the lake level cuts across the 
undulations of their bedding and change of dip. Sometimes the bridge of trap, as it runs down to the lake, is 

. entirely eaten under, forming deep purgatories; or it sometimes breaks down, leaving islands of rock just off the 
line of coast. Sometimes island, bridge and all are taken away, and the waves break on ~the base of a high 
bluff that often rises perpendicularly from the water, or is skirted by a little, short pebbly beach, a rod or more 
inside the line of islands. 

No. 180. From the middle island at the mouth of Poplar river. Here the strike of a heavy layer of trap 
runs along the shore, but about six rods lakeward it exists as islands and a reef left by the waves, thus enclosing 
a small and imperfect harbor for small boats; contains mesolite. 

No. 181. Underlies No. 180 and does not vary much from it, except in being more evenly and more thinly 
bedded; and in separating into closer joints, so as to disintegrate, leaving No. 180 to stand alone, and really causing 
its more rapid demolition. Nos. 180 and 181 form substantially one rock, and are both what has been styled trap 
along here. In weathering they become very rusty, when not under friction,. and brick-red, crumbling in little 
red globules. These beds are twenty-four feet thick. 

No. 182. Is directly under No. 181, and is a shaly, red, easily crumbling rock, apparently of not uniform 
thickness, but, in one place, is about eight feet thick; on the east of Poplar river, associated with a red con
glomerate. 

No. 183. A highly aDlygdaloidalrock, exposed below No. 182, but ascending, at other places when exposed, 
so as to "pinch" out No. 18:3, and almost uniting with No. 181. This crumbles and gets brick-red on weathering 
on the beach. Nos. 182 and 183 seem to be the equivalents of Nos. 175, 176 and 177, but there is here no layer 
like No. 176. 

No. 184. A vein of breccia (?) about eighteen or twenty inches wide crosses the face of a cruml:i)ing, 
greenish trap, running N. 40° E.; similar to a rock that seems to have been embraced in the vein; one-eighth of 
a mile east of Poplar river. This vein is nearly white, and is made up of calcite, thalite (?) and laumontite. 

No. 185. Laumontite and stilbite; each associated with calcite, occur in large nests in the rock, of about 
the same beds as No. 183, at three miles east of Poplar river. 
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No. 186. A little further east can be seen a very interesting instance of the manner of weathering of the 
trap beds. This is similar to what has b~en mentioned before, and styled globuliferous. (See figure 56 on page 
328.) The rock seems to decay to a consIderable depth, and to assume a globular structure, the little globules 
being rough exteriorly, and generally about half an inch across. This cannot be due wholly to any peculiarity 
of circumstance in exposure, since here we have an opportunity to see alternations of rough and globular weath-

, ering and of smooth weathering alternating in beds one above the other, the beds being otherwise outwardly 
undistinguishable. The rough and globular layers show these characters, both near the water and also as they 
rise obliquely across the bluff, and the same is true of the smooth weathering layers. Samples show both. 

No. 187. An amygdaloid, containing amygdules of zeolitic minerals, as stilbite and mesolite, as well as 
delessite. Some of the crystalline nests are large, the mesolite appearing agate-like. Some of the mesolite 
is of the variety lintonite. This is at Eclipse beach. 

No. 188. A greenish doleryte that weathers softer, slippery and smooth. It occurs suddenly at first, on 
a point running northeast (Eclipse beach), and enclosing a little bay, being a bed of overflow of igneous rock. 
It embraces corrugated surfaces, like those seen at Temperance river, especially at points a little further east 
where it becomes closely associated with No. 187, which it overlies. It seems to embrace parts of No. 187, and 
then to take its place. The corrugated areas are small, the wrinkles curving, and being in various directions, 
sometimes like an inverted basin. (The equivalent toNo. 623.) 

. With various unimportant alternations between Nos. 187 and 188, or rock undistinguishable from them 
but with a dip toward the lake of 8° to 15°, the coast continues rocky from the last point to Cariboo point (some: 
time's styled Black point), and generally low, with only occasionally a bluff rising ten or fifteen feet. At Spruce 
river a high bluff rises along the right bank near the mouth. (See figure 58.) 

FIG. 58. POINT AND BLUFF WEST OF SPRUCE RIVER. 

No. 189. Cariboo point, S. W. 74 sec. 11, T. 60-2 W. The rock of the point is represented by this number, 
and is of the same horizon as No. 188. On the east side of the point this rock is basaltic radiatingly, and shows 
a thickness of eight to twelve feet. The basaltic 80lumns gradually give way to a bedded stricture toward the 
north. In some places it is fine· textured, especially near the top, and there shows the corrugations of surface 
that has been supposed to be old lava crusts; but generally these are smoother than those seen at Temperance 
river. This dips toward the lake at an angle of about 10° and lies on the next. 

No. 190. A brownish-red sandstone, or shale, so fragile as to fall to pieces by handling; within the bay 
enclosed by Cariboo point. This has a cross-lamination, and toward its junction with No. 189 is much less 
siliceous, and more aluminous for a thickness of about twelve feet. Its dip causes it to disappear, and its fragile 
character to become covered, within four rods of its first appearance, under No. 189. It reappears slightly about, 
fifteen rods within the bay, having the same dip. Then, for a little more than a quarter of a mile, the coast is 
low and only pebbly. Beyond that, however, the shore shows the same rock again as on the west of Cariboo 
point, though at first appearing more brecciated or conglomeratic. This sandstone layer (No. 190) is doubtless 
the same, or very nearly on the same horizon, as some of the laumontitic amygdaloids so frequently seen further 
west, the conditions of metamorphism at this place not having been such as to generate zeolites. It is 
plain that not much heat accompanied the overflow of No. 189, as it seems not to have affected No. 190, the tran
sition being abrupt'from one to the other. 

No.191. The rock which first appears on the east of Cariboo bay continues to Cascade river, forming a 
line of low coast. This number represents it at Cascade river. It there overlies the next. 

No. 192. A reddish-brown amygdaloidal, finer-grained rock than No.191; forms a low outcrop on the right 
bank, near the mouth. 

Trap-rock, like No. 191, occupies the coast, without any intermixture of amygdaloid, forming a low, dark, 
coast-line to the point half wav between Cascade river and the point on the west of Good Harbor bay. At this 
midway point No. 191 is brok;n into, allowing the formation of a deep bay (Lover'S bay), while its direction near 
thelake level can be seen ina small island east of the point. Under No. 191, within this bay, are beds of less 
firm rocks which, by the erosion of the lake, cause the destruction of the overlying beds, which, as the dip rises, 
make the top of the bluff at the head of the bay, rising fifty or sixty feet. This bed is greenish black and c~ntains 
mesolitej sometimes basaltic and sometimes bedded, with a few spots of enclosed reddish amygdalOId. In 
other places the doleryte itself, more compact and of a reddish-brown color in patches, as if brecciated or irreg
ularly cooled, shows lava-crusts and included angular and rounded masses. In these places the surfaces are 
firm, rough and many jointed. In other parts the dark green color returns, and the .rock weathe.rs smooth 
under friction, but in the weather only it crumbles. A lower bed of amygdaloidal trap, WIth purgatorIe~, gener
ally low, but rising near Terrace point to eighteen or twenty-five feet in hight, extends from Lover s bay to 

COOK COUNTY. 331 
The lake Superior shore.] 

No. 1S6. A little further east can be seen a very interesting instance of the manner of weathering of the 
trap beds. This is similar to what has b~en mentioned before, and styled globuliferous. (See figure 56 on page 
328.) The rock seems to decay to a consIderable depth, and to assume a globular structure, the little glollllles 
being rough exteriorly, and generally about half an inch across. This cannot be dlle wholly to any peculiarity 
of circumstance in exposure, since here we have an opportunity to see alternations of rough and globular weath
ering and of smooth weathering alternating in beds one above the other, the beds being otherwise outwardly 
un distinguishable. The rough and globular layers show these characters, both near the water and also as they 
rise obliquely across the bluff, and the same is true of the smooth weathering layers. Samples show both. 

No. 187. An amygdaloid, containing amygdules of zeolitic minerals, as stilbite and mesolite. as well as 
delessite. Some of the crystalline nests are large, the mesolite appearing agate-like. Some of the mGsolite 
is of the variety lintonite. This is at Eclipse beach. 

No. ISS. A greenish doleryte that weathers softer, slippery and smooth. It occurs suddenly at first, on 
a point running northeast (Eclipse beach), and enclosing a little bay, being a bed of overflow of igneous rock. 
It embraces corrugated surfaces, like those seen at Temperance river, especially at points a little further east 
where it becomes closely associated with No. 187, which it overlies. It seems to embrace parts of No. 187, and 
then to take its place. The corrugated areas are small, the wrinkles curving, and being in various directions, 
sometimes like an inverted basin. (The equivalent toNo. 623.) 

. With various unimportant alternations between Nos. 187 and 188, or rock un distinguishable from them 
but with a dip toward the lake of 80 to 150

, the coast continues rocky from the last point to Cariboo [Joint (some: 
times styled Black point), and generally low, with only occasionally a bluff rising ten or fifteen feet. At Spruce 
river a high bluff rises along the right bank near the mouth. (See figure 58.) 

FIG. 58. POINT AND BLUFF WEST OF SPRUCE RIVER. 

No. 189. Cariboo point, S. W. 74 sec. 11, T. 60-2 W. The rock of thG point is represented by this number, 
and is of the same horizon as No. 188. On the east side of the point this rock is basaltic radiatingly, and shows 
a thickness of eight to twelve feet. The basaltic 801umns gradually give way to a bedded stricture toward the 
north. In some places it is fine· textured, especially near the top, and there shows the corrugations of surface 
that has been supposed to be old lava crusts; but generally these are smoother than those seen at Temperance 
river. This dips toward the lake at an angle of about 100 and lies on the next. 

No. 190. A brownish-red sandstone, or shale, so fragile as to fall to pieces by handling; within the bay 
enclosed by Cariboo point. This has a cross-lamination, and toward its junction with No. 189 is much less 
siliceous, and more aluminous for a thickness of about twelve feet. Its dip causes it to disappear, and its fragile 
character to become covered, within four rods of its first appearance, under No. 189. It reappears slightly about 
fifteen rods within the bay, having the same dip. Then, for a little more than a quarter of a mile, the coast is 
low and only pebbly. Beyond that, however, the shore shows the same rock again as on the west of Cariboo 
point, though at first appearing more brecciated or conglomeratic. This sandstone layer (No. 190) is doubtless 
the same, or very nearly on the same horizon, as some of the laumontitic amyg'daloids so frequently seen further 
west, the conditions of metamorphism at this place not having been such as to generato zeolites. It is 
plain that not much heat accompanied the overflow of No. 189, as it seems not to have affected No. 190, the tran
sition being abrupt· from one to the other. 

No. 191. The rock which first appears on the east of Cariboo bay continues to Cascade river, forming a 
line of low coast. This number represents it at Cascade river. It there overlies the next. 

No. 192. A reddish-brown amygdaloidal, finer-grained rock than No.191; forms a low outcrop on the right 
bank, near the mouth. 

Trap-rock, like No. 191, occupies the coast, without any intermixture of amygdaloid, forming a low, dark, 
coast-line to the point half way between Cascade river and the point on the west of Good Harbor bay. At this 
midway point No. 191 is broken into, allowing the formation of a deep bay (Lover's bay), while its direction near 
thelake level can be seen in a small island east of the point. Under No. 191, within this bay, are beds of less 
firm rocks which, by the erosion of the lake, cause the destruction of the overlying beds, which, as the dip rises, 
make the top of the bluff at the head of the bay, rising fifty or sixty feet. This bed is greenish black and contains 
mesolite; sometimes basaltic and sometimes bedded, with a few spots of enclosed reddish amygdaloid. In 
other places the doleryte itself, more compact and of a reddish-brown color in patches, as if brecciated or irreg
ularly cooled, shows lava-crusts and included angular and rounded masses. In these places the surfaces are 
firm, rough and many jointed. In other parts the dark green color returns, and the .rock weathe.rs smooth 
under friction, but in the weather only it crumbles. A lower bed of amygdaloidal trap, WIth purgatorIes, gener
ally low, but rising near Terrace point to eighteen or twenty-five feet in hight, extends from Lover's bay to 
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Good Harbor bay. Near Terrace point it presents much the character and confused .composition as seen at 
Lover's bay, being reddish-brown and brecciated, the top being more dark and firm, hke a true doleryte, and 

containing mesolite, etc. 
No. 193. This is from the very point, which sharply encloses Good Harbor bay; a green-weathering 

doleryte, containing tholl1sonite and mesolite (V. No. 535). This dips conspicuously, and overlies a brown sand
stone, or shale, which also dips toward the lake and runs 1,400 f:et along the s~ore. 

No. 194. Brown sandstone, from Good Harbor bay; alummous; by maklllg measurement along the beach 
the outcrop is found to extend 1,400 feet, with an average dip of 8° 30' toward the lake; by trigonometrical cal
culation the thickness of the strata is ascertained to be 206.9 feet, as exposed, but the thickness must be consid
erablv more, owing to the non-exposure of rock in an interval of nearly 1,000 feet before the underlying firm beds 
appe;r in the beach further north. This is probably the .equival.ent of the .san~-rock. at Oaribo~ poin~, but may 
be another stratum. It is very frail, and although sometJmes a lIttle slaty, It WIll eaSIly fall to pIeces If taken in 

the hand. 
No. 195. Is a firm but porous amygdaloid, the pores and seams sometimes being quartz-filled and iron 

coated. From the north side of the first little creek in Good Harbor bay, underlying No. 194, but not immedi
ately. Very soon the shore becomes rocky with a brow:n, rough rock, irregularly jointed and compact, appear
ing like that at Two Harbor bay. This soon becomes irregularly mixed with the usual doleryte which extends 
to the second little creek, where there is a short pebbly beach. The same rocks soon return. The shore is 
rocky nearly all the way then to the point that encloses the bay in which Fall river empties. 

No. 196. From the rocky island off the point that encloses Good Harbor bay; a doleryte containing meso
lite; similar to, and in the line of bearing of, No. 193. 

No. 197. A reddish brown rock, closely jointed, and also breaking sharply with a conchoidal fracture; 
very rough exteriorly, i. e., with sharp projecting angles that tear the boots, but not porous or open; forms the 
point and coast line first east of Good Harbor bay, east of No. 195. 

No. 198. After passing a little point and a bay facing east, a green weathering rock, finely jointed, and 
having an interior brown color, appears along the shore, and finally shows a basaltic structure and coarser grain 
near Fall river, where it stands out in the beach, and was illustrated in Norwood's report. Samples are from 
the basaltic parts. At some places the rock along here, west of Fall river, is slaty, and has a gr'een color. Rock 
No. 198 extends to Grand Marais, generally showing its basaltic coluIDns (figure 1 of plate KK); but along the 
beach at one point having an amygdaloidal red rock below it. 

No. 199. The same as No. 198; from the basalt at Grand Marais. Oontains plagioclase, diallage, mag
netite, hffimatite, ferrite, apatite. 

No. 200. Samples of copper-bearing greenstone (gabbro), from N. W. ~ sec. 24, T.61-1 W., up Fall river. 
This heavy-bedded rock has slickensided seam8, or thin filling between layers. These seams contain much 
chloritic mineral (delessite ?), some layers of it being one-half"inch thick, with stilbite closely mixed with it, and 
also small quantities of calcite; the copper occurring in the massive, hard greenstone, or doleryte, in-the form of 
thin spangling sheets once or twice the thickness of paper, or even one-quarter inch thick. The sheets some
times embrace three or four square inches in area, This location was wrought by Johnson and Maguire in the 
summer of 1876, and the face of the rock shows perpendicularly about eighteen feet. It probably exists as a dike. 

No. 200A. Concretionary masses within No. 200, apparently having a large amount of diallage (?) with 
olivine,orthoclase ('?) and a white radiated zeolite like thomsonite. These concretions are perhaps produced bithe 
inclusion of fragments of No. 201 in No. 200, when the latter was in a fluid state. 

No.201. This, which is cut by No. 200, is the palisade rock, but has fewer of the translucent crystals of 
anorthoclase than the palisades themselves. It is properly styled a porphyritic, orthoclastic felsite. It is from the 
mine on Fall river. 

No. 202. Green, coarse doleryte, round the east point of Grand Marais; a low exposure in the coast line; 
with concretions or inclusions of a finer grain. This terminates rather abruptly on the east, somewhat like a dike 
when in contact with No. 203; but it is not basaltic, nor is the contact abrupt. Nos. 202 and 203 change colors 
gradually, and in fragments are mixed through a breccia of three or four feet v.:ide. . 

No. 203 .. Resembles No. 201, and is much like the Palisade rock. It furnishes pebbles for the beach 
which are strewn all along, making the beaches at Grand Marais. Dips 5° to 15° toward the lake, or by the coin
cidence of the coast line it appears sometimes nearly horizontal. Sometimes it resembles the siliceous gray slates 
of Beaver bay (No. 125). 

No.203A. From a vein of laumontite in No. 203. 
Nos. 204, 205 and 206. Transition rocks in the order numbered, between Nos. 202 and 203. 

. ~o. 207. A doleryte like No. 202 which suddenly comes in crossing the beds of No. 203, forming a little 
pomt m the coast. This dike is about 200 feet wide, and gives place to the beds of No. 203 again on the east. 

These run perhaps 500 feet, when another similar dike crosses them. There are six such within a mile along 
here, and some are basaltiform obliquely. They run E. 15° S. 

No. 208. This rock occurs much like a dike at first with perpendicular jointage, or basaltic 8tructu~e in 
beds, but soon I~rger bedding, crossing these, cut it, and cause the rock to all appear bedded. This is fine-gramed 
and brown,. a~d IS about twenty-five rods from the last of the dikes already mentioned. This becomes a bedded 
rock, hke SImilar beds seen before, having sometimes the appearance of the Two Harbor rock. It slopes toward 
t~e water. Just be.yond the mouth of the third little creek (on the Lake Survey chart) these beds b~come 
dIsturbed and breCCIated and even tipped in the other direction (southwest) and are crossed by a dIke of 
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Good Harbor bay. Near Terrace point it presents much the character and confused composition as seen at 
Lover's bay, being reddish-brown and brecciated, the top being more dark and firm, like a true doleryte, and 

containing mesolite, etc. 
No. 193. This is froin the very point, which sharply encloses Good Harbor bay; a green-weathering 

doleryte, containing thomsonite and mesolite (V. No. 535). This dips conspicuously, and overlies a brown sand
stone, or shale, which also dips toward the lake and runs 1,400 f~et along the s~ore. 

No. 194. Brown sandstone, from Good Harbor bay; alummous; by maklllg measurement along the beach 
the outcrop is found to extend 1,400 feet, with an average dip of 8° 30' toward the lake; .by trigonometrical cal
cnlation the thickness of the strata is ascertained to be 206.9 feet, as exposed, but the thICkness must be consid
erablv more, owing to the non-exposure of rock in an interval of nearly 1,000 feet before the underlying firm beds 
appe~r in the beach further north. This is probably the .equival.ent of the .san~-roc~ at Oaribo~ poin~, but may 
be another stratum. It is very frail, and although sometJmes a lIttle slaty, It wIll eaSIly fall to pIeces If taken in 

the hand. 
No. 195. Is a firm but porous amygdaloid, the pores and seams sometimes being quartz-filled and iron 

coated. From the north side of the first little creek in Good Harbor bay, underlying No. 194, but not immedi
ately. Very soon the shore becomes rocky with a brow:n, rough rock, irregularly jointed and compact, appear
ing like that at Two Harbor bay. This soon becomes irregularly mixed with the usual doleryte which extends 
to the second little creek, where there is a short pebbly beach. The same rocks soon return. The shore is 
rocky nearly all the way then to the point that encloses the bay in which Fall river empties. 

No. 196. From the rocky island off the point that encloses Good Harbor bay; a doleryte containing meso
lite; similar to, and in the line of bearing of, No. 193. 

No. 197. A reddish brown rock, closely jointed, and also breaking sharply with a conchoidal fracture; 
very rough exteriorly, i. e., with sharp projecting angles that tear the boots, but not porous or open; forms the 
point and coast line first east of Good Harbor bay, east of No. 195. 

No. 198. After passing a little point and a bay facing east, a green weathering rock, finely jointed, and 
having an interior brown color, appears along the shore, and finally shows a basaltic structure and coarser grain 
neal' Fall river, where it stands out in the beach, and was illustrated in Norwood's report. Samples are from 
the basaltic parts. At some places the rock along here, west of Fall river, is slaty, and has a gr'een color. Rock 
No. 188 extends to Grand Marais, generally showing its basaltic columns (figure 1 of plate KK); but along the 
beach at one point having an amygdaloidal red rock below it. 

No. 189. The same as No. 198; from the basalt at Grand Marais. Oontains plagioclase, diallage, mag
netite, hffimatite, ferrite, apatite. 

No. 200. Samples of copper-bearing greenstone (gabbro), from N. W. %, sec. 24, T. 61-1 W., up Fall river. 
This heavy-bedded rock has slickensided seamfl, or thin filling between layers. These seams contain much 
chloritic mineral (delessite ?), some layers of it being one-half"inch thick, with stilbite closely mixed with it, and 
also small quantities of calcite; the copper occurring in the massive, hard greenstone, or doleryte, inthe form' of 
thin spangling sheets once or twice the thickness of paper, or even one-quarter inch thick. The sheets some
times embrace three or four square inches in area, This location was wrought by Johnson and Maguire in the 
summer of 1876, and the face of the rock shows perpendicularly about eighteen feet. It probably exists as a dike. 

No.200A. Concretionary masses within No. 200, apparently having a large amount of diallage (?) with 
oliyine,orthoclase (.?) and a white radiated zeolite like thomsonite. These'concretions are perhaps produced by the 
inclusion of fragments of No. 201 in No. 200, when the latter was in a fluid state. 

No. 201. This, which is cut by No. 200, is the palisade rock, but has fewer of the translucent crystafs of 
anorthoclase than the palisades themselves. It is properly styled a porphyritic, orthoclastic felsite. It is from the 
mine on Fall river. 

No. 202. Green, coarse doleryte, round the east point of Grand Marais; a low exposure in the coast line; 
with concretions or inclusions of a finer grain. This terminates rather abruptly on the east, somewhat like a dike 
when in contact with No. 203; but it is not basaltic, nor is the contact abrupt. Nos. 202 and 203 change colors 
gradually, and in fragments are mixed through a breccia of three or four feet ~ide. . 

No. 203 .. Resembles No. 201, and is much like the Palisade rock. It furnishes pebbies for the beach 
which are strewn all along, making the beaches at Grand Marais. Dips 50 to 15° toward the lake, or by the coin
cidence of the coast line it appears sometimes nearly horizontal. Sometimes it resembles the siliceous gray slates 
of Beaver bay (No. 125). 

No.203A. From a vein of laumontite in No. 203. 
Nos. 204, 205 and 206. Transition rocks in the order numbered, between Nos. 202 and 203. 

. .No.207. A doleryte like No. 202 which suddenly comes in crossing the beds of No. 203, forming a little 
pomt III the coast. This dike is about 200 feet wide, and gives place to the beds of No. 203 again on the east. 

These run perhaps 500 feet, when another similar dike crosses them. There are six such within a mile along 
here, and some are basaltiform obliquely. They run E. 15° S. 

No. 208. This rock occurs much like a dike at first with perpendicular jointage, or basaltic structu~e in 
beds, but soon l~rger bedding, crossing these, cut it, and cause the rock to all appear bedded. This is fine-gramed 
and brown,. a~d IS about twenty-five rods from the last of the dikes already mentioned. This becomes a bedded 
rock, lIke Sllllllar beds seen before, having sometimes the appearance of the Two Harbor rock. It slopes toward 
t~e water. Just be.yond the mouth of the third little creek (on the Lake Survey chart) these beds b~come 
dIsturbed and breCCIated and even tipped in the other direction (southwest) and are crossed by a dIke of 
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doleryte like No. 207, abo~t ei~hteen fee~ wide. Previous t? thi~ (further west) they show patches amygdaloidal; 
. but just on the east of thIS dl.ke t~ere IS much amygdalOld wIth laumontite. Just before reaching the mouth 
of the fourth creek another dIke like No. 207 crosses these beds running in the same direction as those before 
seen, and throwing up the firm heavy beds of No. 208 at a high angle. This dike is basaltic perpendicular to 
these beds by being cooled by them. This last larger dike is only exposed neal' the water and its exact contact 
with No. 208 is invisible. It is exposed about fifty feet .. 

No. 209. This is from still another similar dike of doleryte cutting these beds or interbedded in them; the 
columns sloping obliquely inland. This is prominent and conspicuously basaltic perpendicularly to the highly 
tilted beds of No. 208. This dike or bedded trap rock runs nearly east and west, No. 208 dipping into the lake at 
an angle of about 45° in patches perhaps twenty rods, becoming less conspicuous toward the east, and at last 
disappears a few rods west of the mouth of the Devil's Track river under a low, red, pebbly beach, the pebbles 
being from No. 203, which here appears again. (See figure 1 of plate IL) This beach continues for a mile or 
more, occasionally allowing the exposure of the rock in place, to the southeast corner of sec. 1, T. 61-2 E., 
where appears in the midst of the shingle of the beach a different rock, viz.: 

No. 210. This is in a low exposure. It is a firm, smooth-weathering rock, with a brown color and has an 
abundant green mineral; apparently one of the igneous beds. 

No. 211. Is from the same beds as No. 210, but from the point next west of Kimball's creek, known as 
Cow Tongue point. These beds here rise about eighteen feet, shutting in a bay that faces east. This point is 
on S. E. ~ sec. 9, and the coast is rocky, with the same rock from No. 210 to this place. 

No. 212.. After a short red-pebbly beach in this bay, this number appears in low outcrop, and is the same 
red-rock as No. 203, showing here nearly a horizontal bedding, running below No. 211. 

No. 213. From the extremity of Fish-hook point, near the centre of sec. 16, T. 61-3 E., eleven miles from 
Grand Marais. 

No. 214. Similar to No. 213. From sec. 1, T. 61-2 E., at the mouth of a little creek, west of No. 213. 
No. 215. Half a mile west of Fish-hook point. These three (Nos. 213, 214, 215) all appear to be modified 

forms of No. 203. Fish-hook point was formerly an island, but the lake has formed a continuous beach deposit 
running north, and enclosing triangularly a lagoon, as well as toward the southwest. The rock here resembles 
the rock No. 212 in mineral composition and aspect, and is probably closely associated with it, but its structure 
is different. It is fissile, but generally only horizontally so, or with an obliqueness to the real bedding, which 
dips gently toward the lake. It is firm against the hammer and against the weather, but is filled with old cracks 
and joints that make it almost impossible to get a fresh break. It has a red color outwardly, like the rest near 
the water, except in the joints, which are blue-black with iron-shot (as Norwood describes such); but away from 
constant wave-action it is black. It is finely porphyritic, with stellar spangles of feldspar, and with isolated 
crystals which weather nearly white. 

No. 214. Is of similar rock, but more firm and crystalline, weathering red, and having some white amyg
dules. This has a low, inconspicuous outcrop, like others of No. 203, running along two or three hundred feet 
and dipping a little south of east. No. 215 is from a little point within the broad bay, nearly on the west side of 
the same section, where it rises about six feet, and, running along the beach three or four hundred feet, weathers 
red, like the rest, furnishing some of the beach pebbles of that color. In the lake opposite Nos. 214 and 215 can 
be seen a basaltic rock off shore, which does not appear on the beach and may be the extension of Nos. 210 and 
211 forming Cow Tongue point. 

No. 216 .. Is a greenish-brown rock with curling internal structure, containing quartz and amethystine 
nests, from the westerly of the two little points west of Brule river, and before reaching either island, where a 
little stream enters the lake. It is a short outcrop rising about five feet in the midst of a red beach. This is an 
igneous rock; and the next point is of the same, also the little island off it, which is in the line of bearing. 

No. 217. In the midst of a red beach, extending from the last point, is an occasional exposure of this red 
rock, which within is brownish-red, fine-grained, and has the same purplish quartz (?) as noted .in No. 216, in 
round amygdules, yet is plainly different from No. 216. This is a conspicuous outcrop within the bay between 
two streams. The strike of the trap (No. 216) can be seen under the water of the bay. 

No. 218. The rock of the point, near the Brule river, off which lie the principal islands. This is a brown, 
conchoidally fracturing rock, fine-grained or crypto-crystalline, with small quartz-lined geodes, weathering rough
angular, and black when not under friction. Back from the line of friction, on the beach, old weathered surfaces 
are brick-red. This is very similar to No. 217. 

No. 219. A little beyond the last locality, and just as the rock disappears again, it suddenly becomes slaty 
?l' closely-jointed and laminated, dipping S. 10° E., and more enduring. In this condition ~t .forms so~e of the 
Islands near the beach, and also rises fifty or more feet near the coast back from the water. ThiS IS fine-gralI~ed and 
nearly'black, hard and tough. The rock of the main island, further out, containing a few stunted trees, IS more 
like No. 218. . 

These beds seem to have been disturbed by some upheaval, and appear in all respects like those of N~. 
~,though not so conspicuously exposed. The doleryte dike that might here be suppose~ on the n~rth ~f thIS 
dISturbance cannot be seen. The point at the north of the little stream west of the Brule, and the lIttle Island 
there, are of the same rock as the last. 

No. 220. Between these islands and the mouth of the Brule at a little dull point is a bluis~ ~ray ro~k, 
weathering green, fine-grained and hard. The outcrop is rather closely jointed and in some spots It IS reddIsh 
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doleryte like No. 207, about eighteen feet wide. Previous to this (further west) they show patches amygdaloidal; 
but just on the east of this dike there is much amygdaloid with laumontite. .Just before reachina the mouth 
of the fourth creek another dike like No. 207 crosses these beds running in the same direction as those before 
seen, and throwing up the firm heavy beds of No. 208 at a high angle. This dike is basaltic perpendicular to 
these beds by being cooled by them. This last larger dike is only exposed near the water and its exact contact 
with No. 208 is invisible. It is exposed about fifty feet. 

No. 209. This is from still another similar dike of doleryte cutting these beds or interbedded in them; the 
columns sloping obliquely inland. This is prominent and conspicuously basaltic perpendicularly to the highly 
tilted beds of No. 208. 'I.'his dike or bedded trap rock runs nearly east and west, No. 208 dipping into the lake at 
an angle of about 45° in patches perhaps twenty rods, becoming less conspicuous toward the east, and at last 
disappears a few rods west of the mouth of the Devil's Track river under a low, red, pebbly beach, the pebbles 
being from No. 203, which here appears again. (See figure 1 of plate IL) This beach continues for a mile or 
more, occasionally allowing the exposure of the rock in place, to the southeast corner of sec. 1, T. 61-2 E., 
where appears in the midst of the shingle of the beach a different rock, viz.: 

No. 210. This is in a low exposure. It is a firm, smooth-weathering rock, with a brown color and has an 
abundant green mineral; apparently one of the igneous beds. 

No. 211. Is from the same beds as No. 210, but from the point next west of Kimball's creek, known as 
Cow Tongue point. These beds here rise about eighteen feet, shutting in a bay that faces east. This point is 
on S. E. 74 sec. 9, and the coast is rocky, with the same rock from No. 210 to this place. 

No. 212., After a short red-pebbly beach in this bay, this number appears in low outcrop, and is the same 
red-rock as No. 203, showing here nearly a horizontal bedding, running below No. 211. 

No. 213. From the extremity of Fish-hook point, near the centre of sec. 16, T. 61-3 E., eleven miles from 
Grand Marais. 

No. 214. Similar to No. 213. From sec. 1, T. 61-2 E., at the mouth of a little creek, west of No. 213. 
No. 215. Half a mile west of Fish-hook point. These three (Nos. 213,214,215) all appear to be modified 

forms of No. 203. Fish-hook point was formerly an island, but the lake has formed a continuous beach deposit 
running north, and enclosing triangularly a lagoon, as well as toward the southwest. ThB rock here resembles 
the rock No. 212 in mineral composition and aspect, and is probably closely associated with it, but its structure 
is different. It is fissile, but generally only horizontally so, or with an obliqueness to the real bedding, which 
dips gently toward the lake. It is firm against the hammer and agaillst the weather, but is filled with old cracks 
and joints that make it almost impossible to get a fresh break. It has a red color outwardly, like the rest near 
the water, except in the joints, which are blue-black with iron-shot (as Norwood describes such); but away from 
constant wave-action it is black. It is finely porphyritic, with stellar spangles of feldspar, and with isolated 
crystals which weather nearly white. 

No. 214. Is of similar rock, but more firm and crystalline, weathering red, and having some white amyg
dules. This has a low, inconspicuous outcrop, like others of No. 203, running along two or three hundred feet 
and dipping a little south of east. No. 215 is from a little point within the broad bay, nearly on the west side of 
the same section, where it rises about six feet, and, running along the beach three or four hundred feet, weathers 
red, like the rest, furnishing some of the beach pebbles of that color. In the lake opposite Nos. 214 and 215 can 
be seen a basaltic rock off shore, which does not appear on the beach and may be the extension of Nos. 210 and 
211 forming Cow Tongue point. 

No. 216. Is a greenish-brown rock with curling internal structure, containing quartz and amethystine 
nests, from the westerly of the two little points west of BruIe river, and before reaching either island, where a 
little stream enters the lake. It is a short outcrop rising about five feet in the midst of a red beach. This is an 
igneous rock; and the next point is of the same, also the little island off it, which is in the line of bearing. 

No. 217. In the midst of a red beach, extending from the last point, is an occasional exposure of this red 
rock, which within is brownish-red, fine-grained, and has the same purplish quartz (?) as noted in No. 216, in 
round amygdules, yet is plainly different from No. 216. This is a conspicuous outcrop within the bay between 
two streams. The strike of the trap (No. 216) can be seen under the water of the bay. 

No. 218. The rock of the point, near the Brule river, off which lie the principal islands. This is a brown, 
conchoidally fracturing rock, fine-grained or crypto-crystalline, with small quartz-lined geodes, weathering rough
angular, and black when not under friction. Back from the line of friction, on the beach, old weathered surfaces 
are brick-red. This is very similar to No. 217. 

No. 219. A little beyond the last locality, and just as the rock disappears again, it suddenly becomes slaty 
~r closely-jointed and laminated, dipping S. 10° E., and more enduring. In this condition ~t .forms so~e of the 
ISlands near the beach, and also rises fifty or more feet near the coast back from the water. TIllS IS fine-gral~ed and 
nearly black, hard and tough. The rock of the main island, further out, containing a few stunted trees, IS more 
like No. 218. . 

These beds seem to have been disturbed by some upheaval, and appeal' in all respects like those of N? 
20B, though not so conspicuously exposed. The doleryte dike that might here be supposed on the n~rth ~f thIS 
disturbance cannot be seen. The point at the north of the little stream west of the Brule, and the lIttle Island 
there, are of the same rock as the last. 

No. 220. Between these islands and the mouth of the Brule at a little dUll point is a bluis~ ~ray ro:k, 
weathering green, fine-grained and hard. The outcrop is rather closely jointed and in some spots It IS reddIsh 
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brown. This rises about six feet, but only runs five or six rods. The beach to the west of this is mainly of a 
red color, but has blue pebbles also from this rock. At this place the blue and red are about equally common, 
but the red gradually disappear in going east (V. No. 539). 

No. 221. A short distance east of the Brule (perhaps twenty rods) is a coarser rock resembling gabbro, 
which is heavy and crystalline. This is not certainly a dike, but it may be, its form and extent not being visible. 

No. 222. The last seems to overlie, or to pass into, this. This weathers into a green color, but sparkles 
all over with what at first appears like mica, but in other respects it is like the last, becoming coarsely laminated 
when weathered. A little further east these two rocks (Nos. 221 and 222) can be seen in a bluff rising about 
fifteen feet the latter being under the former. This rock continues, with increase of the characters of No. 221, 
and forms two or three little points within a mile east of the Brule, rising sometimes fifteen or twenty-five feet. 
The intervening bays are occupied by large, rounded boulders of the same, with little rock exposure in them, or 

they are pebbly. 
No. 223. The rock of the last continues to the high, round point four miles east of the Brule, and then 

becomes basaltic on the side facing Sickle bay, rising about thirty feet perpendicular from the water; the inter
vening coast being low, sometimes exhibiting the coarse dark beds of this rock, but not becoming basaltic (V. No. 540.) 

No. 224. Horseshoe bay has a similar basaltic coast line on the west side, rising about sixty feet. West 
of it are short stony beaches, the strike of the exposed rock being a little further back. Double bay, next 
east of Horseshoe bay, has a rocky point, dividing it into two parts, and this rock is from this point. The 
western half of this bay is without rock on the beach, but the hills back rise several hundred feet, having the 
same rock as the last. This is a fine-grained, metamorphic, brown rock, which is somewhat bas~ltic like trap, 
and also rudely bedded. 

No. 225. On the most easterly point of Double bay is a crystalline rock which seems to embrace the min
erals derived from the sedimentaries mingled with igneous rock material, all coarsely crystalline (V. No.5). 

No. 226. Is from an isolated dike-like exposure on the beach in the next shallow bay. It is a brown or 
reddish-brown compact rock, finely porphyritic, closely jointed and basaltic, like No. 203. 

No. 227. Along the west side of the ridge, or spur (No. 226), is a narrow bed or dike of fine, blue-gray rock, 
sparingly porphyritic with red feldspar, less enduring than the rock of No. 226. It is nearly invisible. It is 
narrow, and its line of bearing becomes confused, or blends with the rock of No. 226, being, perhaps, a modified 
form only of No. 226, due to different influence in upheaval, or to unseen contact with: the accompanying igneous 
rock. This outcrop is between the first and second creeks in this broad bay. 

On the little point between the second and third creeks is a low exposure of rock that resembles No. 223, 
mainly broken into boulders. Also, a small isolated outcrop is just east of the third creek. Otherwise this 
bay has a pebbly beach. But the broad point that separates it from Cannon Ball bay (similar to Horseshoe 
bay) has a low, rocky beach of the same rock as the last mentioned, viz.: 

No. 228. A heavy-bedded, coarse-grained doleryte (V. No. 540). The east side of this bay is made of the 
same rock; also, the east point; also, the island east of it, the coast being rocky and low, or rising from six to ten 
feet, basaltic. The next island, and the coast along, especially the points of the coast, are of the same. It rises 
into basaltic, coarse beds in a sharp point on the west side of Red-rock bay, succeeded suddenly by a red, pebbly 
beach within the bay, strongly contrasting with the dark green or black color which it suddenly replaces (No. 230). 

No. 229. Doleryte, like No. 228; from Red-rock bay, west of the red rock, outcropping in the midst of a 
red, pebbly beach; runs under the eastern Palisades. 

No. 230. Red rock from Red-rock bay. This resembles, or is exactly the same as, the Palisade rock. It 
is porphyritic, with Hesh-red feldspar, and with translucent crystals that are prevailingly quartz,. but are 
sometimes quadrangular in section, sometimes s([uare, and have a perfect cleavage. The manDer of exposure 
is considerably like that of No. 2:.16, in a little bay west of this place. This rock has an imperfectly and finely 
basaltic structure, the joints being two to four inches apart. The relations of the doleryte to this cannot be 
distinctly seen, but that rock can be seen to the west in the beach, and probably passes below this. This is 
the rock known as the eastern Palisades (V. No. 620). 

No. 231. From a dike of basaltic doleryte a short distance east of the mouth of the Red-rock creek. This 
dike runs east and west, and is horizontally columnar. It cuts the rock of No. 230, and varies from fifty to sixty 
feet wide. It is fine-grained, blue-black, and weathers greenish. It embraces patches of the red rock. 

No. 232. The first rock that appears in the pebbly beach east of the rock of Red point, near a dike; a 
brownish-red metamorphic compact rock, sometimes with amygdules of a white mineral, coated with green; 
apparently underlies No. 230; resembles some of the compact brown rocks seen at Duluth and at many inter
mediate points. 

P",bbly Bea<h-

FIG. 59. REDROCK POINT, FROM THREE-FOURTHS MILE EAST. 

At ~ed point, which encloses a deep little bay facing east and which is high and rocky, with No. 230, 
another dIke of the same kind as No. 231 crosses No. 230. It is ~bout twenty-five feet wide. No. 230 dips into 
the lake here at an angle of 6° to 100. It is suddenly discontinued in the bite of this bay, the bluff running in-
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brown. This rises about six feet, but only runs five or six rods. The beach to the west of this is mainly of a 
red color, but has blue pebbles also from this rock. At this place the blue and red are about equally common, 
but the red gradually disappear in going east (V. No. 539). 

No. 221. A short distance east of the Brule (perhaps twenty rods) is a coarser rock resembling gabbro, 
which is heavy and crystalline. This is not certainly a dike, but it may be, its form and extent not being visible. 

No. 222. The last seems to overlie, or to pass into, this. This weathers into a green color, but sparkles 
all over with what at first appears like mica, but in other respects it is like the last, becoming coarsely laminated 
when weathered. A little further east these two rocks (Nos. 221 and 222) can be seen in a bluff rising about 
fifteen feet the latter being under the former. This rock continues, with increase of the characters of No. 221, 
and forms ~wo or three little points within a mile east of the Brule, rising sometimes fifteen or twenty-five feet. 
The intervening bays are occupied by large, rounded boulders of the same, with little rock exposure in them, or 

they are pebbly. 
No. 223. The rock of the last continues to the high, round point four miles east of the Brule, and then 

becomes basaltic on the side facing Sickle bay, rising about thirty feet perpendicular from the water; the inter
vening' coast being low, sometimes exhibiting the coarse dark beds of this rock, but not becoming basaltic (V. No. 540.) 

No. 224. Horseshoe bay has a similar basaltic coast line on the west side, rising about sixty feet. West 
of it are short stony beaches, the strike of the exposed rock being a little further back. Double bay, next 
east of Horseshoe bay, has a rocky point, dividing it into two parts, and this rock is from this point. The 
western half of this bay is without rock on the beach, but the hills back rise several hundred feet, having the 
same rock as the last. This is a fine-grained, metamorphic, brown rock, which is somewhat bas~ltic like trap, 
and also rudely bedded. 

No. 225. On the most easterly point of Double bay is a crystalline rock which seems to embrace the min
erals derived from the sedimentaries mingled with igneous rock material, all coarsely crystalline (V. No.5). 

No. 226. Is from an isolated dike-like exposure on the beach in the next shallow bay. It is a brown or 
reddish-brown compact rock, finely porphyritic, closely jointed and basaltic, like No. 203. 

No. 227. Along the west side of the ridge, or spur (No. 226), is a narrow bed or dike of fine, blue-gray rock, 
sparingly porphyritic with red feldspar, less enduring than the rock of No. 226. It is nearly invisible. It is 
narrow, and its line of bearing becomes confused, or blends with the rock of No. 226, being, perhaps, a modified 
form only of No. 226, due to different influence in upheaval, or to unseen contact with the accompanying igneous 
rock. This outcrop is between the first and second creeks in this broad bay. 

On the little l)oint between the second and third creeks is a low exposure of rock that resembles No. 223, 
mainly broken into boulders. Also, a small isolated outcrop is just east of the third creek. Otherwise this 
bay has a pebbly beach. But the broad point that separates it from Cannon Ball bay (similar to Horseshoe 
bay) has a low, rocky beach of the same rock as the last mentioned, viz.: 

No. 228. A heavy-bedded, coarse-grained doleryte (V. No. 540). The east side of this bay is made of the 
same rock; also, the east point; also, the island east of it, the coast being rocky and low, or rising from six to ten 
feet, basaltic. The next island, and the coast along, especialJy the points of the coast, are of the same. It rises 
into basaltic, coarse beds in a sharp point on the west side of Red-rock bay, succeeded suddenly by a red, pebbly 
beach within the bay, strongly contrasting with the dark green or black color which it snddenly replaces (No. 230). 

No. 229. Doleryte, like No. 228; from Red-rock bay, west of the red rock, outcropping in the midst of a 
red, pebbly beach; runs under the eastern Palisades. 

No. 230. Red rock from Red-rock bay. This resembles, or is exactly the same as, the Palisade rock. It 
is porphyritic, with Hesh-red feldspar, and with translucent crystals that are prevailingly quartz,. but are 
sometimes quadrangular in section, sometimes square, and have a perfect cleavage. The manner of exposure 
is considerably like that of No. 226, in a little bay west of this place. This rock has an imperfectly and finely 
basaltic structure, the joints being two to four inches apart. The relations of the doleryte to this cannot be 
distinctly seen, but that rock can be seen to the west in the beach, and probably passes below this. This is 
the rock known as the eastern Palisades (V. No. 620). 

No. 231. From a dike of basaltic doleryte a short distance east of the mouth of the Red-rock creek. This 
dike runs east and west, and is horizontally columnar. It cuts the rock of No. 230, and varies from fifty to sixty 
feet wide. It is fine-grained, blue-black, and weathers greenish. It embraces patches of the red rock. 

No. 232. The ll.rst rock that appears in the pebbly beach east of the rock of Red point, near a dike; a 
brownish-re.d metamorphic compact rock, sometimes with amygdules of a white mineral, coated with green; 
apparently underlies No. 230; resembles some of the compact brown rocks seen at Duluth and at many inter
mediate points. 

P",bbly Beach-

FIG. 5g. REDROCK POINT, FROM THREE-FOURTHS MILE EAST. 

At ~ed point, which encloses a deep little bay facing east and which is high and rocky, with No. 230, 
another dIke of the same kind as No. 231 crosses No. 230. It is ~bout twenty-five feet wide. No. 230 di~s i~to 
the lake here at an angle of 6° to 100. It is suddenly discontinued in the bite of this bay, the bluff runnIng Ill-
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land about twenty feet high, t.he beach being of red pebbles. Just east of this bay are two or three other dikes 
of the same kind, and severallslands formed by them; also some sharp, narrow points. 

No. ,233. From a dike, near No. 232, twenty-one feet wide, horizontally columnar, running north 150 east 
and projecting into the bay seventy-five to ninety feet, of a blue-black color. 

_ No. 234. From a dike eighteen feet wide, running east and west, "hading" a little to the south cross
columnar,cotemporary and blending with the dike No. 233, the structure of the two running togeth~r' of a 
brownish-black color. This rock is like a melaphyre, but No. 233 is not. ' 

No. 235. A rock slmilar to No. 232, cut by the dikes, having a slaty structure without any dikes' 
forms the beach n~xt north of the dike No. 234 which is out in the water. ' 

No. 236. From a dike twenty-one feet wide; a fine-grained, black basalt, running out into the lake about 
250 feet, but often in the form of islands that occur a little out of line. The basaltic structure of this is very 
irregular. In some places it is fine and in others it is coarse; runs N. 15° W., being intersected by the dike 
No. 234, apparently in the same manner as No. 233. 

No. 237. Is from a curious isolated mound of brown and firm rock, standing between the beach and 
the lake, a short distance east of the dike No. 236. It is curvingly bedded and laminated; rises eighteen feet and 
extends eighteen feet on the beach, shaped like a haystack. It has a reddish-brown color. Its manner of 
occurrence is like that of the rock No. 226. 

No. 238. Is from a curving, slaty condition of the same rock, rising ten feet; there is much confusion and 
twisting of the slaty or laminated beds, the whole formation being broken up. Nos. 237 and 238 continue east 
about half a mile, and gradually become more dense, or non-slaty, yet fissile, hard and angular, crossed by sev
eral smaller dikes running east and west, or southeast and northwest. 

No. 239. Shows the condition of the same beds in process of this change. Here also are slaty spots, also 
compact firm spots, but instead of red the general color is brown, ,weathering faint-red in the old joints when 
freshly separated. 

No. 240. A reddish-brown, fine-grained rock, breaking conchoidally, but a further weathered condition 
of No. 235. 

No. 241. Becoming black, and almost undistinguishable from fine basalt. 
No. 242. Next appears a dike about 100 feet wide, cutting these beds, running n~arly east and west. 

This seems to have spread largely, at least in its effects, on either side, and the adjoining rock appears like basalt, 
but still seems to be only a changed condition of No. 235. 

Nos. 232 and 235, and their modifications, run under No. 230. There are spots in No. 235 that appear like 
the aluminous mUd-spots seen in No. 194. 

The alternating phases of Nos. 239, 240 and 241 continue, with occasional dikes, or overflows of rock like 
No. 242 to Deronda bay, appearing like the Two Harbor rock. 

No. 243. From the west point of Deronda bay; a fine-grained, hard, nearly black homogeneous rock, of 
doubtful origin; probably one of the forms of the rock No. 235, etc. It is rather bedded, but not basaltic, and 
lies on an amgdaloid, viz.: , 

No. 244. A reddish-brown amygdaloid, with green amygdules irregularly passing into 
No. 245. Which is of the same color but has nests of a lighter mineral, and is mainly a non-amygdaloidal 

rock. Just west of the west point of Deronda bay is an island of basalt, near the shore, mainly made up of rock 
like NQ. 242, in an arched position, the waves having eaten under the arch into the softer beds, producing a 
natural bridge. The head of Deronda bay has a pebbly beach, but the east side is rocky, with a dike that 
"hades" to the south and is thirty feet wide, running nearly east and west, and cutting rock like Nos. 244 and 245 
(or Nos. 246 and 247), there weathering out as purgatories, and lying nearly horizontal. 

No. 246. About three-quarters of a mile east of Deronda bay, at the mouth of another little creek, is a bluff of 
rock made up of Nos. 216 and 247, but running but a short distance. No. 246 is soft and green with considerable 
prochlorite (?). The lower ten feet of this are somewhat amygdaloidal with calcite and quartz, coated with 
green, but the upper ten feet are massive or heavily bedded, but breaking easily into sheets; overlies the next. 

No. 247. Amygdaloid; rock like the last but having a more amygdaloidal.character. 
No.246A. 'Calcite, saccharoidal and flesh-colored from No. 246. These beds dip south about 12°. East 

of Deronda bay the second little sharp point is caused by rock like No. 246 dipping south, rising ten feet. The 
third little point, which occurs after a pebbly beach of half a mile, is produced by a wide doloryte dike running 
E.lQO S. 

No. 248. Is from this dike, which has an indefinite width, at least 200 feet. This rock is porphyritic, hard 
and massive. On the north side its contact is a fine basalt, and the adjoining rock is an amygdaloid, but only 
about six feet of the amygdaloid is here. It lies along the dike as if it belonged to it (V. No. 1855). 

No. 249. Amygdaloid adjoining No. 248. . . 
No. 250. The west point enclosing Grand Portage bay is low, but has a rocky beach conslsting of alternate 

layers of basalt and amygdaloid rising but little above the water. 
No. 251. Underlying No. 250; an amygdaloid of a greenish color. These beds (Nos. 250 and 251) dip south 

at a low angle and do not extend into the bay. They apparently form the coast line between Grand. Portage bay 
and Deronda bay, there being but little outcrop with a low shore between these places. The west SIde of Grand 
~Qrtage bay shows no rock. It is low, the timber growing nearly down to the water.* - *For a deSCription of the lake shore at Grand Portage bay and Pigeon point see the chapter on the Pigeon Point plate. 
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land about twenty feet high, the beach being of red pebbles. .Just east of this bay are two or three other dikes 
of the same kind, and several islands formed by them; also some sharp, narrow points. 

No .. 233. From a dike, near No. 232, twenty-one feet wide, horizontally columnar, running north Hio east 
and projecting into the bay seventy-five to ninety feet, of a blue-black color. 

. No. 234. From a dike eighteen feet wide, running east and west, "hading" a little to the south cross
columnar, cotemporary and blending with the dike No. 233, the structure of the two running togeth~r; of a 
brownish-black color. This rock is like a melaphyre, but No. 2:33 is not. 

No. 235. A rock slmilar to No. 2:32, cut by the dikes, having a slaty structure without any dikes-
forms the beach ne.xt north of the dike No. 234 which is out in the water. ' 

No. 2:36. From a dike twenty-one feet wide; a fine-grained, black basalt, running out into the lake about 
250 feet, but often in the form of islands that occur a little out of line. The basaltic structure of this is very 
irregular. In some places it is fine and in others it is coarse; runs N. 15° W., being intersected by the dike 
No. 234, apparently in the same manner as No. 233. . 

No. 2:37. Is from a curious isolated mound of brown and firm rock, standing between the beach and 
the lake, a short distance east of the dike No. 236. It is curvingly bedded and laminated; rises eighteen feet and 
extends eighteen feet on the beach, shaped like a haystack. It has a reddish-brown color. Its manner of 
occurrence is like that of the rock No. 226. 

No. 238. Is from a curving, slaty condition of the same rock, rising ten feet; there is much confusion and 
twisting of the slaty or laminated beds, the whole formation being broken up. Nos. 2:37 and 2:38 continue east 
about half a mile, and gradually become more dense, or non-slaty, yet fissile, hard and angular, crossed by sev
eral smaller dikes running east and west, or southeast and northwest. 

No. 239. Shows the condition of the same beds in process of this change. Here also are slaty spots, also 
compact firm spots, but instead of red the general color is brown, weathering faint-red in the old joints when 
freshly separated. 

No. 240. A reddish-brown, fine-grained rock, breaking conchoidally, but a further weathered condition 
of No. 2:35. 

No.241. Becoming black, and almost undistinguishable from fine basalt. 
No. 242. Next appears a dike about 100 feet wide, cutting these beds, running nearly east and west. 

This seems to have spread largely, at least in its effects, on either side, and the adjoining rock appears like basalt, 
but still seems to be only a changed condition of No. 235. 

Nos. 232 and 235, and their modifications, run under No. 230. There are spots in No. 2:35 that appear like 
the aluminous mud-spots seen in No. 194. 

The alternating phases of Nos. 239, 240 and 241 continue, with occasional dikes, or overflows of rock like 
No. 242 to Deronda bay, appearing like the Two Harbor rock. 

No. 243. From the west point of Deronda bay; a fine-grained, hard, nearly black homogeneous rock, of 
doubtful origin; probably one of the forms of the rock No. 235, etc. It is rather bedded, but not basaltic, and 
lies on an amgdaloid, viz.: 

No. 244. A reddish-brown amygdaloid, with green amygdules irregularly passing into 
No. 245. Which is of the same color but has nests of a lighter mineral, and is mainly a non-amygdaloidal 

rock. Just west of the west point of Deronda bay is an island of basalt, near the shore, mainly made up of rock 
like No. 242, in an arched position, the waves having eaten under the arch into the softer beds, producing a 
natural bridge. The head of Deronda bay has a pebbly beach, but the east side is rocky, with a dike that 
"hades" to the south and is thirty feet wide, running nearly east and west, and cutting rock like Nos. 244 and 245 
(or Nos. 246 and 247), there weathering out as purgatories, and lying nearly horizontaL 

No. 246. About three-quarters of a mile east of Deronda bay, at the mouth of another little creek, is a bluff of 
rock made up of Nos. 2i6 and 247, but running but a short distance. No. 246 is soft and gTeen with considerable 
prochlorite (?). The lower ten feet of this are somewhat amygdaloidal with calcite and quartz, coated with 
green, but the upper ten feet are massive or heavily bedded, but breaking easily into sheets; overlies the next. 

No. 247. Amygdaloid; rock like the last but having a more amygdaloidal character. 
No. 246A.Oalcite, saccharoidal and flesh-colored from No. 246. These beds dip south about 12°. East 

of Deronda bay the second little sharp point is caused by rock like No. 246 dipping south, rising ten feet. The 
third little point, which occurs after a pebbly beach of half a mile, is produced by a wide doloryte dike running 
E.10° S. 

No. 248. Is from this dike, which has an indefinite width, at least 200 feet. This rock is porphyritic, hard 
and massive. On the north side its contact is a fine basalt, and the adjoining rock is an amygdaloid, but only 
about six feet of the amygdaloid is here. It lies along the dike as if it belonged to it (V. No. 1855). 

No. 249. Amygdaloid adjoining No. 248. . . 
No. 250. The west point enclosing Grand Portage bay is low, but has a rocky beach conslstmg of alternate 

layers of basalt and amygdaloid rising but little above the water. 
No. 251. Underlying No. 250; an amygdaloid of a greenish color. These beds (Nos. 250 and 251) dip south 

at a low angle and do not extend into the bay. They apparently form the coast line between Grand Portage bay 
and Deronda bay, there being but little outcrop with a low shore between these placeBo The west side of Grand 
Pqrtage bay shows no rock. It is low, the timber growing nearly down to the water.* ----'For a description of the lake shore at Grand Portage bay and Pigeon point see the chapter all the Pigeon Point plate. 
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The dr~ft. The drift deposits of Cook county have not been studied in great detail, 

and it will be posssible to present here no more than a general outline of these deposits 

and the glacial hi3tory of this region. In the district along the immediate shore of 

lake Superior, and in that along the international boundary west of South Fowl lake, 

extending on the west as far south as Brule lake, the drift is comparatively thin 

and rock exposures are abundant. South of the international boundary district as 

far as the top of the steep slope leading to lake Superior, the rocks are more heavily 

covered by drift, whose maximum and whose average thickness is not known. 

Glacial strice. 

N. W. M sec. 27. T. 65-2 W., north shore of lake Louise, - south 16° W. 
S. E. M sec. 28, T. 65-2 W., north shore of lake Emma, south 7° W. 
N. w. ;4 sec. 35, T. 65-2 W., north shore of No-name lake, south 2° W. 
S. w. M sec. 10, T. 63--3 W., reef in Brule lake, south 18° W. 
S. E. M sec. 20, T. 65-4 W., north shore of a small lake, - south 4° E. 

"On the rock which forms the outer part of Grand Marais harbor are numerous parallel glacier strire and 
grooves from a few feet to fifty feet in length. There are two sets of these striiB, which cross each other at a 
small angle. The more prominent and numerous striations run about west, the other set bears south of west. 
In a number of places west of Grand Marais are found striiB which run west, or a little south of west. South 
of the Pigeon river all striations run westerly." * 

Lately evidence has been accumulating to show that the northeastern part of 

Minnesota was covered by two glaciers or two glacial lobes moving in different 

directions. One of these occupied the lake Superior basin and moved toward the 

southwest, while the other occupied the country to the north and moved in a more 

southerly direction. The ice from these two directions was confluent in the maxi

mum extent of glaciation, but during the retreat the two lobes formed between 

them a re-entrant angle north of lake Superior, and the northern lobe retreated 

more rapidly than the other. Thus, while the lake Superior basin, or part of it, was 

occupied by ice, to the north was a district which was free from ice. The width of 

this district is unknown, but it was wider towards the west than towards the east. 

This district was probably angular in shape (the apex of the angle pointing 

towards the east), and it increased in size by the apex traveling eastwardly and its 

two sides southerly and northerly respectively. It is quite probable that the north

ern side traveled much more rapidly than the southern side.t 

During the retreat of the ice each of these lobes formed moraines. These 
moraines are as follows, according to the descriptions and mapping of Dr. A. H. 
Elftman.+ The Highland moraine, formed along the northern border of the lake 
Superior ice-lobe, runs northeasterly approximately parallel to, and several miles· 

* A. H. ELFTnf.AN. Al1N~T. Or01., vol. xxi, p. 100. 
t This interpretation. of the history of the closing stages of the Pleistocene in this district has been stated more or less ind.e· 

pbe;:td~ntlY by several geologIsts, each one contributing certain facts independently of the others. Those chieJiy instrumental m 
rlllglllg forward the Illterpretation outlined above are: 

o.t b J·1:96T~D., Paper p~esented before the Geological Society of America, in August, 1896; Amer. Geol., vol. xviii, pp. 2:15,228, 
C 0 e1 H EL]:~'r. Jon,.. ,sCI., ser. 4, vol. vi, loP. 469-477, December, 1898. . 

""109' F' b MAN1 · Paper presented before the Minnesota Academy of Natural Sciences early in 1897' Amer. Geol., voL XXI, 
pp. tr\j'" " e ruary, 898. ' ' 

county ~~:thWe OINaDrHltEoLL'l Pt aperthip.resented before the Minnesota Academy of Natural Science, early in 1897; chapters on earltoD 
n p a e In s volume. 

F. B. TA~OR. Amer: Geo/", vol. L'C, pp. 111-128, August, 1897. 
tAmer. Geol., vol. =, pp. 90-109, pl. 11, February, 1898. 
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The drift. The drift deposits of Cook county have not been studied in great detail, 

and it will be posssible to present here no more than a general outline of these deposits 

and the glacial history of this region. In the district along the immediate shore of 

lake Superior, and in that along the international boundary west of South Fowl lake, 

extending on the west as far south as BruIe lake, the drift is comparatively thin 

and rock exposures are abundant. South of the international boundary district as 

far as the top of the steep slope leading to lake Superior, the rocks are more heavily 

covered by drift, whose maximum and whose average thickness is not known. 
Glacial strice. 

N. W. Xi: sec. 27. T. 65-2 W., north shore of lake Louise, - south 16° W. 
S. E. Xi: sec. 28, T. 65-2 W., north shore of lake Emma, south 7° W. 
N. W. ;4 sec. 35, T. 65-2 W., north shore of No-name lake, south 2° W. 
S. W. Xi: sec. 10, T. 63--3 W., reef in Brule lake, south 18° W. 
S. E. Xi: sec. 20, T. 65-4 W., north shore of a small lake, - south 4° E. 

"On the rock which forms the outer part of Grand Marais harbor are numerous parallel glacier strire and 
grooves from a few feet to fifty feet in length. There are two sets of these stl'ire, which cross each other at a 
small angle. The more prominent and numerous striations run about west, the other set bears south of west. 
In a number of places west of Grand Marais are found strire which run west, or a little south of west. South 
of the Pigeon river all striations run westerly." * 

Lately evidence has been accumulating to show that the northeastern part of 

Minnesota was covered by two glaciers or two glacial lobes moving in different 

directions. One of these occupied the lake Superior basin and moved toward the 

southwest, while the other occupied the country to the north and moved in a more 

southerly direction. The ice from these two directions was confluent in the maxi

mum extent of glaciation, but during the retreat the two lobes formed between 

them a re-entrant angle north of lake Superior, and the northern lobe retreated 

more rapidly than the other. Thus, while the lake Superior basin, or part of it, was 

occupied by ice, to the north was a district which was free from ice. The width of 

this district is unknown, but it was wider towards the west than towards the east. 

This district was probably angular in shape (the apex of the angle pointing 

towards the east), and it increased in size by the apex traveling eastwardly and its 

two sides southerly and northerly respectively. It is quite probable that the north

ern side traveled much more rapidly than the southern side.t 

During the retreat of the ice each of these lobes formed moraines. These 
moraines are as folIo ws, according to the descriptions and mapping of Dr. A. H. 
Elftman·t The Highland moraine, formed along the northern border of the lake 
Superior ice-lobe, runs northeasterly approximately parallel to, and several miles. 

*A. H. ELFT.i\fA.N. AnU~T. Gr01., vol. xxi, p. 100. 

t This interpretation. of the history of the closing stages of the Pleistocene in this district has been stated more or less ind.e· b8;>dently by several geologIsts, each one contributing certain facts independently of the others. Those chiefiy instrnmental III 
rlllglllg forward the III terpretation outlined above are: 

o t b J·I~96TOADD. Paper presented before the Geological Societ.y of America in August 1896' Amer. Geol., vol. xviii, pp. 2.25, 228, 
c 0 e~ ; ~Ju!'r. Juur. Sci., Bel'. 4-, vol. vi, pp. 469-477, DeCGlnber, 1898.' " . 
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distant from, the lake shore, The Itasca moraine, formed by the northern ice-lobe, 

has in Lake county a more easterly direction, and, before leaving that county, it 

unites with the Highland moraine. East of the union of these moraines a single 

prominent moraine (termed the Itasca-Highland) continues through Cook county, 

entering this county in T. 60-5 W. This united moraine has its northern and 

southern boundaries sharply marked. It averages three miles in width and forms 

the highest land within the first fifteen to thirty miles north of lake Superior. It is 

well defined around the lakes at the head of Poplar river in T. 61-3 W.; from the 

Cascade river in the southeastern part of T. 62-2 W. to Devil Track lake, which lies 

in the midst of this moraine; in the southern part of T. 62-1 E.; and in secs. 20 and 

21, T. 64-4 K, where it crosses the Pigeon river. The courses of the Mesabi and 

Vermilion moraines, formed by the northern ice, are less satisfactorily known. The 

first is thought to enter Cook county in T. 62-·5 W. and to run northeasterly past 

the southern side of Hungry Jack lake in T. 64-1 W., and to enter Canadian terri

tory at the west end of Rove lake. The Vennilion moraine is thought to enter Cook 

county north of Little Saganaga lake in T. 64-5 W., and to cross the international 

boundary near the west end of Gunflint lake. 

In connection with the retreat of the two lobes of the ice sheet, it is very evident 

that a number of glacial lakes, of longer or shorter duration and larger or smaller 

size, would be formed, first by the obstruction of the westward and northward flowing 

streams by the northern ice-lobe, and second by the obstruction of the eastward and 

flouthward flowing streams by the ice-lobe in the lake Superior basin. Such lakes 

have been described in Lake and St. Louis counties, and, when this manuscript was 

first written, the writer called attention to the evidence for such a lake in the Pigeon 

River valley. Since then this lake has been described as follows: * 
Lake Omimi. Before the ice had receded beyond mount Josephine it retained a lake of about forty square 

miles in area, lying in the upper valley of the present Pigeon river. The lake bed has an altitude of 1,255 to 1,360 
feet above the sea. Its lowest point is thus about fifty feet higher than the upper stage of lake Duluth. The 
chief deposits consist of stratified clay, exposed along the Pigeon river and its tributaries. Beaches have, as yet, 
not been identified. The western shores of this lake were formed by high rock ridges. The ice-barrier, during 
the largest extent of the lake, stood in the vicinity of the western end of the Grand Portage trail. The outlet, 
which has not been definitely located, was most probably toward the southeast, and closely connected with the 
ice-barrier, which, upon receding, continually uncovered lower ground. This lake, in part, occupied a portion of 
the area previously occupied by the northern ice-lobe. When the ice receded from the vicinity of Grand Portage 

. lake Omimi disappeared. The name Omimi is taken from the Chippewa name for Pigeon river. 

As Oook county becomes more settled and the land is cleared, it is probable 

that the shore lines and deposits of other ice-dammed lakes will be found. 

Two interesting kamest have been noted in Cook county. One is on the inter

national boundary portage between Rove and Rose lakes, but nearer the former. 

The portage trail runs on the top of this kame for a distance of fifteen or twenty 

* A.. H. ELFTMAN, Op. -cit., p. 104 . 
. tIn conformity with the earlier reports of this survey the ridges here mentioned are designated as kames. As the term 

esker IS now·used, these ridges would be called eskers. 
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distant from, the lake shore, The Itasca moraine, formed by the northern ice-lobe , 
has in Lake county a more easterly direction, and, before leaving that county, it 

unites with the Highland moraine. East of the union of these moraines a single 

prominent moraine (termed the Itasca-Highland) continues through Cook county, 

entering this county in T. 60-5 W. This united moraine has its northern and 

southern boundaries sharply marked. It averages three miles in width and forms 

the highest land within the first fifteen to thirty miles north of lake Superior. It is 

well defined around the lakes at the head of Poplar river in T. 61-3 W.; from the 

Cascade river in the southeastern part of T. 62-2 W. to Devil Track lake, which lies 

in the midst of this moraine; in the southern part of T. 62-1 E.; and in sees. 20 and 

21, T. 64-4 K, where it crosses the Pigeon river. The courses of the Mesabi and 

Vermilion moraines, formed by the northern ice, are less satisfactorily known. The 

first is thought to enter Cook county in T. 62--5 W. and to run northeasterly past 

the southern side of Hungry Jack lake in T. 64-1 W., and to enter Canadian terri

tory at the west end of Rove lake. The Vermilion moraine is thought to enter Cook 

county north of Little Saganaga lake in T. 64-5 W., and to cross the international 

boundary near the west end of Gunflint lake. 

In connection with the retreat of the two lobes of the ice sheet, it is very evident 

that a number of glacial lakes, of longer or shorter duration and larger or smaller 

size, would be formed, first by the obstruction of the westward and northward flowing 

streams by the northern ice-lobe, and second by the obstruction of the eastward and 

Routhward flowing streams by the ice-lobe in the lake Superior basin. Such lakes 

have been described in Lake and St. Louis counties, and, when this manuscript was 

first written, the writer called attention to the evidence for such a lake in the Pigeon 

River valley. Since then this lake has been described as follows: ~f 

Lake Ornimi. Before the ice had receded beyond mount Josephine it retained a lake of about forty square 
miles in area, lying in the upper valley of the present Pigeon river. The lake bed has an altitude of 1,255 to 1,360 
feet above the sea. Its lowest point is thus about fifty feet higher than the upper stage of lake Duluth. The 
chief deposits consist of stratified clay, exposed along the Pigeon river and its tributaries. Beaches have, as yet, 
not been identified. The western shores of this lake were formed by high rock ridges. The ice-barrier, during 
the largest extent of the lake, stood in the vicinity of the western end of the Grand Portage trail. The outlet, 
which has not been definitely located, was most probably toward the southeast, and closely connected with the 
ice-barrier, which, upon receding, continually uncovered lower ground. This lake, in part, occupied a portion of 
the area previously occupied by the northern ice-lobe. When the ice receded froID the vicinity of Grand Portage 
lake Omimi disappeared. The name Omimi is taken from the Chippewa name for Pigeon river. 

As Cook county becomes more settled and the land is cleared, it is probable 

that the shore lines and deposits of other ice-dammed lakes will be found. 

Two interesting kamest have been noted in Cook county. One is on the inter

national boundary portage between Rove and Rose lakes, but nearer the former. 

The portage trail runs on the top of this kame for a distance of fifteen or twenty 

• A. H. ELFTMAN, OJ]. -cit., p. 104 . 
. t In conformity with the earlier reports of this survey the ridges here mentioned are designated as kames. As the term 

esker IS nOW-used, these ridges would be called eskers. 
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rods. The ridge is steep on both sides and over fifty feet high in places. It runs 

rudely parallel with the valley in which the traillies.* The other kame isinT.62~1 

W., one or .two miles west of Devil Track lake. This is a narrow ridge over a lIlile 

long and fifty feet high above the land on either side. It is composed of fine gra;vel 

and sand, with a few large boulders·t 
Abandoned beacheson the north shore of lake Hupm·iol'. All along the lake Superior 

shore, above the present level of the lake, the characteristic features of shorelines 

are found. These present the characters of the present shore except where obscured 

by vegetation or erosion. These old shore lines were formed when the. water was 

manv feet hio'her than at present, and they can be seen extending as parallel lines 
v to . 

along the hill slopes. These old beaches range in hight from a few feet above,the 

present storm beaches to 607 feet at mount Josephine. In some places, as at WI1US,. 
wangoning bay, a beach (here forty-three feet above the present level of the lake) is 
almost as fresh and distinct as the beach of the last storm. At this place another 

one, seventy-six feet above the lake, is also very distinct (see figure 1 of plateJJ). 

Below are given descriptions of some of these abandoned beaches in Cook county.t 
Ca1'lton lJeak. From the vicinity of the Saw teeth to Carlton peak fairly definite suggestions of two, and 

in some cases more than two, terraces are obtained by an inspection of the coast from the lake. The country is, 
however, heavily timbered, and experience proves it to be impracticable to locate them within a reasonable time 
by crawling through the jungle. On the slope from Carlton peak to the shore the timber has been burnt, and 
by hard scrambling through the windfall it was possible to reach the terraces and ascertain their elevations 
approximately by aneroid observations. The figures obtained by this means were 80 and 125 feet, respectively, 
above the lake, for the rear parts of two very gently sloping terraces that have been cut in a broad embankment 
of soft material which must have accumulated at still higher stages of the lake. The precise registration of 
these higher stages was not observed, but the conditions of examination were unfavorable, and it is probable 
that higher terraces on the flanks of Carlton peak will be found. 

Pop laT' riveT (Lutsen). 'l'he Poplar river cuts through a broad embankment of sand, gravel, etc., which 
mantles the rocky slope of this part of the coast for many miles. The front of the embankment overlooking the· 
lake descends rapidly to the present shore by a succession of cliffs and cut-terraces which have been carved out 
of the main embankment at various successively lower stages of the water subsequent to that at which it was 
accumulated. 

The brink of the main embankment is about 116 feet above the lake, and from this point its· upper slope 
rises very gently landward for nearly two miles to an elevation of about 300 feet, where it abuts sharply against 
a steep range of a gabbro. The general character of the topography and the underlying structure is analogous 
to that described at Beaver bay, where a broad gently-sloping terrace of incoherent material abuts on preeipitous 
rocky hills at an elevation of about 314 feet. The rear of this broad terrace at Poplar river was only ascertained 
very approximately by an aneroid observation, so that the figures are not incorporated wIth the more precise 
data of the table. The wooded character of the country practically prevented precise observations at points 
distant from the shore without an expenditure of time, labor and money, which would have been inconsistent 
with the modest plan of our operations. Although the newer terraces carved in the front of this main embaJlk; 
ment face the open lake, they are in the immediate vicinity of the mouth of the stream, and the stream. currents 
have doubtless played an important part in the development of the terraces, supplying and removing d~trit~s 
contemporaneously with the cutting action of the waves. The terraces and cliffs are all remarkably sharp xn 
cross profile. The terraces are narrow and vary but little from horizontal. The angle of slope of cliffs wascal'e-
fully measured and three were found to have a declivity of 28°, two of 27°, and one (the lowest) of 32°. . 

"N. H. WINCHELL. Ninth Annual Rep01·t, pp. 79, 80. 
tA. H. EL]ilTM~4N. Amer. Urol., vol. xxi, p. 97. 

t t From" Sketch of the coastal topography of the north side of lake Superior with special reference to the abandoned 
s rands of lake Warren" by A 0 L'·' en . ' Tl . ' .. ~W"Ol'<: duenhethAnn;lwt Repo1't, pp. 181-289 pIs. 7-12, 1893.. I 
f ' 18 C[uestlOns which centre about these abandoned heaches-such as the 'names and areas of the bodies ofwater.wbic: 
f DImed them, the causes of these bodies of water, and the differential elevation that the-e beaches have suffered-are questlO~S 0 
ar ~reater lml~Ol't than can be discussed here in the description of Cook county. These beaches have been described and questJO~s 
cO~Cterbnmg them ha,ve been dlS('llSSed hy A. C. LAWSON F B TAYLOR W AHREN UPHAM N H WINCHELl" and others; much l~ 
;e,tho e known c?ncerning these beaches and the ques'ti~ns'that centre about them. Oon:pa~e, also, G. K. GILBliiRT: "Recen 
al movements m the Great Lakes region," Eigh/.eenth Anm!(,l Report U. S. Geol. {3u?'vey, pt. 2, pp. 595-647, pl. 105,~1898. 
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rods. The ridge is steep on both sides and over fifty feet high in places. It runs 

rudely parallel with the valley in which the traillies.* The other kame is inTo 62~1 

W., one 01' .two miles west of Devil Track lake. This is a narrow ridge over a mile 

long and fifty feet high above the land on either side. It is composed of fine gravel 

and sand, with a few large boulders·t 
Abandoned beaches on the north shore of lake Superior. All along the lake Superior 

shore, above the present level of the lake, the characteristic features of shore lines 

are found. These present the characters of the present shore except where obscured 

by vegetation 01' erosion. These old shore lines were formed when the water was 

many feet higher than at present, and they can be seen extending as parallel lines 

along the hill slopes. These old beaches range in hight from a few feet abovecthe 

present storm beaches to 607 feet at mount Josephine. In some places, as at Waus.

wangoning bay, a beach (here forty-three feet above the present level of the lake) is 

almost as fresh and distinct as the beach of the last storm. At this place another 

one, seventy-six feet above the lake, is also very distinct (see figure 1 of plate JJ). 

Below are given descriptions of some of these abandoned beaches in Cook county.t 

OW'lion ]leak. From the vicinity of the Saw teeth to Carlton peak fairly definite suggestions of two, and 
in some cases more than two, terraces are obtained by an inspection of the coast from the lake. The country is, 
however, heavily timbered, and experience proves it to be impracticable to locate them within a reasonable time 
by crawling through the jungle. On the slope from Carlton peak to the shore the timber has been burnt, and 
by hard scrambling through the windfall it was possible to reach the terraces and ascertain their elevations 
approximately by aneroid observations. The figures obtained by this means were 80 and 125 feet, respectively, 
above the lake, for the rear parts of two very gently sloping terraces that have been cut in a broad embankment 
of soft material which must have accumulated at still higher stages of the lake. The precise registration of 
these higher stages was not observed, but the conditions of examination were unfavorable, and it is probable 
that higher terraces on the flanks of Carlton peak will be found. 

PoplCt1· riveT (Lutsen). '1'he Poplar river cuts through a broad embankment of sand, gravel, etc., which 
mantles the rocky slope of this part of the coast for many miles. The front of the embankment overlooking the 
lake descends rapidly to the present shore by a succession of cliffs and cut-terraces which have been carved out 
of the main embankment at various successively lower stages of the water subsequent to that at which it was 
accumulated. 

The brink of the main embankment is about 116 feet above the lake, and from this point its· upper slope 
rises very gently landward for nearly two miles to an elevation of about 300 feet, where it abuts sharply agaililst 
a steep range of a gabbro. The general character of the topography and the underlying structure is analogous 
to that described at Beaver bay, where a broad gently-sloping terrace of incoherent material abuts on preciptteus 
rocky hills at an elevation of about 314 feet. The rear of this broad terrace at Poplar river was only ascertained 
very approximately by an aneroid observation, so that the figures are not incorporated with the more precise 
data of the table. The wooded character of the country practically prevented precise observations at points 
distant from the shore without an expenditure of time labor and money which would have been inconsistent 
with the modest plan of our operations. Although the 'newer terraces c~;ved in the front of this main embank
ment face the open lake, they are in the immediate vicinity of the mouth of the stream, and the stream currents 
have doubtless played an important part in the development of the terraces, supplying and removing detrit~B 
contemporaneously with the cutting action of the waves. The terraces and cliffs are all remarkably sbrp In 
cross profile. The terraces are narrow and vary but little from horizontal. The angle of slope of cliffs was care-
fully measured and three were found to have a declivity of 28°, two of 27°, and one (the lowest) of 32°. . 

'.' N. H. WINCHELL, Ninth Annual Report, pp. 79, 80. 
T A. H. Er ... l!'T}.fAN. A 111(>1'. Ckol., vol. xxi) p. 97. 

t t From" Sketch of the coastal topography of the north side of lake Superior with special reference to the abandoned 
s rands~;~ake W. arr,en,". by A. O. LAWSON: -TwtntIeth Annual. Report, pp. 181-289, pIs. 7-12, 1893. , • 'ell 
. . C[UestlOns which centre about these abandoned heaches-such as the names and areas of the bodIes of wate! ,WID 
~Ol med thc,?, the causes of these bodies of water, and the differ en tial elevation that the.e beaches have suffered-are questlO~s of 
ar greater Import than can be discussed here in the description of Oook county. These beaches have been described and quest\D~S 

contct'erjmng them have been disc-llssed by A. O. LAWSON F B 'rAYLOR W AHHEN UPH "1 N H WINCHELr~ and others; much ItS 
ye O)e lmo\VTI C . . th b ' . ., A.l~, • • • "Recen 
earth movem oncernmg ese caches and the questions that centre about them. Compare, also, G. K. GILB~RT. 

ents In the Great Lakes region," Eighteenth Amwcl,l Report U. S. Geoi. {Jm'vey, pt. 2, pp, 595-647, pI. 105, 1898. 
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poplar river.] 

The lowe~t terrace ~f the series is a wave-built terrace, and is only 6.9 feet above the level of the lake at its 
rear, where the fishermen s boat-houses stand. ?,owards the lake it grades into the present shore. The higher 
terraces have none of the characters of wave-bUIlt structures so far as can be discerned. At the summit of this 
series of terraces and cliffs, just at the limit of the main embankment, is a beach-like ridue with somewha't 
lo~er .grou~d. behind it and a series.of minor, successively lower, parallel ridges on its gentle lake ward slope. 
ThIS ndge IS mterpreted to be a barne1' beach developed at a favorable stage of the emergence of the coast. 'l'he 
accompanying cross profile was plotted to scale in the field from precise measurements. 
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FIG. 60. PROFILE AT MOUTH OF PO.PLAR RIVER. 

On the east side of the mouth of Poplar river only three distinct strand lines have been registered on the 
front of the main embankment. These are, a well-formed wave-cut terrace facing the lake at an elevation of 78.4 
feet; a less distinct terrace, which is seen, in vertical section, where the river gorge cuts it, to be composed of 
stratified gravels, the elevation of its summit being 99.6 feet; and again a beach-like ridge, the highest line on 
the front of the embankment, at 116 feet. The terraces .at the mouth of Poplar river are shown in plate JJ, 
figure 2. 

Coast east of Poplar rive?'. East of Poplar river two terraces are observed to follow the shore more or 
less continuously for some miles. Both are covered with timber, but as they are low and not usually distant 
from the shore, their topographic character is not obscured beyond recognition. Both are wave-cut terraces and 
have been carved out of a primary embankment which mantles the rocky slopes of the coast. These terraces 
were found to be susceptible of partial measurement at a fishermen's clearing about two miles from Poplar 
river. Here the brink of the lower terrace is 14.5 feet above the lake, the front limit being a steep sea-cliff 
rising from the present shore. The terrace is 150 feet wide and at its rear has an elevation of 17.8 feet, thus 
exhibiting a slope of about 2 in 100. From the rear of this terrace another sea-cliff rises with a slope of 37°, and 
the brink of the second terrace is 37.5 feet above the lake. The terrace runs back under the beach apparently 
nearly flat. The elevation of its rear portion was estimated to be six feet higher than its brink, thus making the 
shore line about 43.5 feet above the lake. The low sea-cliff which- rises above the present shore and limits the 
lower terrace lakeward is rather a striking feature of this part of the shore, being a vertical scarp of the old 
embankment material resting upon rock varied in places by shorter stretches in which the cliff is wholly rock or 
wholly embankment graveL 

Good Hal'bor bay. The next locality along the coast where the ancient strand lines are sufficiently 
recognizable to be measured is at Good Harbor bay. The bay is open to the east and northeast and presents on 
the maps but a small jog in the generally uniform trend of the shore. The west side of the bay is overhung by 
a sea-cliff of very slightly inclined beds of red and brown shales and shaly sandstone, which rises vertically to 
a hight of fifteen feet. Between the base of the cliff and the shore line there is a narrow and low beach of 
shingle derived chiefly from the cliff. Above this sea-cliff there is a terrace about 100 feet wide and twenty feet 
high at its rear, which is thickly strewn with shingle. Immediately above this, with a low cliff between, is 
another terrace twenty-five feet wide and 27.2 feet high at its rear, and also cut out of shingle and gravel. A third 
sea·cliff cut out of irregularly stratified gravels and sands of a primary embankment rises above this for about 
fifty feet. Above the summit of the cliff the ground rises gently in a rolling succession of beach-like ridges for 
several hundred feet horizontally and then grades into a distinct terrace abutting against the higher slopes of 
the hill at an elevation of 115.3 feet. 

Grand Marais. The pinkish acid volcanic rocks of the vicinity of Grand Marais have by their mechan
ical disintegration along the sea-cliffs afforded an abundance of shingle and gravel with which the waves have 
banked up a fine series of beaches. These have been arranged in l)arallel ridges in the form of a beautifully dis
tinct and typical wave-built terrace. As this terrace encroached upon the area of the lake the space between 
the shore and the rocky island upon which the lighthouse stands was spanned by a spit, and the construction of 
the terrace was limited to the northeast side of the resulting bar, since the latter closed in a bay, the only 
entrance to which is by a deep channel between rocky points through which no shore drift could enter (see 
plate HH, figure 4). Within the bay at Grand Marais the wave action has been restricted, for lack. of supply of 

. new material, to working over the old material brought there before the bar was established; and It.S ~ffect has 
been doubtless to extend the size of the bay and render it shallow. Within the bay the cres~ of the .ltvmg beach 
has an altitude of 5.5 feet and is twenty-three feet distant from the water. Parallel to thIS and sIxty-five f~et 
farther inland across an intervening hollow is an old beach, the crest of which is 6.1 feet above the lake. Behmd 

COOK OOUNTY. 339 
poplar river.] 

The lowe~t terrace ~f the series is a wave-built terrace, and is only 6.9 feet above the level of the lake at its 
real', where the fishermen s boat-houses stand. :rowards the lake it grades into the present shore. The higher 
terraces have none of the characters of wave-bUilt structures so far as can be discerned. At the summit of this 
series of terraces and cliffs, just at the limit of the main embankment, is a beach-like ridue with somewhat 
lo~er .grou~d. behind it and a series.af minor, successively lower, parallel ridges on its gentle lake ward slope. 
ThiS ndge IS mterpreted to be a barner beach developed at a favorable stage of the emergence of the coast. '1'he 
accompanying cross profile was plotted to scale in the field from precise measurements. 
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FIG. 60. PROFILE AT MOUTH OF PO.PLAB RIVER. 

On the east side of the mouth of Poplar river only three distinct strand lines have been registered on the 
front of the main embankment. These are, a well-formed wave-cut terrace facing the lake at an elevation of 78.4 
feetj a less distinct terrace, which is seen, in vertical section, where the river gorge cuts it, to be composed of 
stratified gravels, the elevation of its summit being 99.6 feetj and again a beach-like ridge, the highest line on 
the front of the embankment, at 116 feet. The terraces .at the mouth of Poplar river are shown in plate JJ, 
figure 2. 

Coast east of Poplar Ti'L'e1'. East of Poplar river two terraces are observed to follow the shore more or 
less continuously for some miles. Both are covered with timber, but as they are low and not usually distant 
from the shore, their topographic character is not obscured beyond recognition. Both are wave-cut terraces and 
have been carved out of a primary embankment which mantles the rocky slopes of the coast. These terraces 
were found to be susceptible of partial measurement at a fishermen's clearing about two miles from Poplar 
river. Here the brink of the lower terrace is 14.5 feet above the lake, the front limit being a steep sea-cliff 
rising from the present shore. The terrace is 150 feet wide and at its rear has an elevation of 17.8 feet, thus 
exhibiting a slope of about 2 in 100. From the rear of this terrace another sea-cliff rises with a slope of 37°, and 
the brink of the second terrace is 37.5 feet above the lake. The terrace runs back under the beach apparently 
nearly flat. The elevation of its rear portion was estimated to be six feet higher than its brink, thus making the 
shore line about 43.5 feet above the lake. The low sea-cliff which- rises above the present shore and limits the 
lower terrace lakeward is rather a striking feature of this part of the shore, being a vertical scarp of the old 
embankment material resting upon rock varied in places by shorter stretches in which the cliff is wholly rock 01' 

wholly embankment gravel. 
Good Harbor bay. The next locality along the coast where the ancient strand lines are sufficiently 

recognizable to be measured is at Good Harbor bay. The bay is open to the east and northeast and presents on 
the maps but a small jog in the generally uniform trend of the shore. The west side of the bay is overhung by 
a sea-cliff of very slightly inclined beds of red and brown shales and shaly sandstone, which rises vertically to 
a hight of flfteen feet. Between the base of the cliff and the shore line there is a narrow and low beach of 
shingle derived chiefly from the cliff. Above this sea-cliff there is a terrace about 100 feet wide and twenty feet 
high at its rear, which is thickly strewn with shingle. Immediately above this, with a low cliff between, is 
another terrace twenty-five feet wide and 27.2 feet high at its rear, and also cut out of shingle and gravel. A third 
sea-cliff cut out of irregularly stratified gravels and sands of a primary embankment rises above this for about 
fifty feet. Above the summit of the cliff the ground rises gently in a rolling succession of beach-like ridges for 
several hundred feet horizontally and then grades into a distinct terrace abutting against the higher slopes of 
the hill at an elevation of 115.3 feet. 

Grand lJ1arais. The pinkish acid volcanic rocks of the vicinity of Grand Marais have by their mechan
ical disintegration along the sea-cliffs afforded an abundance of shingle and gravel with which the waves have 
banked up a fing series of beaches. These have been arranged in l)arallel ridges in the form of a beautifully dis
tinct and typical wave-built terrace. As this terrace encroached upon the area of the lake the space between 
the shore and the rocky island upon which the lighthouse stands was spanned by a spit, and the construction of 
the terrace was limited to the northeast side of the resulting bar, since the latter closed in a bay, the only 
entrance to which is by a deep channel between rocky points through which no shore drift could enter (see 
plate HR, figure 4). Within the bay at Grand Marais the wave action has been restricted, for lack. of supply of 

. new material, to working over the old material brought there before the bar was established j and Its effect has 
been doubtless to extend the size of the bay and render it shallow. Within the bay the crest of the living beach 
has an altitude of 5.5 feet and is twenty-three feet distant from the water. Parallel to this and sixty-five f:et 
farther inland across an intervening hollow is an old beach, the crest of which is 6.1 feet above the lake. BehJl1d 
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th" . a hollom and beyond the around rises in two low steps to culminate in a third distinct and bare 
IS IS agaIll n, C' b •••• • • 

beach-crest at a distance 105 feet from the second. The altItude of thIs thIrd beach IS 12.1 feet. ThIs IS again 
followed landward by a parallel hollow, and again the ground rises (all bare shingl~ and gravel) in two low steps, 
each about twenty-five feet broad, the higher of which is 17.5 feet ~t its edge. N81t~er of these steps is taken to 
mark a definite stage of the water. The upper of these steps grades mto a gently slopmg wave-cut terrace 260 feet 
wide anel ::l9.1 feet high at its rear. Thus from the back of this terrace to the present shore there appears to 
have been no suelden elrop in the level of the lake, but a gradual recession of the water. At this stage the waves 
were cuttinO' a terrace out of a pre·existent embankment of shingle and gravel. As the water sank, the supply of 
drift from nbeighboring cliffs seems to have increased so that terrace-cutting gave way to terrace-building. The 
particular section selected for measurement shows the wave-built terrace at its narrowest part. Farther east it 
is many times broader. 

Along the line of examination the cutting action which produce.d the terrace of the strand had eaten back 
into an embankment of shingle to the line of a beach of a former hIgher stage of the lake. For at the rear of 
the terrace a low sea-cliff of shingle rises with a slope of 28°, and this slope is nearly coincident with the front 
slope of a very distinct shingle beach with a hollow behind it, the crest of which is 43.6 feet above the lake. 
Above the level of this beach, the slope of the hill rises gently with an undulating profile, and presents a surface 
of oTavel obscured by forest loam and shrubbery. In this vaguely undulating profile which was plotted to a 
lar~e scale with great care, in the field, only two shore lines are distinctly registered, viz.: one at an elevation of 
55.9 feet, in the form of a terrace twenty-six feet wide, and another at 113.5 feet, where the last of the gravel was 

observed. 
Less than half a mile farther west, however, two still higher strand lines were observed and their alti-

tudes measured. The lower of these is a terrace 127.3 feet high, which is well seen from a distance towards eve
ning, but which is less apparent at close quarters. The higher is a distinct but not an extensive gravel terrace 
encircling low glaciated domes of rock at an elevation of 162.6 feet. This upper terrace is nearly on a level with 
the lower part of the bold bluff which overlooks Grand Marais on its southwest side. This bluff presents vertical 
walls from twenty to fifty feet high and was a sea-cliff when the water stood at the 162.6-foot level. On the east 
side of Grand Marais village a trail goes up over the hill. This was followed to the summit of the pass, about 
750 feet above the lake, in search of higher strand lines. But, although the trail passes almost continuously 
over morainic accumulations, no trace of a shore line was observed at levels higher than that last recorded. 

Kimball's cTcek. From Grand Marais eastward a low terrace, corresponding to the 29.1 feet terrace at 
Grand Marais, may be observed for several miles along the coast as far as Cow-tongue point. Higher traces of 
shore lines are doubtless present, but they are utterly obscured by the jungle. At the bottom of the bay below 
Cow-tongue point three terraces are observable from the lake, but only two of these could be located. The third 
eluded our search, although it must have been covered by us in our excursion in quest of it near Kimball's creek; 
and the second was difficult to locate with precision on account of the lack of contrast between its slope and that 
of a pre-existent slope of rock in which no cliff had been carved. This terrace has a measured minimum eleva
tion of 80.1 feet, and its maximum is within two or three feet of this figure. It is evidently neither a wave-cut 
nor a wave-built terrace, but might be classed as a current-built terrace. Below this is a flat clearing on which 
stands a halfbreed's house. The flat is the first of the three terraces referred to. At its rear it is 28.5 feet high, 
and above it rises a steel)ly inclined sea-cliff carved out of the primary embankment, whose upper surface consti
tutes the second terrace. Farther along the shore this terrace is again seen about a mile below Fish-hook point, 
and again below the mouth of Brule river, where it is being cut into by the wave-action so as to present the scarp 
of a sea-cliff rising above the existing shore. 

Horseshoe bay. At the bottom of Horseshoe bay there is a very remarkable and striking series of three 
beautifully developed beaches. The bay, as its name implies, is not long proportionate to its width, but its 
shores converge towards the upper end, and the wave action has been exceedingly energetic in consequence of 
this rapid convergence. Vertical cliffs of massive gabbro in the vicinity of the bay, particularly on its west side, 
where they rise to an elevation of fifty feet, have supplied the material of which the beaches are constructed. 
There is also a sparing admixture of glacial erratics. The remarkable feature about the beaches is that there is no 
shingle or gravel, or any fine material whatever, in their composition. They are strictly boulder beaches, resem
bling ridges of cannon balls, although there are as many sub-angular boulders as rounded ones (see plate KK, 
figure 2). The crest of the lowest of these beaches is only twenty feet horizontally distant from the present 
shore line, and its crest is 11.9 feet above the lake. The crest is strikingly horizontal and curves parallel to the 
con.tour of the shore. It may be the storm beach of the present stage of the water, but the size of the boulders, 
whIch range on an average from six to twelve inches in diameter, suggest that the crest was built up when the 
water was somewhat higher than now. Behind this beach there is a slight depression, and behind this the 
second boulder beach rises to an elevation along its crest of 17.6 feet. The distance between the two beaches 
from crest to crest is about 100 feet. The boulders of which this beach is composed do not, on the average, vary 
mu~h fro~ t.welve inches in diameter. This second beach is again followed by the usual parallel hollow, and 
behmd thIS nses the third and most imposing beach of the three. The crest of the latter is 200 feet distant from 
that of the second beach and is 38.6 feet high. The front of this beach is not a simple slope, as is the case with 
t~e two lo,:er beaches, but its profile shows a distinct step-like feature in its lower part, such as may be some
tImes s~en Il1 ~lear water on the s~baqueous slope of some of the living beaches of the lake. The co~ponent 
boulder.s of thIS beach are perceptIbly larger than those of the lower beaches, the average diameter bemg over 
twelve Il1ches. Many were measured which greatly exceeded this dimension. This beach was clearly developed 
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th" . 110110m and beyond the around rises in two low steps to culminate in a third distinct and bare 
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beach-crest at a distance 105 feet from the second. The altitude of thiS third beach IS 12.1 feet. ThiS IS again 
followed landward by a parallel hollow, and again the ground rises (all bare shingl~ and gravel) in two low steps, 
each about twenty-five feet broad, the higher of which is 17.5 feet at its edge. NBlt~er of these steps is taken to 
mark a definite stage of the water. The upper of these steps grades into a gently slopmg wave-cut terrace 260 feet 
wide and ::l9.1 feet high at its rear. Thus from the back of this terrace to the present shore there appears to 
have been no sudden drop in the level of the lake, but a gradual recession of the water. At this stage the waves 
were cuttina a terrace out of a pre·existent embankment of shingle and gravel. As the water sank, the supply of 
drift from nbeighboring cliffs seems to have increased so that terrace-cutting gave way to terrace-building. The 
particular section selected for measurement shows the wave-built terrace at its narrowest part. Farther east it 
is many times broader. 

Along the line of examination the cutting action which produce.d the terrace of the strand had eaten back 
into an embankment of shingle to the line of a beach of a former higher stage of the lake. For at the rear of 
the terrace a low sea-cliff of shingle rises with a slope of 28°, and this slope is nearly coincident with the front 
slope of a very distinct shingle beach with a hollow behind it, the crest of which is 43.6 feet above the lake. 
Above the level of this beach, the slope of the hill rises gently with an undulating profile, and presents a surface 
of uravel obscured by forest loam and shrubbery. In this vaguely undulating profile which was plotted to a 
lar~e scale with great care, in the field, only two shore lines are distinctly registered, viz.: one at an elevation of 
55.9 feet, in the form of a terrace twenty-six feet wide, and another at 113.5 feet, where the last of the gravel was 

observed. 
Less than half a mile farther west, however, two still higher strand lines were observed and their alti-

tudes measured. The lower of these is a terrace 127.3 feet high, which is well seen from a distance towards eve
ning, but which is less apparent at close quarters. The higher is a distinct but not an extensive gravel terrace 
encircling low glaciated domes of rock at an elevation of 162.6 feet. This upper terrace is nearly on a level with 
the lower part of the bold bluff which overlooks Grand Marais on its southwest side. This bluff presents vertical 
walls from twenty to fifty feet high and was a sea-cliff when the water stood at the 162.6-foot level. On the east 
side of Grand Marais village a trail goes up over the hill. This was followed to the summit of the pass, about 
750 feet above the lake, in search of higher strand lines. But, although the trail passes almost continuously 
over morainic accumulations, no trace of a shore line was observed at levels higher than that last recorded. 

Kimball's cTeek. From Grand Marais eastward a low terrace, corresponding to the 29.1 feet terrace at 
Grand Marais, IDay be observed for several miles along the coast as far as Cow-tongue point. Higher traces of 
shore lines are doubtless present, but they are utterly obscured by the jungle. At the bottom of the bay below 
Cow-tongue point three terraces are observable from the lake, but only two of these could be located. The third 
eluded our search, although it must have been covered by us in our excursion in quest of it near Kimball's creek; 
and the second was difficult to locate with precision on account of the lack of contrast between its slope and that 
of a pre-existent slope of rock in which no cliff had been carved. This terrace has a measured minimum eleva
tion of 80.1 feet, and its maximum is within two or three feet of this figure. It is evidently neither a wave-cut 
nor a wave-built terrace, but might be classed as a current-built terrace. Below this is a flat clearing on which 
stands a halfbreed's house. The flat is the first of the three terraces referred to. At its rear it is 28.5 feet high, 
and above it rises a steeply inclined sea-cliff carved out of the primary embankment, whose upper surface consti
tutes the second terrace. Farther along the shore this terrace is again seen about a mile below Fish-hook point, 
and again below the mouth of Brule river, where it is being cut into by the wave-action so as to present the scarp 
of a sea-cliff rising above the existing shore. 

Horseshoe bay. At the bottom of Horseshoe bay there is a very remarkable and striking series of three 
beautifully developed beaches. The bay, as its name implies, is not long proportionate to its width, but its 
shores converge towards the upper end, and the wave action has been exceedingly energetic in consequence of 
this rapid convergence. Vertical cliffs of massive gabbro in the vicinity of the bay, particularly on its west side, 
where they rise to an elevation of fifty feet, have supplied the material of which the beaches are constructed. 
There is also a sparing admixture of glacial erratics. The remarkable feature about the beaches is that there is no 
shingle or gravel, or any fine material whatever, in their composition. They are strictly boulder beaches, resem
bling ridges of cannon balls, although there are as many sub-angular boulders as rounded ones (see plate KK, 
figure 2). The crest of the lowest of these beaches is only twenty feet horizontally distant from the present 
shore line, and its crest is 11.9 feet above the lake. The crest is strikingly horizontal and curves parallel to the 
con.tour of the shore. It may be the storm beach of the present stage of the water, but the size of the boulders, 
whICh range on an average frOID six to twelve inches in diameter, suggest that the crest was built up when the 
water was somewhat higher than now. Behind this beach there is a slight depression, and behind this the 
second boulder beach rises to an elevation along its crest of 17.6 feet. The distance between the two beaches 
from crest to crest is about 100 feet. The boulders of which this beach is composed do not, on the average, vary 
much fro~ t.welve inches in diameter. This second beach is again followed by the usual parallel hollow, and 
behmd thiS nses the third and most imposing beach of the three. The crest of the latter is 200 feet distant frOID 
that of the second beach and is 38.6 feet high. The front of this beach is not a simple slope, as is the case with 
t~e two lo,:er beaches, but its profile shows a distinct step-like feature in its lower part, such as may be some
tImes seen m clear water on the subaqueous slope of some of the living beaches of the lake. The component 
bouldel:s of this beach are perceptibly larger than those of the lower beaches, the average diameter being over 
twelve mches. Many were measured which greatly exceeded this dimension. This beach was clearly developed 
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as a bar across the bay when the water formed the 38.6 foot beach, for behind the beach there is a broad expanse 
, of marshy ground., much lower than the beach, which represents the lagoon formed by the establishment of th 

beach bar. At higher elevations of the surfac~ of the water, Horseshoe bay would have been merged with th: 
common expanse of the lake and the shore carrIed further inland than the range of our observations. 

Double bay. A fine display of terrace topography, visible through the burnt and still standing timber 
meets the view on entering Double bay. The present shore line is backed by a steep sea-cliff which is bein; 
carved out of ail. embal).kment which is probably fundamentally morainic, although modified in form by shor: 
action of former high stages of the lake. Numerons boulders are worked out of the embankment and are strewn 
along the present shore, but it is largely also composed of clayey material. Stretching back from the brink of 
this sea-cliff is a nearly flat terrace, which is about a quarter of a mile broad, and which spans the entire breadth 
of the embayment. The rear of this terrace is about thirty-two feet above the lake. Above it rises a second 
sea-cliff followed by another broad terrace similar to the first, having an altitude at its rear which measured 
85.8 feet. This second sea-cliff is not continuously distinct. Above it spreads out a broad, sloping plain, which 
varies in width according to the topography of the rocky slope which here begins to emerge through the super
incumbent embankment. Along the line of section measured, this terrace is about a half mile wide and abuts 
upon a rocky slope; the line of abutment is horizontal, and although no well-marked sea-cliff has been devel
oped, owing to the resistant character of the rock, it may with great probability be taken to mark approximately 
a shore line. Its elevation, as measured, is 160.5 feet. On top of this rocky ridge at an elevation of 278.9 feet, 
and at a distance inland of about a tenth of a mile from the rear of the last mentioned terrace, was found a 
distinct gravel bar surrounding low, rocky knolls and spanning the gaps between them. To the northeastward 
this beach appears to merge into a terrace which abuts upon the precipitous flanks of a spur of Farquhar's 
knob. The rear of this terrace would be a few feet higher than the figures given for the elevation of the gravel 
bar, but its precise elevation was not determined. 

Grand Portage. It was hoped from a distant inspection of the topography of the pass through the hills 
at Grand Portage, from its being fairly free from timber, and from its gentle grade, which renders the country 
accessible for some miles from shore within moderate limits of elevation, that the registration of the ancient 
strand lines of lake Superior would at this place be fuller than usual. This hope was, however, not fulfilled, and 
only a few of the strand lines were satisfactorily located by carrying a line of levels along the portage trail. From 
the nature of the embayment in the hills it is evident at a glance that at the higher stages of the water Grand 
Portage bay must have extended several miles inland and have had a somewhat irregular shore contour with 
sharp indentations, particularly on its west side. From the precipitous character of the bluffs or promon
tories, which limit the embayment on either side, it is presumed that very little of the general shore drift found 
a lodgment in the bay, and whatever embankments may have accumulated would be of local derivation. The fact 
that the general shore drift did not find its way into the bay at the higher stages of the lake,either around mount 
Josephine on the east, or the bold precipices which rise on the west of the embayment, is evidenced by the 
absel1ce of such drift on the wave-cut terraces, which contour these precipitous slopes on either hand, as will be 
noted later. In spite of this exclusion of the general shore drift, there is evidence that, at probably all recorded 
stages of the water, the water was in the middle parts of the bay as it is now, always shallow, and that waves, 
although very effective on the neighboring steep slopes where the water was deep, left comparatively feeble 
traces of their action on the successive shores at the head of the bay. The conditions which have favored an 
excessive accumulation of local detritus in the bay and rendered it shallow from the highest stages of the lake 
down to the present, are: (1) The presence of a massive morainic ridge crossing the valley about four miles 
north of the village, and (2) A small stream cutting through it, which has built up a succession of sloping delta 
plains, each of which has been cut through in turn as the level of the lake dropped. The higher and older delta 
plains appear to be much more extensive than the later, and it is a possible case that at the time of their building 
the stream flowed from beneath ice still lingering behind the moraine in the upper part of the valley. The 
highest delta forms a very distinct brpad plain which has been terraced by the stream, but which cannot be 
clearly separated at its rear from the present front slope of the moraine. Half a mile or more in front of the 
moraine there projects through the plain a rocky, glaciated dome a few hundred feet in diameter. The abut
ment of the plain upon the steep slopes of this island-like mass of bare rock is very sharp. An inspection of the 
surface of the rock, which is uneven in detail on top, warrants the belief that it was not submerged at the time 
of the formation of the plain which encircles it, and that it was, therefore, but little above the level of the water 
which conditioned the slope of the plain. The elevation of the plain at this point was measured at 339.7 feet. 

A higher terrace was also observed abutting on a rocky slope at an elevation of 458 feet, but the brushy 
character of country obscured its relation to that just mentioned and it could not be determined to be distinct 
from it. 

Further down the valley on a lower delta slope are two low, beach-like ridges, one at 254.7 feet, and another 
at 231.8 feet, which appear to have been barriers thrown up by the breakers in a shallow bay at some distance 

-from the shore and similar to the barrier which is now forming in Grand Portage bay. On a still lower delta 
plain 'and much nearer the lake is still another low barrier ridge which has an elevation of 103.5 feet. The 
church of the village stands on a terrace which, at its rear, at the foot of a low and worn-down cliff carved out 
of delta material, is 74.7 feet high. Immediately to the lakeward side of the church ~he gr?un~ drops steeply to 
the level of the terrace on which the village is built. This drop represents a sea-clIff whlCh 1S one of the most 
striking shore features of Grand Portage. The terrace which extends out from its base is 37.9 feet ab?ve the 
lak;e. There is still a lower terrace, the rear of which is about 8.6 feet above the lake. The present bay IS shal-
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as a bar across the bay when the water formed the ?S.6 foot beach, for behind the beach there is a broad expanse 
of marshy ground, much lower than the beach, whICh represents the lagoon formed by the establishment of the 
beach bar. At higher elevations of the surface of the water, Horseshoe bay would have been merged with the 
common expanse of the lake and the shore carried further inland than the range of our observations. 

Double bay. A fine display of terrace topography, visible through the burnt and still standing timher 
meets the view on entering Double bay. The present shore line is backed hya steep sea-cliff which is bein: 
carved out of an embankment which is probably fundamentally morainic, although modified in form by shor~ 
action of former high stages of the lake. Numerous boulders are worked out of the embankment and are strewn 
along the present shore, but it is largely also composed of clayey material. Stretching back from the hrink of 
this sea-cliff is a nearly fiat terrace, which is about a quarter of a mile broad, and which spans the entire breadth 
of the embayment. The rear of this terrace is about thirty-two feet above the lake. Above it rises a second 
sea-cliff followed by another broad terrace similar to the first, having an altitude at its rear which measured 
85.8 feet. This second sea-cliff is not continuously distinct. Above it spreads out a broad, sloping plain, which 
varies in width according to the topography of the rocky slope which here begins to emerge through the super
incumbent embankment. Along the line of section measured, this terrace is about a half mile wide and abuts 
upon a rocky slope; the line of abutment is horizontal, and although no well-marked sea-cliff has been devel
oped, owing to the resistant character of the rock, it may with great probability be taken to mark approximately 
a shore line. Its elevation, as measured, is 160.5 feet. On top of this rocky ridge at an elevation of 278.9 feet, 
and at a distance inland of about a tenth of a mile from the rear of the last mentioned terrace, was found a 
distinct gravel bar surrounding low, rocky knolls and spanning the gaps between them. To the northeastward 
this beach appears to merge into a terrace which abuts upon the precipitous flanks of a spur of Farquhar's 
knob. The rear of this terrace would be a few feet higher than the figures given for the elevation of the gravel 
bar, but its precise elevation was not determined. 

Grand POTtage. It was hoped from a distant inspection of the topography of the pass through the hills 
at Grand Portage, from its being fairly free from timber, and from its gentle grade, which renders the country 
accessible for some miles from shore within moderate limits of elevation, that the registration of the ancient 
strand lines of lake Superior would at this place be fuller than usual. This hope was, however, not fulfilled, and 
only a few of the strand lines were satisfactorily located by carrying a line of levels along the portage trail. From 
the nature of the embayment in the hills it is evident at a glance that at the higher stages of the water Grand 
Portage bay must have extended several miles inland and have had a somewhat irregular shore contour with 
sharp indentations, particularly on its west side. From the precipitous character of the bluffs or promon
tories, which limit the embayment on either side, it is presumed that very little of the general shore drift found 
a lodgment in the bay, and whatever embankments may have accumulated would be of local derivation. The fact 
that the general shore drift did not find its way into the bay at the higher stages of the lake, either around mount 
Josephine on the east, or the bold precipices which rise on the west of the embayment, is evidenced by the 
absence of such drift on the wave-cut terraces, which contour these precipitous slopes on either hand, as will be 
noted later. In spite of this exclusion of the general shore drift, there is evidence that, at probably all recorded 
stages of the water, the water was in the middle parts of the bay as it is now, always shallow, and that waves, 
although very effective on the neighboring steep slopes where the water was deep, left comparatively feeble 
traces of their action on the successive shores at the head of the bay. The conditions which have favored an 
excessive accumulation of local detritus in the bay and rendered it shallow from the highest stages of the lake 
down to the present, are: (1) The presence of a massive morainic ridge crossing the valley about foul' miles 
north of the village, and (2) A small stream cutting through it, which has bunt up a succession of sloping delta 
plains, each of which has been cut through in turn as the level of the lake dropped. The higher and older delta 
plains appear to be much more extensive than the later, and it is a possible case that at the time of their building 
the stream flowed from beneath ice still lingering behind the moraine in the upper part of the valley. The 
highest delta forms a very distinct broad plain which has been terraced by the stream, but which cannot be 
clearly separated at its rear from the present front slope of the moraine. Half a mile or more in front of the 
moraine there projects through the plain a rocky, glaciated dome a few hundred feet in diameter. The abut
ment of the plain upon the steep slopes of this island-like mass of bare rock is very sharp. An inspection of the 
surface of the rock, which is uneven in detail on top, warrants the belief that it was not submerged at the time 
of the formation of the plain which encircles it, and that it was, therefore, but little above the level of the water 
which conditioned the slope of the plain. The elevation of the plain at this point was measured at 339.7 feet. 

A higher terrace was also observed abutting on a rocky slope at an elevation of 458 feet, but the brushy 
character of country obscured its relation to that just mentioned and it could not be determined to be distinct 
from it. 

Further down the valley on a lower delta slope are two low, beach-like ridges, one at 25'1.7 feet, and another 
at 231.8 feet, which appear to have been barriers thrown up by the breakers in a shallow bay at Sallie distance 
from the shore and similar to the barrier which is now forming in Grand Portage bay. On a still lower delta 
plain "and much nearer the lake is still another low barrier ridge which has an elevation of 103.5 feet. The 
church of the village stands on a terrace which, at its rear, at the foot of a low and worn-down cliff carved out 
of delta material, is 74.7 feet high. Immediately to the lakeward side of the church the ground drops steeply to 
the level of the terrace on which the village is built. This drop represents a sea-cliff which is one of the most 
striking shore features of Grand Portage. The terrace which extends out from its base is 37.9 feet ab~ve the 
lake. There is still a lower terrace, the rear of which is about S.6 feet above the lake. The present bay IS shal-
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low out as far as Grand Portage island, so that the waves break before reaching shore; and one of the results of 
this is the development of a subagueous ridge or barrier parallel with the shore line. Boats drawing over a foot 
of water may ground on this barrier, but between it and th~ sh~re the water is dee~er. The b.arrier, as yet, 
a ears nowhere above the surface of the lake and probably It WIll never so develop ll1to a barner beach, but 
af\~ays remain subaclueous, since heavy storm waves necessary for the throwing up of the initial subaerial ridge 
cannot reach this line on account of the lake ward shoal. 

ll'fount Josephine. The south side of mount Josephine presents a succession of strand lines, most of which 
are exceptionally well defined. The mountain is a ridge 703 feet hi~h ~nd consists of a great dike of gabbro or 
diabase to both of the steep flanks of which a selvage of southerly dlPpmg slates and quartzyte of the Animikie 
is still ~dhering up to varying elevations. The extremity of the ridge juts out into the lake as a sharp point 
which forms the eastern limit of Grand Portage bay and is known as Hat point. The most striking and most 
heavily scored of the strand lines is a wave-cut terrace which contoars the side of the ridge at an elevation of 
509.5 feet and sweeps around in a beautifully shaped curve where the ridge abuts upon the main mass of rock 
from which it 18 a spur. The timber has been burnt over a portion of the hillside so that the character of the 
terrace, as a heavily cut shelf, perfectly horizontal, projected against the side of the hill, attracts the eye from 
a long way off, and excites the curiosity of even the casual observer as a peculiar feature of the landscape. At 
close quarters the terrace was found to be about 100 feet wide, to have a gentle lakeward slope for this distance, 
and then to drop away into a steep declivity of the hillside. At its rear rises a steep cliff which is partly the· 
side of the great dike, partly the indurated slates adhering to the dike, and partly a wall of the dike rock, far
ther in than its original side wall, which has been established by the cutting action at the level of the terrace. 
The terrace is strewn with great blocks which have fallen from the vertical cliff, and at one place a considerable 
talus has accumulated in great part since the wave action ceased. There is a considerable proportion of glacial 
drift over the lower flanks of the ridge, and this seems to have extended up to the summit of the ridge, since 
there are some northern erratics strewn over the surface of the terrace. It is possible that the terrace may, in 
part, particularly at its northern end, be cut out of a morainic dump. The summit of mount Josephine is heavily 
glaciated. A small portion of beach shingle and g:ravel is strewn over the snrface of the terrace. The possibility 
of the terrace being a feature of differential degradation was critically considered on the ground, but all the 
evidence observed made clearly for its wave-wrought origin. The facts that the strata dip southerly while the 
rear of the terrace is horizontal, that the slope of the terrace is outward and independent of the dip, and that 
the terrace character is maintained where it swings in the curve of the ~ away from the line of the dike, 
indicate at once that its form and situation are not conditioned by the structure of the rocks. The terrace is 
further interesting as yielding to accurate measurement figures for its altitude, which are identical with those 
obtained for the equally well-defined strand line at Hardy'S schoolhouse in East Duluth. 

This terrace, although the most pronounced of the dents in the west side of mount Josephine, is not the 
highest. There are two higher and presumably older terraces, neither of which is so extensive along the hillside 
nor so wide. Both of these are much alike in their general character and in the measure of their extent, and 
they rise one above the other. They are continuous for only a few hundred yards, and both vary from about 
thirty to fifty feet in width. Both are backed by a sea-cliff and both are strewn with blocks of rocks derived 
from it and from drift accumulations. These terraces are respectively 587.2 feet and 607.3 feet above the lake. 
One of them is a prominent feature of the hillside as a distinct horizontal shelf, visible at long distance; the 
other is not so apparent, owing, doubtless, to the thickened shrubbery. It is suggested, in explanation of their 
short extent, that they lie in a slight embayment all the side of this ridge and so somewhat protected; while 
their continuation on the more salient portions of the ridge has been undermined and cut away by the same 
wave action which resulted in the development of the broader terrace at 509 feet. These two terraces, at 587 
feet and 607 feet, are remarkable for being the highest strand lines which have thus far been observed on the 
coast of lake Superior. 

Lower on the same slope of mount Josephine are two other sharply scored but narrow terraces, which lie 
well within the unburnt timber, and which are therefore not apparent at a distance. The first of them, in 
descending order, is at an elevation of 313.5 feet and the second at 226.1 feet. Both are readily observable on 
the trail which crosses mount Josephine from Grand Portage to Wauswaugoning bay, and both appear to be cut 
out of the accumulation of drift which here mantles the rocky base of the ridge. Still further down, at the base 
of the hill, is a boulder beach, the crest of which is forty-three feet above the lake; and between this and the 
shore there is again a drop in the general slope to an even terrace which is 19.9 feet high at its rear, and which 
extends for less than 100 yards to the brink of the sea-cliff of the present shore. This last sea-cliff has a hight 
of thirteen feet. 

~Wcmswa1~uoning bay. Wauswaugoning bay is limited on the southwest side by Hat point and on the 
northeast I~~ the base of .Pigeon point. The shore along the side of Hat point is a precipitous cliff without a 
beac~ or vl~lble shelf at Its base, and the water is deep. This line of high cliff, rising in places to a hight of 800 
fe~t, IS contllluous around the embayment, but leaves the shore line about half way frOID the extremity of the 
POlllt a~d swe~ps r~und to the vicinity of Pigeon falls, roughly parallel to the shore, but usually several hundred 
ya:'ds dJSta~t from It. At the base of Pigeon point the ground is low, and at higher stages of the water Pigeon 
POlllt \~as elthe.r an Island or was completely submerged, so that a portion of the sediment of Pigeon river then 
found Its way lllto.Wauswaugoning bay. But as Pigeon river is a new stream, being a succession of c.ataracts 
and s~retch~s of stIll water, the sediment is small in quantity and very fine, so that it supplied practICally no 
matenal whIch would remain in the zone of shore drift on a wave-beaten shore. Its sediments have taken the 
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low out as far as Grand Portage island, so that the waves break before reaching shore; and one of the results of 
this is the development of a subagueous ridge or barrier parallel with the shore l~ne, Boats drawing over a foot 
of water may ground on this barrier, but between it and the shore the water IS deeper. The barrier, as yet, 
appears nowhere above the surface of the lake and probably i: will never s.o develop int~ ~ ?arrier be~ch, but 
always remain subaclueous, since heavy storm waves necessary for the throwmg up of the Imbal subaenal ridge 
cannot reach this line on account of the lake ward shoal. 

]J'f01mt Josephine. The south side of mount Josephine presents a succession of strand lines, most of which 
are exceptionally well defined. The mountain is a ridge 703 feet high and consists of a great dike of gabbro or 
diabase to both of the steep flanks of which a selvage of southerly dipping slates and quartzyte of the Animikie 
is still ~dhering up to varying elevations. The extremity of the ridge juts out into the lake as a sharp point 
which forms the eastern limit of Grand Portage bay and is known as Hat point. The most striking and most 
heavily scored of the strand lines is a wave-cut terrace which contoLll"S the side of the ridge at an elevation of 
509.5 feet and sweeps around in a beautifully shaped curve where the ridge abuts upon the main mass ofrock 
from which it IS a spur. The timber has been burnt over a portion of the hillside so that the character of the 
terrace as a heavily cut shelf, perfectly horizontal, projected against the side of the hill, attracts the eye from 
a long ~ay off, and' excites the curiosity of even the casual observer as a peculiar feature of the landscape. At 
close quarters the terrace was fOLmd to be about 100 feet wide, to have a gentle lake ward slope for this distance, 
and then to drop away into a steep declivity of the hillside. At its rear rises a steep cliff which is partly the' 
side of the great dike, partly the indurated slates adhering to the dike, and partly a wall of the dike rock, far
ther in than its original side wall, which has been established by the cutting action at the level of the terrace. 
The terrace is strewn with great blocks which have fallen from the vertical cliff, and at one place a considerable 
talus has accumulated in great part since the wave action ceased. There is a considerable proportion of glacial 
drift over the lower flanks of the ridge, and this seems to have extended up to the summit of the ridge, since 
there are some northern erratics strewn over the surface of the terrace. It is possible that the terrace may, in 
part, particularly at its northern end, be cut out of a morainic dump. The summit of mountJ osephine is heavily 
glaciated. A small portion of beach shingle and g:ravel is strewn over the surface of the terrace. The possibility 
of the terrace being a feature of differential degradation was critically considered on the ground, but all the 
evidence observed made clearly for its wave-wrought origin. The facts that the strata dip southerly while the 
rear of the terrace is horizontal, that the slope of the terrace is outward and independent of the dip, and that 
the terrace character is maintained where it swilJgs in the curve of the r---- away from the line of the dike, 
indicate at once that its form and situation are not conditioned by the structure of the rocks. The terrace is 
further interesting as yielding to accurate measurement figures for its altitude, which are identical with those 
obtained for the equally well-defined strand line at Hardy'S schoolhouse in East Duluth. 

This terrace, although the most pronounced of the dents in the west side of mount Josephine, is not the 
highest. There are two higher and presumably older terraces, neither of which is so extensive along the hillside 
nor so wide. Both of these are much alike in their general character and in the measure of their extent, and 
they rise one above the other. They are continuous for only a few hundred yards, and both vary from about 
thirty to fifty feet in width. Both are Lacked by a sea-cliff and both are strewn with blocks of rocks derived 
from it and from drift accumulations. These terraces are respectively 587.2 feet and 607.3 feet above the lake. 
One of them is a prominent feature of the hillside as a distinct horizontal shelf, visible at long distance; the 
other is not so apparent, owing, doubtless, to the thickened shrubbery. It is suggested, in explanation of their 
short extent, that they lie in a slight embayment all the side of this ridge and so somewhat protected; while 
their continuation on the more salient portions of the ridge has been undermined and cut away by the same 
wave action which re.sulted in the development of the broader terrace at 509 feet. These two terraces, at 587 
feet and 607 feet, are remarkable for being the highest strand lines which have thus far been observed on the 
coast of lake Superior. 

Lower on the same slope of mount Josephine are two other sharply scored but narrow terraces, which lie 
well within the unbl1rnt timber, and which are therefore not apparent at a distance. The first of them, in 
descending order, is at an elevation of 313.5 feet and the second at 226.1 feet. Both are readily observable on 
the trail which crosses mount Josephine from Grand Portage to Wauswaugoning bay, and both appear to be cut 
out of the accumulation of drift which here mantles the rocky base of the ridge. Still further down, at the base 
of the hill, is a boulder beach, the crest of which is forty-three feet above the lake; and between this and the 
shore there is again a drop in the general slope to an even terrace which is 19.9 feet high at its rear, and which 
extends for less than 100 yards to the brink of the sea-cliff of the present shore. This last sea-cliff has a hight 
of thirteen feet. 

}Vctuswaugoning bay. Wauswaugoning bay is limited on the southwest side by Hat point and on the 
northeast j~3: the base of .Pigeon pain t. The shore along the side of Hat point is a precipitous cliff without a 
beac~ or vI~lble shelf at Its base, and the water is deep. This line of high cliff, rising in places to a hight of 800 
fe~t, IS contmuous around the embayment, but leaves the shore line about half way frOID the extremity of the 
pomt and sweeps round to the vicinity of Pigeon falls, roughly parallel to the shore but usually several hundred 
ya:'ds dista~t from it. At the hase of Pigeon point the ground is low, and at high~r stages of the water Pigeon 
pomt \~as Enth~r an Island or was completely submerged, so that a portion of the sediment of Pigeon river then 
found Its way mto.Wauswaugoning bay. But as Pigeon river is a new stream, being a succession of c.ataracts 
and st.retch~s of still water, the sediment is small in quantity and very fine, so that it supplied practically no 
matenal whICh would remain in the zone of shore drift on a wave-beaten shore. Its sediments have taken the 
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form of a delta at the head of Pigeon bay where protected from wave action. The Pigeon river is clearly a very 
recent drainage and it seems probable that the ancient outlet was into Grand Portage bay. This dearth of ~trcam 
detritus has characterized the shores of Wauswaugoning bay at all stages of lake Superior, there being no other 
stream cutting through or tumbling over the cliffs which rise around it. In this respect the bay presents a 
marked contrast to the neighboring bay at Grand Portage with its heavy deltas. The contrast betwe~n the two 
bays is perhaps best seen in the character of the strand line registrations. The higher stages of tho lake were 
not strongly registered "at the head of Grand Portage bay because of the lack of contrast between the subaerial 
and subaqueous slopes of the delta. At the head of Wauswaugoning bay the water line of the higher stage was 
not registered at all, because the 8ho1'8 was along the face of vertical cliffs of pre-lacustrine origin. As the lake 
subsided the water surface reached the talus of the cliffs, and terrace lines were doubtless carved. But in the 
\Yidnity of the cliffs the growth of the talus since the water subsided has rendered them unrecognizable; and it 
is only when we come to comparatively low stages of the lake, where, on the gentler slopes of the talus, conditions 
have been1'avorable for the carrying of a bar across the head of the bay, that permanent strand lines have been 
established. These bars form two magnificent beach embankments with lagoon hollow behind and undulatory 
slope in front. They are composed entirely of coarse shingle of quartzyte and hard siliceous slate which mostly 
weather red. The vegetation has been burnt off and the crests are remarkably sharp and continuously 
horizontal lines, which by their color and distinctness give a striking character to the landscape. The upper of 
these two beaches is 76.5 feet above the lake (see plate JJ, figure 1), and the lower 43.7 feet. 

Nectr Birch island. Outside of Wauswaugoning bay on the south side of Pigeon point and about half a 
mile east of Birch island there is a fine display of storm beaches. The material of which they are built is the 
detritus of the reddish Animikie quartzyte which is the prevalent rock on this part of the coast. The shore is 
well exposed to southerly winds. The beaches, although well developed, are here only found at comparatively 
low altitudes, there being no high slopes upon which embankments of higher stages of the lake could be lodged. 
Three distinct beach crests rise one above the other, all having the same general character. The first of these 
is within reach of the waves of the present stage of the lake, and is possibly the living storm beach in process of 
growth, or having attained its maximum growth. Its crest is sharp and uniformly level at 13.6 feet above still 
water. About 150 feet from this crest rises the second beach equally sharp and distinct, with an elevation of 
17.4. On the front slope of this beach is a subordinate shelf-like feature. There is no perceptible depression in 
the 150 feet of space between the two beach lines. The third beach crest is about 100 feet behind the second, and 
there is a slight depression between the two. There is a depression behind the third beach, i. e., between it and 
the rocky slope upon which it has been banked up. The third beach has an elevation of twenty-one feet. All 
three beaches are absolutely devoid of soil or fine material of any kind. There is no blown sand to obscure their 
characters as perfect wave-built embankments of shingle and gravel spanning the bay between two rocky ridges. 

Pigeon point. From the abandoned ranch at the mouth of Pigeon river a trail crosses Pigeon point to 
the shore on the south side. This trail is transverse to the trend of the rochs, and between the two main ridges 
is an embayment which opens to the southeast on the south side of the point. The trail in crossing this embay
ment follows the crest of a shingle beach which spans it. The total length of the beach is something less than 
one-eighth of a mile, there is no breach in it, and behind it is a well-defined lagoon hollow. The crest of the 
beach was found to have an elevation of 75.6 feet. On the front of the embankment which culminates in this 
beach a second beach has been developed at an altitude of 56.6 feet. It is probable that several other beaches 
lie between this and the shore, but the interval is heavily timbered and definite results are scarcely obtainable. 

Pigeon Ti1,er. At the mouth of Pigeon river, on the Canadian side, there are three fairly distinct traces 
of shore action. They are found on the south side of the point of land which separates the canon of the Pigeon 
from Pigeon bay. The highest is of the nature of a short gravel bar, connecting two projecting masses of rock· 
It is about one foot lower in its middle than at the sides where it abuts upon the rock. Its elevation at the 
latter place was found to be 134.3 feet. The fine character of the gravel (mostly of slate) and the low curvature 
of the bar indicate development under sheltered conditions, such as the local topography would suggest. On 
the lower flanks of the hillside are two distinct terraces, one at 60.8 feet and another at 18.2 feet, both of which 
are probably rather to be strictly interpreted as stream terraces of the Pigeon, but, being at its mouth and below 
rapid water, they represent very closely the stages of the lake at which they were developed. 

MA TERrAL RESOUROES. 

There is a large quantity of timber, both hard and soft wood, standing in this 

county, and this will be of great value when the district is better settled. At present 

little can be done with the timber, for most of the streams, especially in their lower 

courses, have many rapids and falls. The value of the land for agricultural pur

poses has already been spoken of (page 320). 

The iron ore thus far discovered in this county, as described in the chapters on 

the Akeley Lake and Gunflint Lake plates, while in large amounts, still cannot be 
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fo~m of a delta at the head of Pigeon bay where protected from wave action. The Pigeon river is clearly a very 
recent drainage and it seems probable that the ancient outlet was into Grand Portage hay. This dearth of "trea~ 
detritus has characterized the shores of Wauswaugoning bay at all stages of lake Superior, there being no other 
stream cutting through or tumbling over the cliffs which rise around it. In this respect the bay presents a 
marked contrast to the neighboring bay at Grand Portage with its heavy deltas. The contrast between the two 
bays is perhaps best seen in the character of the strand line registrations. '1'he higher stflges of the lake were 
not strongly registered -at the head of Grand Portage bay because of the lack of contrast between the subaerial 
and subaqueous slopes of the delta. At the head of Wauswaugoning bay the water line of the higher stage was 
not registered at all, because the shore was along the face of vertical cliffs of pre-lacustrine origin. As the lake 
subsided the water surface reached the talus of the cliffs, and terrace lines were doubtless carved. But in the 
vicinity of the cliffs the growth of the talus since the-water subsided has rendered them unrecognizable; and it 
is only when we come to comparatively low stages of the lake, where, on the gentler slopes of the talus, conditions 
have been iavorable for the carrying of a bar across the head of the bay, that permanent strand lines have been 
established. These bars form two magnlficent beach embankments with lagoon hollow behind and undulatory 
slope in front. They are composed entirely of coarse shingle of quartzyte and hard siliceous slate which mostly 
weather red. The vegetation has been burnt otf and the crests are remarkahly sharp and continuously 
horizontal lines, which by their color and distinctness give a striking character to the landscape. The upper of 
these two beaches is 76.5 feet above the lake (see plate JJ, figure 1), and the lower 43.7 feet. 

Near Birch island. Outside of Wauswaugoning bay on the south side of Pigeon point and about half a 
mile east of Birch island there is a fine display of storm beaches. The material of which they are built is the 
detritus of the reddish Animikie quartzyte which is the prevalent rock on this part of the coast. The shore is 
well exposed to southerly winds. The beaches, although well developed, are here only found at comparatively 
low altitudes, there being no high slopes upon which embankments of higher stages of the lake could be lodged. 
Three distinct beach crests rise one above the other, all having the same general character. The first of these 
is within reach of the waves of the present stage of the lake, and is possibly the living storm beach in process of 
growth, or having attained its maximum growth. Its crest is sharp and uniformly level at 13.6 feet above still 
water. About 150 feet from this crest rises the second beach equally sharp and distinct, with an elevation of 
17.4. On the front slope of this beach is a subordinate shelf-like feature. There is no perceptible depression in 
the 150 feet of space between the two beach lines. The third beach crest is about 100 feet behind the second, and 
there is a slight depression between the two. There is a depression behind the third beach, i. e., between it and 
the rocky slope upon which it has been banked up. The third beach has an elevation of twenty-one feet. All 
three heaches are absolutely devoid of soil or fine material of any kind. There is no blown sand to obscure their 
characters as perfect wave-built embankments of shingle and gravel spanning the bay between two rocky ridges. 

Pigeon point. From the abandoned ranch at the mouth of Pigeon river a trail crosses Pigeon point to 
the shore on the south side. This trail is transverse to the trend of the rocks, and between the two main ridges 
is an embayment which opens to the southeast on the south side of the point. The trail in crossing this embay
ment follows the crest of a shingle beach which spans it. The total length of the beach is something less than 
one-eighth of a mile, there is no breach in it, and behind it is a well-defined lagoon hollow. The crest of the 
beach was found to have an elevation of 75.6 feet. On the front of the embankment which culminates in this 
beach a second beach has been developed at an altitude of 56.6 feet. It is probable that several other beaches 
lie between this and the shore, but the interval is heavily timbered and definite results are scarcely obtainable. 

Pigeon river. At the mouth of Pigeon river, on the Canadian side, there are three fairly distinct traces 
of shore action. They are found on the south side of the point of land which separates the canon of the Pigeon 
from Pigeon bay. The highest is of the nature of a short gravel bar, connecting two projecting masses of rock· 
It is about one foot lower in its middle than at the sides where it abuts upon the rock. Its elevation at the 
latter place was found to be 134.3 feet. The fine character of the gravel (mostly of slate) and the low curvature 
of the bar indicate development under sheltered conditions, such as the local topography would suggest. On 
the lower flanks of the hillside are two distinct terraces, one at 60.8 feet and another at 18.2 feet, both of which 
are probably rather to be strictly interpreted as stream terraces of the Pigeon, but, being at its mouth and below 
Tapid water, they represent very closely the stages of the lake at which they were developed. 

MATERIAL RESOUROES. 

There is a large quantity of timber, both hard and soft wood, standing in this 

county, and this will be of great value when the district is better settled. At present 

little can be done with the timber, for most of the streams, especially in their lower 

courses, have many rapids and falls. The value of the land for agricultural pur

poses has already been spoken of (page 320). 
The iron ore thus far discovered in this county, as described in the chapters on 

the Akeley Lake and Gunflint Lake plates, while in large amounts, still cannot be 
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profitably mined with the present prices of ore. With better prices, or the estab

lishment of blast furnaces on lake Superior, this ore, which is in large quantity, 

might be mined with profit. There are large bodies of titaniferous magnetite asso

ciated with the gabbro, which will be of value when an economical process of smelt

ing titaniferous ores is in operation in this coanty. Nickel ore is found in small 

amount in the gabbro, and many important finds of this ore have been reported, but 

as yet none of them have been substantiated. By this it is not intended to state 

that nickel ore of sufficient richness to pay for working does not exist in the county, 

but only that at present such ore does not seem to have been found. The conditions 

seem to be favorable, and the future may show that it exists in paying quantities. 

Silver and copper have also been found in small amount, the former in the Animikie 

and the latter in the Keweenawan rocks, but neither metal is -known in large 

amounts. The conditions for the discovery of silver-bearing veins in this county 

are favorable, as the geological structure of the northern part of the district is the 

same as that of the adjoining silver district of Ontario. The same can be said 

regarding copper, for geologically the conditions are favorable, but as yet no large 

deposits of this metal have been found. 

Water-powers. Throughout the county are numerous streams which have con

siderable fall in short distances. This is especially true of the last few miles of the 

lower courses of the streams flowing into lake Superior. These streams often descend 

several hundred feet in a few miles from the lake, and, as the country becomes settled, 

these natural water powers can be easily utilized. The lakes of the county, as a 

rule, have narrow, rapid streams flowing from them. By a dam at the outlet of one 

of these lakes the lake level can be raised a few feet, thus forming a mill pond of 
large size. 

GEOLOGICAL MAP. 

The boundaries of the Animikie and Archean rocks are regarded as accurately 

located. Not so much can be said of the boundaries of the different parts of the 

Keweenawan, because (1) of the difficulty of separating the Cabotian and Manitou 

parts of this series in the southern part of the county, and (2) because the interior of 

the county has not been carefully explored. In mapping the parts of the Keweene

wan on the lake Superior shore, the results obtained by the state geologist have been 

followed, while back from the lake shore notes of different parties of the survey have 

been used, and a map by Dr. A. H. Elftman * has been followed in many particulars. 

Over a considerable portion of the county accurate topographic data are lacking, 
but in the northern part of the county and southward from T. 64-1 W. to Grand 
Marais, the data are good and were obtained by leveling and aneroid measurements.t 

* Ante1', (-/f!ol., vol. xxii, pl. 7. 

Twenty!~~J~~~:g:n~e;~rf wasl~nle40in 1893 by I!' part.y of the survey under the charge of Dr. C. P. BERKEY (see his report, 
r ,pp. ), the leveling bemg done by Messrs. L. A. OGA.A.RD and A. N. WINCHELL. _ 
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ROCK SAMPLES. 

The following Tock samples, illustrating the rocks of Cook county, have been 

collected by the survey: * 
N. H. Winchell's series: Nos. 161-321; 535-553; 603-627; 642-737; 767-796; 799,800; 1070-1072; 1088-1092; 

1264-1364;1379-1384; 1772-1785;1807-1906; 2044-2077. 
A. Winchell's set'ies: Nos. 358; 570-886. 
H. V. Winchell's ser'ies: Nos. 433-462. 
U. S. Gmnt's series: Nos. 6-67; 170-244; 645-689; 701-710; 712-726; 790,791; 821-8:39; 847-849; 851,852; 

855-89:3; 894-909; 929-10080. 
A. H. Elftman's S8t'ies: Nos. 292-350; 426-571; 6:38-696. 

'This list includes some samples from Oanadian territory immediately adjacent to the northern boundary of the county, 
as such samples have an important connection with the study of the geology of this county. 
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CHAPTER XIII. 

THE GEOLOGY OF THE POKEGAMA LAKE PLATE.* 

By U. S. GRANT. 

8itl('((fion and ayea. The district here described lies in the southern part of 

Itasca county, and includes Ts. 54-26, 54-27, 55-26 and 55-27, all west of the Fourth 

principal meridian. It is rectangular in outline, being twelve miles long (north and 

south) and nine and a third miles wide (east and west), and thus contains 112 

sq uare miles. 
SURF ACE FEATURES. 

The surface is flat to gently undulating in general, being covered with deposits. 

of tiJl and modified drift, while in some places, as shown on the map, the surface 

becomes knolly or hilly and the drift is morainic in character. By far the most pro

nounced ridge is that lying southwest of Pokegama lake in sees. 22, 27, 28 and 29 of 

T. 54-26 W. The highest point reached by this ridge is in the north half of sec. 28 

and is 1,617 feet above the sea level or 341 feet above Pokegama lake. This point is 

probably the highest between the west line of St. Louis county and the district 

southwest from Itasca lake. Lakes are quite abundant, Pokegama lake, lying on 

the eastern side of the plate, being the largest. The district is drained by the Mis

sissippi river, which flows eastward through its northern half. Rock exposures are 

quite scarce; in fact the only ones we have record of are in the vicinity of Pokegama 

falls and some reported ones to the southwest of that place. The drift thus prac

tically covers all the bed rock to a depth which perhaps averages fifty feet, or 
even more. 

GEOLOGICAL STRUOTURE. 

Granitic rocks. On the map (plate 70) a belt of granite is shown extending 

southwestwardly for a distance of three miles from the northeast corner of the plate. 

The survey has no records of granite outcrops in this area, but, from the existence 

of granite just to the northeast and from its known relations to the Pokegama 

quartzyte, we feel reasonably sme that the granitic rocks underlie the drift in the 

* The sources of information for this chapter are practically the same as for the chapter on Itasca county, excepting:j 
report ?f A.. C. Lawson and that of R. V. Winchell and U. S. Grant. (See first foot note under the description of that coun . 
The wrIter 18 not personally acquainted with the district included in this plate. 
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area represented. The southern, or southeastern, limit of the granitic rocks beyond 

the area colored on the map is thought to run from near the centre of sec. 22, T. 

55-26 W., southwest, passi~g near the southwest corner of this section and a little 

north of th~ northwest corner of sec. 28, rr. 55-26 W., and leaving this township in 

section 3L Beyond this it is supposed to pursue the same general direction, at least 

for several miles. All that part of the plate northwest of this line seems, quite 

probably, to be underlain by granitic rocks. These rocks, as stated under the chap

ter on Itasca county, are regarded, in part at least, as Archean eruptives of an age 

later than the Lower Keewatin ·and possibly later than the Upper Keewatin. 

The Animikie. This formation is represented in this plate by the lower or 

quartzyte member (Pokegama quartzyte) and the taconyte or iron-bearing member. 

(1). Pokegama quartzyte. This occupies a narrow belt, about half a mile in width, 

just to the southeast of the .granitic rocks already mentioned, and it overlies the 

granite unconformably. The quartzyte probably extends, under the drift, southwest 

for a number of miles, lying along the southeastern limit of the granitic rocks, which 

limit has already been roughly indicated. Indeed, quartzyte has been reported to 

outcrop in three or four places to the southwest of Pokegama falls, but we have 

been unable to visit the localities to verify the reports, still we regard them as trust

worthy, and, moreover, the reported outcrops are in the line of strike of the Ani

mikie and thus occur where we should expect to find quartzyte. 
At Pokegama falls this rock appears in outcrop and causes the falls. Below 

the falls the dip is 15° towards S. 8° W.; above the falls, 15° S. 8° E. The rock is in 

general a rather vitreous quartzyte which has been more or less iron stained. The 

original color as shown by the interior is a greenish gray, and the coloration has 

proceeded along exposed surfaces, cracks and joint planes, often producing a mottled 

rock which is gray, greenish, brownish or reddish in color. At times it is more or 

less crumbling, especially where stained by iron. A fine-grained conglomerate is 

seen in places, and some flat pieces of a red, shaly material, sometimes two inches 

or more across, are included in the quartzyte. This material reminds one of the 

pipestone associated with the Sioux quartzyte in the southwestern part of the state. 

These red pieces were probably fragments of Keewatin slate or shale included 

in the quartzyte when it was being deposited, and they have since become iron

stained and soft. If this is true, we may expect Keewatin rocks not far removed 

from this locality. Such rocks are known to occur underlying the quartzyte in cer

tain parts of St. Louis county, bat we do not know of their actual occurrence in 

such a position in Itasca county. Another feature of the quartzyte is its spottedness. 

Roughly circular areas, of all sizes up to an inch or more across, are sometimes 

common. These areas are reddish or brownish in color, and are rich in iron. They 
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area represented. The southern, or southeastern, limit of the granitic rocks beyond 
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appear more granular than the rest of the rock, probably because the hard siliceous 

cement of the rock has been dissolved away, and partly or wholly replaced by the 

softer iron ore. An examination of this quartzyte under the microscope shows that 

the rock originally consisted of rounded quartz grains, i. e. the rock was a sandstone, 

and that since its deposition silica has been deposited among and around the sand 

grains, cementing them together. When this process is completed the rock has a 

vitreous rather than a granular aspect. The silica thus deposited is completely 

crystallized and many of the original sand grains show crystalline enlargements. 

About one-sixth of a mile above Pokegama falls and on the west side of the 

river is a bluff of the same quartzyte rising twenty-five feet above the water. The 

dip here is 8° towards S. 22° E. Before Pokegama lake was raised by the government 

dam the quartzyte appeared in a low outcrop in N. W.l sec. 23, T. 55-26 W., and 

formed a small rapid at the outlet of Pokegama lake. . This outcrop is now entirely 

covered by water. The quartzyte has also been reported on the Little Boy river in 

Cass county, also about eight miles southwest of Pokegama falls and in sec. 31, T. 

55-26 W.) or sec. 6, T. 54-26 W. All of these localities are in the general direction 

of the strike of the Animikie, and they tend to confirm the idea that the Animikie 

rocks, both the quartzyte and the iron-bearing member, extend for a considerable 

distance southwest fromPokegama falls. 

(2). Taconyte or iron-bearing member. These rocks are not known to the survey 

in the area included in this plate, but there is no reason to doubt that they exist 

immediately to the southeast of the quartzyte belt along its known and probable 

extent. There are prospects that bodies of iron ore will be found in the belt of iron

bearing rocks represented on the map, as well as to the southwest, but the covering 

of drift may be so thick that the discovery of these ore bodies will be a rather expen
Sl ve process. 

The Cretaceous. No strata of this age have been actually found in place in this 

district, although they are known, in three places, at least, along the southern slope 

of the Mesabi iron range a few miles to the east, and it is quite probable that such 

strata exist within the area of this sheet. Indeed, there are reasons for regarding 

the high ridge in secs. 22,27, 28 and 29, T. 54-26 W., as composed of a mass of Creta

ceous rocks covered by only a small thickness of drift. The oval hill in sees. 22 and 

23, T. 55-26 W., may also be of similar character. The high ridge just mentioned 

bears, especially along its northern face, morainic accumulations, but its summit and 

southern side do not appear to be of this character. The surface is here apparently 

of blue clay, and in shallow cuts on logging roads fragments of what seem to be 
Cretaceous shale are found. 
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GEOLOGICAL MAP. 

On the map only the areas where we are reasonably sure that the granitic rocks 

and the two divisions of the Animikie occur are thus indicated. The line between 

the granitic rocks and the quartzyte, as well as that between the latter and the iron

bearing Tocks, is, we feel, quite accurately located. But an att8111pt to mark the 

exact location of these lines towards the southwest would, with our present knowl

edge, most likely prove unsuccessful. The 1I1Ost probable location of the limits of 

these formations in this direction has already been indicated. The drift is mapped 

as morainic and otherwise, the areas of non-morainic till, modified drift and a little 

alluvium along the Mississippi river being represented by one color. The contour 

lines were obtained with the aid of an aneroid barometer and may be regarded as 

approximately correct. 
ROCK SAMPLES. 

The following rock samples were collected within the area of this plate: 

N. H. Winchell's s€1'ies: No. 1521. 
H. V. W1:nchell's ser'ies: NOB. 256-259; 284, 285. 
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CHAPTER XIV. 

THE GEOLOGY OF THE GRAND RAPIDS PLATE.* 

-

By U. S. GRANT. 

Situation and area. The district here described lies m the southern part of 

Itasca county and includes Ts. 55-24, 55-25,56-24 and 56-25, all west of the Fourth 

principal meridian. It is two townships or twelve miles square and thus contains 

144 square miles. It includes the Mesabi iron range between the Pokegama Lake 

plate (No. 70) on the west, and the Swan Lake plate (No. 72) on the east. 

SURFAOE FEATURES. 

The surface is in general undulating, but in the south half of T. 55-24 W. itis . 

nearly fiat, and, as shown on the map, a morainic belt lies along the south side of 

the Mesabi range. This morainic belt is quite pronounced in T. 56-24 W., along 

part of the area which is marked as underlain by the iron-bearing rocks. There are 

no great differences in relief, but a few hills, as west of Trout lake and in the north 

half of sec. 21, T. 56-24 W., rise about 200 feet above the surrounding country. The 
lowest part of the district, along its southern side from the Mississippi river east
ward, is something over 1,250 feet above the sea, and the highest land is in the north
east corner where the Giant's range begins to develop and where altitudes of over 
1,500 feet are reached. The district is drained by the Mississippi river and two of 
its tributaries, Prairie and Swan rivers. Rock exposures are more common than in 
the Pokegama Lake plate, and there are a number of test pits in the area underlain 
by the iron-bearing rocks. 

GEOLOGICAL STRUOTURE. 

G)'un£t£c rocks. The southeastern limit of these rocks enters the plate on the 
west near the centre of the west side of sec. 7, T. 55-25 W., and runs in a northeasterly 
direction, leaving the plate near the centre of the east side of sec. 1, T. 56-24 W. 
These rocks probably underlie all of the area of the plate to the northwest of this 
limit, and they outcrop in a number of localities within the area colored as granitiC 
rocks on the map. 

• The sources of infonnation for this chapte; are practically the same as for the chapter on Itasca county, exceptingt~~ 
report of A. <? La'."son and that of H. V. Winchell and U. S. Grant. (See first foot note under the'descrilltion of t~t co:~. f'! are espeClal.ly mdebted to Han. S. P. Snider, of Minneapolis, for information concerning the location of the formations 
am parts of this plate. The writer is not personally acquainted with this district. 
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At the Upper falls of Prairie river (near the centre of the E. 1t E. 1t sec. 33, T. 

56-25 W.) these granitic rocks occur in extensive exposures. The river here runs 

through a narrow, rocky channel, only twent.y-five feet wide in one place, with sides 

rising thirty to forty feet above the water. At the foot of the rapid the rock is a 

fine-grained, gray, gneissoid granite. It appears in nearly horizontal layers, and 

varies in color from white to reddish. It changes in ascending the rapid, becoming 

coarser in grain and containing more biotite and feldspar. Some of the feldspar is 

quite red. Veins of coarse, reddish granite, of all sizes up to those six inches across, 

cut the country rock. To the northeast of the falls rocks of the same general char

acter as occur at the falls are found in several outcrops. In one place, at about half 

a mile from the falls, an outcrop of dark greenish dioritic rock occurs in close prox

imity to the granite, but its relation to that rock is not known. Such masses of 

hornblendic rock are found farther east in this granite area and are shown to be 

enclosures of foreign rock in the granite. This dioritic outcrop may be of a similar 

nature, or it is possible that it represents a dike cutting the granite. 

Near the southeast corner of sec. 27, T. 56-25 W., the granite is slightly porphy

ritic with feldspar. Numerous other outcrops occur to the northeast, especially in 

sees. 4, 9 and 19, T. 56-24 W. 

The Animikie. As in the Pokegama Lake plate the Animikie is represented 

by the quartzyte (Pokegama) and the taconyte or iron-bearing member. 

(1). Pokegama qttartzyte. This occupies the narrow belt between the granitic 

rocks On the northwest and the taconyte on the southeast. The quartzyte occurs 

in outcrop at the Lower falls of Prairie river, in S. E. i sec. 34, T. 56-25 W. In 

general the rock is the same as at Pokegama falls, but about half way up the rapid 

is a fine conglomerate, the pebbles being largely of quartz, although pebbles of a 

fine-grained, slaty rock are not uncommon. In one place the quartzyte is spotted 

with white areas which, except in color, do not appeal' different from the rest of the 

rock, which is of a brownish shade. The contact between the quartzyte and the 

granite was not found, although searched for considerably. 

Near the dam at the foot of Prairie lake, just north of an exposure of quartzyte, 

is a narrow belt on which are thickly strewn many small boulders of greenish gray 

sandstone, but no exposure of this rock is known. The boulders split easily into 

flags and are composed of a somewhat micaceous sandstone. The belt in which 

these boulders lie is some four or five rods in width. Passing across this belt towards 

the quartzyte the sandstone boulders are quite abruptly replaced by boulders of 

quartzyte, which occupy a belt perhaps ten or fifteen rods wide, beyond which the 

quartzyte occurs in place. It seems quite probable that the sandstone occurs in 

place under the area covered by the boulders of this rock, and thus that the sandstone 
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underlies the quartzyte. The accompanying figure shows a north and south section 

at this locality, the granite being on the north and underlying the quartzyte uncon-

formably. 

FIG. 61. SECTION, NORTH AND SOUTH, NEAR THE LOWER FALLS OF PRAIRIE RIVER. 

l-Granite. 2-Sandstone boulders. 
3a-Quartzyte boulders. 3-Qnartzyte in place. 

The quartzyte at the Lower falls dips in the main toward the south-southeast' 

at an angle averaging about 10°, and it undulates in one or two gentle folds. Along 

the top of one of the anticlinals can be seen a distinct fracture, opening upwards 

as the crest runs across the river. 

Quartzyte occurs in several outcrops in the vicinity of the lower falls and also 

to the northwest-northeast, especially in sec. 16, T. 56-24 W., where outcrops occur 

near the southwest corner of the section, and a ridge exists near the centre of the 

section. To the soutlnvest of the falls the quartzyte occurs, notably in sec. 5, T. 

55-25 W., near the centre of the section, and on its east side about a third of a mile 

from the nOTtheast corner. 

It wm be noticed on the map that the Animikie rocks are shown to bend to 

the south near the northeast corner of T. 56-24 W., and then to bend northeast 

again in section 13 of the same township. By comparing this map with the Swan 

Lake plate (plate 72) it will be seen that, if the quartzyte belt in T. 56-24 W. was 

continued in the direction of its strike, it would pass about two miles northwest of 

the quartzyte as it actually exists in T. 56-23 W. Some irregularity occurs here, as 

is indicated by the outcrops, and the rock found in test pits, and as is represented 

on the mal). In the immediate vicinity of this irregularity we have records of the 

granite, quartzyte and taconyte, as follows: 

Granite. Near centre of sec. 10; near south quarter post of sec. 2, T. 56-24 W.; near southwest corner of 
sec. 7, T. 56-23 W. 

QV,(tTtzyte. A little south of the centre of section 15; a little southeast of the centre of N. W. >4 sec.1l; 
a little west of the east quarter post of sec. 1; near centre of sec. 13; N. ;\1l S. W. 7.;i S. E. 7.;i sec. 13, T. 56-24 W.; 
ridge west of centre of sec. 18, T. 56-23 W. 

Taconyte. Diamond mine (S. E. 7.;i S. W. 7.;i sec. 15) S. W. 7.;i S. W. 7.;i sec. 14; many localities in S. Ji S. 
;\1l sec. 13, T. 56-24 W. 

From the data at hand it would be as easy to assume a fault as the bend in the 

strata represented on the map. If a fault exists, the fault plane is probably nearly 

vertical, and it l'lms from near the east quarter post of sec. 1, T. 56-24 W., south

southwest into the west half of section 13. This irregularity in the strike of the 

Animikie has its analogue near Virginia (see the Virginia plate No. 75). To the 

writer it appears that these irregularities can best be explained by assuming that the 
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the south near the northeast corner of T. 56-24 W., and then to bend northeast 

again in section 13 of the same township. By comparing this map with the Swan 

Lake plate (plate 72) it will be seen that, if the quartzyte belt in T. 56-24 W. was 

continued in the direction of its strike, it would pass about two miles northwest of 

the quartzyte as it actually exists in T. 56-23 W. Some irregularity occurs here, as 

is indicated by the outcrops, and the rock found in test pits, and as is represented 

on the map. In the immediate vicinity of this irregularity we have records of the 

granite, quartzyte and taconyte, as follows: 

Granite. Near centre of sec. 10; near south quarter post of sec. 2, T. 56-24 W.; near southwest corner of 
sec. 7, T. 56-23 W. 

Q1.wrtzyte. A little south of the centre of section 15; a little southeast of the centre of N. W. ?4 sec. 11; 
a little west of the east quarter post of sec. 1; near centre of sec. 13; N. Yz S. W. )4 S. E. )4 sec. 13, T. 56-24 W.; 
ridge west of centre of sec. 18, T. 56-23 W. 

TClconyte. Diamond mine (S. E. )4 S. W. )4 sec. 15) S. W.)4 S. W. )4 sec. 14; many localities in S. US. 
Yz sec. 13, T. 56-24 W. 

From the data at hand it would be as easy to assume a fault as the bend in the 

strata represented on the map. If a fault exists, the fault plane is probably nearly 

vertical, and it runs from near the east quarter post of sec. 1, T. 56-24 W., south

~outhwest into the west half of section 13. This irregularity in the strike of the 

Animikie has its analogue near Virginia (see the Virginia plate No .. 75). To the 

writer it appears that these irregularities can best be explained by assuming that the 
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southward extending tongue of Archean rocks was originally covered by an anticline 

of Animikie rocks which have been eroded, revealing the underlying Archean, which 

was bowed up under the arch of Animikie strata. At any rate, there is evidence 

that the Animikie, in addition to its gentle south-southeastwardly dip and small 

undulations whose axes run at right angles to this direction, also has gentle folds, 

resulting from a compression acting in an east-southeast and west-northwest direc

tion. The three irregularities mentioned above may be assumed to be along the 

axes of the more pronounced folds resulting from this force. 

It is also possible that these southward extending tongues of Archean rocks 

represent ridges in the surface on which the Animikie was deposited. There seem 

to'he reasons for assuming that the Archean rocks were reduced practically to a base 

level before the Animikie wa,s deposited, and the general straight limit of the Ani

mikie rocks on the north and the character of the deposits, lead one to think that 

sharp ridges did not exist in the surface on which the Animikie was laid down. 

It is assumed, from the evidence at hand, that the tongue of granite running 

into the N. E. i sec. 13, T. 56-24 W., has the quartzyte dipping away from it on all 

sides except the northeast, while the quartzyte in sections 1 and 12 forms a syncline. 

(2). Taconyte or iron-bearing member'. This lies just to the south of the quartzyte 

belt and its southern limit is unknown on account of the heavy covering of drift. 

It outcrops just to the south of the quartzyte at the Lower falls of Prairie river. 

The thickness of this taconyte member here exposed probably does not exceed six 

·feet and it rests directly on the quartzyte. The taconyte here varies considerably, 

being in general a reddish, jaspery rock with irregular streaks and bands of quartz, 

and apparently chalcedony. Some beds at the foot of the rapid are rich in hard 

hematite, and make a good iron ore. An analysis of the ore at this· place gave the 

result given in I of the accompanying table: 

Silica (SiOa), 
Alumina (AlaOa), 
Ferric oxide (FeiOa), 
Lime (CaO), -
Magnesia (MgO), -
Phosphorus (P), 
Sulphur (S.), 
Manganese (Mn), 
Titanium oxide (TiO.), 

Total, 
Metallic iron, -

I. 

8.25 
Trace 
92.08 

Trace 
Trace 

.09 

.01 
None 
None 

100.43 
64.45 

II. 

3.62 
Trace 
95.76 

Trace 
Trace 

.093 
None 
None 

99.473 
67.03 

The taconyte is known in numerous test pits to the east of Prairie river in T. 

56.:.24 W. Some bodies of ore have already been discovered, and others will prob

ably be found in the area of this plate. Among the bodies of ore may be mentioned 

the Diamond mine in S. E. i S. W. i sec. 15; near Griffin's camp in N. E. i sec. 22; 

on the land of the Arcturus Iron company in S. i sec. 13 and N. i sec. 24. An anal-
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ysis of the ore from Griffin's camp 

nineteen determinations of iron and 

Iron company will be found below: 

IS given m the accompanying table (II), and 

phosphorus from the test pits of the Arcturus 

No. 1, 
No. 2, 
No. 3, 
No. 4, 
No. 5, 
No. 6, 
No. 7, 
No. 8, 
No. 9, 
No. 10, 
No.n, 
No. 12, 
No. 13, 
No. 14, 
No. 15, 
No. 16, 
No. 17, 
No. 18, 
No. 19, 

Average: Metallic iron, 61.26; Phosphorus, .037. 

Metalli,c iron. 

63.65 
62.70 
63.20 
59.73 
58.01 
60.50 
57.81 
56.68 
59.50 
63.65 
64.40 
62.90 
57.25 
55.68 
54.90 
66.13 
67.18 
68.38 
62.70 

Phosphorus. 

.033 

.037 

.040 

.050 

.050 

.041 

.031 

.035 

.046 

.035· 

.057 

.050 
.039 
.040 
.024 
.022 
.020 
.018 
.032 

The Cretaceous. In the test pits of the Arcturus Iron company in S. i sec. 13, 

and N. i sec. 24, T. 56-24 W., Mr. H. V. Winchell informs us that there is a thick

ness of a number of feet of Cretaceous shale which is highly fossiliferous. These 

fossils have not been studied, but in all probahlity they are of the same age as those 

found a few miles to the east, which are regarded as belonging to the Colorado 

formation of the Upper Cretaceous. * Other Cretaceous areas are quite likely to be 

found within the district included in this plate. 

GEOLOGICAL MAP. 

The data at hand cause us to feel reasonably sure that the line between the 
granite and the quartzyte, as well as that between the latter and the taconyte or iroll
bearing member of the Animikie, is located accurately, except possibly for the area 
of the irregularity in the strike of these rocks in the northeast corner of the plate. 

The granitic rocks most probably extend to the northwest, under the drift, beyond 
the limit shown on the map, and the taconyte may extend farther to the south than 
is indicated. But in each case the formations are mapped as covering only those 

areas where outcrops (or test pits in the rock) occur. The contour lines were 
obtained with the aid of an aneroid barometer and may be regarded as approx
imately correct. 

ROCK SAMPLES. 

The following rock samples were collected within the area of this plate: 
N. H. Winchell's series: Nos. 1522-1537. 
H. V. Winchell's series: Nos. 260-280; 283. 

* Amer. Geol., vol.l<iii, pp. 220-223. 
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CHAPTER XV. 

THE GEOLOGY OF THE SW AN LAKE PLATE. * 

By U. S. GRANT. 

Situation and area. The district included in this plate lies on the eastern side 

of Itasca county and contains Ts. 56-22,·56-23, 57-22 and 57-23, all west of the 

Fourth principal meridian. It is thus twelve miles square and contains 144 square 

miles. It includes the Mesabi iron range between the Grand Rapids plate (plate 71) 

on the west, and the Hibbing plate (plate 73) on the east. 

SURFACE FEATURES. 

The land surface is similar to that of the other plates in this part of the Mesabi 

range, being in its southern part flat or undulating, while farther north the surface 

is hilly. The Giant's range, the ridge which lies just to the north of the Mesabi iron

bearing rocks, is a marked topographic feature, rising 250 to 300 feet above the 

lower land around Swan lake. This ridge is composed of granitic rocks and it 

forms the divide between the streams which flow north and northwest from those 

which flow south. The former streams find their way to the Prairie river, and the 

latter to the Swan river, both of which streams are tributary to the Mississippi. 

The east line of the plate is also the west line of St. Louis county, and from 

notes taken along this line we know that from the southeastern corner of the plate 

north for about two miles the surface is covered with modified drift deposits-sand 

and gravel. North of this, until coming to within two miles of the northeastern 

corner of the plate, the surface is composed of unmodified till, flat or undulating in 

character, and frequently swampy. In the last two miles before reaching the north

east corner of the plate the surface is knolly and hilly, and the drift is characteristic 

of terminal moraine deposits. This moraine is supposed to extend westward. near 

the north line of township 57, and to connect with the Mesabi or Tenth moraine 

which is developed, known in the vicinity of Trout and Wabano lakes in T. 57-25 W. 

(See map of Itasca county, plate 65.) The Itasca or Ninth moraine enters the plate 

near its southwestern corner and e.xtends northeastwardly, as shown on the map. - . 
Ben • For i~formation concerning the various rock outcro~s and t:st pi~s i~ t~s plate we are especially indebted to Mr. R. M. 

nett, of Mmneapolis. The author is not perwllally acqualnted WIth thIS d!strJ,ct. 
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It is finally thought to cross the iron-bearing rocks in T. 5~-22 W., and to unite with 

the Mesabi moraine near the northeast corner of the plate. 

GEOLOGICAL STRUCTURE. 

Granitic rocks. As far as known, these rocks in this plate are of the same gen

eral character as similar rocks elsewhere on the Giant's range in this vicinity, 

and outcrops are not uncommon. Dark hornblendic rock or dioryte is reported 

from sec. 25, T. 27-23 W., but how large an area is occupied by this rock is not 

known. It may be a mass of hornblendic schist similar to that shown on the Hib

bing plate (plate 73) north of the iron-bearing rocks. 

Specimens of the granite from the S. W. ± S. W. -i sec. 33, T. 57-23 W., show 

a rather fine grained, reddish gray, biotite, hornblende granite. The specimens col

lected here are most probably, though not certainly, in place. 

The An-imikie. As elsewhere in Itasca county but two divisions, the quartzyte 

and taconyte members of the Animikie, are known. The rocks and relations of each 

member are the same as for the Pokegama Lake and Grand Rapids plates. 

(1). Poke,r;Clnw quartzyte. This occupies a narrow belt, not exceeding half a mile 

in width, between the granite and the taconyte or iron-bearing member. Outcrops 

are known from a number of places, especially in the N. W. -i of sec. 10, T. 56-23 W. 

The small area of quartzyte shown on the map in the west side of sec. 6, T. 56-23 W., 
has been explained under the discussion of the quartzyte in the description of the 

Grand Rapids plate. 

(2). Taconyte 01' 1:ron-bearing member. Numerous test pits within the area of 

this plate strike this rock, especially along the eastern side of the plate in secs. 13 

and 24, T. 57-22 W. Many ore bodies have not yet been reported from the district 

included in this plate, but there seems to be no reason known why they will not be 

found by farther search. The Mesabi Chief mine, in S. W. -i sec. 23, T. 57-22 W., is 

one of the first places where a large deposit of ore was found in this plate. 

A diamond drill hole in the taconyte in the N. W. -i N. E. -i N. E. -i sec. 1, T. 

56-23 W., passed through the following strata: 
Drift, 
Banded lean ore, -
Banded ore and taconyte, 
Banded taconyte, _ 
Lean hematite ore, 
Banded lean ore and taconyte, 
Taconyte and gray slate, 
Thin seams of ore, -
Quartzyte, 

Feet. 
1 

58U 
16U 
32%, 
33;\4 
3 

32U 
53U 
415 

23515 

This shows that the taconyte at this place has a thickness of 231 feet. It is 

believed that this does not represent anywhere near the total thickness of the taco-
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nyte horizon in this vicinit~, the upper part of this formation having been removed, 

in the vicinity of this diamond drill hole, by erosion. 

GEOLOGICAL MAP. 

The reported exposures and test pits furnish sufficient data to enable us to mark 

out the north and south limits of the quartzyte belt quite accurately, although, for 

a distance of four miles northeast from the west side of sec. 31, T. 57-22 W., the 

limits may not be as accurate as elsewhere. The northern limit of the granitic rocks 

and the southern limit of the taconyte rocks are not known, the limits shown on the 

map being simply those beyond which we have no records of outcrops or of test pits 

in the rock. The data for contour lines are very imperfect, and these lines are to be 

regarded only as rough attempts to indicate the general elevation of the surface and 

the location of the more elevated tracts. 

ROCK SAMPLES. 

The following rock samples were collected within the area of thi? plate: 

H. V. Winchell's series: No. 281. 
J. E. Spurr's series: Nos. 229, 230. 
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CHAPTER XVI. 

THE GEOLOGY OF THE HIBBING PLATE OF THE 

MESABI IRON RANGE. 
(PLATE 73.) 

By N. H. WINCHELL. 

The water-divide formed by the Giant's range of granite is less prominent as 

a topographic feature in the area of this plate than in those next east.* Its greatest 

elevations are in the extreme northeastern part, in sec. 12, T. 58-20, where a small 

area has an altitude of 1,800 feet above the sea, the adjoining lowlands being at 

1,500 feet, a difference of 300 feet. Further west, while the highest points are 1,700 

feet, the adjoining country is 1,500 feet. The slopes from this divide are gentle on . 

either side. On some extended tracts the actual trend of the water divide is not 

outwardly observable, except by the directions of the small streams. It does not 

always follow the area of the granite. The quartzyte, being more nearly a flat

lying stratum, sometimes forms the chief elevation, rising with the inequalities 

of the underlying granite. Even the taconyte horizon is sometimes brought to do 

service as the highest rock in the region, as occurs in the ridge in sec. 35, T. 58-21. 

The summit of the divide passes into the granite area in the northeastern part of 

T. 58-20, where the country becomes rugged and greatly in contrast with the gentle 

inclines of the Animikie area further west. 

The quartzyte, which is the bottom layer of the Animikie, is not always 

observable, but the taconyte member apparently overlaps it, as thought by Mr. 

Spurr, or swells downward so as to include the horizon of the quartzyte within that 

,of the iron-bearing member. The san18 irregularity occurs on the Mesabi iron range 

much further east. The quartzyte is visible continuously, however, as far east as in 

sec. 21, T. 58-20, where it dwindles to a narrow wedge and disappears, the taconyte 

apparently coming into contact with the granite. A narrow strip occurs agam 111 

section 14, which is known to extend but little over a mile.t 

_ "The data for this description are derived mainly from the survey of Mr. J. E. Spurr as pnblished in B!f,Uetin x, sUPP~~
m.etnhtedli, IhlOW81"Ver, ?y later mformation from Dr. U. S. Grant. The accompanying plate is reconstructed from that of Mr. SpUl , 
,,,,, s g t a teratlOns. 
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b 't",a_ cr. exammatIons made by Dr. Grant in the fall of 1898 indicate that the basal quartzyte is more nearly 1\ con 

mem e1' '-'An IS above supposed. 

CHAPTER XVI. 

THE GEOLOGY OF THE HIBBING PLATE OF THE 

MESABI IRON RANGE. 
(PLATE 73.) 

By N. H. WINCHELL. 

The water-divide formed by the Giant's range of granite is less prominent as 

a topographic feature in the area of this plate than in those next east.* Its greatest 

elevations are in the extreme northeastern part, in sec. 12, T. 58-20, where a small 

area has an altitude of 1,800 feet above the sea, the adjoining lowlands being at 

1,500 feet, a difference of 300 feet. Further west, while the highest points are 1,700 

feet, the adjoining country is 1,500 feet. The slopes from this divide are gentle on 

either side. On some extended tracts the actual trend of the water divide is not 

outwardly observable, except by the directions of the small streams. It does not 

always follow the area of the granite. The quartzyte, being more nearly a flat

lying stratum, sometimes forms the chief elevation, rising with the inequalities 

of the underlying granite. Even the taconyte horizon is sometimes brought to do 

service as the highest rock in the region, as occurs in the ridge in sec. 35, T. 58-21. 

The summit of the divide passes into the granite area in the northeastern part of 

T. 58-20, where the country becomes rugged and greatly in contrast with the gentle 

inclines of the Animikie area further west. 

The quartzyte, which is the bottom layer of the Animikie, is not always 

observable, but the taconyte member apparently overlaps it, as thought by Mr. 
Spurr, or swells downward so as to include the horizon of the quartzyte within that 

. of the iron-bearing member. The same irregularity occurs on the Mesabi iron range 

much further east. The quartzyte is visible continuously, however, as far east as in 

sec. 21, T. 58-20, where it dwindles to a narrow wedge and disappears, the taconyte 

apparently coming into contact with the granite. A narrow strip occurs again in 

section 14, which is known to extend but little over a mile.t 

. "The data for this description are derived mainly from the survey of Mr. J. E. Spurr as published in B"Uctin :t, SUPP~~' 
m.etllhted

li
, lhlOwel~ver, 1;>y later mformation from Dr. U. S. Grant. The accompanying plate is reconstrncted from t.hat of Mr. SpUl , 
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The iron bearing strata, and all the members of the Animikie, pass evenly 

across the area represented by this plate, as far as known, with the exception of the 

slight irregularities in the Pokegama quartzyte above noted. The dip is slight, or 

almost flat, giving these strata greater width in their surface extent than at points 

further east. 
The survey of this area having been made prior to the developments of the 

important mines, now in operation at and near Hibbing, and before the railroads 

were built, it is impossible, without further examination, to give the details of the 

geology. The following mines are in operation within the area of this plate: 

Mahoning, Hull, Rust, Burt, Day, Pillsbury, 8ellers, Penobscot. 

The following hand-samples of the rocks of this area were collected by Mr. 

Spurr: Nos. 1388,2058, 2068, 2078, 2088, 2108, 2118, 2128, 2138, 2148, 2158, 2168, 

217S, 218S, 2198, 2208, 2218, 2228,2238,2248,2258,2268,2278,2288. 

For descriptions of thin sections of some of these the reader may consult Mr. 

Spurr's report* on the Mesabi iron-bearing rocks, also another portion (vol. v) of this 

report, under petrographic geology. 
Mr. Spurr has shown that the iron ores of the Mesabi iron range have resulted 

from a metasomatic alteration of a rock having in the main the composition of 

glauconite. Inasmuch as one of the series of rocks on which he based this conclu

sion were derived from the area of this plate, it is appropriate to give in brief the 

method of the examination, and the steps of the process through which the change 

has been carried on. 

The macroscopic examination consisted in the selection of a series of over two 

hundred samples from all parts of the range, and the classification of them accord

ing to their outward appearance without microscopical or chemical aid. He grouped 

these specimens into thirty-two phases. Many of them differed but little from one 

another, but as they manifested slight variations, and might have come from differ

ent sources or directions of alteration, they were all enumerated. He had, for 

instance, six forms or types of iron ore,-magnetite, hard crystalline hematite, friable 

granuiar crystalline hematite, earthy hematite, and earthy limonite or gcethite. 

The rocks were equally differentiated on the basis of their macroscopic characters. 

These thirty-two phases were found to be capable of a general grouping into 

eight classes. They also grade into each other, and the classes also have points of 

consecutive alliance. In short, the app~arance showed that the phases are derived 

one from the other, and in nearly all of the specimens the change could be seen in 

progress. Frequently two or more phases could be seen in a single specimen, the 
line separating them being irregular, or the two phases being inter-banded, some
times in several alternations. 80metimes these bands wedge out and disappear, 

----------* Bulletin x, pp. 8~. 
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The iron bearing strata, and all the members of the Animikie, pass evenly 

acrosS the area represented by this plate, as far as known, with the exception of the 

slight irregularities in the Pokegama quartzyte above noted. The dip is slight, or 

almost fiat, giving these strata greater width in their surface extent than at points 

further east. 
The survey of this area having been made prior to the developments of the 

important mines, now in operation at and near I-Ebbing, and before the railroads 

were built, it is impossible, without further examination, to give the details of the 

geology. The following mines are in operation within the area of this plate: 

Mahoning, Hull, Rust, Burt, Day, Pillsbury, 8ellers, Penobscot. 

The following hand-samples of the rocks of this area were collected by Mr. 

Spurr: Nos. 1388,2058, 2068, 2078, 2088, 2108, 2118,2128,2138,2148,2158,2168, 

217S, 2188, 2198, 2208, 2218, 2228, 2238, 2248, 2258, 2268, 2278, 2288. 

For descriptions of thin sections of some of these the reader may consult Mr. 

Spurr's report* on the Mesabi iron-bearing rocks, aLso another portion (vol. v) of this 

report, under petrographic geology. 
Mr. 8purr has shown that the iron ores of the Mesabi iron range have resulted 

from a metasomatic alteration of a rock having in the main the composition of 

glauconite. Inasmuch as one of the series of rocks on which he based this conclu

sion were derived from the area of this plate, it is appropriate to give in brief the 

method of the examination, and the steps of the process through which the change 

has been carried on. 

The macroscopic examination consisted in the selection of a series of over two 

hundred samples from all parts of the range, and the classification of them accord

ing to their outward appearance without microscopical or chemical aid. He grouped 

these specimens into thirty-two phases. Many of them differed but little from one 

another, but as they manifested slight variations, and might have come from differ

ent sources or directions of al tera tion, they were all enumerated. He had, for 

instance, six forms or types of iron ore,-magnetite, hard crystalline hematite, friable 

granuiar crystalline hematite, earthy hematite, and earthy limonite or gCBthite. 

The rocks were equally differentiated on the basis of their macroscopic characters. 

These thirty-two phases were found to be capable of a general grouping into 

eight classes. They also grade into each other, and the classes also have points of 

consecutive alliance. In short, the app~arance showed that the phases are derived 

one from the other, and in nearly all of the specimens the change could be seen in 

progress. Frequently two or more phases could be seen in a single specimen, the 

line separating them being irregular, or the two phases being inter-banded, some

times in several alternations. 80metimes these bands wedge out and disappear, --• Bulletin x, pp. 82-89. 
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allowing the union of its neighbors, and sometimes they curve. These variations 

are sometimes ascribable to common weathering, amI in other cases they are more 

deep-seated. By careful comparison the relative ages of the different phases were 

sometimes established. Oue phase could be seen to pass into another, or into two 

or three others, in the same specimen. Every specimen was thus inspected, and 

after tabulation of the results, and a re-grouping of the observed transitions, it was 

evident that the changes had a definite order, through the whole series, and that the 

series had a beginning in a certain rock and an ending in iron ore. The commence

ment of the series, or the rock from. which the various forms of taconyte and all the 

ores are derived, is a granular, green rock, often with a peculiar mottled structure 

(No. 14S). It is a hard, green taconyte, sometimes with no visible iron, but usually 

with streaks or blotches of magnetite. 

It would be highly interesting and useful, if it were possible, to assign to these 

phases definite stratigraphic or other structural positions, in order that in the field 

an intelligent search could be made for the end phase of the series, i. e., for the iron 

ore. While it is true that there is a definite progression in a certain chemical direc

tion from phase to phase, yet the conditions of exposure to the agents that promote 

the changes are so multitudinous that the series is not, by any means, consecutively 

arranged in structural order. They are much more advanced in some places than in 

others. Even stratigraphically there is only a very broad general succession that can 

be asserted. The iron ores are sometimes higher in the strata at one point than at 

another, although confined to the general taconyte horizon. In the same manner 

the various phases of alteration are found to shift about from top to bottom of the 

iron-bearing member, and no one of them is distinctly referable to a certain horizon. 

The cherty and slaty rocks, however, seem to occur in large bodies in the upper 

horizons, and the clayey and pulverulent slaty rocks are found at the surface at any 

horizon, and lying above the less altered rocks to which they are akin. Ordinarily 

those phases which are near the end of the series, and which therefore represent the 

greatest decomposition, are found near the surface, and, in general, those less altered 

are at greater depths. But the effects of surface weathering and other changes in 
situ cause many irregularities. 

The microscopic examination of these rocks followed the foregoing general classi

fication and gave many confirmatory facts in detail, which led to other interesting 

and important conelusions. In this minute search but a small area could be included 

at once. The various phases were examined. Some of the phases were found in , 

close proximity, even in the same specimen, and in the same microscopic slide. It 

was by IJUTsuing the grander phases to their microscopic conditions, where they were 

nearest their nearest allies, that the microscopical evidence was found to bear out 
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allowing the union of its neighbors, and sometimes they curve. These variations 

are sometimes ascribable to common weathering, and in other cases they are more 

deep-seated. By careful comparison the relative ages of the different phases were 

sometimes established. One phase could be seen to pass into another, or into two 

or three others, in the same specimen. Every specimen was thus inspected, and 

after tabulation of the results, and a re-grouping of the observed transitions, it was 

evident that the changes had a definite order, through the whole series, and that the 

series had a beginning in a certain rock and an ending in iron ore. The commence

ment of the series, or the rock from~ which the various forms of taconyte and all the 

ores are derived, is a granular, green rock, often with a peculiar mottled structure 

(No. l4S). It is a hard, green taconyte, sometimes with no visible iron, but usually 

with streaks or blotches of magnetite. 

It would be highly interesting and useful, if it were possible, to assign to these 

phases definite stratigraphic or other structural positions, in order that in the field 

an intelligent search could be made for the end phase of the series, i. e., for the iron 

ore. While it is true that there is a definite progression in a certain chemical direc

tion from phase to phase, yet the conditions of exposure to the agents that promote 

the changes are so multitudinous that the series is not, by any means, consecutively 

arranged in structural order. They are much more advanced in some places than in 

others. Even stratigraphically there is only a very broad general succession that can 

be asserted. The iron ores are sometimes higher in the strata at one point than at 

another, although confined to the general taconyte horizon. In the same manner 

the various phases of alteration are found to shift about from top to bottom of the 

iron-bearing member, and no one of them is distinctly referable to a certain horizon. 

The cherty and slaty rocks, however, seem to occur in large bodies in the upper 

horizons, and the clayey and pulverulent slaty rocks are found at the surface at any 

horizon, and lying above the less altered rocks to which they are akin. Ordinarily 

those phases which are near the end of the series, and which therefore represent the 

greatest decomposition, are found near the surface, and, in general, those less altered 

are at greater depths. But the effects of surface weathering and other changes in 
situ cause many irregularities. 

The microscopic examination of these rocks followed the foregoing general classi

fication and gave many confirmatory facts in detail, which led to other interesting 

and important conclusions. In this minute search but a small area could be included 

at once. The various phases were examined. Some of the phases were found in , 

close proximity, even in the same specimen, and in the same microscopic slide. It 

was by pursuing the grander phases to their microscopic conditions, where they were 

nearest their nearest allies, that the microscopical evidence was found to bear out 



THE HIBBING PLATE OF TH.E MESABI IRON RANGE. 361 
Iron. bearing rocks. J 

. the macroscopical conclusions. A group of specimens for such comparison were 

collected on sec. 22, rr. 58-20. They are Nos. 2138, 2158, 2178, 2198 and 2208. Eleven 

such groups were microscopically examined. The phenomena of ea,ch section were 

carefully noted, and from them the conclusion resulted, in each instance, that the 

phases exhibited in the slide were derived from each other in a certain order, as 

proven by the alterations in the microscopic minerals, and always in the same order; 

that the initial rock in the series was the hard green rock (No. 39 or 53-1) already 

mentioned, made up largely of glauconitic matter, and that by the breaking up of 

this unstable chemical compound resulted oxide of iron and silica, in the main, with 

small amounts of lime and alumina. The iron oxide, being more soluble, was carried 

to other places, while the silica accumulated in greater proportion in situ, making 

the siliceous and cherty rocks that characterize the lean ores. Chemical analyses 

were made to check most of the microscopical conclusions. The following extract 

from Mr. 8purr's report shows the nature of the microscopic characters studied, as 

well as the thoroughness with which the research was conducted: 

Section 217. This is nearly identical, both macroscopically and microscopically, with No. 125. In the 
hand-specimen it is dark-green, very faintly spotted and contains small blotches, bands and spots of magnetite. 
There is an irregular jointing, but no cleavage; the fracture is conchoidal; the specific gravity rather high. 
Under the microscope, the spotted-granular structure is well shown. The granules are rounded, subangnlar, or 
irregular, and are closely crowded together. 'l'hey consist mainly of the compact green chloritic* substance 
described in Nos. 39, 125, and other slides, together with actinolite, magnetite, hematite and siderite. Magnetite, 
in very small crystalline grains, and with associated hematite, is usually scattered sparingly through the gran
ules, but is in places concentrated as described in the hand-specimen. The process of granular-brecciation is 
seen to be going on in some parts of the section, where the large, angular granules are sometimes cracked and 
seamed by fissures of varying width; sometimes separated into distinct smaller granules by an enlargement and 
continuation of these fissures; and again further separated and rounded, but their general outlines continuing 
such that they nearly match one another. 

The green chloritic mineral has never any crystal outlines, but it encloses crystals of magnetite, and in 
places, under high power, it is SAen to contain many very minute clusters of pale-green, pleochroic actinolite. 
It is slightly pleochroic, varying from lighter to darker green, and often shows an irregular cracking. In places 

,this mineral occupies the whole of the granules; in other places it becomes filled with silica in spots and fissures: 
then it is reduced to form a kind of network around the silica; and finally the granule is composed almost entirely 
of silica, with only a few dust-like grains, giving a cloudy greenish appearance, to mark the existence of the 
chloritic substance. From the chloritiC" granules to the siliceous granules, there is every conceivable gradation, 
and one runs into the other so that it may be seen to be a process of metasomatic change. In the freshest phases 
the chloritic substance is marked only by a slight mottling of lighter and darker green. Soon, however, there 
appear scattered through it curious small dark rings. By nice adjustment under a high power the real material 
of the ring is seen to be a very narrow band of transparent silica. It is extremely fine, and varies from an 
apparently amorphous to a finely cryptocrystalline or chalcedonic nature. The number of these rings rapidly 
increases in the next stage, till the whole surface is covered with them. They grow larger, too, in both directions, 
so that on the outside they meet and unite, forming compound rings, and rosette-like forms, and on the other 
side the material inside the ring becomes smaller. It also becomes darker in color than at first, apparently from 
a growing excess of iron, in some cases becoming quite opaque. In the next stage the change has gone on till 
the silica has usurped most of the space in the granules. The chloritic substance, grown darker and nearly 
opaque, forms a compact network around the silica. The chloritic centre of the rings has in most cases disap
peared, in others is represented by a very small patch of ferruginous clayey material. By this time the silica has 
often assumed a distinctly chalcedonic nature. It is usually made up of fibres that radiate from the inner core 
of the ring, or, if this has disappeared, from the centre of the circle, and terminating at the circumference. In 
propor~ion as the circle grows larger and tends to unite with others this fibrous structure become~ o~scure and 
passes mto a semi-crystalline condition, in grains that have an undulatory extinction and low polanzatlOn colors. 
In the last stage the chloritic substance has disappeared, and the silica occupies the whole granule,.e.xcept for 
~he cloudy residuum which gives it a color sufficiently distinct to contrast strongly with the colorless SIlIca of the 
mterstices. The silica at this time is semi-crystalline, semi-chalcedonic. Only occasionally are the traces of the 
~ 

'The SUbstance here referred to as" chloritic" was afterwards discovered to be glauconitic. 
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. the macroscopical conclusions. A group of specimens for such comparison were 

collected on sec. 22, rr. 58-20. They are Nos. 2138, 2158, 2178, 2198 and 2208. Eleven 

such groups were microscopically examined. The phenomena of each section were 

carefully noted, and from them the conclusion resulted, in each instance, that the 

phases exhibited in the slide were derived from each other in a certain order, as 

proven by the alterations in the microscopic minerals, and always in the same order; 

that the initial rock in the series was the hard green rock (No. 39 or 53-1) already 

mentioned, made up largely of glauconitic matter, and that by the breaking up of 

this unstable chemical compound resulted oxide of iron and silica, in the main, with 

small amounts of lime and alumina. The iron oxide, being more soluble, was carried 

to other places, while the silica accumulated in greater proportion 'in situ, making 

the siliceous and cherty rocks that characterize the lean ores. Chemical analyses 

were made to check most of the microscopical conclusions. The following extract 

from Mr. Spurr's report shows the nature of the microscopic characters studied, as 

well as the thoroughness with which the research was conducted: 

Section 217. This is nearly identical, both macroscopically and microscopically, with No. 125. In the 
hand-specimen it is dark-green, very faintly spotted and contains small blotches, bands and spots of magnetite. 
There is an irregular jointing, but no cleavage; the fracture is conchoidal; the specific gravity rather high. 
Under the microscope, the spotted-granular structure is well shown. The granules are rounded, subangular, or 
irregular, and are closely crowded together. 1'hey consist mainly of the compact green chloritic* substance 
described in Nos. 39, 125, and other slides, together with actinolite, magnetite, hematite and siderite. Magnetite, 
in very small crystalline grains, and with associated hematite, is usually scattered sparingly through the gran
ules, but is in places concentrated as described in the hand-specimen. The process of granular-brecciation is 
seen to be going on in some parts of the section, where the large, angular granules are sometimes cracked and 
seamed by fissures of varying width; sometimes separated into distinct smaller granules by an enlargement and 
continuation of these fissures; and again further separated and rounded, but their general outlines continuing 
such that they nearly match one another. 

The green chloritic mineral has never any crystal outlines, but it encloses crystals of magnetite, and in 
places, under high power, it is SA en to contain many very minute clusters of pale-green, pleochroic actinolite. 
It is slightly pleochroic, varying from lighter to darker green, and often shows an irregular cracking. In places 
this mineral occupies the whole of the granules; in other places it becomes filled with silica in spots and fissures; 
then it is reduced to form a kind of network around the silica; and finally the granule is composed almost entirely 
of silica, with only a few dust-like grains, giving a cloudy greenish appearance, to mark the existence of the 
chloritic substance. From the chloritir granules to the siliceous granules, there is every conceivable gradation, 
and one runs into the other so that it may be seen to be a process of metasomatic change. In the freshest phases 
the chloritic substance is marked only by a slight mottling of lighter and darker green. Soon, however, there 
appear scattered through it curious small dark rings. By nice adjustment under a high power the real material 
of the ring is seen to be a very narrow band of transparent silica. It is extremely fine, and varies from an 
apparently amorphous to a finely cryptocrystalline or chalcedonic nature. The number of these rings rapidly 
increases in the next stage, till the whole surface is covered with them. They grow larger, too, in both directions, 
so that on the outside they meet and unite, forming compound rings, and rosette-like forms, and on the other 
side the material inside the ring becomes smaller. It also becomes darker in color than at first, apparently from 
a growing excess of iron, in some cases becoming quite opaque. In the next stage the change has gone on till 
the silica has usurped most of the space in the granules. The chloritic substance, grown darker and nearly 
opaque, forms a compact network around the silica. The chloritic centre of the rings has in most cases disap
peared, in others is represented by a very small patch of ferruginous clayey material. By this time the silica has 
often assumed a distinctly chalcedonic nature. It is usuaJly made up of fibres that radiate from the inner core 
of the ring, or, if this has disappeared, from the centre of the circle, and terminating at the circumference. In 
proportion as the circle grows larger and tends to unite with others this fibrous structure becomes obscure and 
passes into a semi-crystalline condition, in grains tha t have an undulatory extinction and low polarization colors. 
In the last stage the chloritic substance has disappeared, and the silica occupies the whole granule,.e.xcept for 
~he cloudy residuum which gives it a color sufficiently distinct to contrast strongly with the colorless slhca of the 
Lllterstices. The silica at this time is semi-crystalline, semi-chalcedonic. Only occasionally are the traces of the 
~ 

'The substance here referred to as" chloritic" was afterwards discovered to be glauconitic. 
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fibrous arrangement met with, and yet there is no firm crystalline structure. There seems to be a tendency 
however for each of the original rings to form, when crystallized, a distinct grain. There may be found singl~ 
granuled which represent each a stage of the process of ch~n~e described, but usually all t~~ stages a~e seen going 
on in the same granule, passing from the nearly pure chlontIC substance to nearly pure sIlrea. Actmolite forms 
a small part of the section, perhaps five per cent. It seems to be invariably of secondary origin, since it is found 
chiefly around the edges of the granules, from which the crystals radiate into the inter-granular spaces. 

Although the chief method of silicification of the granules is by the process described, there is an 
important auxiliary. In many cases silica which is probably foreign to a granule penetrates along cracks which 
have been produced by some movement in the rock, and enlarges them by wedging and by replacement of the' 
wall-material; and in this way continually divides the granule into fragments. Cracks which traverse the whole 
rock, on the other hand, usually give rise to impregnation veins, along which chiefly magnetite, with,some 
hematite and calcite, is concentrated. 

That the silica which takes the place of the chloritic substance is formed from its decomposition, and not 
from replacement, is shown by the method of distribution of the change, in that it does not begin'at the periphery 
or in mechanically weak places, but appears simultaneously in all parts of it; so that portions remote from other 
silica and outside influences are quite as much affected as any. Moreover the separation of earthy iron oxide, 
coloring the remaining chloritic substance a dark-brown, is proof that a decomposition has actually taken place. 

Conclusion. This rock is near the beginning of the typical series of change. As in other similar sections, 
the original rock seems to have consisted chiefly of a chloritic substance. In the decomposition of this sub
stance there has resulted the separation of free silica together with iron and the more soluble salts. These 
soluble materials were almost totally leached out; the iron, less soluble, was taken into solution and mainly 
deposited near by, and is represented by bands and blotches of considerable size and frequency. What few car
bonates are scattered along the microscopic impregnation veins are probably also derived, through this change, 
from the original green chloritic substance. They are chiefly calcite, probably magnesian, The processes 
observed in this rock, it will be seen, have gone on under conditions of comparative freedom from modifying 
highly oxidizing forces. Had the supply of these been somewhat greater, and yet not great enough for complete 
oxidation, the iron would have separated as carbonate, and in this form would have occupied more of the bulk 
of the rock. This carbonate would probably be afterwards replaced by silica, by reason of its greater solubility. 
In the rock under consideration waters bearing carbonic acid had slight access,and so separated silica is the 
most noticeable result of this change. It is this silica, taken into solution and carried down into the rock below, 
that would in turn replace the carbonates formed under our supposititious conditions. 

An analysis of this rock gave the following results: 

Analysis of No. 2178 (Chemical series No. 241) by Alonzo D. Meeds. 

Silica (SiO z), 
Sesquioxide of iron (Fe Z0 3 ), 

Protoxide of iron (FeO), 
Alumina (AlzO,), 
Lime (CaO), 
Magnesia (MgO , 
Soda (NazO), 
Loss on ignition, 

Total, 

Per cent. 
56.28 
15.25 
18.28 
3.29 
~93 
.72 
.25 

4.75 

99.75 
It must be remembered that this analysis is independent of the iron which has been concentrated into 

spots and bands. Its place has been filled with silica. Nearly all of the iron which has become separated by 
decomposition of the silicates has been removed in this way. In any attempt to estimate the exact composition 
of the original rock this must be reckoned, and the corresponding amount of silica deducted. 

11he change which is described in rock No. 2178 is illustrative of what has per

vaded the whole iron-bearing member. It is a metasomatic change affecting strata 

whose greatest thickness seems to be nearly 1,000 feet. The removal of the protoxide 

of iron by solution and its concentration at certain favorable points where oxidation. 

was more easy and rapid, resulting in the ore lenses that are now well known, was a 

process that probably began as soon as the material was consolidated into a rock, was 

essentially completed in its present aspect in pre-Cretaceous time, but has continued 

to the present, and there is room for its con tin uance for very a long time yet. The initial 

cause of the change is the chemical instability of glauconite. 1'he protoxide of iron, 

even under very feeble atmospheric influences, rapidly changes to sesquioxide, and 
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observed in this rock, it will be seen, have gone on under conditions of comparative freedom from modifying 
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most noticeable result of this change. It is this silica, taken into solution and carried down into the rock below, 
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It must be remembered that this analysis is independent of the iron which has been concentrated into 

spots and bands. Its place has been filled with silica. Nearly all of the iron which has become separated by 
decomposition of the silicates has been removed in this way. In any attempt to estimate the exact composition 
of the original rock this must be reckoned, and the corresponding amount of silica deducted. 

1'he change which is described in rock No. 2178 is illustrative of what has per

vaded the whole iron-bearing member. It is a metasomatic change affecting strata 

whose greatest thickness seems to be nearly 1,000 feet. The removal of the protoxide 

of iron by solution and its concentration at certain favorable points where oxidation. 
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essentially completed in its present aspect in pre-Cretaceous time, but has continued 
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with the lapse of sufficient time this alteration will penetrate to great depths under 

~ormal and steady conditions. But when, by reason of unusual conditions, the process 

is hastened, then locally the extremes of the alteration are produced in marked abun

danGe, and even in close proximity. If these unusual conditions are continued long 

enough, there result large bodies of these end products, viz., iron and silica. Such 

unusual conditions seem to have prevailed on the Mesabi Iron range in some places 

and not in others, viz.: (1) Rock movements, producing a shearing and slatiness in 

the original rock, allowing the rapid entrance of the agents of alteration to greater 

depths; (2) More profound and catastrophic changes in the structmalrelations of the 

strata, such as a fault-line, or an uplift bodily of the strata over a certain belt; (3) 

Accidental juxtaposition of strata by whose atmospheric destruction the chemical 

agents are abundantly supplied locally to the iron-bearing member. These excep

tional conditions have united sometimes, and have augmented or modified each 

other's products; for instance, the gray limestone stratum which directly overlies 

the iron-bearing member with a thickness of ten to fifty feet, by its solution and 

removal has furnished not only calcareous waters, but also carbonated and sulphu

rous, introducing calcite and pyrite into their alteration products. 

While these slow chemical changes are going on the main structural features 

are preserved throughout the mass of the rock. After the changes are completed 

the rock exhibits still nearly all the outward aspects of a sedimentary rock. The origi

nal clastic composition is, however, entirely destroyed, and the products are held in 

place by the crystallization of the secondary minerals. In the main the secondary 

products simulate, in this structme, as they are partially governed by them in assum

ing theIr positions, the original structures of the rock, but there is one important 

result which needs to be specially mentioned, as it constitutes a marked exception. 

The breaking up of the green glauconitic rock into silica and iron, with some car

bonate and actinolite, produces a banded structme, under the action of the varying 

solubilities, which is well known as jasper or jaspilyte. According to Mr. Spurr the 

banded jaspers, such as those seen in the Vermilion Iron range on a grand scale, and 

rarely in the Mesabi Iron range, have resulted from a metasomatic breaking down 

and total change in that which is typically known on the Mesabi range as taconyte 

jasper (or taconyte). Mr. Spurr explains by the same general process, continued 

through long lapse of time, all the structures seen in the Mesabi iron-bearing rocks, 

such as jointage, cleavage and horizontal banding or bedding. The last is that which 

simlllates sedimentary structure and which has usually been considered as such. 

This structure prevails not only in the partially altered rock but in the ore that is mined. 

In auother place the question of the origin of the Mesabi ores, and their analo

gies and contrasts with those of the Vermilion range, is considered in this report. It 
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is only necessary here to add that the research of Mr. Spurr, conducted with thor

oughness and originality, making it a model of inductive geological investigation, 

seems to have settled conclusively the question of the origin of the Mesabi ores. 

The writer had concluded, after his first survey in the field about the time that Mr. 

Spurr began his field-work, that no adequate solution of that question had yet been 

proposed, * although all the theories applied to this ore had some facts that served as 

a basis on which they were severally constructed. There are minor steps in his chain 

of evidence, not essential to Mr. Spurr's main conclusion, that may be considered yet 

of doubtful validity. Such are (1) The existence of a fault-line of important dimen

sion in the Virginia area; (2) Brecciated character of the loose ore, etc., to which he 

refers to substantiate the hypothesis of a fault at Virginia; (3) The non-sedimen

tary structure of the ore and of the iron-bearing rock, and (4) The assignment of the 

kaolinic residue, without exception, to the ore-bearing formation. Some, if not all of 

it, is probably of Cretaceous age. A few doubtful determinations of the minerals in 

the microscopic thin sections will be found discussed in the chapter on the petro

graphic geology of the northeastern part of the state. 

[In the fall of 1898, Dr. Grant made a brief examination at Hibbing. From his notes the following facts 
are derived: At the Pillsbury mine, where is seen some open pit work, the ore dips to the southeast at about 
15°, varying somewhat. In the underground working there is a drift running west from the shaft about 800 feet, 
cut in are. The floor of this drift is taconyte rock underlying the ore, ascending toward the west at an angle of 
about 6°. The drift runs at the bottom of a broad syncline, and cross-cuts in either direction rise from the 
level of the drift at a moderate angle, their floors also consisting of taconyte. 

At the JJfahoning gTeat open pit, the ore dips off pretty regularly, with only small variation, toward the 
south or a little east of south at an angle of 8° to 10°. This mine exhibits the largest open pit now in operation 
on the Mesabi range, the are being handled by steam shovel and dumped directly on the cars at a minimum cost 
for mining. It is located a mile and a quarter west of Hibbing. There are several other mines to the southeast 
and south from the Mahoning, which are so situated that it is probable that they are on the same are body as the 
Mahoning.] 

*N. H. WINCHELL. Some problems of the Mesabi iron ore. American Geologist, 10, 169. 1892. 
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OHAPTER XVII. 

THE GEOLOGY OF THE MOUNTAIN IRON PLATE OF THE 

MESABI IRON RANGE. 
(PLATE 74.) 

By N. H. WINCHELL. 

The first important discovery of iron ore on the Western Mesabi range was made 

at Mountain Iron, November 16, 1890, by Capt. J. A. Nichols, of Duluth. Several 

explorers had examined the siliceous out-cropping which lies near the granite on 

this property, and had made some attempt to prove its value, but no Qne had been 

.satisfied with the results. When, however, some shafting was done at points a short 

distance south from this cropping, the pick soon entered a rich soft hematite below 

but a few feet of drift materials. The structural relations thus revealed are 

expressed by the following diagram. 
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FIG. 62. ORIGINAL SECTION AT THE MOUNTAIN IRON MINE. 

Although the.relations of the ore horizon to the jaspery taconyte are plainly 

revealed here, and were afterwards observed at many places with equal distinctness, 

it required long and careful. study, preceded by field examination at many points, 
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to arrive intelligently at the conclusion that a principal member of the formation 

was transformed into iron ore by the slow process of chemical change and under

ground transportation. 
The crystalline rocks. As usual the crest of the Giant's range is composed of the 

crystalline rocks. But in T. 59-18 a considerable area of Keewatin and crystalline 

schists rises to compose the summits of this range, reaching the hight of 1,850 feet 

in section 26. The slopes toward the north are sometimes abrupt, indeed they are 

uniformly more steep than toward the south. N orthw.ard from the summit of this 

hill range no rock is known within the area of this plate, except the Archean 

granites, gneisses and schists, and granite is the prevalent rock along the range 

itself. This has plainly been intruded within and modified the Keewatin schists, 

producing by the contact metamorphism the formation called Coutchiching. The 

characters of the Keewatin are not known to be different in the aggregate from those· 

seen and described in other places, particularly in connection with the Vermilion 

Lake plate (No. 86). The Coutchiching or crystalline schists are micaceous, rarely· 

hornblendic. Sometimes they are quite light-colored and strongly schistose (No. 

60S) with abundant glittering small muscovite scales. In other cases it is much 

darker, firmer and apparently is composed largely of biotite. It then has cores or 

small, faintly pink areas in which other minerals are crystallized (No. 598), and in 

which the schistosity is wanting. These more massively crystalline small eyes are 

probably due to the same causes as the gneissic aspects which are largely developed 

in the northwest area of Vermilion lake (compare the Vermilion Lake plate No. 86), 

and which introduce a regional metamorphism which extends sometimes over 

several miles, or even several townships. 

The southern decline of the granitic surface is probably more steep than the 

northern, but it is covered by the Animikie, which renders the actual surface slope 
much more gentle. 

The Polcegarna quartzyte, which lies nonconformably on the Archean, has a vary

ing thickness. Indeed, it is sometimes apparently absent, and the iron-bearing strata 

come into contact with the crystalline rocks. There is reason to suppose that, in 

some places, the quartzyte is only a phase within the iron-bearing member, confined 

to the bottom of the Animikie, and that normally the quartzyte is not a continuous 

formation. Sometimes it is coarsely granular with quartz grains. These grains are 

apt to be cemented into a dense rock by secondary silica, or stained by ferric oxide. 

Indeed, they are sometimes so completely charged with iron that the rock constitutes 

a siliceous lean ore, and it has been explored with hope of economic profit~ Such 

ore is found on the Republic property, sec. 4, T. 58-18, next adjoining the Mountain 

Iron. This ore becomes disintegrated, making a pisolitic mass, which, sometimes, 
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having lost the silica by subsequent solution, consists of more or less cavernous, 

oolitic balls and hollow grains of hematite. Considerable quantities of such ore are 

mined. It cannot be said to result entirely from the disintegration of the upper 

part of the quartzyte after the substitution of much hematite, but probably also 

comes in part from the lower part of the iron-bearing member proper, sillce it also 

sometimes shows a loosely pisolitic ore embraced in a matrix of ,secondary silica. 

The taconyte stratum proper is very productive within this area. Here are 

located the followihg mines: 
Mountain Iron. 

Rathbun. 

SDi veley. 

The ore horizon,i. e., the rock which by its disintegration gives rise to the Mesabi 

ores, is several hundred feet in thickness. The ore is not uniformly disseminated 

through it, but occurs in irregular lenses where favorable conditions have facilitated 

the chemical processes that break up the original glauconite. Under normal condi

tions they prevail near the bottom. This process began in early Taconic time and 

has continued to the present day. There is no doubt that large quantities of the 

resultant ore have been lost by erosion and superficial transportation. The process 

was far advanced when the region was submerged by the Cretaceous ocean, and still 

further when the Glacial period supervened. This ore stains the drift for many miles 

south of the range, especially along the valleys of the St. Louis and the Mississippi. 

Great thicknesses of red laminated clay are seen in their bluffs. The loss which the 

Mesabi ores suffered by the glacial abrasion and aqueous transportation was probably 

greater than all the ore that now remains in situ. On the other hand, the excess 

of surface waters that accompanied the Glacial epoch must have found access to 

the rock through many new channels, facilitating and extending the chemical 

changes that produce the ore, and this tended to compensate for the loss by the 

generation of new ore bodies during the prevalence and since the withdrawal of the ice. 

The Mountain Iron mine occupies a basin situated in the western portion of sec. 

S, T. 58-18, elongated nearly north and south, but draining toward the south. 11he 

northern, western and eastern rim of this depression is formed by hard rock, and 

granite is found not far toward the north. The basin seems to be due to some 

shrinkage or erosion of the rocks of the Animikie, which rocks are in outcrop more 

or less along the southern border of the granite, having a high dip toward the south, 

or standing nearly vertical. . At the mine the ore alternates somewhat with an 

impure ore, or taconyte, both having a dip which sometimes reaches 25° or 30° toward 

the west, well marked and constant, but sometimes is nearly fiat, and which also 

varies to the south and southeast, and locally also changes to the north. 
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The ore is frequently pisolitic (No. 2137), and concretionary, and in some few· 

instances grains of quartz are at the centres of the pellets. It is also breccia-pebbly, 

in hard and firm masses, resembling a conglomerate, but this is due to the partial 

altemtion of a once jaspery rock. The residuum of this rock is in the form of jaspery 

pieces in the leaner ore, about a quarter of an inch thick, flattened, and about an 

inch and a half in length. These are siliceous and light-colored in some places and 

more hematitic in others. In other places can be seen a curious fine sand, mainly 

ore, and shipped with the ore, though evidently of lower gmde, each grain of which 

is compound, the round, oolitic, separate pieces of which are about as large as a 

mustard seed. The outer scale, or case, is hematite, and sometimes the most of the 

whole is hematite; but usually the interior is composed of a mass of finer grains, 

mainly siliceous and compacted, enclosed in the scale of hematite. Such ore lies in 

a regular layer in the stratification, and is about two inches thick; but similar round, 

oolitic material is to be seen disseminated largely in other beds above, and includes 

about two feet of the ore itself. 
At the Mountain Iron mine, the ore has been locally torn up by glacial action, 

and superficially large masses of drift materials are mingled with the ore. These are 

visible along the west side of the excavation. One mass of gravelly drift is about 

eight feet, and another about twelve feet, deep, varying from three feet to :five feet 

wide. The appearanee here is that of channels cut in the soft ore body by west

flowing streams in the ice age, or near its close, subsequently filled with drift. This 

is indicated by the non-disturbed condition of the ore body adjacent to the drift. A 

still more remarkable instance of the action of the drift agents on the ore was 

encountered at the Fayal mine, described in connection with the Virginia plate 
(No. 75). 

The black slates of the Animikie are so hid by drift that it is impossible to state 

their characters, but they are not supposed to vary in any respect from descriptions 

that are given in connection with other plates. 

Cretaceo1ts beds are known to exist at some points within this area, and they 

probably spread much more widely than is now known. On the plate a small area 

is relJresented in sec. 20, T. 58-HI, and another at the corners of secs. 2,3,10 and 11 

in T. 58-18; it is also known in sec. 18, T. 58-18. It is not clear but that some of 

the soft, greenish and white, clayey and kaolinic specimens, which much resemble 

the leached conditions of the taconyte proper (such as specimens Nos. 898, 90S, 918 

and 92S) may be of the Cretaceous. The Cretaceous being well known for its 

glauconitic character, it is plain that on decay the same changes, attended by the 

same phenomena as in the taconyte, might take place. That during the prevalence 

of the Cretaceous ocean a green sediment was accumulated is shown by the green 
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matrix that embraces the coarse pebbles of the conglomerate (No. 618), and by the 

fossiliferous shale (No. 1458). This sediment is generally reddened by ferric 

oxide (No. 1398), or replaced by a dark, cherty secondary silica (No. 628) which 

constitutes then a very firm conglomerate. As ~dready intimated it is possible 

that some of the altered rocks that have been referred to the age of the Taconic are 

of the age of the Cretaceous. 

The Drift. There is a heavy drift throughout most of this area. Toward the 

south the surface is smooth and consists of fine siliceous and clayey, often laminated, 

materials, evidently the product of wash from the drift lying further north, dating 

from the Glacial epoch, in the main, but augmented by powerful erosion and trans

portation at the close of the Glacial epoch, and immediately thereafter. Along the 

belt of country specially known as "the range," the immediate surface is rolling, 

and, even when fiat, is plentifully strewn with boulders. This is a peculiar feature 

of northeastern Minnesota. The nature of the immediate surface leads one to 

expect that the drift materials below the surface are coarse and probably morainic, 

with much gravel. But such is not generally the case. The drift is clayey till, and 

the boulders are not abundant. It appears therefore that the great frequency of 

boulders on the surface of this till must be accounted for in the main by superficial 

degradation since the till was left by the glacier. It may be considered doubtful 

whether a marginal moraine in the proper sense can be said to have been formed 

along the Giant's range in the area of this plate. This rough and stony tract has, 

however, been considered to be the extension of the Mesabi moraine, and that inter

pretation can be accepted till more time can be given to this subject, with special 

reference to its relation to the Mesabi morainic, as known further west. Toward 

the north the granitic area is rather thinly covered with till and little-washed 

gravels which only in small degree determine the topographic contours. 

Roclcs collected in this area are the following: 
Series of J. E. Spurr: Nos. 578-608; 628-698; 718, 728; 748; 798-818; 848, 858; 898-938; 968-1018; 

1038-1378; 1398-1568; 1708,1718; 1748. 
Series of N. H. Winchell: Nos. 2135-2142. 
Series of U. S. Grant: Nos. 1073-1079. 
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CHAPTER XVIII. 

rrHE GEOLOGY OF THE VIRGINIA PLATE OF THE 

MESABI IRON RANGE. 
(PLATE 75.) 

By N. H. WINCHELL. 

Within this area the rocks of the Mesabi Iron range suffer a remarkable irregu

larity of strike. They form a loop toward the south, constituting thus the periphery 

of a spur of the Archean, which projects southerly from the main areaa distance of 

about seven miles from their normal course. The southern end of this spur is high 

and precipitous, reaching a hight of 1,950 feet above tide. While the most of this 

spur is composed of Keewatin rocks, yet two isolated areas of crystalline rock are 

found in it. Between these the land is depressed, forming a low valley drained by 

the Pike river northward to Vermilion lake, the stream interlocking in its upper 

reaches with others that flow southward. Along the Giant's range proper the land' 

rises still higher. In sec. 28, T. 59-17, it is in the form of a narrow ridge running 

east and west about a mile and reaching the elevation of 2,150 feet at its crest. 

Another isolated and sharp elevation is about two miles further southeast, which 

rises to the hight of 2,000 feet. On the east side of Pike river, north of Embarrass 

lake, is an elevated plateau or range of granitic rock. Eastward from this is the 

great gap in the Giant's range, through which the Embarrass river passes southward 

to the St. Louis river. The southeastern portion of this area is quite, monotonous, 

and is covered by a thick sheet of drift. 

There are several quite novel and interesting features connected with the 
geology of this area. 

The .Archean. The later date of the granite than of the Keewatin schists is 

made evident by an inspection of the contacts. Not only does the Keewatin become 

crystalline, making mica schists in the vicinity of the granites, but small isolated 

parts of the schists are surrounded and more or less transported by the granite. 

These crystalline conditions are Tepresented by Tocks Nos. 44S, 458 and 468. The 
granite also occurs as protrusions in the schists. The more distant granitic areaS, 

which are isolated and entirely surrounded by the schists, occurring in the southward 
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spur of the Archean, show the underlying, widespread prevalence of the granitic rock 

when in a molten condition, and indicate that the Giant's range of granite is some

thing more than a single dike-like intrusion. It is rather of the nature of a result of 

extended dynamic action, resulting in widespread transformation of the rocks, the 

granite being, presumably, the extreme product of such action. 

The spur of the Archean, already mentioned, therefore existed from the date of 

the activity of the granite as an intrusive. It is probable that originally the iron

bearing strata covered this spur with something of an upward swell in the surface. 

The spur has been uncovered by reason of its greater exposure to glacial and other 

destructive agents, and this leveling action has thrown the present out-cropping edge 

of the Animikie far to the south along its flanks. 

The direction of this Archean spur is about parallel with two others that are 

now imperfectly known along the Giant's range, viz., northeast and southwest; * and 

this is parallel with a system of the grand structural features of the northeastern 

part of the state-indeed, of the whole state and of the world.t It shows the pri

mordial date at which the embryonic earth began to take on its permanent foldings, 

- for these short spurs of the Giant's range are only offshoots from the greater range 

which also maintains its general east-northeasterly course. 

In the special report on the Mesabi Iron range Mr. J. E. Spurr has supposed 

that a profound fault line, perhaps two of them, crosses this area, the westerly one 

lying along the west side of this spur, passing through the region of the principal 

iron mines at Virginia, this acting as a line of structural and of chemical weakness 

in the rocks which facilitated the greater accumulation of ore,+ and the eastern one 

approximately along the valley of Pike river, so far as that valley lies within the 

area of this spur. But the data on which he relies for this hypothesis are hardly 

sufficient, nor are they necessary for the establishment of his principal theme. The 

known rather erratic and wholly inexplicable distribution of the ore bodies in the 

taconyte horizon, and even the mapping of the same by Mr. Spurr in secs. 8 and 

9, T. 58-17, where the supposed fauJt line is assumed to be occupied by an unusual 

accumulation of ore, are sufficient to account for the existence of the taconyte rock 

in the vicinity of Virginia, at irregular and unexpected horizons; while the supposed 

fault breccia, which is described at a few hundred paces north, at the Lone Jack 

(now the Oliver) mine, is probably a part of the basal Cretaceous of the region. This 

deposit is a somewhat angular or sub-rounded gravel of debris from the rocks of 

the region, but at the Lone Jack mine it is naturally almost wholly of taconyte, in 

the main converted to ore. It occasionally shows an indistinct, nearly horizontal 

* Grand Rapids plate (No. 71); Partridge River plate (No. 76). . ", . 
tA. WINCHELL. The Diagonal System in the Physical Features of Michigan . . Amer. Jon,.. 8a. (m), Vl, 36, 1873. 
J. D. DANA. Manual oj Geology. First Edition, p. 30,1864; and subsequent edItIOns. 
P. E. SPUI\!t. The iron·bearing rocks of the :M;esabi range. Bulletin x, pp. 17-22, 1894. 
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* Grand Rapids plate (No. 71); Partridge River plate (No. 76). ,. ... . 
tAo WINCHELL. The Diagonal System in the Physical Features of Michigan . . -1mer. JOlt,.. 8e •. (Ill), VI, 36, 1873. 
J. D. DANA.. lVIanual of Geology. First Edition, p. 30,1864; and subsequent edItIOns. 
i J. E. SPUI\l\. The iron·bearing rocks of the Mesabi range. Bulletin x, pp. 17-22,1894. 
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stratification. The pebbles are rather soft, and much of their angularity is due to 

subsequent breaking along the joints which preexisted in the taconyte. But many' 

of them are wholly rounded and smooth, shining with tpe black irony coating 

peculiar to the irony balls that lie on the western plains, or that have been subject 

to long repeated wet and dry along the lower reaches of the Mississippi beyond the 

drift latitudes. From about a quart of this iron gravel, after washing, there were 

selected easily six stones of quartz and granite. These characters certainly remove 

it from the category of fault breccia, and rather strongly ally it with the Cretaceous 

. which is known to occur about a mile and a half further northwest. The irregularity, 

therefore, which throws the strike of the iron-bearing strata so far to the south had 

its origin and date in pre-Taconic time, and not since the formation of the Animikie. 

It might still have been the cause of locally greater accumulation of iron ore at the 

Virginia locality. For instance, both before and since the Cretaceous there was a 

superficial gathering of water in the Virginia valley. The elevated Archean to the 

north and that to the southeast formed a col in which surface drainage gathered, 

opening toward the southwest, and from which, as now, small streams carried away 

the mineralized waters, leaving as residua the leached rocks of the taconyte in their 

various forms, and the ore bodies. The little stream at Eveleth, passing through the 

Adams ore body, indicates the same relations and the same cause for the greater 

production of ore at that place. The ore bodies at Biwabik and McKinley are also 

in the lines of the courses of streams at the present time, and these little valleys are 

probably neal' the lines of pre-Cretaceous drainage, which served the same purposes 

as those of Virginia and at Eveleth. Other present streams are probably of post

Glacial date, and are determined by the pose of the drift. This relation of present 

drainage to the ore bodies is significant, and suggests the propriety of thorough 

exploration along other valleys where ore is not yet discovered. Of course, in the 

case of a merely post-Glacial valley but little or no ore could be expected to have 

been generated. It would be only in valleys that had a pre-Glacial existence, and 

in which post-Glacial streams have been continued. 

The subdivi/,;?'ons of the Archean. It has not been possible to gi ve a careful study 

to the Archean along the Giant's range crossing the plates of the western Mesabi 
range. The determination of the subdivisions of the Archean was made out further 
east, since the field-work was completed in this area, and it would be necessary to 
review the Giant's range with some care, to warrant positive assignment of its parts 
to the subdivisions known further east. However, Mr. Grant made .some obsenra
tions at a series of rock-cuts within a mile east of Mariska, i. e., in secs. 15 and 22, 
T. 58-17, along the Duluth and Iron Range railroad, which seem to show the sepa
rate existence of the Upper Keewatin, the Lower Keewatin and the intrusive gran
ites, all earlier and unconformable with the ore formation of the Animikie. 
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stratification. The pebbles are rather soft, and much of their angularity is due to 

subsequent breaking along the joints which preexisted in the taconyte. But many' 

of them are wholly rounded and smooth, shining with tpe black irony coating 

peculiar to the irony balls that lie on the western plains, or that have been subject 

to long repeated wet and dry along the lower reaches of the Mississippi beyond the 

drift latitudes. From about a quart of this iron gravel, after washing, there were 
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. which is known to occur about a mile and a half further northwest. The irregularity, 

therefore, which throws the strike of the iron-bearing strata so far to the south had 

its origin and date in pre-Taconic time, and not since the formation of the Animikie. 

It might still have been the cause of locally greater accumulation of iron ore at the 
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north and that to the southeast formed a col in which surface drainage gathered, 
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probably neal' the lines of pre-Cretaceous drainage, which served the same purposes 

as those of Virginia and at Eveleth. Other present streams are probably of post

Glacial elate, and are determined by the pose of the drift. This relation of present 

drainage to the ore bodies is significant, and suggests the propriety of thorough 

exploration along other valleys where ore is not yet discovered. Of course, in the 

case of a merely post-Glacial valley but little or no ore could be expected to have 

been generated. It would be only in valleys that had a pre-Glacial existence, and 

in which post-Glacial streams have been continued. 

The subclivi/,;?'ons of the Archean. I t has not been possible to gi ve a careful study 

to the Archean along the Giant's range crossing the plates of the western Mesabi 

range. The determination of the subdivisions of the Archean was made out further 
east, since the field-work was completed in this area, and it would be necessary to 

review the Giant's range with some care, to warrant positive assignment of its parts 
to the subdivisions known further east. However, Mr. Grant made .some observa
tions at a series of rock-cuts within a mile east of Mariska, i. e., in secs. 15 and 22, 

T. 58-17, along the Duluth and Iron Range railroad, which seem to show the sepa
rate existence of the Upper Keewatin, the Lower Keewatin and the intrusive gran

ites, all earlier and unconformable with the ore formation of the Animikie. 
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The eastern cut is perhaps 100 paces in length. The rock is greenstone, fine

grained, roughly schistose, and in places aln;lOst slaty. These structures are about 

vertical and strike N. 45 0 E. (mag.) In places the rock has fragments and changes 

of color almost like itself. In other places it is perfectly massive except for the 

schistose structure, with no appearance of bedding (No. 1091 G). But on examining this 

cut further, and on going on top of the rock where the weathered and glaciated surface 

is exposed, the rock is seen in many places to be a regular conglomerate. This char

acter comes out especially at the east end of the cut, on account of the greater num

ber of the boulders and because of less similarity to the matrix. At and near the 

east end of the cut the conglomerate is distinct. The pebbles are well rounded and 

are often drairn out in the direction of the schistosity; and there is some faint evi

dence of bedding which runs with the schistosity. The pebbles are of all sizes up to 

a foot across, but commonly are an inch to three inches. There are various sorts , 
the following being especially noted: (1) Coarse granite, like the Saganaga granite; 

(2) Finer gray to pinkish granite; (3) Quartz porphyry; (4) Red, black and gray flint; 

(5) Graywacke, black slate; (6) Red, porphyritic rock; (7) Several varieties of clioryte

like rock; (8) Quartzless porphyry. 

Just south of the track, and about 150 paces west of the above cut, is a knoll 

of rock, which, where examined, is a gray granite or quartz porphyry, even resembling 

- somewhat the recomposed granite that lies on the real granite at Saganaga lake 

(No.1093G). It is probably, however, an igneous rock, but whether older than the 

above conglomerate cannot be stated, although probably older. 

One-fourth mile further west is a long cut in black to gray slaty argillyte 

(No. 1094G),and graywacke (N 0.1095G), the clistinctslaty structure being about vertical 

and striking N. 800 E. (mag.). The bedding at the cut is about with the cleavage, but 

elsewhere the rock shows much folding, and the slate layers are broken and twisted 

and enclosed in the graywacke. Most of the fragments in the rock seem to be referable 

to fractured and sheared slate, but one distinct fragment is of fine-grained dioryte. 

About a fourth mile east of Mariska station is another cut. Here the rock is 

a slate and graywacke similar to the last, with a cleavage strike N. 50° to 65° E., 

nearly vertical, and bedding agreeing in general with the cleavage. Appearing in 

irregular masses in the slate, and in sharp contact with it, is a gray porphyritic rock 

(No.1096G). The contact is usually along the strike, but in one place runs directly 

across it. The feldspar phenocrysts appear distinctly only on old fractures. At this 

cutis also a considerable amount of rock of N 0.1097G, which appears to be part of the 

graywacke-slate formation, but which closely resembles, except for the paucity of 

.. phenocrysts, the porphyry (No. 1096G). These both contain, like the argillyte and 

graywacke, a co~siderable amount of pyrite in scattered crystals, causing the rock to 
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vertical and strike N. 45° E. (mag.) In places the rock has fragments and changes 

of color almost like itself. In other places it is perfectly massive except for the 

schistose structure, with no appearance of bedding (No. 1091 G). But on examining this 

cut further, and on going on top of the rock where the weathered and glaciated i3urface 
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(5) Graywacke, black slate; (6) Red, porphyritic rock; (7) Several varieties of dioryte

like rock; (8) Quartzless porphyry. 

Just south of the track, and about 150 paces west of the above cut, is a knoll 

of rock, which, where examined, is a gray granite or quartz porphyry, even resembling 

- somewhat the recomposed granite that lies on the real granite at Saganaga lake 

(No.1093G). It is probably, however, an igneous rock, but whether older than the 

above conglomerate cannot be stated, although probably older. 

One-fourth mile further west is a long cut in black to gray slaty argillyte 

(No. l094G), and graywacke (N 0.1095G), the distinct slaty structure being about vertical 

and striking N. 80° E. (mag.). The bedding at the cut is about with the cleavage, but 

elsewhere the rock shows much folding, and the slate layers are broken and twisted 

and enclosed in the graywacke. Most of the fragments in the rock seem to be referable 

to fractured and sheared slate, but one distinct fragment is of fine-grained dioryte. 

About a fourth mile east of Mariska station is another cut. Here the rock is 

a slate and graywacke similar to the last, with a cleavage strike N. 50° to 65° E., 
nearly vertical, and bedding agreeing in general with the cleavage. Appearing in 

irregular masses in the slate, and in sharp contact with it, is a gray porphyritic rock 

(No.1096G). The contact is usually along the strike, but in one place runs directly 

across it. The feldspar phenocrysts appear distinctly only on old fractures. At this 

cutis also a considerable amount of rock of No. 1097G, which appears to be part of the 

graywacke-slate formation, but which closely resembles, except for the paucity of 

phenocrysts, the porphyry (No, 1096G y. These both contain, like the argillyte and 

graywacke, a codsiderable amount of pyrite in scattered crystals, causing the rock to 
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weather red. In this, and in the different color of we.athering,these rocks differ 

from rock No. 1093G, whIch weathers smooth and nearly white. 

A provisional interpretation may be made of this, series, by assigning the gray

wacke and slate, and the associated conglomerate, to the base of the Upper Keewatin 

as described in the Lake county chapter, and the rock No. 1093G, to an early intru

sive, belonging in the Lower Keewatin. The pebbles in the conglomerate at least 

show what formations preceded the conglomerate, and will not allow the assignment 

of this series to the Lower Keewatin, so far as known, but at the same time show 

that the Lower Keewatin was present in the vicinity to furnish those pebbles. A 

similar conglomerate occurs further east, and is described in connection with the 

Dunka River plate. 
The Anirnilde strata in this area show certain other irregularities. There is a 

small isolated area of quartzyte and taconyte well to the north, forming a knoll that 

rises to 1,850 feet above the sea, or within 100 feet as high as the highest part of the 

Archean spur. This is at the base of the Archean spur (sec. 36, T. 59-17), and· 

detached about two miles from other similar rock. It shows that at one time the 

Animikie strata must have been continuous over the intervening area of Archean, 

and hence over the whole spur. 
There is another, smaller, upward swell of the Animikie strata further east, 

probably dependent on another Archean spur, from which the Animikie has not yet 

been denuded, viz., in sec. 4, T. 58-16. The quartzyte and taconyte here swell up 

through the slates which, as represented by Mr. Spurr, extend entirely round them 

to the north, although actually overlying them, forming a small synclinal between 

the Keewatin on the north and the basal quartzyte on the south. 

In other places, where the quartzyte is known to exist, it is also similarly envel-.. 

oped by the later taconyte. If this be not due to the same cause, it may be explained 

on the supposition that, after the deposition of the quartzyte, it was buried by the 

later taconyte by the subsidence of the land area, thus bringing the taconyte instead 

of the quartzyte into contact with the Archean, as represented by Mr. Spurr's maps, 

all along this line of superposition on plate 75. Along with this overlap of the taco

nyte, covering the line of strike of quartzyte, there are still such irr~gularities 

that it is necessary either to suppose local later folding of the Animikie, or inequal

ities of the surface of the underlying Archean. It is Mr. Spurr's opinion. that the 

overlap is due to subsidence immediately after the formation of the quartzyte, and 

that the isolated quartzyte areas, enveloped by the taconyte or by the black slates 

and the taconyte, are due to later folding. 

[Note. Later examinations made by Dr. Grant and Mr. J. U. Sebenius in the. 

fall of 1898, for the purpose of correcting the general map of the Mesabi range, do 
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as described in the Lake county chapter, and the rock No. 1093G, to an early intru
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similar conglomerate occurs further east, and is described in connection with the 

Dunka River plate. 
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rises to 1,850 feet above the sea, or within 100 feet as high as the highest part of the 

Archean spur. This is at the base of the Archean spur (sec. 36, T. 59-17), and 

detached about two miles from other similar rock. It shows that at one time the 

Animikie strata must have been continuous over the intervening area of Archean, 

and hence over the whole spur. 

There is another, smaller, upward swell of the Animikie strata further east, 

probably dependent on another Archean spur, from which the Animikie has not yet 

been denuded, viz., in sec. 4, T. 58-16. The quartzyte and taconyte here swell up 

through the slates which, as represented by Mr. Spurr, extend entirely round them 

to the north, although actually overlying them, forming a small synclinal between 

the Keewatin on the north and the basal quartzyte on the south. 

In other places, where the quartzyte is known to exist, it is also similarly envel-. 

oped by the later taconyte. If this be not due to the same cause, it may be explained 

on the supposition that, after the deposition of the quartzyte, it was buried by the 

later taconyte by the subsidence of the land area, thus bringing the taconyte instead 

of the quartzyte into contact with the Archean, as represented by Mr. Spurr's maps, 
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nyte, covering the line of strike of quartzyte, there are still such irregularities 
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not bear out the hypothesis of the subsidence of the region immediately after the 

formation of the quartzyte, but the quartzyte, so far as could be ascertained, holds 

its'own place, geographically and stratigraphically, the taconyte lying always above 

it. It is not impossible that some local folding, and subsequent degradation of the 

surface, may cause taconyte to lie to the north of some outcrops of quartzyte, but 

such could not be verified. J 
The Pokegarna qttadzyte itself is a nearly pure complex of quartz grains, but 

when fine grained it is seen, under the microscope, to embrace a few fragments of 

striated feldspar. When fine, its grains are angular. If it be coarser, it is more 

permeable to the downward flow of silica- or iron-bearing water, and it becomes 

cemented by those substances (Nos. 168 and 438). There are some instances in 

which quartz grains, of the same appearance as those of the Pokegama quartzyte, 

are found sparingly in the taconyte horizon (Nos. 418 and 1(18). In one .instance 

the Pokegama quartzyte (No. 128) is so charged with hematite that it might be 

taken for leah ore, and the loosened, light-colored grit alongside does not correct, 

but rather confirms, the impression that the rock is one of the phases of the 

taconyte. It is to be noted as a peculiar fact that the secondary silica which 

cements the Pokegama qUC1rtz grains (Nos. 438, 1(33) is sometimes of multiple 

orientation. like that which originates in the decay of the glauconite of the taconyte 

and is deposited at once. In many cases of the secondary growth of quartz grains, 

the rims of growth extinguish with the original grains as was fully brought out 

by Irving and Van Hise,* and later by Calvin,t and that is the case in some 

instances in the Pokegama quartzyte of the Mesabi Iron range (No. 158). 8ections 

made from specimens collected at Prairie River falls show the secondary silica 

in optical agreement with the grains (Nos. 1521, 256H, 257H, 261H and 259H), 

as stated by Irving and Van Hise.t It is quite likely that when the supply of sec

ondary silica was rapid it crystallized from many points, in non-agreement with the 

original grains, and when slow it was oriented with them. 

The exact stratigraphic relation of the quartzyte to the taconyte is still an 

unsettled question. It seems in most places to lie regularly below all the taconyte, 

especially when it is coarse and fragmental. In other cas:s it is in the midst of the 

taconyte, at least above a stratum of jaspilitic silica. This is particularly the case 

when it is fine-grained (Nos. 1632 and 1(40). The quartz then is entirely angular, 

and embraces also angular grains of micro cline and of other feldspars, and is perhaps 

wholly a secondary rock. The quartz grains interlock compactly, and exhibit no 
- *R. D. IRVING and O. R. V AN RISE. On the secondary enlargements of mineral fragments in certain rocks. Bulletin viii, 
U. S. G. S., 1884. . . 

. +8. OALVIN. On a new horizon and Some new localities for friable sandstone in which the grains are enlarged by seeondary 
deposItIOn of silica in optical continnity with the original nncleus. A",. Geol. xiii, 225, 1894. 

top. cit. p. SQ. l'!ld plate IV, 
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not bear out the hypothesis of the subsidence of the region immediately after the 

formation of the quartzyte, but the quartzyte, so far as could be ascertained, holds 

its'own place, geographically and stratigraphically, the taconyte lying always above 

it. It is not impossible that some local folding, and subsequent degradation of the 

surface, may cause taconyte to lie to the north of some outcrops of quartzyte, but 

such could not be verified. J 
The Pokegama qtlartzyte itself is a nearly pure complex of quartz grains, but 

when fine grained it is seen, under the microscope, to embrace a few fragments of 

striated feldspar. When fine, its grains are angular. If it be coarser, it is more 

permeable to the downward flow of silica- or iron-bearing water, and it becomes 

cemented by those substances (Nos. 16S and 43S). There are some instances in 

which quartz grains, of the same appearance as those of the Pokegama quartzyte, 

are found sparingly in the taconyte horizon (Nos. 41S and 161S). In one .instance 

the Pokegama quartzyte (No. 12S) is so charged with hematite that it might be 

taken for leall ore, and the loosened, light-colored grit alongside does not correct, 

but rather confirms, the impression that the rock is one of the phases of the 

taconyte. It is to be noted as a peculiar fact that the secondary silica which 

cements the Pokegama qUCLrtz grains (Nos. 43S, 1(33) is sometimes of multiple 

orientation. like that which originates in the decay of the glauconite of the taconyte 

and is deposited at once. In many cases of the secondary growth of quartz grains, 

the rims of growth extinguish with the original grains as was fully brought out 

by Irving and Van Hise,* and later by Calvin,t and that is the case in some 

instances in the Pokegama quartzyte of the Mesabi Iron range (No. 15S). Sections 

made from specimens collected at Prairie River falls show the secondary silica 

in optical agreement with the grains (Nos. 1521, 256H, 257H, 261H and 259H), 

as stated by Irving and Van Hise.t It is quite likely that when the supply of sec

ondary silica was rapid it crystallized from many points, in non-agreement with the 

original grains, and when slow it was oriented with them. 

The exact stratigraphic relation of the quartzyte to the taconyte is still an 

unsettled question. It seems in most places to lie regularly below all the taconyte, 

especially when it is coarse and fragmental. In other cases it is in the midst of the 

taconyte, at least above a stratum of jaspilitic silica. This is particularly the case 

when it is fine-grained (Nos. 1632 and 1(40). The quartz then is entirely angular, 

and embraces also angular grains of microcline and of other feldspars, and is perhaps 

wholly a secondary rock. The quartz grains interlock compactly, and exhibit no 
- 'R.D. IRVING and C. R. VAN RISE. On the secondary enlargements of mineral fragments in certain rocks. BltUetin viii:, 
U.S. G. S., 1884. . 

. tS. CALVIl<. On a new horizon and some new localities for friable sandstone in which the grains are enlarged by secondary 
deposltlOnof silica in optical continnity with the original nuclens. An,. Geol. xiii, 225,1894. 

top. cit. p. SQ. I'lld plate IV. 
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rounded contours referable to fragmental origin. The thickness of this quartzyte is 

usually not over fifty feet, and is sometimes much less. 

Limestone. There is a thickness of very calcareous rock, amounting to ten'to 

fifty feet, according to Mr. Spurr (Nos. 53S, 76S), which lies above the taconyte, 

which seems to have had, in the main, a fragmental origin, but in some places this 

calcareous horizon is not identifiable. Instead of it the taconyte rock, more or less 

flinty, graduates into the black slate with numerous thin alternations, the irony 

mineral being siderite, as seen south of Virginia (rocks Nos. 1087G to 1090G). This 

calcareous rock is difficult to distinguish from some parts of the black slates. It is 

irregularly striped and banded with light and dark gray, like arock having "false 

stratification." Its calcareous character apparently fades out gradually upward, and 

sometimes is hardly discoverable. It is found characteristically on the south side 

of the road between Virginia and Mountain Iron, in N. W. iN. E. i sec. 7, T. 58-17 . 
. This roc~ is sometimes much altered and ferrated, and is thus involved with the iron 

ores of the taconyte horizon. Thin as it is, it seems to be nearly continuous over 

most of the western Mesabi. 

The Cretaceous was discovered some years ago in test-pitting in search for ore.* 

Its thickness at no point was ascertained, but it was penetrated about 100 feet by a 

churn drill. It varies from coarse conglomerate to shale. The conglomerate is at 

the base and takes on the characters ,of the underlying formation, and the sh!J.le is 

green. In some places the Cretaceous contains numerous pieces of wood (No. 1048), 

and lignitic beds have been encountered (No. 88S). The following fossil genera were 

identified in Cretaceous from the Mesabi range, by Dr. C. A. White: Ostrea, Inocer'

Cl1nus, 11lodiola, Pinna, Yolclia (n T1"igonarca, Actmon, Trochus (~) and Fasciolaria. 

"The Yoldia 0) referred to is much like the Y. 1'I1,icrodonta of Meek and Hayden, 

reported to have come from the Dakota group of Kansas. The Inoceramus cannot be 

distinguished from the 1. fragil·is of Hall and Meek. This is a characteristic species 

of the Colorado formation. For this reason, and because that formation is known 

to be represented in other' localities in Minnesota, I think there is little, if any, 

reason to doubt that the deposit from which you obtained these fossils represents a 

portion of the Colorada formation as it is developed in the great interior part of the 
continent." TVhite.t 

The peculiar" gravel ore" found at the Lone Jack mine (Nos. 1699 and 1793), 

and at the mines next west, is a form of the Cretaceous conglomerate determined by 

the rapid disintegration and supply of taconyte gravel during the prevalence of the 

Cretaceous ocean. "It exhibits every feature of a promiscuous .fragmentary accuJ 

mulation. Some of it is completely made up of ore like that of the region, but of 

*H. v. :WINOHELL. Note on Oretaceous in northern Minnesota. Am. Geol. xii, 1893, p. 220. top. C1.t., p. 22L 
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of the Colorado formation. For this reason and because that formation is known , 
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reason to doubt that the deposit from which yon obtained these fossils represents a 

portion of the Colorada formation as it is developed in the great interior part of the 
continent." liVhite. t 

The peculiar" gravel ore" found at the Lone Jack mine (Nos. 1699 and 1793), 

and at the mines llext west, is a form of the Cretaceous conglomerate determined by 

the rapid disintegration and supply of taconyte gravel during the prevalence of the 

Cretaceous ocean. "It exhibits every feature of a promiscuous fragmentary aCCU" 

mulation. Some of it is completely made up of ore like that of the region, but of 

'R. V. WINOHELL. Note on Cretaceous in northern Minnesota. Am. Geo~. xii, 1893, p. 220. 
top. mt., p. 221. 
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. rather low grade, and some of it is apparently deri ved 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 constituents 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 gray till. The pebbles are cemented together by a coating of 

ferric oxide deposited on them since they were placed in their present position, indi

,cating 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 interior, and from 

the crust toward the centre there is an increase of coarseness of texture even 
" , 
becoming somewhat spongy, indicating some progressive change from. the cir-

cumference toward the centre, 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 

uniform grade throughout. It does not appear that the gravel has become ferru

ginated to any great degree since its deposition 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." * Later than the formation of this black film 

a coating of white silica has been formed in the cavities of this conglomerate (No. 

1793), and this then forms its strongest cementing bond. This is entirely pure and 

un-stained by hematite. That ~his is a transported gravel and not a breccia is shown 

not onlx by the foregoing characters, but by the occasional occurrence, as already 

stated, of pebbles of quartz and of granite, even in that portion at the Lone Jack 

mine which is thrown out from the pits. This conglomerate in other places con

tains but very little iron ore, and has a characteristic green color (Nos. 61S, 86S and 

. 87S), and is also sometimes indistinctly stratified horizontally. 

The principal mines of this area are the following: Biwabik, Mesabi Mountain, 

Hale, Cincinnati, Oliver, Lone Jack, Fayal, Vega, Adams, Franklin, Ohio, Auburn, N or

man, Minnewas, Commodore, Lowmore, Genoa, McKinley, Elba, Sparta, Dul uth, Canton. 

The Biwabik mine was the first important mine in the area of this plate. It 

embraces the N. W. i N. W. 1: sec. 2, N. E. i N. E. i sec. 3 and the S. E. i N. E. i sec. 

3,in T. 58-16. The ore body is about half a mile in length, nearly a quarter of a 

. mile wide, and has a depth which sometimes reaches 100 feet, and was, at the outset, 

estimated to contain twenty millions of tons of ore.+ 
The ore, which has a general southerly dip, with minor east-west folds, is of 

the quality known as soft bessemer ore, but is partly red and yellow, the largest 

'N. H. WINCHELL. Twenty-first Annual Report, p. 128. 
tTheBiwabik Mine: by H. V. WINOHELL and J. T. JONES. Trans. Am. Inst. Min. Eng., February, 18gB. 
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body being of a bluish or bluish-black colo-r. The red hematite is at the bottom of 

the deposit; and the yellow, which is largely gcethite, is at the top, or occupies large 

lenses encroaching on the blue ore from above. The Canton mine is celebrated for 

its yellow ore. Such oreo is, as a rule, too high in phosphorus for the bessemer grade. 

The Biwabik is an open pit, and required 2,893,333 cubic yards of stripping of drift 

materials. The ore is excavated and dumped directly on the cars by steam shovel, 

a method which is elsewhere also extensively employed on the Mesabi range. The 

tracks are shifted and lowered from time to time as the shovel completes its course 

through the ore body. The terms of the contract to the lessee require the mining 

of at least 300,000 tons per annum, and the payment of a royalty to the owners of 

50 cents per ton. The ore averages about 63 per cent in iron and .045 in phosphorus. 

The Cincinnati mine adjoins the Biwabik on the east, and only differs from the 

Biwabik in having a large amount of country rock (taconyte) to contend with. 

Indeed, the Cincinnati mine seems to be essentially on the fringe of the ore body of 

the Biwabik, and within its territory the normal rock of the formation again prevails. 

The ore here lies on a sandstone. 

One of the tri~l pits on N. E. i N. W. i sec. 2, T. 58-16, struck an interesting 

form of the taconyte, which at first was considered as "black slate." It is a form 

taken on by the taconyte in the process of chemical alteration and transition to ore 

(N o. 1(89). The remnants of the rock, nearly unaltered, lying in the products of 

alteration, give the mass the appearance of a conglomerate or breccia. The isolated 

masses, sometimes roundish and sometimes quite angular, are all of one sort, i. e., 
a magnetited, fine, dark-green, nearly black taconyte, which, near the centres of 

the separate pieces, is grayish. The cement is magnetite, and the rock is nearly 

black. This rock graduates into the regular taconyte, on one hand, and into mag

netite ore on the other. The black slates above are frequently heavy with magnetite, a 

circumstance which, considered in connection with the production of magnetite in 

this chemical breccia, indicates that the occurrence of magnetite rather than hematite 

depends rather on the antecedent physical conditions of the original rock and the 

slowness of alteration than upon the accident of pressure or folding, or any dynamic 

force such as the advent of the gabbro. 

Another pit at the Cincinnati mine struck a phase of the Pokegama 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 is near the basal conglomerate, and in grain it resembles 

that seen at Wick's (No. 1(32), 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. 
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In the region of the Cincinnati mine, the rocks being in the main nearly hori

zontal, or of a uniform gentle dip, the idea of the origin of the ore from a grand 

change from the taconyte rock is impressed on the observer. The ore alternates 

intimately with the rock, and occurs as isolated masses in the rock, while v£ce versa, 

the rock exists as isolated masses in the ore. Such relations could hardly occur with

out a genetic relation between the two. 

At the Dul'uth mine, just west of the Biwabik, the ore dips south at about 15°. 

There are some east and west undulations, and an apparent anticline, where the 

axis runs south, in the north wall. 

At McKinley the main ore stratum lies below a body of taconyte and above a 

sandstone which is sometimes reddened by downward infiltration of iron oxide; but 

there is also some hematite distributed at higher levels, even in the black slates. Such 

ore, however, isin smaller amounts, is lean and oche1'Y, although sometimes magnetitic. 

At Virginia is an important group of mines, some of them now consolidated 

under the name Oliver mine. The rock bearing the ore lies on the northwestern 

slope of an Archean greenstone ridge, which is a spur of the general greenstone area 

further north, and has a northwest dip, varying from northwest to 12° south of west, 

amounting to 5° to 15°. 

In the early explorations at this point it was found that the taconyte rock lies 

both under and over bodies of iron ore, and that along with the" pebbly ore," which 

is probably a basal bed of the Cretaceous, is in places a considerable amount of 

kaolinic rock which is usually white, or slightly colored in streaks by ferric oxide. 

This kaolin was regarded by Mr. Spurr as a product of alteration in situ of the iron

bearing rocks of the Animikie. But there is reason to ascribe it, in the absence of 

positive structural observations, to the action of the Cretaceous ocean in gathering 

together into strata of sedimentary character the residuary clays which resulted 

from the decay of the older rocks during the long period of surface exposure which 

preceded the Cretaceous submergence. This is in keeping with known facts from a 

large area in the southern and western part of the state, where the lower portion 

of the Cretaceous very frequently embraces large deposits of kaolin, and where the 

older rocks are visibly seen to be its source. Underneath the" gravel ore" is a 
stratified layer of kaolinic material, and below the kaolin is soft blue hematite. 

Then is a large or-ebody at Virginia, sometimes reaching a thickness of over 100 
feet, and it is separated by masses of taconyte, and is plainly a result of alteration 

of taconyte along favorable lines or in areas of easiest chemical change.* 
Along the south and east sides of the Ohio opening,t the dip of the ore is north 

to north-northwest, from 8° to 20°, varying considerably, and with irregularities. In 

* A d t '1 .. . . th k t the Ol'e is to be seen in Twenty-First A more e al ed descrIptIOn of some of the observed tranSItIOns from e roc ° 
nnua! Report, pp. 131-133.' • 

+ The facts respecting the present condition of the mines are from the field notes of DR. GRANT, September, 1898. 
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one place, for a few feet, the dip is to-ward the east about 10°. From the northside 

of the Ohio, two openings of the Oliver, not now worked, can be examined, displaying 

a pretty constant dip of 20° to the north. East from the Oliver, where the rock has' 

been stripped, there is a general westerly plunge of about 10°, while at the north

east cornel' of the Oliver stripping, the rock dips about 15° toward the south, and along 

the north side of this shipping, where much rock is exposed, mostly taconyte, the 

dip is 8° to 15° south to southwest. The north line, or wall, of the Oliver ore is a 

breccia of hard ore cemented by soft ore. There are several east-west planes of 

brecciation from an inch to a foot wide, standing about vertical, the whole zone being 

perhaps ten feet wide. Between the breccia planes is often hard rock. The ore 

mined is south of this zone of breccia and abuts abruptly against it. This breccia 

zone, as a wall, forms the whole north line of the Oliver opening. At the stripping 

at the east end of the Oliver and near the breccia zone, a little of the ore is seen, 

and it is cnnnpled some, but in general dips off to the southwest or south-southwest, 

at about 15° or 20°. These various and complicated directions of dip can perhaps be 

explained by referring them to the settling away of the altered taconyte strata from 

the unaltered masses, the process of alteration being accompanied by a considerable 

shrinkage in the volume of the rock, and it is possible that the foregoing breccia 

planes express fracture lines due to the same shrinkage and settling of the iron 

mass of the Oliver mine away from the more stable taconyte. 

fit the Norman 1n1:ne, which is immediately east of the Oliver and connected by 

stripping, the opening is in ore entirely, showing a south dip of 10° to 25° on the 

north side, and a north dip on the south side. On the west side the synclinal struc

ture is brought out nicely, the axis of the syncline pitching west at about 10°, and 

apl)ears to run south of the Oliver and the Ohio. Yet, at the Oliver and the Ohio, 

there is a general decided synclinal structure which pitches toward the west at a 

low angle, probably about 10°. The ore is in this synclinal basin, and hard taconyte 

is on both the north and south, with a comparatively low general dip toward' the 

west. In the syncline itself the dips are steeper and more variable, although main

taining a marked general synclinal structure. In the taconyte rock the dips are 

both lower and more constant. 

In the Adams mine, at Eveleth, the same synclinal structure is apparent in the 

northern excavation, the width of the basin being, perhaps, 600 feet, and the pitch 

toward the northwest at about 12°. There are several pillars of rock in the mine, 

and these pass directly into the ore. Above the ore is yellowish ochre and paint 

rock, and below it, as revealed by drilling, is quartzyte of a gray color, not banded 

by ore. In No.2, of the Adams mine, the same structure is evident, but the pitch 

of the axis is to the southwest. The two openings are perhaps 700 feet apart, No .. 2 
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south of No.1, and, according to superintendent Harding, the intervening space is 

occupied by rock lying nearly flat. In No.3, of the Adams, as far as work has gone, 

no syncline has yet been developed, but there is a general southwest dip. 

The summit of the hill in sec. 29, T. 58-17, north of Eveleth, consists of taconyte, 

dipping gOto 8° toward the southwest. It is hard, gray and banded with iron ore. On 

the east side it has a precipitous wall 50 feet in hight, and below this the ground 

slopes off sharply for 50 to 100 feet more. Beyond the valley, toward the east, is 

another ridge, evidently of greenstone, but no outcrops were seen below the taconyte 

cliff after hasty examination. The aspect of this wall of taconyte is similar to the 

vertical Animikie scarps in the region of Gunflint lake. 

The Fayal 1nine is half a mile or more east of the Evelet,h, and shows some 

interesting facts. Southwest from the mine proper, near the southwest corner of 

the S. E. 1 N. E. a sec. 6, T. 57-17, some stripping has been done, and a body of 

black ore, soft and considerably broken up, has been encountered. Below this ore 

is drift, which also surrounds it. Near the bottom large granite boulders are seen in 

the ore. According to Mr. Hoveland, the engineer of the mine, the ore is of high 

grade, and between it and the rock below is another sheet of drift thirty or more 

feet in thickness. This ore mass has nearly all been mined out. The deposit was 

about 125 feet long east and west, and about fifty feet wide. It was from five 

to twenty feet thick, and was evidently a mass of ore included in the· drift. Two 

other deposits of this kind are known further south, viz., N. E. ± S. E. 1 sec. 6, 

T. 57-17, and they are also being mined. '1'he main mine is underground. Accord

ing to Mr. Hoveland the development is not sufficient, as yet, to show the gen

eral structure, but there is a general dip toward the southwest, more steep near the 

wall of taconyte, and near the horses of taconyte. The rock taconyte also underlies 

the ore. 

At Sparta (formerly Weimer) are two mines, the Genoa and the Sparta, the 

former being an underground mine, and the latter a "steam shovel mine." At the 

latter, along the west wall, are three shallow synclines, all in ore. The east wall 

has two synclines, separated by a small horse of taconyte. The north wall is in poor 

. ore and rock, and shows a steep dip to the south, from 20° to 45°. These synclines 

pitch east, or a little south of east, at an angle of 10° to 15°. No rock other than ore 

is seen in the pit except the horse mentioned above, but on the railroad..~.ntering the 

pit from the south is seen some hard lean taconyte, dipping south-southeast to 

southeast, at about 10°. 

The A~tburn is a "milling mine," and the structure here is clearly synclinal, the 

south side dipping north, and the north side south, with a rather steep pitch (15° 

or more average) toward the west-northwest. The synclinal structure comes out 
26 
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south of No.1, and, according to superintendent Harding, the intervening space is 

occupied by rock lying nearly flat. In No.3, of the Adams, as far as work has gone, 

no syncline has yet been developed, but there is a general southwest dip. 

The summit of the hill in sec. 29, T. 58-17, north of Eveleth, consists of taconyte, 

dipping 3°to 80 toward the southwest. It is hard, gray and banded with iron ore. On 

the east side it has a precipitous wall 50 feet in hight, and below this the ground 

slopes off sharply for 50 to 100 feet more. Beyond the valley, toward the east, is 

another ridge, evidently of greenstone, but no outcrops were seen below the taconyte 

cliff after hasty examination. The aspect of this wall of taconyte is similar to the 

vertical Animikie scarps in the region of Gunflint lake. 

The Fayal mine is half a mile or more east of the Eveleth, and shows some 

interesting facts. Southwest from the mine proper, near the southwest corner of 

the S. E. 1 N. E. a sec. 6, T. 57-17, some stripping has been done, and a body of 

black ore, soft and considerably broken up, has been encountered. Below this ore 

is drift, which also surrounds it. Near the bottom large granite boulders are seen in 

the ore. According to Mr. Hoveland, the engineer of the mine, the ore is of high 

grade, and between it and the rock below is another sheet of drift thirty or more 

feet in thickness. This ore mass has nearly all been mined out. The deposit was 

about 125 feet long east and west, and about fifty feet wide. It was from five 

to twenty feet thick, and was evidently a mass of ore included in the drift. Two 

other deposits of this kind are known further south, viz., N. E. ± S. E. -3; sec. 6, 

T. 57-17, and they are also being mined. 1'he main n1.ine is underground. Accord

ing to Mr. Hoveland the development is not sufficient, as yet, to show the gen

eral structure, but there is a general dip toward the southwest, more steep near the 

wall of taconyte, and near the horses of taconyte. The rock taconyte also underlies 

the ore. 

At Sparta (formerly Weimer) are two mines, the Genoa and the Sparta, the 

former being an underground mine, and the latter a" steam shovel mine." At the 

latter, along the west wall, are three shallow synclines, all in ore. The east wall 

has two synclines, separated by a small horse of taconyte. The north wall is in poor 

. ore and rock, and shows a steep dip to the south, from 200 to 45 0
• These synclines 

pitch east, or a little south of east, at an angle of 100 to 15 0
• No rock other than ore 

is seen in the pit except the horse mentioned above, but on the railroad IIptering the 

pit from the south is seen some hard lean taconyte, dipping south-southeast to 

southeast, at about 100
• 

The Attburn is a "milling mine," and the structure here is clearly synclinal, the 

south side dippi:ng north, and the north side south, with a rather steep pitch (15
0 

or mote average) toward the west-northwest. The synclinal structure comes out 
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nicely on the east side. No rock other than ore is visible. Apparently another 
syncline occurs next further north, for the dip is again in that direction. 

Rock samples from this ({rea. Nos. 108-568; 618; 708; 768, 778; 828, 838; 

868-888; 948, 958; 1578-1678; 1688-1707; 2143, 2144; 1070G-1072G; 108QG-1099G. 

The characters of some of these stones may be seen by reference to the chapter 
on the petrographic geology of the northeastern part of the state in vol. v. 

-.- . 
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nicely on the east side. No rock other than ore is visible. A.Pparently another 

syncline occurs next further north, for the dip is again in that direction. 

Rock sa'i1lples from this ({rea. Nos. 108-568; 618; 708; 768, 778; 82S, 838' , 
868-888; 948, 958; 1578-1678; 1688-1707; 2143, 2144; 1070G-1072G; 1080G-I099G. 

The characters of some of these stones may be seen by reference to the chapter 

on the petrographic geology of the northeastern part of the state in vol. v. 
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OHAPTER XIX. 

THE GEOLOGY OF rrHE PARrrRIDGE RIVER PLATE OF rrHE 
MESABI IRON RANGE. 

(PLATE 76.) 

By N. H. WINCHELL. 

This portion of the Mesabi Iron range has not yet afforded any iron ore of eco

nomic importance. It was the scene of the first thorough exploration on the Mesabi 

range after the examination of Prof. A. H. Ohester, and after the opening up of the 

Duluth and Iron Range railroad from Two Harbors to Tower. That road cut the 

Mesabi Iron range about two and a half miles south of the Giant's range, revealing 

signs of iron ore. This exposure of hema,tite, in what was referred to in seveml of 

the annual reports as the" red cut," was the cause, through the suggestion of the 

writer, of the commencement in 1888 of regular testing by machinery at Mesabi 

station, under the management of Mr. John Mallmann,* though at the expense of the 

Minnesota Iron company. Immediately a great many other explorers entered on 

the westward extension of the range, including the Merritt brothers, who were 

rewarded in the fall of 1890 with the first important discovery of merchantable ore 

in sufficient quantity on the Mesabi range.t 

The Archean granite. The granitic knobs and ridges that cross the northern 

part of this areat possess the most rugged and conspicuous hills of the Giant's range. 

As further west the descent is more abrupt toward the north than toward the south. 

The granitic belt here is about six miles wide, the most northern known outcrops 

being about five miles north of Hinsdale station. '}'here is also an extension of 

granite, probably as an isolated intrusion, lying south of the crest of the ridge, said to 
have been encountered by test-pitting at a quarter of a mile north from the Mallmann 
exploration neal' Mesaba, or in the S. E. i sec. 20, T. 59-14. The rock is a granite, - *Mr. Mallmann, who had been for several.seasons a field assistant on the survey, was somewhat acquainted with the 
geological. s.tructure, and knew the views of the state geologist as to the probable discovery of ore in Minne~ota so?-thwar~ from 
the V~;mllion range, and readily fell in with the idea of searching for the equivalent of the Penokee-Gogebw ores 11l the vlCmlt,y 
of the red cut." Compare l'M,·teenth Anntwl Rep01·t, p. 23, 1884; Eighteenth RepoTt, p. 7, 1889. . . 
M' + BtlUetin vi, p. 135, 1891. Compare, also, N. H. WINCHELL. The discovery and development of the Iron ores of Mmnesota. 

,nnesota Histo"ical Society Collections, vol. viii, p. 25. . . ' Eleventh 
t The.followmg sources afford the data for this description: Report, of A. H. OHESTER of exammatlOns. 111 1875. ,',> P 

Annual Repo,·t, pp. 155-167. ExaminatIOlls and reports of N. H. WINCHELL in 1878 (Ninth Rep'J7'I, pp. 107-109); '':' 1884 (Th.l1lt,:n~~ 
Regm·t, pp. 20-24) ; in 1888 (Eighteenth Repo,.t. pp. 7, 8); 1890 (Bl.lletin vi, pp. 202-205) ; also, field llotes made 111 189~. EX(';';~~e':',:~th 
'; reports of B:. V. WINOHELL in 1888 (Seven/,eenth Repo,,.t, pp. 81-92), and his general re~ort on the MesabI lange ( 

eport, Pp.l11-l80, 1891). Bulletin vi contains a general flescription of the MesabI range and ItS ores. 
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This portion of the Mesabi Iron range has not yet afforded any iron ore of eco

nomic importance. It was the scene of the first thorough exploration on the Mesabi 

range after the examination of Prof. A. H. Chester, and after the opening up of the 

Duluth and Iron Range railroad from Two Harbors to Tower. That road cut the 

Mesabi Iron range about two and a half miles south of the Giant's range, revealing 

signs of iron ore. This exposure of hematite, in what was referred to in several of 

the annual reports as the" red cut," was the cause, through the suggestion of the 

writer, of the commencement in 1888 of regular testing by machinery at Mesabi 

station, under the management of Mr. John Mallmann,* though at the expense of the 

Minnesota Iron company. Immediately a great many other explorers entered on 

the westward extension of the range, including the Merritt brothers, who were 

rewarded in the fall of 1890 with the first important discovery of merchantable ore 

in sufficient quantity on the Mesabi range.t 

The Archean gmm:te. The granitic knobs and ridges that cross the northern 

part of this areat possess the most rugged and conspicuous hills of the Giant's range. 

As further west the descent is more abrupt toward the north than toward the south. 

The granitic belt here is about six miles wide, the most northern known outcrops 

being about five miles north of Hinsdale station. 'J1here is also an extension of 
granite, probably as an isolated intrusion, lying south of the crest of the ridge, said to 

have been encountered by test-pitting at a quarter of a mile north from the Mallmann 
exploration near Mesaba, or in the S. E. i sec. 20, T. 59-14. The rock is a granite, -----'Mr. Mallmann, who had been for several.seasons a field assistant on the survey, was somewhat acquainted with the 
geologica~s.tructure, and knew the views of the state geologist as to the probahle discovery of ore in Minne~ota southward fr?m 
the V~;mllion range, and readily fell in with the idea of searching for the equivalent of the Penokee-GogeblC ores III the VJCllIlt,y 
of the red cut." Compare 'l'hi1·teenth Annual Rep01·t, p. 23, 1884; Eighteenth Report, p. 7, 1889. . . 

. t BlIUetin vi, p. 135,1891. Oompare also N. H. WINCHELL. The discovery and development, of the Iron ores of Mmnesota, 
Mmnesota Histol'ical Society Collections ~ol. viii p. 25, 

t The Jollowing sources afford the data f~r this description: Report of A. H. OHESTER of examinations. in 1815. ~~:"ent~ 
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sometimes gneissose (Nos. 382H, 1514 and 29M), but in general a true igneous rock. 

Its color is usually gray, but sometimes pink. It is generally quite coarse-grained, . 

but vl1ries to fine-grained. It has a gray or flesh-colored orthoclase, and coarse 

quartzes, the latter sometimes of a bluish or lavender color. Biotite and horn

blende are occasionally so abundant as to render it a dark rock. Isolated pieces of 

such dark rock are scattered sparingly in the granite, evidently the result of foreign 

inclusion. Because of the conversion of the Keewatin into crystalline schists at the 

contacts of this granite with the greenstones of the Keewatin, it is reasonable to 

assume that these dark spots in the granite are fragments derived from the Keewatin, 

metamOTphosed by the heat of the granite. Although these spots are frequently 

rounded, they are not always so, but spread more irregularly.* The rock consists 

largely of quartz. This is sometimes in l~rge interlocking grains, and sometimes is 

finely granular. The feldspar is orthoclase, micro cline and a very finely polysyn

thetically twinned plagioclase that is either oligoclase or anorthocJase. There is a 

singular contrast in the comparative freshness of the feldspars. Some of the large 

grains are much affected by microscopic scales, probably of muscovite, which have 

been generated by decay. These scales sometimes pervade the whoJe grain and 

sometimes are surrounded by a marginal belt that contains none of them. The 

microcline, however, is never thus decayed, and appears to be of later generation. 

The quartzes have been broken by mountain strains, which have formed minute 

zigzag fractures across some of the larger grains. The biotite and hornblende are 

fresh. 

The rock seems to have been profoundly shattered, but is not much sheared in 

general, and this action may have been cotemporary either with the intrusion of 

later granitic dikes OT with the gabbro disturbance. The granite as a mass, how

ever, is earlier in date than the gabbro, and is intruded by the gabbro at points fur

ther east. It is not yet settled that it followed the Upper Keewatin as to date of 

origin, and preceded the Animikie, but some part of it appears to have originated in 

that epoch, which would thus serve to mark a divisional epoch between the Archean 

age and the Taconic. 'fhe reader may consult further discussion of this question in 

the chalJter devoted to the structural geology of northeastern Minnesota (volume v). 

The ]{ee/f;atin. The spur of Keewatin which is represented to occur in T. 59-14, 

running southwestwardly and reaching into T. 59-15,is somewhat conjectural as to its 

areal limits, owing to the prevalence of the drift. It is known to outcrop along the 

south side of the Giant's range from the northeastern corner of this area southwest

wardly to S. E. i sec. 17, T.59-14, one mile south of Hinsdale. It appears in vertical 

strata ill N. E. i sec. 15, T. 59-14, near the north section line. The extension of this 

* Compare Final Report, vol. i. The Building Stones of Minnesota, pp. 142, 143, where the East St. Oloud granite is stated 
to show similar dark spots. 
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The quartzes have been broken by mountain strains, which have formed minute 

zigzag fractures across some of the larger grains. The biotite and hornblende are 
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The rock seems to have been profoundly shattered, but is not much sheared in 

general, and this action may have been cotemporary either with the intrusion of 

later granitic dikes or with the gabbro disturbance. The granite as a mass, how

ever, is earlier in date than the gabbro, and is intruded by the gabbro at points fur

ther east. It is not yet settled that it followed the Upper Keewatin as to date of 

origin, and preceded the Animikie, but some part of it appears to have originated in 

that epoch, which would thus serve to mark a divisional epoch between the Archean 

age and the Taconic. 'fhe reader may consult further discussion of this question in 

the chapter elevoted to the structural geology of northeastern Minnesota (volume v). 

The Keen:atin. The spur of Keewatin which is represented to occur in T. 59-14, 

running southwestwardly and reaching into T. 59-15, is somewhat conjectural as to its 

area] limits, owing to the prevalence of the drift. It is known to outcrop along the 

south side of the Giant's range from the northeastern corner of this area southwest

wardly to S. E. i sec. 17, T. 59-14, one mile south of Hinsdale. It appears in vertical 

strata in N. E. -i sec. 15, T. 59-14, near the north section line. The extension of this 
, Cumpare F· I R t 1 . '. 01 d "nite is stated lila·. epor, vo . i. The BUlldmg Stones of Mmnesota, pp. 142, 143, where the East St. Oll gr_ 

to show similar clark spots. 
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Keewatin area southwestwardly, as represented, is based on the distribution of drift 

masses and on the topography, and cannot, therefore, be relied on with certainty. 

The northerly extension of the Animikie into sec. 7, '1'. 5~)-]4, seems also to be a 

complementary phenomenon in consonance with the supposed southerly spur of the 

Archean, thus repeating the folding of the Archean mentioned in connection with 

the Virginia plate (No. 75), from which, later, the removal of the Animikie has been 

effected by glaciation. * 
There are some interesting features connected with the Keewatin in T. 59-14. 

When Prof. A. H. Chest,er first explored the iron deposits in section 11, in that town, 

he noted a peculiarity which he did not explain.t 

"Near the centre of section 11 there is a bold outcrop of jaspery hematite, at the foot of which a pit was sunk to 
considerable depth. At fifteen feet from the surface a layer of black sand was found containing boulders of 
quite pure hematite. An average sample from these boulders showed 62.17 per cent. of iron, almost the richest 
are discovered in the district. Careful search failed to find the ledge from which these boulders came, and they 
seeIDed a novelty in a district covered by horizontal layers of magnetite and quartzyte." 

It has been found, since, that there are two iron-bearing formations in north

eastern Minnesota, and this phenomenon is accounted for by the non-conformable 

superposition of the later over the earlier. This non-conformity is visible at many 

places, but there is no other known place at which the formations both contain iron 

ore at the point of overlap. The jaspery hematite ridge seen by Prof. Chester is a 

miniature representation of the ridges that contain the Vermilion range ore at 

Tower and elsewhere; and the structural conditions in general duplicate those which 

occur at Negaunee, Michigan, where both formations are iron-producing. The exist

ence of rich hematite, seen only as boulders by Chester, in immediate contiguity 

with this jaspery ridge, certainly indicates the existence of good ore of the Vermilion 

kind in the near vicinity.t This jaspery ridge rises from ten to fifteen feet, running 

about fifteen rods. It is surrounded by Keewatin greenstone, and the structure is 

approximately vertical. 

Secondly, the Keewatin at this place shows the metamorphosing action of the 

granitic intrusion of the Giant's range, near which it lies. On two occasions the 

writer has collected specimens from the small dump of fragments thrown out at 

the so-called silver-quartz vein, where a little excavation was done under the 

direction of Prof. Chester. They "tre represented by rocks Nos. 442 and 1642, and 

thin sections have been made of both. The former shows, megascopically, a nearly 

white jaspilyte, similar to much seen at Tower, at the iron mines. The grains are 

interlocked in such a way that it is plain they are not fragmental in the sense that 

they are detrital, but their forms are due to chemical growth in situ, whatever may 
-.~ 'The westward and southwestward prolongation of this spur was subsequently omitted fr?m the plate showing this ~':~i 
~his was Owing toitsnon~recognition by Drs. Grant and Sebenius when (in October, 1898) the areal limIts of thepartsl~f 4h~~4s 13 
~ron-bearing rocks were reviewed with greater care. Hence if the locality described by Mr. Meeds, N. W. ~4 sec. ,. , e 
In the Animikie (page saB) it must be in an outlier. ' 

t Eleventh Annual Repo,·t, pp. 156, 157. 
i Compare Bulletin vi, pp. 203, 204. 
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ence of rich hematite, seen only as boulders by Chester, in immediate contiguity 

with this jaspery ridge, certainly indicates the existence of good ore of the Vermilion 

kind in the nearvicinity.t This jaspery ridge rises from ten to fifteen feet, running 

about fifteen rods. It is surrounded by Keewatin greenstone, and the structure is 

approximately vertical. 

Secondly, the Keewatin at this place shows the metamorphosing action of the 

granitic intrusion of the Giant's range, near which it lies. On two occasions the 

writer has collected specimens from the small dump of fragments thrown out at 

the so-called silver-quartz vein, where a little excavation was done under the 

direction of Prof. Chester. They are represented by rocks Nos. 442 and 1642, and 

thin sections have been made of both. The former shows, megascopically, a nearly 

white jaspilyte, similar to much seen at Tower, at the iron mines. The grains are 

interlocked in such a way that it is plain they are not fragmental in the sense that 
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-

. 'The westward and southwestward prolono'ation of this spur was subsequently omitted fr?m the plate shOwi.~1~hi:r are~: 
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tEle'tJenth Annual Repo,·t, pp. 156, 157. 
r Compare Bulletin vi, pp. 203, 204. 
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have been their origin. It is not known that this is the quartz of the vein. It is 

probable that vitreous quartz carrying galena first attracted attention, and that this 

siliceous rock is the country Tock of the quartz vein. Rock No. 1642, taken from the 

same place, is essentially the same as No. 442, but it shows important minor char

acters. The quartzes lie both loosely and compactly in a matrix that is not clear and 

transparent like the quartzes themselves, but is clouded with subopaque dust-like 

particles, in the same manner as the reddish orthoclase which crystallizes out of a 

rhyolyte, or like the ground mass of a quartz porphyry or a felsyte. This substance 

does not give a uniaxial interference figure in convergent light, but a curved bar, 

indicating a biaxial mineral. With the Becke line its refractive index is found to 

be lower than that of the quartz lying adjacent. In short, it appears that a different 

composition pervades the ground mass of this rock, while it still has the general 

aspect of No. 442. It is, it is true, outwardly, a little less harsh, and it has a faint 

greenish tint within, and pink blotches and veinings are visible on the weathered 

surface as if it had an orthoclastic element. Further, there are scattering micro

scopic shreds of chlorite and of mica, and of some other minerals. 

Whether these accessory minerals were genera:ted in an original jaspilyte by 

the action of the granite intrusion, or were formed by the same slow process that 

takes place in the greenstones of the Keewatin at large, it seems clear that this 

jaspilyte was not everywhere a pure silica or silica and hematite like the typical 

jaspilytes that have been described; but while minutely fine quartz grains compose 

the rock, essentially, and silica probably constitutes over ninety per cent of it, there 

was a fine admixture of other elements in the original rock. These elements being 

of the same nature as the prime eleIl1ents in the regular greenstone, it follows that the 

jaspilyte and the greenstone were formed cotemporaneously, and shared unequally 

in the common elements-this unequal sharing in the same essential elements 

causing, in its extreme, the present contrast that exists between them.* 

Thirdly, the rock No. 389H is from the Keewatin in the immediate vicinity. 

It is granitoid. It has a greenish-gray general matrix, with a uniform fibrous 

structure, which encloses indistinct crystal forms of feldspar, which, for the most 

part, are red. These feldspars seem to fade out in the fine siliceous rock surround

ing them. Yet, in other cases, there are distinct striated feldspar crystals. The rock 

outwardly presents such an appearance that it suggests the idea that it is only a 

more advanced stage of the alteration commenced in No. 1642, in a rock of somewhat 

different composition, and if that be the case the alteration is as seems most reason-, , 
able, an example of crystallization through the action of the granitic intrusion on 

the Keewatin. In this case the result is not a mica schist nor a hornblende schist, , ' 

, ' * Th!s allianc~ of the jaspilyte with the greenstone through gradations from one to tl1e other WitS cli~cllssed, from otjler 
speCImens, In Bullet,.,?; vtr 1800 (1891], p. 80, " , ' , , , 
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THE PARTRIDGE RIVER PLATE OF THE MESABI IRON RANGE. 387 
The quartzyte and taconyte.] 

but a gray, imperfect gneiss. The metamorphism was hence rather regional than 

contact metamorphism. 

In thin section, this rock is seen to consist largely of a much altered feldspar, 

in which are many scales of l'~.uscovite. There has been deposited in some of the olel 

grains, a fresh feldspar, which is near oligoclase, judging from the very small extinction 

angle in a section perpendicular to the axis (ng). Many roundish, fine grains of fresh 

quartz are also scattered throughout the slide. Some hornblende and some chlorite, 

with a little biotite, and apparently a few grains of sphene can also be determined. 

The quartzyte and the taconyte. '1'he relation of these two forms of the basal 

part of the Animikie to each other structurally is uncertain. There are places where 

there is a considerable thickness of distinctly fragmental quartzyte, grading into a 

conglomerate containing much coarse debris from the underlying granite (Nos. 36411 

and 366H), and there are others where the very bottom beds are taconitic and 

ferruginous. In one case (No. 22M) the basal, dark conglomerate, carrying coarse 

quartzes, is also charged with magnetite and red jasper, the latter being of the 

taconyte variety and lyiJJg conformably in the conglomerate as one of its constituent 

parts, and not. of detrital origin. But in still other places there is a large 

development of the gray taconyte, varying to lean hematite, and to magnetite, 

which is free, or nearly free, from mechanical debris, all its grains having resulted 

from the chemical transformations which belong to the generation of the ores of the 

Mesabi range. Judging from the facts that are presented within the area of this 

plate, the taconyte and the basal quartzyte are closely associated, and they even 

blend in one stratum in some places. It is probable, however, that as a general rule 

the fragmental quartzyte and the conglomeratic characters prevail at the bottom 

of the series, and that it is only rarely that the taconyte accumulated at the same 

time and place, while off shore further the sediment was cotemporaneously of 

glauconitic greensand only, the quartzyte and the taconyte thus being essentially 

cotemporaneous. This uncertainty is in part ascribable to the nature of the field 

notes. There are no less than four different rocks which have been denominated 

quartzyte, and supposed to belong to the same horizon, viz.: (1) The true basal 

granular quartzyte of the base of the Animikie; (2) The chemical quartzyte which 

is brown or gray, and very fine-grained, evidently a stratum in some places of con

siderable thickness and extent, found within the taconyte horizon; (3) The gray 

taconyte itself; and (4) The siliceous rock Nos. 442 and 1642, which is a nearly 

white jaspilyte belonging in the Keewatin. This variety in the nature of the 

quartzyte, which has been observed along the northern strike of the Animikie, is 

not confined to the area of this plate, and is partly to be explained by a confusion 

pf tp:~ Keewatin jaspilyte ClJnd mqscovad;yte with the Animikie ores, 
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There is one other important fact connected with the Animikie, or what has 

been assumed to be of the Animikie in the field notes, which has yet to be noted, 

since the strata referred to seem not to belong to the horizon of Animikie. Mr. 

Meeds has given a description and diagram of an exploration. for iron in N. W. i 
sec. 18, T. 59-14, near the granite range. A shaft waf:! sunk twenty feet, beginning 

in the horizon of the ore and taconyte, passed through the coarsely fragmental 

rocks of the bottom of the Animikie (Nos. 22M and 27M), and entered a greenish, 

more soft and siliceous thin-bedded rock which is very different from anything 

known in the Animikie. The general dip of the whole is to the northeast and east, 

but the taconyte also dips in the immediate vicinity toward the southeast. In the 

. shaft above the conglomerate, several feet of iron ore and characteristic Mesabi 

hard taconyte were passed through, so that there is no doubt that the shaft was at 

the base of the Animikie, or in an outlier of the Animikie. Mr. Meeds states that 

there is a general agreement in the dip of the rock below the conglomerate and 

that above it, but that there is some variation in dip, even in the rock pi~rced by 

the shaft, is evident from his allusion to some "change in the dip," which is referred 

by him to a crumpling in the shaly rock (No. 28M). 

It is quite certain that this greenish rock, although it has a general conformity 

in dip with the iron ore bed and with the immediately overlying conglomerate, does 

not belong to the Animikie. This thin-bedded, greenish, but rather siliceous, rock 

occurs in other places, further west, just to the north of the basal quartzyte of the 

Animikie, and it has, in some cases, been considered as a part of the Animikie. The 

writer so reported it, where seen north of the Cincinnati mine, although there recog

nized as lying below the coarse quartzyte (twenty-first report, pages 124, 125, No.5 of 

the" principles" stated). Further east it has not been encountered, but the Keewatin 

rock is distinctly green, vertical, and much less siliceous, except when it holds lodes 

of jaspilyte, in which case the whole environment and structure are different from this 
siliceous softer green rock. 

The bearings of this peculiar strnctural fact on the systematic geology of the 

northeastern part of the state are discussed in another chapter. In short, it seems 

that this underlying green fragmental rock may develop southerly into the formation 

in part, which occurs at Thomson, having a near conformity with the Animikie, and 

that, with the Animikie, it is there involved with the ridges and synclinals described 

in connection with the Carlton plate. The two would be as indistinguishable as they 
are on the Mesabi Iron range. 

Again, this rock resembles, lithologically, the rock which occurs below the basal 

qnartzyte at the Aurora mine in Wisconsin (sixteenth report, page 58), and which is 

cut and enclosed by granite a short distance to the south of that mine, and it oaou~ 
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pies the same relation to the quartzyte and the Penokee ore (see figure on page 58, 

op. cit.) It is generally considered by the Wisconsin geologists as a part of the 

Penokee series and is designated" quartz slates." But it appears rather to be a part 

of an older formation, the bottom of that series being represented by the quartzyte, 

which occurs immediately to the south of the ore of the Aurora mine (compare the 

. chapter on the Carlton plate). 

The black slates of the Animikie are strongly represented in this area, but noth

ing can be added to descriptions given in connection with plates further east, where 

Dr. Grant has divided the Animikie into its constituent members. The uppermost 

member, as seen at the west end of Loon lake, coming into contact with the gabbro, 

is a very fine-grained, dark quartzyte (Nos. 2062 and 2063). This portion seems to 

appear in N. E. i S. W. i sec. 9, T. 58-14, along the shores of Partridge river (Nos. 

1708 and 387H). It is too thick-bedded and homogeneous for the term slate, and is 

crossed by a series of vertical joints, the general direction of which is about east and 

west. It is so closely approached by gabbro on nearly all sides that it must have 

once been covered by it. It is now a fine-grained mica schist, sometimes with cor

dierite. 

The gabbro is finely exposed at Allen and near Allen .T unction, as well as at 

numerous points further east and northeast, in the same town. Boulders of gabbro 

do not extend more than a mile west of Allen. The grain varies greatly, there being, 

in irregular seams and blotches, large crystals of augite and of labradorite, which 

apparently determine the outlines of "boulders of disintegration," into which the 

rock falls on the rotting of the surrounding portions. It is, hen ce, in some weathered 

surfaces, blotched with lighter and darker spots. In some places the rock is greatly 

rusted by oxide of iron, being heavy with magnetite. It has, in other words, the 

characters, in some degree, which the gabbro is known to take on when it is in near 

contact with the sedimentaries. There are, however, here no visible fragments from 

the adjacent sedimentaries. It is likely, however, according to later studies, that the 

blotched and bouldery aspect of the gabbro here described is itself due to the prior 

existence of boulders in a Kee-watin greenstone from which the gabbro is supposed 

to have been derived. 

Rock samples. The following rock samples were collected within this area, and 

their special descriptions are to be seen in connection with the same numbers in 

the chapter on the petrographic geology, in vol. v, viz.: Nos. 436-442, 1514, 1642 and 

1708; 354H-355aH; 376H-384H; 386H-389aH; 391H-393H; 10M-16M; 21M-29M. 
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THE GEOLOGY OF THE DUNKA RIVER PLATE OF THE 

MESABI IRON RANGE. 
(PLA'l'E 77.) 

By N. H. WINCHELL. 

The first movement to discover the value of the iron ores of the Mesabi range 

was directed to this area. The deputy United States surveyor (Wieland) had noted 

the magnetic variation of the needle when T. 60-12 and T. 60-13 were subdivided. 

A company was organized to conduct preliminary exploration. The work in the 

field was in charge of Peter Mit,chell, who uncovered the ore-bearing beds at numer

ous places in secs. 19 and 20, T. 60-12,and in sec. 32, T. 60-13, and penetrated the 

rock by several shallow shafts. This was continued, with interruptions, through two 

or more seasons by a small party who labored under great disadvantages, having 

their base of supplies at Beaver bay.* This occurred in 1873-74. Again, on land , 

owned by the same company, an exploration was made by a sub-company known as 

the Mesabi Syndicate, on sec. 27, T. 60-13, under the management, in the field, of 

Capt. Wicks.t Besides these, a third attempt was made in S. E. is. E. i sec. 23, T. 
61-12, at the north side of Birch lake, in 1892, by the Spellman Mining company, 

under the management of W. L. Honnold.t N one of these resulted favorably. It 

is by means of these explorations that the officers of the geological survey have 

obtained a better understanding of the strncture of the rocks of the Mesabi range in 

this area than in some other parts of the eastern Mesabi. 

Tlie Archean rocks occupy the northern portion of this area,§ bounded to the 

south by the overlying base of the Animikie, but to the northeast by the gabbro 

whose northern line of strike encroaches on all the other formations in succession. 

The Archean embraces granite of eruptive phases and mica schist (more or less 

"'Ellis compaJ",Y is st.ill a c~rporate hody, and holds a large tract of land on this part of the Mesabi range. It~.?resident i& 
AI8xan~le,r Ramsey. ~t. Paul. It lS the oldest iron'mining corporation in the state. V. Minn. Hist. Oollections, voL vm, 37. 

TSBf::: the Tu'ellt,ll-jios/ AJtiluu.1 ItepIJf'{J p. 82. 
t TI('pnt.~/-8er;ol7d Anf1!frrl Repo/'{, p. 16G. 

h 1 \i This area has heen examined in different parts by the follOwing assistants as well as by the writer, and partiat:reports 
a"\T(j )e8n rendered and puhlished as follo\vs' ' 

H V N. H; WTXUH,ELL (and ]\1. E. W ADS~V~RTH), Fl/ler'lIth A nnnal Report, pp. 330-341; Twentv-fi'·8/. Ann",,,l Repo1"t, pp. ~ . 
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ELlT)lAN, 1 we"tY-""eUllr/ AII"uul Repo)'I, pp. 159--170 . .1>... D. MEEDS (1ie~d notes of 1893 not reported) . .1>.., II. 0!'q!lSTl!R, JJJ!eve(1 
Annual Report, pp. l5G-160." '. .., '. 
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hornblendic), as well as gneiss. The eruptive phase prevails in the ridge known 

. distinctly as the Giant's range, and also in the region of Birch lake, especially on 

the southern shores (rocks Nos. 357H, 368H, 400H, 963, 964 and 966). Along the 

northern shore of this lake there is more variation. Here the Archean becomes 

gneissic, and in the northwestern part of the lake it acquires a darker color from 

the presence of much mica and hornblende, and in places the acid rock serves as a 

cementing material for a breccia that now consists of mica schist. The gneissic 

characters are represented by Nos. 965 and 955, the dark rock by Nos. 972, 973 and 

974, and the mica schist breccia by Nos. 958 and 121G. The geognostic relations of 

these rocks will be found presented in a chapter devoted to the structural geology, 

and their special composition in that devoted to the petrographic geology. It is 

only necessary to say at this place that as an eruptive rock the granite is frequently 

coarsely crystalline, with large carlsbaded orthoclases, with large lavender-colored 

quartzes, with micro cline and with oligoclase.. There is also a probability of anor

thoclase in this granite. The usual ferro-magnesian minerals are hornblende and 

biotite. 

There is no known outcrop of Keewatin rocks in this area. 

The Pokegama quaJ'tzyte and the taconyte horizon. It has already been stated in 

cbapters describing plates further west that there is not a constant distinction between 

the quartzyte and the taconyte. The same holds true in this area; indeed, the 

taconyte rock is found sometimes lying immediately on the granite (No. 406H), and 

in other instances the bottom of the Animikie is a conglomerate (No. 372H) with a 

fine green (glauconitic~) cement. 

The exploration of the Syndicate Mining company on sec. 27, T. 60-13, and 

other sections in the immediate vicinity, afforded the following information: 

Section of the iron-bearing rocks. 

A number of diamond-drill tests were made of the iron-bearing rocks, one of which gave a thickness of 323 
feet, composed as follows, as furnished by Capt. Wicks: ~ 

Feet. 
1. Drift, 
2. Black and gray, fine, banded rock, with fine-grained magnetite, the latter heing distrib- . 

uted through the whole, and sometimes in beds six or ten inches in thickness (survey 
No. 1628), 

3. "Black slates," a rather massive rock to be named slate, charged with magnetite (survey 
No. 1629). Closely allied to the last, 

4. Gray quartzyte, nearly all silica, but sometimes porous; has round secretions (or concretions, 
No. 1630A), shaped. like the sponge Hindia, about one-quarter to one-half inch in diam
eter. These are in cavities somewhat larger, but surrounded by a loose siliceous mesh 
which keeps them in place. This rock also has some non-homogeneous places-angular 
and rounded masses appearing cut by the diamond drill (survey No. 1630), - -

5. "Ore." This is a siliceous, fine hematite. The upper part contains some 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 thr~ugh the drill core, suggesting that it may have been soft 
ore. Capt. Wicks thinks eighteen to twenty feet may be the average thickness of the 
ore (survey No. 1631), - - - - - - - - - -

6, :Fine-grained, pinkish-cream colored quartzyte, evidently granular, though very fine (survey 
~0.1632), 
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hornblendic), as well as gneiss. The eruptive phase prevails in the ridge known 

. distinctly as the Giant's range, and also in the region of Birch lake, especially on 

the southern shores (rocks Nos. 357H, 368H, 400H, 963, 964 and 966). Along the 

northern shore of this lake there IS more variation. Here the Archean becomes 

gneissic, and in the northwestern part of the lake it acquires a darker color from 

the presence of much mica and hornblende, and in places the acid rock serves as a 

cementing material for a breccia that now consists of mica schist. The gneissic 

characters are represented by Nos. 965 and 955, the dark rock by Nos. 972, 973 and 

974, and the mica schist breccia by Nos. 958 and 121G. The geognostic relations of 

these rocks will be found presented in a chapter devoted to the structural geology, 

and their special composition in that devoted to the petrographic geology. It is 

only necessary to say at this place that as an eruptive rock the granite is frequently 

coarsely crystalline, with large carlsbaded orthoclases, with large lavender-colored 

quartzes, with micro cline and with oligoclase. There is also a probability of anor

thoclase in this granite. The usual ferro-magnesian minerals are hornblende and 

biotite. 

There is no known outcrop of Keewatin rocks in this area. 

The Pokegama quartzyte and the taconyte horizon. It has already been stated in 

cbapters describing plates further west that there is not a constant distinction between 

the quartzyte and the taconyte. The same holds true in this area; indeed, the 

taconyte rock is found sometimes lying immediately on the granite (No. 406H), and 

in other instances the bottom of the Animikie is a conglomerate (No. 372H) with a 

fine green (glauconitic~) cement. 

The exploration of the Syndicate Mining company on sec. 27, T. 60-13, and 

other sections in the immediate vicinity, afforded the following information: 

Section of the iron-bearing rocks. 

A number of diamond-drill tests were made of the iron-bearing rocks, one of which gave a thickness of 323 
feet, composed as follows, as furnished by Capt. Wicks: • 

Feet. 

1. Drift, 
2. Black and gray, fine, banded rock, with fine-grained magnetite, the latter being distrib

uted through the whole, and sometimes in beds six or ten inches in thickness (survey 
No. 1628), 

3. "Black slates," a rather massive rock to be named slate, charged with magnetite (survey 
No. 1629). Closely allied to the last, 

4. Gray quartzyte, nearly all silica, but sometimes porous; has round secretions (or concretions, 
No. 1630A), shaped like the sponge Hindia, about one-quarter to one-half inch in diam
eter. These are in cavities somewhat larger, but surrounded by a loose siliceous mesh 
which keeps them in place. This rock also has some non-homogeneous places-angular 
and rounded masses appearing cut by the diamond drill (survey No. 1630), - -

5. "Ore." This is a siliceous, fine hematite. The upper part contains some 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. Capt. Wicks thinks eighteen to twenty feet may be the average thickness of the 
ore (survey No. 1631), - - - - - - - - - -

p, Fine-grained, pinkish-cream colored quartzyte, evidently granular, though very fine (survey 
No. 1632), 
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7. Round," fragmental" quartz grains cemented in a matrix of qu~rtz. The lower portion of 
this stratum is of crystalline quartz, or at least of less eVIdently fragmental grains.
Some of it also appears like chalcedonic silica. The crystalline portions present faces 
of fracture one-sixteenth to one-fourth of an inch across, and resemble the quartz seen 
at Chub lake. It also contains pyrites in streaks and crystals. The transition down
ward to the next is gradual (survey No. 1633', 

8. A hard, siliceous greenish rock, which contains many fragmental grains of quartz one-six
teenth to one-eighth of an inch 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 from No. 10, and evident crystals of feldspar (survey 
No. 1634; compare Nos. 1637 and 336H), 

9. The lower portion of No.8 becomes coarse and irregular, lighter colored, with pyrite or 
chalcopyrite, resembling outwardly a coarse granite (survey No. 1635), 

10. Granite (survey No. 1636), entered 

Total, 

Feet. 

15 

10 

1 
3 

323 

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

Drill No.1. S. E. >~ S. E. ~ sec. 29, T. 60-13. Drift, eight feet; black slates, thirty-eight feet (No.3 of 
drill No.5, above); gray quartzyte (taconyte horizon), twelve feet (No.4 of drill No.5, above); mixed ore (fifty 
per cent), ten feet (No.5 of drill No.5, above); pinkish quartzyte, the lower portion o( this had some of the 
coarser, fragmental quartz, nineteen feet; granite, four feet; total, ninety-one feet. . 

Drill No.2. S. E. ~4 N. E. ~ sec. 28, T. 60--13. Drift seven feet; black slates, fifty-two feet; gray and 
brown quartz, fifteen feet; dark gray quartz, nine feet (the last two being the taconyte horizon); ore, hard, 
mixed, twenty-four feet; mixed ore, and brown, "soft stuff," seven feet six inches; soft, green rock, mixed with 
quartz, conglomeratic, seven feet; granite, four feet three inches; total, 125 feet nine inches. 

Drill No.3. Surface, four feet nine inches; black slates, eighty-one feet; dark, gray quartz, twelve feet; 
quartz, and a little are, four feet; quartz, with seams of are, four feet; quartz and magnetite, nine feet six inches 
(the last four being the taconyte horizon); soft material and hard are, nine feet; brown (pinkish) quartzyte, 
thirty-two feet; white quartz, coarser, eight feet; granite, four feet; total, 168 feet. 

Drill No.4. S. E. ~ S. E. ~ sec. 29, T. 60-13. Drift and boulders, nine feet; black slates, thirty-six feet; 
mixed brown and gray quartzyte (on the horizon of No.4 of drill No.5, above), no ore,seventeen feet; brown 
quartzyte and are (six feet of are in the core interbedded with the quartzyte, are beds, four or five inches), nine 
feet six inches; hard are, fourteen feet nine inches; brown Tack, soft, containing are (thirty to forty per cent), 
two feet nine inches; white fragmental quartzyte (bottom coarser), ten feet; granite, two feet; total, ninety-nine 
feet. 

The foregoing description was taken in the field. On making a more careful 

microscopic examination of the samples collected the uppermost rock struck by the 

drill (No. 1(28) is found to be charged, in the light-colored portions, with grllnerite, 

though the principal ingredient is fine-grained and indefinite silica. Minute magne

tit~ grains are also dispersed through it, and in the dark bands magnetite is so 

abundant that the section is wholly opaque. The rock is apparently a part of the 

taconyte, concentrated and crystallized by the gabbro. The banding, which denotes 

the relations between the magnetited and the less ferruginous parts, is highly complex 

and irregular, often obliqlie, and frequently blending the one into the other, with 
lenticular portions enclosed. 

Rock No. 1629 is the same as No. 1628, but carrying more magnetite. It is not 

a part of the black slates proper, but is a constituent portion of the iron-bearing 
mem bel' of the Animikie. 

No> 1630 is typical silicified taconyte retaininO' the rounded outlines of the , 0 

original glauconitic grains. These outlines are expressed by their marginal accumu-

lation of magnetite, while their interior is almost entirely of secondary quartz. The 
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per cent), ten feet (No.5 of drill No.5, above); pinkish quartzyte, the lower portion of this had some of the 
coarser, fragmental quartz, nineteen feet; granite, four feet; total, ninety-one feet. . 

Drill No.2. S. E. %_ N. E. P4 sec. 28, T. 60-13. Drift seven feet; black slates, fifty-two feet; gray and 
brown quartz, fifteen feet; dark gray quartz, nine feet (the last two being the taconyte horizon); ore, hard, 
mixed, twenty-four feet; mixed are, and brown, "soft stuff," seven feet six inches; soft, green rock, mixed with 
quartz, conglomeratic, seven feet; granite, four feet three inches; total, 125 feet nine inches. 

Drill No.3. Surface, four feet nine inches; black slates, eighty-one feet; dark, gray quartz, twelve feet; 
quartz, and a little ore, four feet; quartz, with seams of are, four feet; quartz and magnetite, nine feet six inches 
(the last four being the taconyte horizon); soft material and hard ore, nine feet; brown (pinkish) quartzyte, 
thirty-two feet; white quartz, coarser, eight feet; granite, four feet; total, 168 feet. 

Drill No.4. S. E. P4 S. E. P4 sec. 29, T. 60-13. Drift and bonlders, nine feet; black slates, thirty-six feet; 
mixed brown and gray quartzyte (on the horizon of No.4 of drill No.5, above), no are, seventeen feet; brown 
quartzyte and are (six feet of are in the core interbedded with the quartzyte, ore beds, four or five inches), nine 
feet six inches; hard ore, fourteen feet nine inches; brown rock, soft, containing are (thirty to forty per cent), 
two feet nine inches; white fragmental quartzyte (bottom coarser), ten feet; granite, two feet; total, ninety-nine 
feet. 

The foregoing description was taken in the field. On making a more careful 

microscopic examination of the samples collected the uppermost rock struck by the 

drill (No. 1628) is found to be charged, in the light-colored portions, with grunerite, 

though the principal ingredient is fine-grained and indefinite silica. Minute magne

tit~ grains are also dispersed through it, and in the dark bands magnetite is so 

abundant that the section is wholly opaque. The rock is apparently a part of the 

taconyte, concentrated and crystallized by the gabbro. The banding, which denotes 

the relations between the magneti ted and the less ferruginous parts, is highly complex 

and irregular, often oblique, and frequently blending the one into the other, with 
lenticular portions enclosed. 

Rock No. 1629 is the same as No. 1628, but carrying more magnetite. It is not 

a part of the black slates proper, but is a constituent portion of the iron-bearing 
member of the Animikie. 

No, 1630 is typical silicified taconyte retainil1O' the rounded outlines of the , I:':> 

original glauconitic grains. These outlines are expressed by their marginal accumu-

lation of magnetite, while their interior is almost entirely of secondary quartz. The 
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intragranular silica is sometimes of the same coarseness of grain as the intergranular, 

and in that case sometimes these outlines cannot be distinguished, especially in the 

absence of magnetite particles; but occasionally, and perhaps UlOst frequently, the 

intergranular silica is coarser. The secretions or balls (No. 1630A) are composed of 

the same kind of secondary, granular silica as the body of No. 1630. There is occ.a

sionally, in No. 1630, a quartz grain that is apparently of fragmental foreign origin 

subsequently enlarged, but for the most part this rock is non-fragmental. 

N 0.1631, iron ore, is mostly hematite, but holds some quartz. A few reflec.ting tri

angular minute surfaces indicate octahedra of magnetite, and some square ones c.ubes. 

No. 1632 (compare Nos. 1640 and 371H) is a very fine-grained light reddish-gray 

quartzyte. When fractured fresh and away from long weathering, this roc.k is bluish 

or grayish. When seen in large outcrop it is marked by sedimentary banding. It 

extends through several sections, but it seems to be lacking in some parts of the Mesabi 

range. It lies below the iron ore and immediately above the more coarse and frag

mental quartzyte of N 0.1633. Besides quartz, which occurs in angular grains which 

in some cases show that they have resulted from an enlargement of more rounded 

grains, but from the most of which such enlargement is wanting, the thin sec.tion 

shows a scattered sprinkling of small irregular grains of a highly refrac.tive and 

doubly refractive mineral which appears to be epidote. Occ.asionallya c.rystal of this 

mineral appears, which has parallel extinction, being cut in the zone perpendicular 

to 010. There is a little chlorite, or at least an isotropic. substance, sc.arc.e, and 

apparently about the same amount of a plagioclase feldspar. The coloring matter is 

hematite. Adust of this coats most of the quartz grains, and permeates other grains, 

while opaque nodules appear, which are composed entirely of it. There is very little 

in this rock that shows now distinctly, or even indistinctly, a clastic origin, and 

it may have resulted very largely from the secondary deposition of silica incident to 

the change that has passed over the taconyte that lies above it. This supposition is 

also in harmony with the reported non-appearance of this rock at some places, and 

. its being in some way complementary with the ore, since, according to Capt. Wicks, 

it is found in those drill-sections where no ore, in considerable amount, is found, and 

is wanting when there is a distinct stratum of good ore. Its greatest known thick

ness is thirty-two feet. It gradually acquires a fragmental, coarse quartz toward the 

bottom, and forms a quartzyte (No. 1633) which, with a conglomeratic. phase, lies on 

the granite. This rock forms, most probably, a stratum in the Animikie in the 

. western part of the Mesabi range, not yet identified, for its boulders are strewn along 

the old county road, sometimes quite numerously, from Mountain Iron to McKinley. 

No. 1633 is a granular quartzyte. Between the coarse fragmental quartzes is 

fine granular quartz, which serves as cement, and cannot be distinguished from the 
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quartz described in No. 1632, and is accompanied by the same accessory minerals. 

These minute quartz grains are not oriented in common with the larger grains, 

except that occasionally several that are in exact contact with the large grains 

extinguish in harmony with the large grains. This gives the large grains, to some

extent, a roughened or toothed margin, as seen between the nicols. 

'rhere is here demonstration of the mingling of granular fragmental material 

with later chemical deposition, and to that extent showing a mingling of the two 

processes which have been supposed to have characterized two separate parts of the 

Animikie, viz.: the quartzyte and the taconyte. By reference to the description of . 

rock No. 1633, it appears that quartz grains and glauconite were originally mingled, 

and that on chemical alteration of the glauconite there resulted the taconyte struc

ture, iron ore, siderite and actinolite. 

The rock No. 1634 is really a modification of No. 1633, by the addition of a 

green element. It is duplicated by No. 366H, and in 1637. There is a fine siliceous 

cement intimately mingled with the green matrix, and this is sometimes so free 

from the green element that its minutely granular structure is distinct. The two 

elements are mixed in all proportions. The coarse quartzes, as in the last, are crossed 

by lines of fine inelusions. The green element is in scales and plates, and is strongly 

dichroic, and can hardly be· mistaken for glauconite. 

Not only is there quartz and" greenstone" debris in this rock, but occasionally 

a crystal of orthoelase, which by a fortunate direction of fracture can be seen to be 

a Carlsbad twin. The whole rock, except the cementing and hardening secoI\dary 

silica, and the iron ore, is evidently the result of abrasion and fragmental distribu

tion of the minerals of the granites, etc., of the Giant's range. 

The lower portion of No. 1634, represented by No. 1635, is a conglomerate 

made up of granitic debris, with considerable alteration and infiltration. 
No. 163S is granite. The feldspar is considerably invaded by lines and blotches 

of alteration to a kaolinic substance in which are highly polarizing scales resembling 
muscovite and calcite. Much of the feldspar is triclinic, and some js microcline .. 
The rock shows apatite, pennine, sphene, calcite and isotropic so-called chlorite, as 
well as the usual amount of quartz. 

The above drill-section represents a total thickness of 323 feet. The other' 
drill-sections made in this region afford about the same succession of strata as that 
above described. The only rock of uncertain thickness is No. 1632, the fine-grained 
pink quartzyte, which is apparently absent in some places. The whole of the 

quartzyte is wanting at a short distance east of this locality. A drill-hole sunk in 

sec. 13, T. 60-13, passed through 190 feet of "jaspery taconyte," banded with ore 
and resting upon the granite. The bands of ore were five or six inches thick,. and 

the ore was hard, black and nearly always magnetic. 
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processes which have been supposed to have characterized two separate parts of the 

Animikie, viz.: the quartzyte and the taconyte. By reference to the description of 

rock No. 1633, it appears that quartz grains and glauconite were originally mingled, 

and that on chemical alteration of the glauconite there resulted the taconyte struc

ture, iron ore, siderite and actinolite. 

The rock No. 1634 is really a modification of No. 1633, by the addition of a 
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Not only is there quartz and" greenstone" debris in this rock, but occasionally 

a crystal of orthoclase, which by a fortunate direction of fracture can be seen to be 

a Carlsbad twin. The whole rock, except the cementing and hardening secoll,dary 

silica, and the iron ore, is evidently the result of abrasion and fragmental distribu

tion of the minerals of the granites, etc., of the Giant's range. 

The lower portion of No. 1634, represented by No. 1635, is a conglomerate 

made up of granitic debris, with considerable alteration and infiltration. 
No. 1636 is granite. The feldspar is considerably invaded by lines and blotches 

of alteration to a kaolinic substance in which are highly polarizing scales resembling 
muscovite and calcite. Much of the feldspar is triclinic, and some is microcline .. 
The rock shows apatite, pennine, sphene, calcite and isotropic so-called chlorite, as 
well as the usual amount of quartz. 

The above drill-section represents a total thickness of 323 feet. The other 
drill-sections made in this region afford about the same succession of strata as that 

above described. The only rock of uncertain thickness is No. 1632, the fine-grained 
pink quartzyte, which is apparently absent in some places. The whole of the 
quartzyte is wanting at a short distance east of this locality. A drill-hole sunk in 

sec. 13, T. 60-13, passed through 190 feet of "jaspery taconyte," banded with ore 
and resting upon the granite. The bands of ore were five or six inches thick,. and 

the ore was hard, black and nearly always magnetic. 
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Mr. H. V. Winchell made observations and collected samples from the base of 

the Animikie at two points within the area of this plate. He found the gradation 

S. W. t sec. 13, T. 60-13, so gradual from the qUal·tzyte to the granite, through a 

coarse conglomerate into a recomposed granite, that he considered it a transition in 

,which the point of change from the Animikie to the granite could not be designated 

in the field. His samples (Nos. 366H and 367H) illustrate the same petrographic 

features as described from the drill-core samples, some being like No. 1637 and 

others like No. 1635. The difficulty is in establishing in the field the difference 

between a natural granite, and a recomposed granite. The infiltration of finely 

crystalline secondary silica into the base of the Animikie has cemented the green 

debris into a very firm substance, and when this green debris is scant the rock may 

easily be mistaken for a truly massive crystalline rock, and the easier when, as 111 

this case, the ferro-magnesian minerals in the original rock are much decayed or 

wholly wanting. 

The general and the microscopic characters of the rocks collected at this locality 

rather indicate that the base of the Animikie here lies on a conglomeratic portion 

of the Keewatin. The place has not been reexamined, but from a comparison with 

facts known elsewhere it appears quite likely that the eonglomerate which here 

seems to grade into a compact uniform granular rock, indistinguishable from the 

granite, is the basal conglomerate of the Upper Keewatin. 

Sometimes this basal conglomerate is composed, not wholly of debris from 

granite, but in part of quartzyte or jaspilyte from tbe Keewatin (Nos. 442 and 1642), 

indicating the existence of that formation, as in the plate area next west (plate 76), 

also in this. The existence of rock No. 1639, which is a green, rather shaly debris, 

also implies the occurrence of an abundant source for such sediments. 

The calcareous and black slate beds of the Animikie next above the taconyte have 

afforded but meagre additional information as to their characters within this area. 

The highest member, which elsewhere consists of gray quartzytes and slates, is 

observed to become micaceous, constituting a rather massive and imperfect mica 

schist (No. 8M). This rises in the form of low northeast-southwest ridges at the 

south side of secs. 35 and 36, T. 60-13, near the north line of the gabbro, and this 

metamorphism is to be attributed to the action of the gabbro on the Animikie. 

This change consists in a complete recrystallization of the fragm.ental elements 

of the rock. The quartz is no longer in TOunded grains but in limpid interlocking 

angular ones, embracing poikilitically the biotite. There is oceasionally a small 

grain of some plagioclase, revealed by its twin striation, and there may be more than 

appear, since, except for the visible striation, it would be difficult to distinguish it 

from the prevalent quartz. There is also a little muscovite and a few minute grains 
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of one or two other undetermined minerals. It appears from this that the effect of 

the gabbro on a fragmental quartzyte of the Animikie is to render it a compactly 

siliceous crystalline one, in which the original clastic structure, so far as it is evinced 

in the shapes of the grains, is lost. The nature, and even the structure, of the result

ant Tock are, however, not those of massive crystalline rocks resulting from the 

cooling of a molten magma. Outwardly it still shows a banding and a weak schis

tosity, which are parallel inter se, and which probably expTess the direction of the 

original sedimentation. The Tock is fine-grained and dark gray, sparkling with the 

tine mica cleavages. 
The gabbro, coming from the direction of Duluth, forms a sharp angle with 

the strike of the Animikie, and as its northern border crosses first its uppermost 

nlember (as just noted) and then the iron-bearing taconyte and the quartzyte, it is 

the cause of very important and interesting transformations. Its direction is not 

dependent on the strike of the Animikie, for it passes across it entirely and enters 

on the granites amI schists of the Archean. This fact is illustrated in T. 61-12 of 

this plate, and more fully by the plate next east of this (plate 78). 

This contact zone of the gabbro on the Animikie has been the object of some 

study by the officers of the survey, as well as by others.~' The change is a gradual 

one, increasing in proportion as the distance diminishes between the gabbro and the 

strike of the strata concerned. The first specimen collected from this altered beltis 

No. 437, and it is described in Bulletin vi of the Minnesota survey, p. 129. It is there 
said to be composed exclusively of actinolite and magnetite.t The occurrence of 

the same amphibole (which is apparently grunerite instead of actinolite for the 

most part) is known as far west as the iron mines at Virginia and Mountain Iron, 

where also are traces of magnetite in thin seams. It appears that these two 

minerals make their appearance in the iron-bearing rocks under very slight provo

cation, and that they attain their complete display in the area that is most affected 
by the gabbro. Some of the amphibole crystals are several inches in length. This 
largest size prevails near the bottom of the formation at the point where the strike 
of the gabbro intersects that of the iron-bearing rock. They have been found 
especially in the vicinity of Birch lake and Akeley lake. This rock has been 
distinctively known in some literature as the" actinolite-magnetite schist belt," 

especially on the south side of lake Superior, but there is little reason to perpetuate 
that term, especially as the rock is liable to great variation and is an accidental 

phase of a well-known belt which is otherwise known as Pewabic quartzytet or 

pp. 1-20~ ;5:' BAYLEY. Nineteenth Anmtal Report, 1890, pp. 193-210; Amer. Jour. Sci., (iii), xlvi, 1893, pp. 17fH80; Jour. Qeol., iii, 

+ This was several years before the announcement by W. S. Bayley of the" discovery" of actinolite-magnetite. schists in 
the Mesabl range. Amer. Journal. Science (iii), xlvi, 1893, pp. 176-180. Prof. A. H. Chester had also mentioned the same III Eleventh 
A.,bHUl.l Rcpo,tt, p. 159. 

d't t Reasons ar~ given ~lsewhere (viz., in the chapter devoted to the structural qeology) for classing the Pewabic quartzf~e 
~~il~/ as,oClated mmerab m the Ke",watin. Compare also the chapter devoted to Lake county. The ~asa~ quart~yte of ~ 

'ilkie, westward from Iron lake, IS hence given the name Pokegama quartzyte The fine actinolite (grunerlte) schists seem 
preva in modified Animikie, and the olivine-magnetite-pyroxene schists in the m~dified Keewatin. 
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quartzyte and taconyte. It was designated III Bulletin vi "the quartzose, horn

blendic (or olivinitic) magnetite group." 

Aside from these two minerals which are almost invariably present in the 

iron-bearing horizon, other minerals are generated, some of which present very 

interesting and novel petrographic associations. Numerous minerals which usually 

accompany only the basic eruptives are here combined with the most acid* elements 

in immediate contact. The amphibole becomes pyroxene, and it is both ortho

rhombic (enstatite) and monoclinic (diallage), and they are sometimes interO'rowll . _ b 

(N o. 960) in the manner not uncommon for these two minerals, viz.: 010 of the 

diallage being parallel to 100 of the enstatite,t and in this form making large masses. 

At the same time the diallage is twinned polysynthetically parallel to 001. This 

twinning is liable to be mistaken for prismatic cleavage of an amphibole seen in 

thin section cut in the prismatic zone. Lastly, hypersthene frequently embraces 

the other minerals poikilitically. 

Still further, olivine becomes one of the most common minerals. This fact 

gave occasion to designate the ore as olivinit1:ciron ore in some of the early reports. 

A piece of this lean ore (N o. 960), containing much quartz and olivine, when 

powdered, will form a jelly in hydrochloric acid, if allowed to stand a few hours. 

The details of the petrography will be found in vol. v, and need not be given here. 

It is sufficient to repeat that these curious associations are all due to the action 

of the gabbro on jaspilitic lodes in the Keewatin, which, when recrystallized, consti

tute the Pewabic quartzyte. They are no part of the gabbro proper. They ~re 

found to come on gradually as the gabbro is approached,t quartz being always the 

leading element, in the form of microcrystalline interlocking grains, which are of 

secondary origin, or as coarse quartz debris from the granite. Microcrystalline 

quartz, in this case, is not a product of the gabbro intrusion, as that must have 

existed in the formation in the same manner as it exists further east and at Tower, 

where the gabbro has not affected it. The glauconitic alteration in the Animikie 

must have been in part performed before the gabbro, and the products were further 

altered by intense crystallization. In some places in the Animikie the taconitic struc

ture is preserved (N os.1630, 365H), but usually it is destroyed by the concentration of 

the minerals under the action of the gabbro. The silica then becomes simply a coarse 

vitreous quartzyte similar to the Pewabic quartzyte. In some places the basal strata of 

the Animikie seem to have embraced much fine green sediment derived from the 

greenstones of the Keewatin (No. 1639). It is to be supposed that such debris, when 

recrystallized, would give rise to minerals like those from which it had been derived. --* Compare H. HENSOLDT, Bulletin vi, p. 128, 1890. 
t Mineraloflie de lhance-et de 8e8 eolonies, vol. i, p. 543. 
t A. H. ElLFTMAN, Twenty-second Annue,l Repo?·t, p. 168, 1893. 

27 

'I'IiE :t>UNKA RIVER PLATE OF TH.E MESABI IRON RANGE. 897 
The gabbro.) 

quartzyte and taconyte. It was designated 111 Bulletin vi "the quartzose, horn

blendic (or olivinitic) magnetite group." 

Aside from these two minerals which are almost invariably present in the 

iron-bearing horizon, other minerals are generated, some of which present very 

interesting and novel petrographic associations. Numerous minerals which usually 

accompany only the basic eruptives are here combined with the most acid* elements 

in immediate contact. The amphibole becomes pyroxene, and it is both ortho

rhombic (enstatite) and monoclinic (diallage), and they are sometimes interO'rown 
. b 

(N o. 960) in the manner not uncommon for these two minerals, viz.: 010 of the 

diallage being parallel to 100 of the enstatite,t and in this form making large masses. 

At the same time the diallage is twinned polysynthetically parallel to 001. This 

twinning is liable to be mistaken for prismatic cleavage of an amphibole seen in 

thin section cut in the prismatic zone. Lastly, hypersthene frequently embraces 

the other minerals poikilitically. 

Still further, olivine becomes one of the most common minerals. This fact 

gave occasion to designate the ore as olivinitic {Fan are in some of the early reports. 

A piece of this lean ore (No. 9(0), containing much quartz and olivine, when 

powdered, will form a jelly in hydrochloric acid, if allowed to stand a few hours. 

The details of the petrography will be found in vol. v, and need not be given here. 

It is sufficient to repeat that these curious associations are all due to the action 

of the gabbro on jaspilitic lodes in the Keewatin, which, when recrystallized, consti

tute the Pewabic quartzyte. They are no part of the gabbro proper. They ~re 

found to come on gradually as the gabbro is approached,t quartz being always the 

leading element, in the form of microcrystalline interlocking grains, which are of 

secondary origin, or as coarse quartz debris from the granite. Microcrystalline 

quartz, in this case, is not a product of the gabbro intrusion, as that must have 

existed in the formation in the same manner as it exists further east and at Towel', 

where the gab1:5ro has not affected it. The glauconitic alteration in the Animikie 

must have been in part performed before the gabbro, and the products were further 

altered by intense crystallization. In some places in the Animikie the taconitic struc

ture is preserved (N os.1630, 365H), but usually it is destroyed by the concentration of 

the minerals under the action of the gabbro. The silica then becomes simply a coarse 

vitreous quartzyte similar to the Pewabic quartzyte. In some places the basal strata of 

the Animikie seem to have embraced much fine green sediment derived from the 

greenstones of the Keewatin (No. 1(39). It is to be sup posed that such debris, when 

recrystallized, would give rise to minerals like those from which it had been derived. 

~Oo~~are H. HENSOLDT, Bulletin vi, p. 128,1890. 
T Mmemloi/ie de F"anee et de se8 eo Zanies, vol. i, p. 543. 
tAo H. ELFTMAN, Twenty-second Annuc!Z Repo?·t, p. 168, 1893. 

27 



398 THE GEOLOGY OF MINNESOTA. 

It is a fact that the appearance of the above mentioned basic minerals, constituting 

sometimes, in small quantities, a rock (No. 1339) which might be named lherzolyte,* . 

embraced in nodules and narrow streaks in the general quar~zose mass, is near· 

the crreenstones of the Archean, where the jaspilyte of the Keewatin is embraced 
to 

in the greenstones, or in their metamorphic representative, the muscovadyte. 

The geographic transition from the Pokegama quartzyte, belonging to the 

Animikie, to the Pewabic, belonging to the Keewatin, takes place not far from Iron 

lake, near the centre of this area, and as they were originally of similar composition, 

they give resulting metamorphic rocks, under the gabbro intrusion, which are 'petro

graphically difficult to distinguish. They must then be differentiated by generai 

structural relations and by stratigraphic associations. The Pokegama quartzyte 

usually dips less than 25°, becoming horizontal, and the Pewabic usually more than 

75°, becoming vertical. The Pokegama quartzyte is associated with taconitic 

ore, and the Pewabic with jaspilitic. The former ore is not known to be 

the latter is usually distinctly titaniferous. The Pokegama quartzyte is never 

ciated with the peculiar muscovadyte, but the Pewabic is never without it. 

Pokegama quartzyte, with its taconitic companion, is known to be overlain by the 

black slates of Animikie, and occurs only westward from Iron lake. The 

quartzyte is overlain and underlain invariably by muscovadyte, or by "gabbro') 

when the alteration was intense, and occurs only eastward from the vicinity of .. 

Iron lake. 

Rock sa1nlJles of this area are as follows: Nos. 955-978; 1137-1140; 1627-1641; 

1710-1714; 356H-375H; 394H-406H; 115G-123G; 1M-9M. 

* Bullei'in vi, p. 127. 

398 THE GEOLOGY OF MINNESOTA. 
[nook samples.:,' 

It is a fad that the appearance of the above mentioned basic minerals, constituting 

sometimes, in small quantities, a rock (No. 1339) which might be named lherzolyte,* 

embraced in nodules and narrow streaks in the general quartzose mass, is near " 

the crreenstones of the Archean, where the jaspilyte of the Keewatin is embraced C\; 
b ~ 

in the greenstones, or in their metamorphic representative, the muscovadyte.'\7 
,,~ 

The geographic transition from the Pokegama quartzyte, belonging to the 

Animikie, to the Pewabic, belonging to the Keewatin, takes place not far from Iron 

lake near the centre of this area, and as they were originally of similar composition , , 
they give resulting metamorphic rocks, under the gabbro intrusion, which are 'petro

graphically difficult to distinguish. They must then be differentiated by general 

structural relations and by stratigraphic associations. The Pokegama quartzyte 

usually dips less than 25°, becoming horizontal, and the Pewabic usually more than 

75°, becoming vertical. The Pokegama quartzyte is associated with taconitic iron 

ore, and the Pewabic with jaspilitic. The former ore is not known to be titaniferous; 

the latter is usually distinctly titaniferous. The Pokegama quartzyte is never asso-, 

ciated with the peculiar muscovadyte, but the Pewabic is never without it. The 

Pokegama quartzyte, with its taconitic companion, is known to be overlain by the 

black slates of Animikie, and occurs only westward from Iron lake. The Pewabic 

quartzyte is overlain and underlain invariably by muscovadyte, or by "gabbro') 

when the alteration was intense, and occurs only eastward from the vicinity of· 

Iron lake. 

Rock samples of this area are as follows: Nos. 955-978; 1137-1140; 1627-1641; 

1710-1714; 356H-375H; 394H-406H; 115G-123G; 1M-9M. 

* BulletIn 'oi, p. 127. 



I: -"1 " ..... ~ 

(,r·:U!.CU.I ... ,1. .\.\\1 ~'.\T!·lI.\r 1l1. ... "]OIlY 
'i1'ln'I':Y I if"" .\1(:>;:>;1-:";1)"1".\ 

(: .\1111110 L.\IU; 1'1. . \ '1'1': 
COMPILED BY U.S GRANT 

C d. ,IJ ~ 

11"'1"" ,,f. 

!,,"/. 

lill. Ii " 
11r" .. { If,(. 

":'-1,1,,,,,,,,,,,, 

~""K"'" • 
\'" dklo 1 

111111 •• 
\,,1 'I _ '" 

, 

• • 



CRAPTER XXI. 

THE GEOLOGY OF THE GABBRO LAKE PLATE. * 

By U. S. GRANT. 

Situation and area. The Gabbro Lake plate is situated on the western side of 

Lake county (in fact the western tier of sections is in St. Louis county, as the line 

separating the two counties is the width of this tier of sections east of the west side 

of range llW.), north of the centre. On the west, or rather southwest, is the Dunka 

River plate (plate 77), and on the east the Snowbank Lake plate (plate 79). 'l'he 

Gabbro Lake plate, so called from the lake of that namet near the centre of T.62-1O, 

includes all of Ts. 61-10, 61-11, 62-10 and 62-11, and the south half of Ts. 63-10 and 

63-11, all west of the fourth principal meridian. The area of the plate, inclusive of 

water surface, is about 184 square miles. 

SURFACE FEATURES. 

Topography. The surface is rough and hilly, but there are no pronounced hill 

ranges and no elevations which rise 200 feet above the surrounding country. The 

plate is not. so readily divided into parts which are topographically distinct, as is the 

case with the Fraser Lake plate and the plates to the east of it. It may be stated, 

however, (1) That north of White Iron and Farm lakes, and the Kawishiwi river in 

Ts.63-11 and 63-10, the hills usually have an east and west trend corresponding to 

the rock structure; (2) In the granite area, i. e., between the two parts of the 

Kawishiwi river (the southern part of which is called Birch river), the hills seem to 

have no general system, thus agreeing with the structureless underlying granite; 

and (3) In the gabbro area, to the south and east of the south part (Birch river), of 

the Kawishiwi river the hills run northeast and southwest, this direction being due , 
• The area included in this plate has been examineel at various times by different parties of the survey, a~d ,,?-ost of the 

field notes have been published. The individuals who diel the work, the dates of the work. and the places of publicatIOn ":re as 
fOllow~: N. H. WINCHELL, field work of 1878, Ninth Annual Repo'''/'' pp. 91,92; field wor~ of 1~6, Fifteenth A nnu(tI,Rep~, t~~ih 
318-8S3, field work of 1887, Sixteenth Anm,e,l Report, pp. 111, 112; field work of 1892, not published, field work of 1897!, r,u enty ~~nu"l 
Annual Report. A. WINCHELL, fielel work of 1886, Fifteenth Anm,,,l Report, pp. 68-60, 67-92: field work of 1887. Szxtc~ni~ A ork of 
Report, pp. 327,828. M. E. WADSWORTH, field work of 1886, Fifteenth Annu.a/ Repo·rt, pp. 330-332. H. V. WINCHELL, e w . 
1383, SlJ'IJenteenth Annual Report pp. 96 97. U. S. GRANT, field work of 1888, Se'venteenth A nnllal Rep01·t, pp. 1~5, 16?, 191, 195, 196, 
field work of 1891, TwentiethAn?;'ual R;port, pp.38-59. A. H. ELFTMAN, field work of 1893, publisheel In part III '\went'Yfise';f'~~ 
~nnual Repm·t, pp. 141-180, anel Twenty-thinl Annual Report, pp. 224-230. The writer's fielel work has been large y con ne 

e northern bOl:!llelary of the granite in T. 63-10. f sl elvin 
+TheOhippewa name for this lake is I1:azushkonabi1ca-ga,nak which seems to mean the lake whose shores are 0 1 g 

rock, in reference to t,lle gently sloping shores of gabbro. ' 
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Lake county (in fact the western tier of sections is in St. Louis county, as the line 

separating the two counties is the width of this tier of sections east of the west side 

of range 11 W.), north of the centre. On the west, or rather southwest, is the Dunka 

River plate (plate 77), and on the east the Snowbank Lake plate (plate 79). The 

Gabbro Lake plate, so ealled from the lake of that namet near the centre of T. 62-10, 

includes all of Ts. 61-10, 61-11, 62-10 and 62-11, and the south half of Ts. 63-10 and 

03-11, all west of the fourth principal meridian. The area of the plate, inelusi ve of 

water suriaee, is about 184 square miles. 

SURFAOE FEATURES. 

Topography. The surfaee is rough and hilly, but there are no pronounced hill 

ranges and no elevations whieh rise 200 feet above the surrounding country. The 

plate is not so readily eli vided into parts whieh are topographieally distinet, as is the 

case with the Fraser Lake plate and the plates to the east of it. It may be stated, 

however, (1) That north of White Iron and Farm lakes, and the Kawishiwi river in 

Ts. 63-11 and 63-10, the hills usually have an east and west trend eorresponding to 

the rock strueture; (2) In the granite area, i. e., between the two parts of the 

Kawishiwi river (the southern part of whieh is called Bireh river), the hills seem to 

have no general system, thus agreeing with the struetureless underlying granite; 

and (3) In the gabbro area, to the south and east of the south part (Birch river), of 

the Kawishiwi river the hills run northeast and southwest, this direetion being due , 
• The area included in this plate has been examined at various times by different parties of the survey, and n;'ost of the 

field notes have been published. The individuals who diel the work, the dates of the work. and the places of publicatIOn are as 
follows: N. H. WINCHELL, field work of 1878,1Yinth Annual Report, pp. 91,92; field work of 1886, FIfteenth Annt;al,Repol t. pp. 
318-333; field work of 1887 Sixteenth 1?'n1tCll Report pp III 112' field work of 1892. not published; field work of 1897.' Tu e,n/tYA-fourthl A IR ,.... " 1 • , 1 fi ld k f1887 t;,tr.ctN!ntl nnua 
R""ua, epo?·t. A. WINCHELL, field work of 1886, Fifteenth Annllal Report, pp. OS ... 60, 67 ... 92: e wor 0 . ~ 'fi Id work of 

epo?·t, pp. 327,328. M. E. W AD8WORTH, field work of 1886, Fifteenth Ann ual Repu/'t, pp. 330-332. H. V. WINCH.ELL, e . 
1888, Seventeenth Annu.aIRe"o'l't pp 96 97 U S GR' NT field work of 1888 Seventeenth A nnl/al Rep01·t, pp. 165,166,191,195,,196, 
field k -Y , • , • •• .J:!o.. , ' I'I··} >d· art In 'Twenty-second 

war of 1891, TwentiethAnnu.al Repo?·t, pp.3&-59. A. H. EL]'TMAN, field work of 1893, PU) IS le III P fined to 
~n"ual Repo?·t, pp. 141-180, and Twenty-thi'l'd Annu.al Repo)·t, pp. 224-230. The writ.er's field work has been largely con 

e northern boundary of the granite in T. 63-10. . f shelving 
rock i tTheOhippewa name for this lake is I,azllshkonabUw-gmnak, which seems to mean the lake whose shores ale 0 

, nreference to t,lle gently sloping shores of gabbro. 
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to the structure of the gabbro, which rock is not only separated into sheets ha-v' 

this strike, but which is also in places separated into bands of somewhat differs 

composition (figures 5 and 6, plate MM). While these three divisions of the co 

figuration of the surface exist, still they are not markedly different from each oth -

and a traveller passing from one division to another would scarcely notice the change .. 

D)'CliJl({!)I'. The Gabbro Lake plate lies in the drainage basin of Hudson bay, a])r~ 

all the drainage passes through Garden lake to Fall lake, the latter of which empties 

into Basswood (Bassimenan) lake, one of the series of international boundary lakes 

whose waters flow westward. The stream passing from Garden to Fall lake is about 

half a mile long and carries the waters not only from this plate, but from most of 

central Lake county and part of St. Louis county. It is thus a stream of consider

able size. Between these two lakes the descent of the river is seventy-one feet, and 

about thirty-five feet of this is in one fall, known as Kawasachong falls (see figure 

1 of plate BB). 

Mention has already been made of the two parts of the Kawishiwi* river, which 

is not truly a river, but a collection of elongated lakes connected by short, rapid, 

streml1s. In secs. 24,25,26 and 27, T. 63~10, is one of these lakes which, like a few 

others in northeastern Minnesota,i' has two outlets, one at the west in section 28, 

and another at the south in section 26. The water which passes through the former

flows westward to Garden lake, while the water from the latter flows southwest 

through Copeland's lake and Birch river to Birch lake, and then north through 

White Iron lake to Garden lake. Thus a triangular area of considerable size in the 

northern part of this plate, which area is nearly all underlain by granite, is an island. 

Tlte doft. As in the region adjoining this plate, the drift is thin and rock out

crops are numerous. Comparatively little is known concerning the general drift 

features in this plate, but the Mesabi or Eleventh terminal moraine probably passes 

along the southern edge of this plate while the Vermilion or Twelfth morainic is 

thought to pass through the northern side of the plate in the vicinity of White bon, 

Farm and Garden lakes.t 
GEOLOGICAL STRUCTURE. 

The .111'1'711'(111. The rocks included in the Archean may be conveniently divided 

into three groups, as follows: (1) Greenstones and jaspilytes, (2) Mica and quartz':. 

magnetite schists and graywackes, and (3) Granite. The first occupies a belt abouh 

a mile wide along the northern sille of the plate, the second occurs in a narrow belt 

just south of the first, and the third occnpies the triangular area between the twO' 

parts of the Kawishiwi river. They are all referred to the Keewatin. 

'It. seems that the Ohlppewa 1nc11"I1S of this part of the state know this stroam as the kIis/li70i,ldwi; in the repor~ oft~e 
survey ~t l~ eall::cl .!he J((t Wi ""lit', ,: \vllJle to the settlL-'rs in thi~ vicinity and to explorer,s in general it is lrnown as the Cas awa . 

T Cf. U.::;, GH.A.NT Lakes \vlth two outlets in northeastern MUlnesota, Anwr. ONJZ., vol. xix, pp. 407-411, June, 1897. 
1 Bee 1'wcltl,lj-<:,econclAnnual RepOll, l)late 1. 
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northern part of this plate, which area is nearly all underlain by granite, is an island. 

Tlte do/t. As in the region adjoining this plate, the drift is thin and rock out

crops are numerous. Comparatively little is known concerning the general drift 

feature8 in this plate, but the Mesabi or Eleventh terminal moraine probably passes 

along the southern edge of this plate while the Vermilion or Twelfth morainic is 

thought to pass through the northern side of the plate in the vicinity of White bon, 

Farm and Garden lakes.t 
GEOLOGICAL STRUCTURE. 

The Art/tertII. The rocks included in the Archean may be conveniently divided 

into three groups, as follows: (1) Greenstones and jaspilytes, (2) Mica and quartz-. 

magnetite schists anc1 graywackes, and (3) Granite. The first occupies a belt about 

a mile wide along the northern siele of the plate, the second occurs in a narrow belt 

just south of the first, and the third occupies the triangular area between the two 

parts of the Kawishiwi river. They are all referred to the Keewatin. -

• It. seems tha t the Ohlppewa 1nc11"I1' of this part of the state know this stream as the if'Iilhi7lli,hiw;; in the report~ of !~e 
survey 1t IS (·all:"c1 .the }(ff/{!l <.,ltl 11'1 ; \vllJle to the settlL-'rs in thi~ vicinity and to exp!orer8 in general it is known as the CaR aw . 

+ ~Jf. ,?,' :-:;, GHANT Lakes ,Ylth two outlets 1n northeastern MUll18sota, A lner. Or'OZ., vol. xix, pp. 407-411, June, 1891. 
18881 WC'tl!)-'>econclAnnual Rf:'POll, l)late 1. 



t'\1.1'. "HN (; Nl'TSS10S!", II 1111 ill]!. I·, 1 "I I,'NOI . 

It~L\~I, "1\Ni,.'~" II'N 01 ~I'L. !~ . T. Ii:.· ,. W . I II. 1t'3. ) 

I;HS1 H I)Ln~ SIUI'11'NI ' ], uv 1·' i(()ST: S U: . I " 

T. 1;;,-1 \\'. Ip. 1'1:1. ) 

UII"ISH' ( : IUHfIt). NONTIl E:-u 01 

IJ"t(~. (pp. ~ Ull. ~ ~ j, -IS:!.) 

1' 1< •. 

I-/ I\'I'N, X " N IIl "I (; l'sll.I\'r 1. ",1,.\1 \N 1.." 1.\11-.1' 01' :'ol'l'. 

I:!. T . 1 .. ',· 1 W, Ip. ll i:l.1 

F l'" I. BOt"l."I.N· F III.~() C II.\SSI.I., X. \ \ . ',. SEC I::!. 

T . ' ;;,, 1 \\" . I p . ·l lil.l 

.\ ;\" 1',111111 \ 'IlW UI 1111 !->I.\U. \,.:'o;II"\S IS 1-'1<.\111' 

1 1'1'.h~i. 1'j7.1i'!: :.J 



THE GABBRO LAKE PLA'['E. 401 
'Pickerel and Clearwater lakes.] 

Considerable field work has been done on this plate, and before giving H, sketch 

of the various rocks, it will be best to include some of the detailed observations 

concel'l1ing them. The following notes refer to the Archean rocks principally in T. 

63-10.* 
Pickerellalee. Pickerellaket is a small body of water cut by the line betweon secs. 24 and 25, T. 63-11, 

ilInd secs.19 and 30, T. 63-10. '['he shore, where visited, was found to be made of a more or less mass; ve rook, which 
in all the reports on this region has been called greenstone or greenstone schist. From the little bay of the 
Kawishiwi river in the N. E. ~ S. W.:4 sec. 25, T. 63-11, a portage leads to tho southwest corner of this lake. 
The southern half of the portage shows angular blocks of mica schist, probably not far removed from their 
original position, and the northern one-third of the portage is over a ridge of rather massive greenstone. The 
greenstone extends all along the south shore of the lake. It is shown by No. 305G, which is very dark green 
and schistose, and occurs just east of the portage, No. 306G, more compact and siliceous, and No. 307G, which 
was taken from the outlet of the lake in the N. E. ~ N. w. ~·4 sec. :30, '1'. 63-10. At the east end of the lake, 
just south of the section line, the rock is green, very tough and massivB; it presBnts the appearance of a consol
idated volcanic ash (No. 30SG). Only one place (S. W.~:.i S. w. ~ sec. 19, '1'.63-10) on the north shore of the lake 
was examined; here the rock if! a fine-grained massive greenstone (No. :309G). 

A section was made from this lake south along a trail, which is almost on the range line, to the Kawishiwi 
tiver. Several low ridges were crossed, the general trend of the ridges being east and west. Just south of the 
lake there are no outcrops seen; but a low ridge of fine-grained compact greenstone (No. 299G) is soon reached. 
This rock is cut in every direction by minute, branching, yellow and pink veins; it shows no structural lines, but 
appears perfectly massive. On going farther south the rock becomes schistose, this structure being "Brtical and 
running east and west. It is cut by a small dike, four or five feet wide, of a quartzless porphyry (No. 300G). 
This rock held a small piece of the greenstone, which is very schistose at the dike walls, otherwise not being 
different from that farther away. The dike runs almost east and west and was traced rather disconnectedly for 
fifty feet. No. 301G shows the contact of the two rocks. Farther south occur several outcrops of a finely lam
inated schistose rock (No. 310G) which approaches a mica s~hist. The laminm have been twisted considerably 
in places, but the general strike is east and west, and the dip is vertical. This rock continues nearly to the 
quarter post, but just before reaching this a rather coarse-grained red syenyte is seen (No . .311G). The hornblende 
is roughly arranged in elongated spots, thus giving to the rock a decidedly gneissic structure which runs east and 
west and stands nearly vertical. Associated with this syenyte are small areas of a fine-grained granitic rock 
(No. 312G). This gneissic syenyte continues about half the distance from the quarter post to the Kawishiwi 
river, and then assumes a darker, finer-grained aspect (No. 313G), with the hornblende much more abundant 
than in No. 311G. It now contains fragments, from one inch to several feet in length, of a dark mica schist 
(No. 314G); these fragments are mostly lens-shaped and their outlines are distinct. The syenyte also holds 
many veins, up to ten inches across, of a rather fine-grained biotite granite (No. 315G). At this place the gneissic 
structure in the syenyte, the long axes of the mica schist fragments and the general direction of the granitic 
veins are northwest and southeast. Mica schist now extends to the river and also occurs on the little point in 
the S. W. ~ S. W. ~.~ sec. 30, T. 63-10; here, a little back from the shore, is a low ridge of the schist (No. 316G) 
which strikes 80° W. of N. and dips N. 65°. In it is an irregular vein of very fine granitic rock (No. 317G). 

Olearwate7' lake. Clearwater 1 lake lies almost entirely in sec. 32, T. 63-10, with a small bay projecting 
into the E. Y2 N. E. ;4 sec. 31. Exce'pting a small area at the northwest corner of the lake, near the portage 
north to the Kawishiwi river, the shores are composed of reddish syenyte, which is quite constant in character. 
In the S. W. ~ N. W. ~ sec . .32, the syenyte shows an irregular flow structure, which is more evident here 
than elsewhere on the lake, although seen in several other places. It twists considerably, bnt stands about ver
tical, and its general trend is east and west. No. 3:37G shows this structure very well, although the lines are not 
usually as near together and as distinct as on this specimen. The syeuyte of this lake is well represented by 
Nos. 338G a!ld 339G, the former coming from the same locality as No. 337G, and the latter from the extreme 
northern end of the littlo bay that extends into the S. W. ~ S. E. ;4 sec. 29. The rock is microscopically a 
rather coarse-grained aggregate of hornblende and reddish feldspar in about equal amounts.. .., 

Where the line between sections .32 and 31 cuts the north shore of the lake the syenyte IS seen mIxed III WIth 
mica schist (see figure 63). The schist is much twisted and the syenyte exhibits the flowage structure, as .shown 
by No. 337G. Most of the syenyte here is of the usual character, but in some areas it ~s 0: a finer gI:aIll (No. 
340G). Just west of this place the syenyte and mica schist are seen in contact. The schIst I~ mu.ch dIsturbed 
and twisted and the dip and strike could not be accurately determined, but the general trend IS a lIttle south of 
east, with a very high northerly dip. The contact is irregular, but sharp, and is shown in the specimens num
bered 341G. No. 342G is the syenyte within a foot of the contact. 
. At one place on the portage, running northwest from the lake, and in seve.ral places on the shore in the 
E. 72' of N. E.:4 sec. 32, there is a dark-green rock (No . .343G) which is a coarse-gramed aggregate of ho.rnblende 
with a smal! variable quantity of feldspar. It presents a very rough, jagged, weathered surface. It IS cut by 
.~ 

• T1UentiethAnnual Repo?'t, pp. 38-59. 
tThe Ohippewa name for this lake is Gi·no·ses, whi.ch is the word for pickerel. 
t T1W O!rlppeW/L·nalll!3 is qawaukamik. 
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Piclcerellake. Pickerellaket is a small body of water cut by tho line between secs. 24 and 25, 'r. 53~11, 

!lnd sees. 19 and 30, T. G3~10. 1'he shore, where visited, was found to be made of a more or less melBS! ve rock, which 
in all the reports on this region has been called grcenstone or greenstone schist. From the little bay of the 
Kawishiwi river in the N. E. ~ S. W.:4 sec. 25, T. 53~11, a portage leads to tho southwest corner of this lake. 
The southern half of the portage shows angular blocks of mica sch ist, probably not far removed from their 
original position, and the northern one-third of the portage is over a ridge of rather massive greenstone. The 
greenstone extends all along the south shore of the lake. It is shown by No. 305G, which is very dark green 
and schistose, and occurs just east of the portage, No. 30BG, more compact and siliceous, and No. 3070, which 
was taken from the outlet of the lake in the N. E. ~ N. W. ~4 seu. :30, T. G3~10. At the east end of the lake, 
just south of the section line, the rock is green, very tough and massive; it presents the appearance of a consol
idated volcanic ash (No. 308G). Only one place (S. W. ~4 S. w. ~ 8ec.19, 1'. B3~10) on the north shore of the lake 
was examined; here the rock it! a fine-grained massive greenstone (No. :309G). 

A section was made from this lake south along a trail, which is almost on the range line, to the Kawishiwi 
tiver. Several low ridges were crossed, the general trend of the ridges being east and west. .J ust south of the 
lake there are no outcrops seen; but a low ridge of fine-grained compact greenstone (No. 299G) is soon reached. 
This rock is cut in every direction by minute, branching, yellow and pink veins; it shows no structural lines, bnt 
appears perfectly massive. On going farther south the rock becomes schistose, this structure being vertical and 
running east and west. It is cnt by a small dike, four or five feet wide, of a quartzless porphyry (No. 3000). 
This rock held a small piece of the greenstone, which is very schist03e at the dike walls, otherwise not being 
different from that farther away. The dike runs almost east and west and was traced rather disconnectedly for 
fifty feet. No. 301G shows the contact of the two rocks. Farther sonth occnr several outcrops of a finely lam
inated schistose rock (No. 310G) which approaches a mica sc:hist. The laminaJ have been twisted considerably 
in places, but the general strike is east and west, and the dip is vertical. This rock continues nearly to the 
quarter post, but just before reaching this a rather coarse-grained red syenyte is seen (No . .3110). The hornblende 
is roughly arranged in elongated spots, thus giving to the rock a decidedly gneissic structure which rnns east and 
west and stands nearly vertical. Associated with this syenyte are small areas of a fine-grained granitic rock 
(No. 312G). This gneissic syenyte continues about half the distance from the quarter post to the Kawishiwi 
river, and then assumes a darker, finer-grained aspect (No. 313G), with the hornblende mnoh more abundant 
than in No. 311G. It now contains fragments, from one inch to several feet in length, of a dark mica schist 
(No. 314G); these fragments are mostly lens-shaped and their ontlines are distinct. The syenyte also holds 
many veins, up to ten inches across, of a rather fine.grained biotite granite (No. :315G). At this place the gneissic 
structure in the syenyte, the long axes of the mica schist fragments and the general direction of the granitic 
veins are northwest and sontheast. Mica schist now extends to the river and also occurs on the little point in 
the S. W. 74 S. W. ~4 sec. 30, T. 63-10; here, a little back from the shore, is a low ridge of the schist (No. 316G) 
which strikes 80° W. of N. and dips N. 55°. In it is an irregular vein of very fine granitic rock (No. 317G). 

Olearwate7' lake. Clearwater! lake lies almost entirely in sec. 32, T. 63~10, with a small bay projecting 
into the E. Y2 N. E. ;4 sec. 31. Exce'pting a small area at the northwest corner of the lake, near the portage 
north to the Kawishiwi river, the shores are composed of reddish syenyte, which is quite constant in character. 
In the S. W. 74 N. W. ~ sec. 32, the syenyte shows an irregnlar flow structure, which is more evident here 
than elsewhere on the lake, although seen in several other places. It twists considerably, but stands abont ver
tical, and its general trend is east and west. No . .3370 shows this structure very well, although the lines are not 
usually as near together and as distinct as on this specimen. The syenyte of this lake is well represented by 
Nos. 338G a!ld 339G, the former coming from the same locality as No. 337G, and the latter from the extreme 
northern end of the little bay that extends into the S. W. ~ S. E. ;4 sec. 29. The rock is microscopically a 
rather coarse· grained aggregate of hornblende and reddish feldspar in about equal amonnts.. .., 

Where the line between sections .32 and 31 cuts the north shore of the lake the syenyte IS seen mIxed 111 WIth 
mica schist (see figure 53). The schist is much twisted and the syenyte exhibits the flowage structure, as .shown 
by No. 337G. Most of the syenyte here is of the usnal character, but in some areas it ~s 0: a finer gI:a111 (No. 
340G). Just west of this place the syenyte and mica schist are seen in contact. The schIst l~ much dIsturbed 
and twisted and the dip and strike could not be accurately determined, but the general trend IS a h~tle sonth of 
east, with a very high northerly dip. The contact is irregular, bnt sharp, and is shown in the speCImens num
bered 341G. No. 342G is the syenyte within a foot of the contact. 
, At one place on the portage, rnnning northwest from the lake, and in seve.ral places on the shore in the 
E. 72' of N. E. 74 sec. 32, there is a dark-green rock (No. 343G) which is a coarse-gramed aggregate of ho.rnblende 
with a small variable qnantityof feldspar. It presents a very rough, jagged, weathered surface. It IS cut by 
.~ 

• TwentiethAnnual Rep01·t, pp. 38-59. 
tThe Ohippewa Dame for this lake is Gi-Do'ses, which is the word for pickerel. 
t T1W Ohippewll nam!3 is G-awaukamik. 



402 THE GEOLOGY OF MINNESOTA. 
[South branch of the Kawi.sbiwi river. 

vein-like stringers of reddish syenyte (No. 344G) similar to the ordina? 8yen!te ~f the re~ion, by a gray variety 
(No. 345G) of the same and by a small trap dike (No. 346G). The last IS but four mches wIde and was traced for 
fifteen feet; it is probably a very fine-grained diabase. 

FIG. 63. CONTACT OF SYENYTE AND MICA SCHIST. 
N. E. 7'. N, E. ?4 sec. 81, T. 63-10, north shore of Clearwater lake. 

SOllth Branch oj the Ka10ishiwi riveT (T. 63-10 and T.62-10). Going north from the river nearly on the 
line between secs. 5 and 6, T. 62-10, the syenyte is seen to be cut by irregular small dikes or branching veins of 
a hornblende rock (No. 349G) similar to that mentioned above (No. 343G). These veins cut the syenyte in every 
direction and their outlines are very sharp and distinct, especially on weathered surfaces. The syenyte here 
varies somewhat, and as a rule is darker colored than that seen elsewhere in this vicinity. The syen'yte on the 
river shore near the above mentioned section line is also somewhat finer grained and darker than is usual (Nos. 
350G and 3510). On the north shore of the river in the S. W. 74 N. W. 74 sec. 5,1'.62-10, is a rather coarse
grained dioryte (Nos. 352G, 353G and 354G); it is more than half made up of green hornblende, and the feldspar 
is white or grayish,-the rock thus standing in sharp contrast to the surrounding syenyte. The relations of the 
two rocks were not seen here, but the dioryte probably is the same as the hornblende vein rocks described above, 
although in this place the dioryte may possibly represent a basic facies of the syenyte. 

No. 355G, from the S. E. M N. E. ;4 sec. 5, T. 62-10, well represents the syenyte in this immediate vicinity. 
It is a rock of medium grain, reddish in color, and composed of a flesh-colored to reddish feldspar and hornblende; 
the latter makes up about one-third of the rock. Going south along the river in sections 5, 4 and 9, the syenyte, 
as a rule, becomes finer grained, and in some places holds biotite instead of hornblende. 

A t the north end of the portage, N. W. M S. w. ;'4 sec. 9, T. 62-10, just at the water's edge, is an outcrop 
of medium-grained hornblende granite (No. 356G); the quartz makes up about one-fourth of the rock. This is 
evidently a part of the syenyte of the region, but is the first seen that contains macroscopic quartz grains in any 
amount. About one-third way across the portage the coarse-grained gray gabbro (No. 3570), common to this 
region, is seen. This was traced west of the portage to within 200 feet of the syenyte, but low ground with no 
exposures intervened between the two rocks. Here the syenyte is fine grained and micaceous, as is shown by 
Nos. 35SG:and 359G, the former being more properly a biotite granite. The syenyte is cut by sUlall dikes or 
veins of a fine-grained red aplyte (No. 360G) composed almost entirely of a red feldspar and quartz. The gabbro 
retained its coarse-grained character as near to the syenyte as it was found. 

The east side of the rapids, in S. W. M sec. 9, T. 6:2-10, was carefully examined in order to study the rela
tions of the syenyte and gabbro, but nothing conclusive was seen. The syenyte here is shown by Nos. 361G and 
862G, both rather fine grained and micaceous. Between the syenyte and gabbro were found Nos. 3630 and 364G, 
the former partaking of the characters of the syenyte and containing large quantities of a dark mineral, probably 
hornblende; the latter is finer grained and very dark in color. There were no continuous exposures connecting 
the syenyte and gabbro. At the foot of the rapids I found several angular blocks, apparently not far removed 
from their original position, of a fine-grained purplish rock, probably a porphyryte (No. 3650). Mr. Wood exam
ined the west side of the rapids, but could not find the gabbro and syenyte near each other. 

The .west shore of the river in secs. 34, 35 and :36, T. 63-10, is made up of the ordinary syenyte, which vari~s 
somewhat 111 the amount of hornblende it contains, as seen in Nos. 366G and 367G. No. 366G is quite dark lU 

color and the hornblende makes up more than one-half of the rock -this facies however, is exceptional. No. 
367G is m.uch lighter colored and is at least three-fourths composed: of feldspar. ' No. 36S0, froUl the S. W. 74 of 
sec. 34, fmrly shows the syenyte along this shore; it is composed of flesh-colored to red feldspar and black horn
blende, the latter making up perhaps one-third of the rock. This rock is of a medium coarse grain. 

North branch oj the Kawishiwi river (T. 63-10, and sec. 19, T. 63-9). Mr. Wood went south from the river 
abo~t on the west line of sec. 31, T. 63-10, for about half a mile. He reported mica schist (No. 318G) all t~~ way, 
but III a few places, especially just south of the l'iver, a green schistose rock (No. 3190), probably a conditIOn of 
the greenstone, was seen. From this section line he went northeast to the bay in the S. E. ~ S. W. ~ of sec. 30, 
but saw no rock in situ except the mica schist. 

The little promontory on the south side of the l'iver in the N. E. 7.ei S. w. 74 sec. 30, is made up of red 
syenyte (N 3200) Th' . . "".. .' arrang~-o. . IS IS a rather coarse-grallled rock, and in some places it shows a dIstmct gneisSIC 
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vein-like stringers of reddish syenyte (No. 344G) similar to the ordina~y syenyte ~f the re~ion, by a gray variety 
(No. 345G) of the same and by a small trap dike (No. 346G). The last IS but four mches wIde and was traced for 
fifteen feet; it is probably a very fine-grained diabase. 

FIG. 63. CONTACT OF SYENYTE AND MICA SCHIST. 
N. E. Y. N. E. ~'" sec. 31, T. 63-10, north shore of Clearwater lake. 

SOllth Bmnch of the Kawishiwi TiveT (T. 63-10 and T.62-10). Going north from the river nearly on the 
line between sees. 5 and 6, T. 62-10, the syenyte is seen to be cut by irregular small dikes or branching veins of 
a hornblende rock (No. 349G) similar to that mentioned above (No. 343G). These veins cut the syenyte in every 
direction and their outlines are very sharp and distinct, especially on weathered surfaces. The s)'enyte here 
varies somewhat, and as a rule is darker colored than that seen elsewhere in this vicinity. The syen"yte on the 
river shore near the above mentioned section line is also somewhat finer grained and darker than is usual (Nos. 
350G and 351G). On the north shore of the river in the S. W. 74 N. W. 74 sec. 5, '1.'.62-10, is a rather coarse
grained dioryte (Nos. 352G, 353G and 354G); it is more than half made up of green hornblende, and the feldspar 
is white or grayish,-the rock thus standing in sharp contrast to the surrounding syenyte. 'l'he relations of the 
two rocks were not seen here, but the dioryte probably is the sa me as the hornblende vein rocks described above, 
although in this place the dioryte may possibly represent a basic facies of the syenyte. 

No. 355G, from the S. E. 74 N. E. ;4 sec. 5, T. 62-10, well represents the syenyte in this immediate vicinity. 
It is a rock of medium grain, reddish in color, and composed of a flesh-colored to reddish feldspar and hornblende; 
the latter makes up about one-third of the rock. Going south along the river in sections 5, 4 and 9, the syenyte, 
as a rule, becomes finer grained, and in some places holds biotite instead of hornblende. 

At the north end of the portage, N. W. 74 S. w. ;'4 sec. 9, T. 62-10, just at the water's edge, is an outcrop 
of medium-grained hornblende granite (No. 356G); the quartz makes up about one-fourth of the rock. This is 
evidently a part of the syenyte of the region, but is the first seen that contains macroscopic quartz grains in any 
amount. About one-third way across the portage the coarse-grained gray gabbro (No. 357G), common to this 
region, is seen. This was traced west of the portage to within 200 feet of the syenyte, but low ground with no 
exposures intervened between the two rocks. Here the syenyte is fine grained and micaceous, as is shown by 
Nos. 358G:and 359G, the former being more properly a biotite granite. The syenyte is cut by small dikes or 
veins of a fine-grained red aplyte (No. 360G) composed almost entirely of a red feldspar and quartz. Thegabbro 
retained its coarse-grained character as near to the sy8nyte as it was found. 

The east side of the rapids, in S. W. 74 sec. 9, T. 62-10, was carefully examined in order to study the rela
tions of the syenyte and gabbro, but nothing conclusive was seen. The syenyte here is shown by Nos. 3GIG and 
:'l62G, both rather fine grained and micaceous. Between the syenyte and gabbro were found Nos. 363G and 364G, 
the former partaking of the characters of the syenyte and containing large quantities of a dark mineral, probably 
hornblende; the latter is finer grained and very dark in color. There were no continuous exposures connecting 
the syenyte and gabbro. At the foot of the rapids I found several angular blocks, apparently not far removed 
from their original position, of a fine-grained purplish rock, probably a pol'phyryte (No. 365G). Mr. Wood exam
ined the west side of the rapids, but could not find the gabbro and syenyte near each other. 

The west shore of the river in secs. 34,35 and 26, T. 63-10, is made up of the ordinary syenyte, which varies 
somewhat in the amount of hornblende it contains, as seen in Nos. 366G and 367G. No. 365G is quite dark in 
color ~nd the hornblende makes up more than one-half of the rock,-this facies, however, is exceptional. No. 
367G IS m:uch lighter colored and is at least three-fourths composed' of feldspar. No. 368G, from the S. W. ?4 of 
sec. 34, fanly shows the syenyte along this shore; it is composed of flesh-colored to red feldspar and black horn
blende, the latter making up perhaps one-third of the rock. This rock is of a medium coarse grain. 

NOTth branch of the Kawishiwi river (T. 63-10, and sec. 19, T. 63-9). Mr. Wood went south from the river 
abo~t on the west line of sec. 31, T. 53-10, for about half a mile. He reported mica schist (No. 318G) all t~~ way, 
but III a few places, especially just south of the river, a green schistose rock (No. 319G), probably a condItIon of 
the greenstone, was seen. From this section line he went northeast to the bay in the S. E. ~ S. W. ~ of sec. 30, 
but saw no rock in situ except the mica schist. 

The little promontory on the south side of the river in the N. E. 7.ei S. w. 74 sec. 30, is made up of red 
syenyte (No. 320G). This is a rather coarse-grained rock, and in some places it shows a distinct gneissiC arrange-
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, J]1ent of the feldspar and ho:-nblende. It is c~t b.r a dike of a dark hornblendic rock (No. 321G); this dike is 
vertical and varies from ten mches to t,,:o feet m width.; i~ runs a ~ittle south of east and was traced for fifty feet. 
The west end of the portage across this promontory IS m the mICa schist, but the line between the schist and 
ayenyte soon crosses the portage and runs a little south of the bay in the S. W. ~ S. E. ~ of sec. 30. The two rocks 
were seen in actual contact just north of the portage; there was no transition from olle to the other, the lille between 
them being quite disti~ct. The syenyt~ w~s fin~r g'fained and grayer in color near the contact; this is shown by 
Nos. 322G to 325G, whICh were taken wlthm a distance of two feet. The last one was touching No. 326G, which 
is unmistakably part of the mica schist. No. 327G is the mica schist near to the last, and No. 328G represents it 
a few feet from the syenyfe. The line of contact was vertical and rather irregular; the syenyte usually followed 
the direction of the schistosity, but in some places broke across it for a few inches. On the portage a few loose 
blocks were seen which showed both rocks in sharp contact (No. 329G); however, it is not certain that these 
blocks had not been moved some distance. 

The west shore of the river in the E. )i of sec. 30 is almost all syenyte, but about the centre of the shore 
line some mica schist is seen mixed with the syenyte. The latter extends in vein-like branches into the former 
and also encloses pieces of it. Mr. Wood went from this place west to the stream that enters the river in the S. 
E. ~ N. W. ~ sec. 30, and reported syenyte all the way. He also found a fine-grained dioryte dike (No. 330G), in 
the syenyte; this ran north and south, was ten feet in width and was traced for sixty feet. He also reported 
many inclusions in the syenyte, of which Nos. 331G and 332G are samples; the former is a dark, rather fine
grained dioryte, the latter a fine-grained siliceous schist. 

At the rapids in the S. E. ~ N. E. ~ sec. 30, the river flows over angular syenyte fragments. On the east 
shore of the river in the same one-sixteenth section mica schist and syenyte are seen in contact, There is not as 
sharp a line here between the two rocks as at the above described locality; the change from one to the other occurs 
within one or two inches; Nos. 333G to 336G represent this ~hange. The first three of these were taken within 
a distance of three inches. 

The point in the N. E. ~ sec. 26 is made up of the ordinary coarse red syenyte of the region, but on the 
north side of this point, about the centre of the section, is a dark, rather coarse-grained dioryte (No. 369G). 
Macroscopically this is seen to consist of hornblende and a white feldspar, the former in larger amount than 
the latter. Under the microscope the feldspar is seen to be very highly altered, and in only a few places is it 
fresh enough to show traces of polysynthetic twinning; the hOlmblende is of the ordinary green variety, and is 
extensively changed to chlorite and some few flakes of biotite. The relation of this dioryte to the syenyte of 
the region was not determined, but the impression is that this is a basic facies of the syenyte. The dioryte is cut 
by a fine.grained trap dike (No. 370G) and also by a light reddish fine-grained granite (No. 371G). The last 
appears in quite an amount and extends along the south shore of the river as far as the west end of the island 
in the S. E. J4 N. W. ~ sec. 26. A short distance beyond this the dioryte is seen in contact with a fine-grained 
gray granite (No. 372G), which is probably a part of the same rock as No. 371G. The dioryte here (No. 373G) 
has both red and white feldspar and seems to be rather intermediate between the ordinary syenyte and the 
dioryte described above (No. 369G), thus indicating the probable identity of the two rocks. No. 374G shows the 
two rocks (Nos. 372G and 373G) in contact; the line is very sharp and distinct, but at this place nothing was 
seen to indicate the relative ages of the two. The dioryte continues along the shore in the S. W. ~ sec. 26, and 
in some places becomes lighter colored, as shown by No. 375G. In a westerly facing dioryte cliff (N. W. ~ S. W· 
~ sec. 26) are three small dikes, about a foot wide, running diagonally up the cliff towards the north. No. 376G 
was taken from one of these diKes; it is a dark, rather fine-grained rock, composed almost entirely of hornblende. 

At the southern end of the bay in S. W. J4 S. W. ~ sec. 26 the syenyte again occurs. It is here represented 
by No. 377G, which has most of its hornblende altered to chlorite. At this place a small piece of finely laminated 
gneiss (No. 378G) was found enclosed in the syenyte. The western shore in the E. 7f sec. 27 is composed of the 
syenyte similar to No. 37'1G. 

Just north of the river on the line between secs. 21 and 22 is a low outcrop of aphanitic greenstone (No, 
3790). It is much cracked and fissured and shows an indistinct, coarse, schistose structure, which is vertical 
and ru~s east and west. Farther north from the lake on the same section line is an outcrop of very massive 
greenstone (No. 380G), which is of coarser grain and grayer color than that last mentioned. This is seen in con
hct with a quartz porphyry (No. 381G), which holds a few quartz crystals, many white f~ldspars and numer?us 
flmall pyrite grains in a grayish groundmass. The contact line between the two rocks IS sharp, stands ve.rbc~l 

, and runs north and south.' Only a small area of the quartz porphyry was exposed; it proba~ly forms a dl~e m 
the greenstone. ContinuinO' northward on this section line for about three-quarters of a mIle from the river, 
several ridges of massive gr:enstone are crossed. No. 382G shows the most massive and coarse-grained condition 
of this greenstone. 

On the north shore of the river, just west of the line between sections 27 and 28, are several out~rops of a 
fissured greenstone similar to No. 379G. Farther west on the same shore, and just east of the portage, IS a large 
outcrop of a finely laminated graywacke-like rock (No. 38.3G); it is in some places mu~h coarser ~rained, as shown 
by No .. 384G. The strike is N. '750 E., and the dip from 75° to 80° S. On the north SIde of the river an~ ~etween 
the portage and the head of the rapids (N. E. ~ N. E. ~ sec. 28) a rock similar to the last, except ~hat. It ~s more 
m~8sive.in appearance, is found. Here, on some of the weathered surfaces, an indistinct verticallammatlOn IS seen; 
thiS varIes somewhat in direction, but the general trend appears to be a'bout 25° E. Of. N .. Nos. ~85G and 38?G 
represent the rock at this place. Th.is laminated rock belongs to a fragmental series wh~ch IS h.ere m ?ontac~ WIth 
syenyte. This Beries i~ made up of rocks which are very often graywackes and often mICa SChists, WIth all mter-
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. ment of the fel~spar and h0.rnblende. It is c~t b? a di~e of a d~rk hornblendic rock (No. 321G); this dike is 
vertical and varIes from ten mches to t,,:o feet III WIdth.; I~ runs a ~Ittle south 0f east and was traced for fifty feet. 
The west end of the portage across thIS promontory IS III the mica schist, but the line between the schist and 
syenyte soon crosses the portage and runs a little south of the bay in the S. W. 74 S. E. 74 of sec. 30. The two rocks 
were seen in actual contact just north of the portage; there was no transition from one to the other, the line between 
them being quite disti~ct. The syenyt~ w.as fin~r grained and grayer in color near the contact; this is shown by 
Nos. 322G to 325G, whIch were taken wlthm a dIstance of two feet. The last one was touching' No. 326G, which 
is unmistakably part of the mica schist. No. 327G is the mica schist near to the last, and No. 328G represents it 
a few feet from the syenyte. The line of contact was vertical and rather irregular; the syenyte usually followed 
the direction of the schistosity, but in some places broke across it for a few inches. On the portage a few loose 
blocks were seen which showed both rocks in sharp contact (No. :329G); however, it is not certain that these 
blocks had not been moved some distance. 

The west shore of the river in the E. 7<J of sec. 30 is almost all syenyte, but about the centre of the shore 
line some mica schist is seen mixed with the syenyte. The latter extends in vein-like branches into the former 
and also encloses pieces of it. Mr. Wood went from this place west to the stream that enters the river in the S. 
E'?4 N. w. 74 sec. 30, and reported syenyte all the way. He also found a fine-grained dioryte dike (No. 330G), in 
the syenyte; this ran north and south, was ten feet in width and was traced for sixty feet. He also reported 
many inclusions in the syenyte, of which Nos. 331G and 332G are samples; the former is a dark, rather fine
grained dioryte, the latter a fine-grained siliceous schist. 

At the rapids in the S. E. 74 N. E. 74 sec. 30, the river flows over angular syenyte fragments. On the east 
shore of the river in the same one-sixteenth section mica schist and syenyte are seen in contact. There i" not as 
sharp a line here between the two rocks as at the above described locality; the change from one to the other occurs 
within one or two inches; Nos. 333G to 336G represent this ehange. The first three of these were taken within 
a distance of three inches. 

The point in the N. E. !-4 sec. 26 is made up of the ordinary coarse red syenyte of the region, but on the 
north side of this point, about the centre of the section, is a dark, rather coarse-grained dioryte (No. 369G). 
Macroscopically this is seen to consist of hornblende and a white feldspar, the former in larger amount than 
the latter. Under the microscope the feldspar is seen to be very highly altered, and in only a few places is it 
fresh enough to show traces of poly synthetic twinning; the ho~nblende is of the ordinary green variety, and is 
extensively changed to chlorite and some few flakes of biotite. The relation of this dioryte to the syenyte of 
the region was not determined, but the impression is that this is a basic facies of the syenyte. The dioryte is cut 
by a fine-grained trap dike (No. 370G) and also by a light reddish fine-grained granite (No. 371G). The last 
appears in quite an amount and extends along the south shore of the river as far as the west end of the island 
in the S. E. ?4 N. W. 74 sec. 26. A short distance beyond this the dioryte is seen in contact with a fine-grained 
gray granite (No. 372G), which is probably a part of the same rock as No. 371G. The dioryte here (No. 373G) 
has both red and white feldspar and seems to be rather intermediate between the ordinary syenyte and the 
dioryte described above (No. 369G), thus indicating the probable identity of the two rocks. No. 374G shows the 
two rocks (Nos. 372G and 373G) in contact; the line is very sharp and distinct, but at this place nothing was 
seen to indicate the relative ages of the two. The dioryte continues along the shore in the S. W. 74 sec. ~6, and 
in some places becomes lighter colored, as shown by No. 375G. In a westerly facing dioryte cliff (N. W. 74 S. W· 
X sec. 26) are three small dikes, about a foot wide, running diagonally up the cliff towards the north. No. 376G 
was taken from one of these diKes; it is a dark, rather fine-grained rock, composed almost entirely of hornblende. 

At the southern end of the bay in S. W. 74 S. W. 74 sec. 26 the syeDyte again occurs. It is here represented 
by No.377G, which has most of its hornblende altered to chlorite. At this place a small piece of finely laminated 
gneiss (No. 378G) was found enclosed in the syenyte. The western shore in the E. ;<2 sec. 27 is composed of the 
syenyte similar to No. 377G. 

Just north of the river on the line between secs. 21 and 22 is a low outcrop of aphanitic greenstone (No. 
379G). It is much cracked and fissured and shows an indistinct, coarse, schistose structure, which is vertical 
and runs east and west. Farther north from the lake on the same section line is an outcrop of very massive 
gl'eenst~ne (No. 380G), which is of coarser grain and grayer color than that last mentioned. This is seen in con
hct with a quartz porphyry (No. 381G), which holds a few quartz crystals, many white f:ldspars and numer?us 
flmal1 pyrite grains in a grayish groundmass. The contact line between the two rocks IS sharp, stands ve.rtIc~1 

. and runs north and south. Only a small area of the quartz porphyry was exposed; it proba~ly forms a dl~e III 
the greenstone. Continuina northward on this section line for about three-quarters of a mlle from the flver, 
several ridges of massivegr:enstone are crossed. No. 382G shows the most massive and coarse-grained condition 
of this greenstone. 

On the north shore of the river, just west of the line between sections 27 and 28, are several out~rops of a 
fissured greenstone similar to No. 379G. Farther west on the same shore, and iust east of the portage, IS a large 
outcrop of a finely laminated graywacke-like rock (No. 38:3G); it is in some places much coarser grained, as shown 
by No. 384G. The strike is N.750 E., and the dip from 75° to 80° S. On the north side of the river an~ ~etween 
the portage and the head of the rapids (N. E. 74 N. E. 74 sec. 28) a rock similar to the last, except ~hat. It ~s more 
massive in appearance, is found. Here, on some of the weathered surfaces, an indistinct verticallamlllatlOn IS seen; 
this varies someWhat in direction, but the general trend appears to be about 25° E. Of. N .. Nos. ~85G and 38?G 
represent the rock at this place. This laminated rock belongs to a fragmental series whIch IS here III ?ontac: WIth 
syenyte. This series i~ made up of rocks which are very often graywackes and often mica schists, wlth alllllter-
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mediate stages; and 1;here are also some facies that are more like coar5e grits, siliceous schists and even sericitic 
schists. These different facies constantly intergrade. For convenience the term" graywacke-like rock" will be 
used for the finer-grained and less crystalline rocks of this series. Mica schist and gneiss will be used to refer to 
parts of the same series which are more highly altered. . . . 

A short distance from the east end of the above mentIOned portage, rock sImIlar to Nos. 383G and 384G, is 
found' here the lamination is distinct; the strike is 72° E. of N., and the dip S. 85°. A little further west the 
syeny~e No. 387G occurs. It has a vertical gneissic structure which is very evident on weathered surfaces; 
this strikes on the average about 70° E. of N., but varies as much as 15° either side of this direction. This syenyte 
occurs directly in the strike of the last mentioned outcrop of laminated graywacke-like rock. 

About half way across the portage is a soft fissile greenstone or greenstone schist (No. 388G). In this is a 
series of parallel veinings which coincide with the direction of the cleavage planes in the rock; both stand ver
tical and strike N. 80° E. A few feet south of this the ordinary syenyte is seen. There is almost a contin
uous exposure between the two rocks, and samples illustrating the change from one to the other were taken. 
No. 389G, from eight inches south of No. 388G; No. 390G was eight inches further south; then within a foot 
came No. 391G and No. 392G; two feet further was No. 393G, and three feet from this No. 394G, which grades 
into the ordinary syenyte represented by No. 387G. The change from the greenstone schist to the syenyte is 
first noticed by a small amount of red feldspar in the greenstone; the feldspar gradually increases in amount and 
the green material decreases until the ordinary syenyte is reached. The schistose structure in the greenstone 
and the gneissic structure in the syenyte are parallel and grade into each other as the two rocks intermingle. 
One hundred feet north of this place is a low southerly facing bluff of greenstone, much cracked and fissured. 
On the weathered surfaces it shows a series of reddish, vertical veinings whose average strike is N. 70° E., and 
almost at right angles to this are two nearly parallel systems of joints which cut the rock into small elongated 
diamond-shaped areas.* Specimen No. 395G shows this jointing fairly well. 

Further west on the portage trail more of the greenstone is seen. Then the syenyte appears again, and 
beyond this, not more than 200 yards east of the west end of the portage, the graywacke-like rock again appears. 
It has the distinct lamination seen before and strikes N. 600 E.; the dip varies from 80° towards the north of 
this line to 70° on the other side. The syenyte occurs on the portage directly in the strike of this rock and not 
more than 150 yards east of it. The laminated rock is seen in contact with the syenyte, which here lies north of 
of it, about fifty yards north of the stream. It is here shown by No. ;~95aG, which has considerable sericitic 
material developed in it. Eight inches north of this occurs the actual contact between the two rocks; the hand 
specimens No. 396G show this. The line between the two is distinct, but the syenyte holds considerable of the 
material of the other rock. Six inches north of this the syenyte is shown by No. 397G; seven inches beyond by 
No. 398G; eighteen inches from this by No. 399G, and four feet further north it has its usual character and appear
ance, as shown by No. 400G. At this place the contact was along the strike of the laminated rock, and there is 
nothing to show their relative ages. The syenyte now extends northward for thirty feet, where it disappears 
under the soil, as it does just to the west of this place. Boulders of massive greenstone occur just north of the 
syenyte, but the greenstone is not seen certainly in place until a low ridge of it (No. 401G) is reached fifty feet 
north of the syenyte. 

The high ridge, running east and west through the N. ~ N. W. >4 sec. 28, is composed of massive green
stone. In places it is cut by irregular branching dikes of gray quartz porphyry. These dikes vary from an 
inch up to more than a dozen feet across. The principal and largest one runs about east and west along the 
southern edge of the top of the ridge and varies considerably in width. The contact between the porphyry and 
the greenstone is sharp, and there is no intermingling of the two rocks. At the contact the greenstone does not 
appear to be much changed except that it is more broken and fissured. Pieces of the greenstone are included 
in the dyke. Nos. 402G and 403G represent this porphyry; the former was taken within three inches of the edge 
of the dike, and the latter about four feet from the edge. This rock has a grayish ground mass in which are 
imbedded a few quartz grains and numerous flesh-colored and blood-red feldspars. The quartz is more plentiful 
near the edge of the dike (No. 402GI. In places the rock contains minute cavities, apparently formed by the 
weathering out of certain constituents of the rock. 

On going south from the stream into the S. E. >4 N. W. >4 sec. 28, the graywacke-like rock is seen showing 
the characteristic lamination. Soon this rock begins to grow more crystalline, and this character becomes more 
and more pronounced as one proceeds southward. No.404G shows this more crystalline facies, but in this 
the lamination is still distinctly preserved. Interbedded with this are beds of a less crystalline character, as 
shown by No. 405G, which is very similar to the mica schist found to the west in section 3:), already described. 
Other facies of this rock are shown by Nos. 406G, 407G and J08G, which are all completely crystalline. The 
first of these is a distinc1 gneiss, and the latter show no gneissic structure, even on the most favorable weathered 
s~rface8. Macroscopically these three specimens are seen to be composed of quartz, a light-colored feldspar, 
bIotite and some little hornblende. These rocks, while completely crystalline, can in no wise be separated frOll 
~he less crystalline facies and the graywacke-like rocks already mentioned several times. They are interbedded 
ll1 bands from one-half inch to two feet in thickness, the more crystalline always in the thicker beds. T~ey 
seem to grade ll1to each other across the strike, and in some places the less crystalline is replaced along the strIke 
by the more c.rystalline, the former fading out into the latter. The most crystalline facies contain man~ bl~ck, 
lens-shaj)ed pIeces of black dioryte (No. 409G); these pieces are composed mostly of hornblende with some lIttle 

I ,." U" Compare the diagrams of jointjng and schistose structure in the greenstones of the Menominee 'riv~r, Michi!!an; Bulletin 
,Xll, • S. Geol. Survey, p.128, . . . ...... '. . . 
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mediate stages; and there are also some facies that are more like coarse grits, siliceous schists and even sericitic 
schists. These different facies constantly intergrade. For convenience the term" graywacke-like rock" will be 
used for the finer-grained and less crystalline rocks of this series. Mica schist and gneiss will be used to refer to 
parts of the same series which are more highly altered. . . . 

A short distance from the east end of the above mentIOned portage, rock slmtlar to Nos. 383G and 384G, is 
found; here the lamination is 'distinct; the strike is 72° E. of N., and the dip S. 85°. A little further west the 
syenyte No. 387G occurs. It has a vertical gneissic structure which is very evident on weathered surfaces; 
this strikes on the average about 70° E. of N., but varies as much as 15° either side of this direction. This syenyte 
occurs directly in the strike of the last mentioned outcrop of laminated graywacke-like rock. 

About half way across the portage is a soft fissile greenstone or greenstone schist (No. 388G). In this is a 
series of parallel veinings which coincide with the direction of the cleavage planes in the rock; both stand ver
tical and strike N. 80° E. A few feet south of this the ordinary syenyte is seen. There is almost a contin
uous exposure between the two rocks, and samples illustrating the change from one to the other were taken. 
No. 389G, from eight inches south of No. 388G; No. 390G was eight inches further south; then within a foot 
carne No. 391G and No. 392G; two feet further was No. 393G, and three feet from this No. 394G, which grades 
into the ordinary syenyte represented by No. 387G. The change from the greenstone schist to the syenyte is 
first noticed by a small amount of red feldspar in the greenstone; the feldspar gradually increases in amount and 
the green material decreases until the ordinary syenyte is reached. The schistose structure in the greenstone 
and the gneissic structure in the syenyte are parallel and grade into each other as the two rocks intermingle. 
One hundred feet north of this place is a low southerly facing bluff of greenstone, much cracked and fissured. 
On the weathered surfaces it shows a series of reddish, vertIcal veinings whose average strike is N. 70° E., and 
almost at right angles to this are two nearly parallel systems of joints which cut the rock into small elongated 
diamond-shaped areas.* Specimen No. 395G shows this jointing fairly well. 

Further west on the portage trail more of the greenstone is seen. Then the syenyte appears again, and 
beyond this, not more than 200 yards east of the west end of the portage, the graywacke-like rock again appears. 
It has the distinct lamination seen before and strikes N. 60° E.; the dip varies from 80° towards the north of 
this line to 70° on the other side. The syenyte occurs on the portage directly in the strike of this rock and not 
more than 150 yards east of it. The laminated rock is seen in contact with the syenyte, which here lies north of 
of it, about fifty yards north of the stream. It is here shown by No. ;~95aO, which has considerable sericitic 
material developed in it. Eight inches north of this occurs the actual contact between the two rocks; the hand 
specimens No. 396G show this. The line between the two is distinct, but the syenyte holds considerable of the 
material of the other rock. Six inches north of this the syenyte is shown by No. 397G; seven inches beyond by 
No. 398G; eighteen inches from this by No. 399G, and four feet further north it has its usual character and appear
ance, as shown by No. 400G. At this place the contact was along the strike of the laminated rock, and there is 
nothing to show their relative ages. The syenyte now extends northward for thirty feet, where it disappears 
under the soil, as it does just to the west of this place. Boulders of massive greenstone occur just north of the 
syenyte, but the greenstone is not seen certainly in place until a low ridge of it (No. 401G) is reached fifty feet 
north of the syenyte. . 

The high ridge, running east and west through the N. 72: N. IV. 7.4 sec. 28, is composed of massive green
stone. In places it is cut by irregular branching dikes of gray quartz porphyry. These dikes vary from an 
inch up to more than a dozen feet across. The principal and largest one runs about east and west along the 
southern edge of the top of the ridge and varies considerably in width. The contact between the porphyry and 
the greenstone is sharp, and there is no intermingling of the two rocks. At the contact the greenstone does not 
appear to be much changed except that it is more broken and fissured. Pieces of the greenstone are included 
in the dyke. Nos. 402G and 403G represent this porphyry; the former was taken within three inches of the edge 
of the dike, and the latter about four feet from the edge. This rock has a grayish ground mass in which are 
imbedded a few quartz grains and numerous fiesh-colored and blood-red feldspars. The quartz is more plentiful 
near the edge of the dike (No. 4020 I. In places the rock contains minute cavities, apparently formed by the 
weathering out of certain constituents of the rock. 

On going south from the stream into the S. E. 7.4 N. W. 7.4 sec. 28, the graywacke-like rock is seen showing 
the characteristic lamination. Soon this rock begins to grow more crystalline, and this character becomes more 
and more pronounced as one proceeds southward. No.404G shows this more crystalline facies, but in this 
the lamination is still distinctly preserved. Interbedded with this are beds of a less crystalline character, as 
shown by No. 405G, which is very similar to the mica schist found to the west in section 3:), already described. 
Other facies of this rock are shown by Nos. 406G, 407G and 408G, which are all completely crystalline. The 
fust of these is a distinc~ gneiss, and the latter show no gneissic structure, even on the most favorable weathered 
s~rf~ce8. Macroscopically these three specimens are seen to be composed of quartz, a light-colored feldspar, 
bIOtIte and some little hornblende. These rocks, while eompletely crystalline, can in no wise be separated from 
the less crystalline facies and the graywacke-like roeks already mentioned several times. They are interbedded 
III bands from ,one-half inch to two feet in thickness, the more crystalline always in the thicker beds. T~ey 
seem to grade Illto each other across the strike, and in some places the less crystalline is replaced along the strIke 
by the more c.rystalline, the former fading out into the latter. The most crystalline facies contain many bl~ck, 
lens-shaped pIeces of black dioryte (No. 4090); these pieces are composed mostly of hornblende with some httle 

"Compare the diag f' . t· . ' Mi h' n' Bulletfn 
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white feldspar. The exposures above described extend south from the stream for a quarter of a mile and 
beyond this is low, swampy ground with no exposures. The strike at the most southerly place seen was N. 700 E., 
and the dip vertical or very steep toward the sou tho 

A narrow belt of syenyte (.No. 410G) extends along t~e north shore of the river in the N. Yz N. E. ~i sec. 
29. Just north of the syenyte IS a range of greenstone lulls running east and west. In some places the two 
rocks were seen within fifty feet of each other, but at no place was the junction between them seen. The 
syenyte rises in a bold bluff at the portage in the W. 7,; N. W. ~4 N. E. :4 sec. 29. Aboui one-iluarter of a mile 
east of this portage the greenstone is cut by an irregular dike of gray quartz porphyry (No. 411G). This dike 
where examined is three to ten feet wide and has a general east and west direction. It was also seen, but not 
visited, in the greenstone both east and west of this locality. This dike is probably a westward continuation 
of that a~ready described from the N. ~f N. W. 74 sec. 28. 

Coming south from the river about on the line between sections 28 and 29, the laminated rock and gneiss 
similar to that described above (Nos. 404G-408G) are seen in many exposures. About one-third of a mile from 
the river the syenyte suddenly appears. It was first seen as a belt, 100 feet in width, running parallel with the 
gneiss which appears on both sides of it. The gneiss preserves its usual character and distinct alternation of 
different bands clear to the syenyte. No. 420G shows this rock within a few feet of the syenyte. Nos. 421G and 
422G come from within three and one inches respectively of the syenyte; the latter is some more coarsely crys
tallized and contains many distinct hornblende grains and some red feldspar. No. 423G shows the two rocks 
together; the line between them is quite sharp and distinct. No. 424 is the syenyte just beyond No. 423G; it is 
quite gneissic in structure. The strike of the gneiss is N. GO° E., and the gneissic structure of the syenyte 
stands parallel to this; the dip is 50 either side of the vertical. In some places the line between the two rocks, 
instead of running with the lamination, runs across the strike for a few inches. In other places the syenyte is 
more completely granitic in structure as shown by No. 425G. A short distance south of this the gneiss is much 
contorted and is cut by stringers, two to three feet across, of the syenyte; some of these run with the lamination 
of the gneiss and others cut across it. There is no gradation from the gneiss to the syenyte; the line between 
the two is clear and sharp. Further south the syenyte becomes the prevailing rock, and in many places it holds 
lenticular masses of the gneiss. 

On the south shore of the river just west of the line between sections 28 and 29 the laminated rock is 
seen. Still further west, about half way from this section line to the rapids, which are about in the N. W. 74 
N. E. 7.!i: sec. 29, the syenyte again appears, but less than 200 feet south from the shore it comes in contact with 
the laminated rock. The junction here is along the strike of the laminated rock and the syenyte was not seen 
cutting across the strike. The line between the two was distinct and easily seen on weathered surfaces. From 
the rapids just mentioned west to the east line of section 30 the laminated rock occurs on the south shore, and 
a high bluff of it is seen just south of the river on this section line. The little bay in the N. E. 74 N. E. ~4 sec. 30 
has syenyte on its south and greenstone on its north shore. 

Mr. Wood went south from the river about on the line between sections 29 and 30. He found the lam
inated rock in place all the way until nearly half a mile from the river, when the syenyte was seen. No. 426G 
shows the laminated rock, which here approaches a mica schist, and No. 427G is more accurately a mica schist. 
This latter facies of the rock was that most commonly seen, but that seen nearest the syenyte was more like 
No. 426G. . 

The north shore of the river, in th~ N. ?i N. W. :4 sec. 29, is made of greenstone, but the syenyte comes in 
at the water's edge just west of the portage in the eastern edge of this quarter section. I went north from the 
river on the west line of this section for one-third mile, but found no rock except massive greenstone, of which 
several exposures were seen. About one-fourth of a mile east of this line and just north of the river the green
stone is cut by a dike of -reddish fine-grained rock (No. 428G), resembling a syenyte porphyry. The dike has an 
east and west direction and was traced for fifty feet. The sides of it were covered' by soil, and as far as seen it 
was not more than ten feet wide. 

The point on the south side of the river, in the W. Yz N. W. 74 N. W. ~4 sec. 27, is made up of the lam
inated rock* and is well shown by the specimens already described,-Nos. 38:3G to 386G. The strikes varies 
from N. 300 E. to 450 E., and the dip from 750 to 800 S. E. Along the shore just west of this point the laminm are 
rouGh contorted. The point on the north side of the little bay in the same one-sixteenth section is also made of 
the same rock. The small island in this bay is composed mostly of the syenyte, but the northern side has a little 
of the laminated rock. Near the syenyte this rock changes, becoming more crystalline and acquiring so~e 
reddish feldspar (Nos. 429G, 430G and 431G; but this condition exists only within a few inches of the syenyte,-m 
fact the syenyte, as shown by No. 432G, is seen within six inches of the above specimens. The junction between 
the two is easily seen as a pretty distinct line on weathered surfaces. Small pieces of the laminat.ed .ro~k were 
found 'in the syenyte; No . .433G is from one of these. On the shore just east of this the syenyte IS mtlmately 
mixed with the laminated rock' still the line between the two is distinct and the syenyte seems to have enclosed 
pieces of the other rock. In o~e place the syenyte holds a small area of a dark compact mica schist (No .. ~134G), 
which is really part of the laminated rock, and shows lamination in favorable places. No. 435G shows thIS rock 
and the syenyte together; they are marked off from each other by a sharp line. 

The laminated rock is again seen on both points of the promontory in the N. E. 74 N. W. ~4 sec. 27, but 
the syenyte appears on the western shore of the little bay in this one-sixteenth section, and also on the south and 
east sides of it. At the southeastern corner of this bay the rock has a decidedly schistose structure, and there 
~-

'Tills is the rock described byN. H. WINOHELL in Fifteenth Annual Report, p. 352, under No. 989. 
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white feldspar. The exposures above described extend south from the stream for a quarter of a mile, and 
beyond this is low, swampy ground with no exposures. The strike at the most southerly place seen was N. 70° E., 
and the dip vertical or very steep toward the south. 

A narrow belt of syenyte (.No. 410G) ex~ends along th.e north ~hore of the river in the N. ~~ N. E. ~4 sec. 
29. Just north of the syenyte IS a range of greenstone lulls runnmg east and west. In some place" the two 
rocks were seen within fifty feet of each other, but at no place was the jllnction between them seen. The 
syenyte rises in a bold bluff at the porta.ge in the W·}i N. W. ~4 N. E. Xi: sec. 29. About one-iluarter of a mile 
east of this portage the greenstone is cut by an irregular dike of gray quartz porphyry (No. 4110). This dike 
where examined is three to ten feet wide and has a general east ,md west direction. It was also seen, but not 
visited, in the greenstone both east and west of this locality. This dike is probably a westward continuation 
of that already described from the N. 1~ N. W. ~ sec. 28. 

Coming south from the river about on the line uetween sections :l8 anel :lG, the laminated rock and gneiss 
similar to that described above (Nos. 404G-408G) are seen in many exposures. About one-third of a mile from 
the river the syenyte suddenly appears. It was first seen as a belt, 100 feet in width, running parallel with the 
gneiss which appears on both sides of it. The gneiss preserves its usual character and distinct alternation of 
different bands clear to the syenyte. No. 4200 shows this rock within a few feet of the syenyte. Nos. 4210 and 
422G corne from within three and one inches respectively of the syenyte; the latter is some more coarsely crys
tallized and contains many distinct hornblende grains and SOllle red feldspar. No. 423G shows the two rocks 
together; the line between them is quite sharp and distinct. No. 424 is the syenyte just beyond No. 4230; it is 
quite gneissic in structure. The strike of the gneiss is N. GO° E., and the gneissic structure of the syenyte 
stands parallel to this; the dip is 5° either side of the vertical. In some places the line between the two rocks, 
instead of running with the lamination, runs across the strike for a few inches. In other places the syenyte is 
more completely granitic in structure as shown by No. 4250. A short distance south of this the gneiss is much 
contorted and is cut by stringers, two to three feet across, of the syenyte; some of these run with the lamination 
of the gneiss and others cut across it. There is no gradation from the gneiss to the syenyte; the line between 
the two is clear and sharp. Further south the syenyte becomes the prevailing rock, and in many places it holds 
lenticular masses of the gneiss. 

On the south shore of the river just west of the line between sections 28 and 29 the laminated rock is 
seen. Still further west, about half way from this section line to the rapids, which are about in the N. W. ~ 
N. E. 7.:( sec. 29, the syenyte again appears, but less than 200 feet south from the shore it comes in contact with 
the laminated rock. The junction here is along the strike of the laminated rock and the syenyte was not seen 
cutting across the strike. The line between the two was distinct and easily seen on weathered surfaces. From 
the rapids just mentioned west to the east line of section 30 the laminated rock occurs on the south shore, and 
a high bluff of it is seen just south of the river on this section line. The little bay in the N. E. ~ N. E. 11 sec .. 30 
has syenyte on its south and greenstone on its north shore. 

Mr. Wood went south from the river about on the line between sections 29 and 30. He found the lam
inated rock in place all the way until nearly half a mile from the river, when the syenyte was seen. No. 4260 
shows the laminated rock, which here approaches a mica schist, and No. 4270 is more accurately a mica schist. 
This latter facies of the rock was that most commonly seen, but that seen nearest the syenyte was more like 
No. 426G. . 

The north shore of the river, in thy N. 72' N. W. ~ sec. 29, is made of greenstone, but the syenyte comes in 
at the water's edge just west of the portage in the eastern edge of this quarter section. I went north from the 
river on the west line of this section for one-third mile, but found no rock except massive greenstone, of which 
several exposures were seen. About one-fourth of a mile east of this line and just north of the river the green
stone is cut by a dike of reddish fine-grained rock (No. 428G), resembling a syenyte porphyry. The dike has an 
east and west direction and was traced for fifty feet. The sides of it were covered by soil, and as far as seen it 
was not more than ten feet wide. 

The point on the south side of the river, in the W. 72 N. W. Xi: N. W. ~'4 sec. 27, is made up of the lam
inated rock* and is well shown by the specimens already described,-Nos. 3S:'l0 to :3860. The strikes varies 
from N. 30° E. to 45° E., and the dip from 75° to 80° S. E. Along the shore just west of this point the lamina) are 
much contorted. The point on the north side of the little bay in the same one-sixteenth section is also made of 
the same rock. The small island in this bay is composed mostly of the syenyte, but the northern side has a little 
of the laminated rock. Near the syenyte this rock changes, becoming more crystalline and acquiring some 
reddish feldspar (Nos. 429G, 4:300 and 431G; but this condition exists only within a few inches of the syenyte,-in 
fact the syenyte, as shown by No. 432G, is seen within six inches of the above specimens. The junction between 
the two is easily seen as a pretty distinct line on weathered surfaces. Small pieces of the laminat.ed .rock were 
found·in the syenyte; No. 433G is from one of these. On the shore just east of this the syenyte lS mtlmately 
mixed with the laminated "rOCk; still the line between the two is distinct and the syenyte seems to have enclosed 
pieces of the other rock. In one place the syenyte holds a small area of a dark compact mica schist (No .. 434G), 
which is really part of the laminated rock, and shows lamination in favorable places. No. 4:350 shows thIS rock 
and the syenyte together; they are marked off from each other by a sharp line. 

The laminated rock is aga.in seen on both points of the promontory in the N. E. 7~ N. w. ~4 sec. 27, but 
the syenyte appears on the western shore of the little bay in this one-sixteenth section, and also on the south and 
east sides of it. At the southeastern corner of this bay the rock has a decidedly schistose structure, and there --'Thls is the rock described byN. H. WINCHELL in Fijteenth Anlwal Report, p. 352, under No. 989. 
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are alternating bands of schistose syenyte (No. 436G), and rock similar to Nos. 429G and 431G, which appears to 
be an altered condition of the laminated r00k; this is shown by Nos. 437G and 438G. These bands of syenyte 
and Nos. 437G and 438G vary from one inch to one foot in width, and they are parallel to the schistosity of 
both rocks. This is N. 40° E., and the dip nearly vertical. Nos. 437G and 438G, while still.retaining consid
erable of the sericitic material, have large quantities of reddish feldspar and some hornblende developed in 
them. Between these bands and almost always running parallel with them, are vein-like forms of a finec-grained 
pinkish granitic rock (No. 439G), holding flesh-colored feldspar phenocrysts. These veins vary from one to ten 
inches across, and rapidly change their thickness in a short distance. They are also frequently faulted. c 

On the north shore of the river in the N. W. )4 N. W. ~i sec. 27 the laminated rock is found, and just 
north of this is a belt of syenyte 150 feet wide, separating this rock from the greenstone. The junction of the 
syenyte and laminated rock was seen in one place; the phenomena at the contact are. the same as those already 
described under Nos. 395aG to 400G. The line between the two rocks runs parallel wIth the strike of the lamin
ated rock and is quite easily distinguished. The syenyte is also seen in contact with the greenstone~ the change 
from one rock to the other occupies one or two feet and is essentially the same as that described above under 
::\os. 388G to 394G. In some places in this vicinity the syenyte, especially when in close proximity to the green
stone, becomes very schistose, as is shown by No. 440G, which is dark colored and shows a decidedly gneissic 
structure; but generally in this one-sixteenth section the syenyte is dark, massive and chloritic (No. 441G). The 
syenyte extends along the north shore from this place to the small bay in the S. E. )4 S. E. )4 sec. 22. It 
forms only a narrow belt between the river and the greenstone ridge just north of it. Along this shore· the 
syenyte varies from a massive state, similar to No. 432G, to a more chloritic (No. 441G) and schistose condition 
(No. 440G). 

The island in the middle of the river just north of the west end of the promontory, in the N. E. )4 N. 
W. ~:h sec. 27, is composed entirely of the graywacke-like rock. The lamination is very pronounced and the 
strike is quite constant, being about N. 63° E.; the dip is nearly vertical. This strike would carry the rock into 
the north shore of the river less than a quarter of a mile east of the island, but there the syenyte is seen and 
there is no sign of the graywacke-like rock. 

On the little bay, in the S. E. )4 S. E. \oi sec. 22, the graywacke-like rock is again seen just north of the 
south line of this section. The lamination is very distinct, and, while varying some, has a general northeasterly 
strike. A short distance south of this the syenyte appears and extends along the north side and to the end of 
the point which makes the southern side of this bay. The graywacke-like rock makes up the southern half of 
this point; it is much twisted and crumpled. Its junction with the syenyte was seen in one place; the line 
between this (1\0. 442G) and the syenyte (massive and similar to No. 432G) was distinct. Just at the contact the 
graywacke-like rock showed distinct lamination in but a few small areas and here it faded out in a short distance. 
Away from the contact the lamination was very evident, though much twisted, and the rock was more like Nos. 
383G and 384G. The massive syenyte is seen again on this point just east and west of the line between sections 
26 and 27. 

In the N. W. )4 N. W. ~~ N. W. )4 sec. 26, the syenyte is found on the shore. Just north of it the gray
wacke-like rock is seen; this becomes somewhat more crystalline, as shown by Nos. 443G and 444G, and it seems 
to pass gradually into No. 445G, which is a distinct gray gneiss. However, this gneiss was seen to hold sharply 
defined lenticular pieces of rock similar to some facies of the greenstone. No. 446G shows the gneiss and part of 
one of the lenticular pieces in it. The junction of the gneiss and syenyte was not seen. The syenyte here pre
sents a decidedly gneissic structure, but this grades into the more massive facies within two or three feet. The 
phenomena here seem to be about the same as those described under Nos. 404G to 409G; the gneiss (No. 4450) is 
apparently a changed condition of the graywacke-like rock, although in some places the two are separated by a 
sharp line. Fifteen feet north of this the graywacke-like rock again appears; it is nearly vertical, and, while 
bent in 80me lJlaces, there is a decided general strike of N. 60° E. At times the rock is similar to Nos. 3830 and 
:384G, and again like No. 443G. This graywacke-like rock continues northward for about 200 feet and then the 
syenyte occurs. The two are separated by low ground with no exposures. 

'1'he syenyte continues northeastwardly along the northwest shore of this bay (N. Yz N. W )4 sec. 26) for 
some distance, and in it is a band of the graywacke-like rock ten feet wide. This is sharply marked off from 
the syeGyte on each side, and is distinctly laminated, striking northeast. In some places this band is similar.to 
No. 443G, but the most of it is mica schist, as shown by No. 447G. On the north side of this bay hills of green
stone are seen in the N. W. )4 N. W. )4 sec. 26. The greenstone and syenyte were seen within fifty feet of each 
other, but the hinction was not found. The syenyte becomes schistose and chloritic near the greenstone, as has 
been described farther to the west. Within 300 feet of the greenstone the syenyte holds irregular sharplyout
lined IJieces of the greenstone, which are from one to ten feet in diameter. On the weathered surfaces these 
pieces very closely resemble the greenstone in the hills just to the north, but on freshly broken surfaces the rock 
is seen to be slightly darker than the greenstone in the hills. No. 448G is from one of these pieces in the syenyte. 
The greenstone in the hills near the syenyte has a schistose structure, as shown by No. 4490. This is 
t.wisted and somewhat irregular, but the general strike is N. 650 E.,and the dip about vertical. The rock is 
lIghter 111 color than the ordinary greenstone and contains some feldspar which weathers reddish. A short 
dls~ance to the east the greenstone assumes the characteristic green color seen farther to the west, but the 
SC~lstose structure does not altogether disappear. On the eastern side of the small point on the north shore of 
thIS bay the syenyte occurs in a low outcrop. It is here in contact with the graywacke-like rock, but seems to 
enclose masses of this rock. The syenyte here is mostly massive, but in a few places shows a gneissic structure 
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are alternating bands of schistose syenyte (No. 436G), and rock similar to Nos. 429G and 431G, which appears to 
be an altered condition of the laminated roc)k; this is shown by Nos. 437G and 438G. These bands of syenyte 
and Nos. 437G and 438G vary from one inch to one foot in width, and they are parallel to the schistosity of 
both rocks. This is N. 40° E., and the dip nearly vertical. Nos. 437G and 438G, while still. retaining consid
erable of the sericitic material, have large quantities of reddish feldspar and some hornblende developed in 
them. Between these bands and almost always running parallel with them, are vein-like forms of a fine-grained 
pinkish granitic rock (No. 439G), holding fiesh-colored feldspar phenocrysts. These veins vary from one to ten 
inches across, and rapidly change their thickness in a short distance. They are also frequently faulted. 

On the north shore of the river in the N. W. )4 N. w. )4 sec. 27 the laminated rock is found, and just 
north of this is a belt of syenyte 150 feet wide, separating this rock from the greenstone. The junction of the 
syenyte and laminated rock was seen in one place; the phenomena at the contact are. the same as those already 
described under Nos. 395aG to 400G. The line between the two rocks runs parallel WIth the strike of the lamin· 
ated rock and is quite easily distinguished. The syenyte is also seen in contact with the greenstone~ the change 
from one rock to the other occupies one or two feet and is essentially the same as that described above under 
Xos. 388G to 394G. In some places in this vicinity the syenyte, especially when in close proximity to the green
stone, becomes very schistose, as is shown by No. 440G, which is dark colored and shows a decidedly gneissic 
structure; but generally in this one-sixteenth section the syenyte is dark, massive and chloritic (No. 441G). The 
syenyte extends along the north shore from this place to the small bay in the S. E. )4 S. E. )4 sec. 22. It 
forms only a narrow belt between the river and the greenstone ridge just north of it. Along this shore· the 
syenyte varies from a massive state, similar to No. 432G, to a more chloritic (No. 441G) and schistose condition 
(No. 440G). 

The island in the middle of the river just north of the west end of the promontory, in the N. E. )4 N. 
w. ~:i' sec. 27, is composed entirely of the graywacke-like rock. The lamination is very pronounced and the 
strike is quite constant, being about N. 63° E.; the dip is nearly vertical. This strike would carry the rock into 
the north shore of the river less than a quarter of a mile east of the island, but there the syenyte is seen and 
there is no sign of the graywacke-like rock. 

On the little bay, in the S. E. )4 S. E. \j' sec. 22, the graywacke-like rock is again seen just north of the 
sonth line of this section. The lamination is very distinct, and, while varying some, has a general northeasterly 
strike. A short distance south of this the syenyte appears and extends along the north side and to the end of 
the point which makes the southern side of this bay. The graywacke-like rock makes up the southern half of 
this point; it is much twisted and crumpled. Its junction with the syenyte was seen in one place; the line 
between this (No. 442G) and the syenyte (massive and similar to No. 432G) was distinct. Just at the contact the 
graywacke·like rock showed distinct lamination in but a few small areas and here it faded out in a short distance. 
Away frOID the contact the lamination was very evident, thoug'h much twisted, and the rock was more like Nos. 
383G and 384G. The massive syenyte is seen again on this point just east and west of the line between sections 
26 and 27. 

In the N. W. ~4 N. w. ;4 N. w. )4 sec. 26, the syenyte is found on the shore. Just north of it the gray· 
wacke-like rock is seen; this becomes somewhat more crystalline, as shown by Nos. 443G and 444G, and it seems 
to pass gradually into ~o. 445G, which is a distinct gray gneiss. However, this gneiss was seen to hold sharply 
defined lenticular pieces of rock similar to some facies of the greenstone. No. 446G shows the gneiss and part of 
one of the lenticular pieces in it. The junction of the gneiss and syenyte was not seen. The syenyte here pre
sents a decidedly gneissic structure, but this grades into the more massive facies within two or three feet. The 
phenomena here seem to be about the same as those described under Nos. 404G to 409G; the gneiss (No. 445G) is 
apparently a changed condition of the graywacke-like rock, although in some places the two are separated by a 
sharp line. Fifteen feet north of this the graywacke-like rock again appears; it is nearly vertical, and, while 
bent in some places, there is a decided general strike of N. 60° E. At times the rock is similar to Nos. 383G and 
3840, and again like No. 443G. This graywacke·like rock continues northward for about 200 feet and then the 
syenyte occurs. l'he two are separated by low ground with no exposures. 

l'he syenyte continues northeastwardly along the northwest shore of this bay (N. Yz N. W )4 sec. 26) for 
some distance, and in it is a band of the graywacke-like rock ten feet wide. This is sharply marked off from 
the syeGyte on each side, and is distinctly laminated, striking northeast. In some places this band is similar .to 
No. 443G, but the most of it is mica schist, as shown by No. 447G. On the north side of this bay hills of green· 
stone are seen in the N. W. )4 N. W. )4 sec. 26. The greenstone and syenyte were seen within fifty feet of each 
other, but the itlnction was not found. The syenyte becomes schistose and chloritic near the greenstone, as has 
been described farther to the west. Within 300 feet of the greenstone the syenyte holds irregular sharplyout
lined pieces of the greenstone, which are from one to ten feet in diameter. On the weathered surfaces these 
pieces very closely resemble the greenstone in the hills just to the north, but on freshly broken surfaces the rock 
is seen to be slightly darker than the greenstone in the hills. No. 448G is from one of these pieces in the syenyte. 
The greenstone in the hills near the syenyte has a schistose structure as shown by No. 449G. This is 
t.lVisted .and somewhat irregular, but the general strike is N. 65° E.,and the dip about vertical. The rock is 
lIghter Il1 color than the ordinary greenstone and contains some feldspar which weathers reddish. A short 
dls~ance to the east the greenstone assumes the characteristic green color seen farther to the west, but the 
schIstose structure does not altogether disappear. On the eastern side of the small point on the north shore of 
thIS bay the syenyte occurs in a low outcrop. It is here in contact with the graywacke-like rock, but seems to 
enclose masses of this rock. The syenyte here is mostly massive, but in a few places shows a gneissic structure 
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which runs northeastwardly. There are pieces (a foot or so in length) of the graywacke-like rock enclosed in 
the ~yenyt~; most of these are fa.cies.of t.he rock appr?achin~ mica schist. These pieces are mostly irregularly 
lentIC~lar m shape, and the lammatlOn IS parall~l WIth theIr long axes, which usu11,lly lie in a northeasterly 
direct10n. Syenyte occurs on the east shore of thIS bay. 

'J.'he shores of the little bay which lies partly in the extreme southern part of section 23 are lined with 
syenyte of ~he ordinary massive. kind. About ~O? yards north of the northwest corner of the bay is a hill of 
syenyte WhICh presents the schIstose a~d chlontrc character ~een several times in close proximity to the green
stone. At the extreme eastern end of the bay the syenyte IS seen in contact with a dark dioryte (0;0. 450G), 
which is spotted by large blotches of hornblende. 'J.'he contact line is sharp, as shown by No. 4510, and neither 
of the rocks appears changed at the contact. The syenyte is cut, on the eastern shores of the bay, by a C011,rse
grained pegmatyte (No. 452.8). 'J.'his consists of large flesh-colored feldspars and small (luartz grains and often 
shows a true pegmatitic structure. ' 

From this bay to the rapids, in the E. 72: S. E. :>4 sec. 24, the north shore of the river has numerous out
crops of the ordinary massive syenyte. No mica schist 01' graywacke-like rock was seen along this shore, although 
special search was made for them. 

On the south shore of the river, in the N. W. 74 sec. 25, there is a westerly facing gabbro cliff. On the 
face of the cliff was a small area, a foot square, of a reddish syenyte bearing much biotite. The specimen col
lected (No. 460G \ shows this rock and the gabbro. No other rock, except the gabbro, \Vas found on the cliff. 
Just at the foot of the cliff was a large block of gray syenyte (No. 461G) and several small red syenyte fragments 
(No. 462G); these looked as if they had been broken off from the face of the cliff. This is possibly the line of 
junction between the syenyte and the gabbro, but nothing more than above stated could be seen. The gabbro 
was the ordinary coarse-grained facies. 

The syenyte of section 24 varies a little from that described from section 27. It is represented by No. 
463G, which is somewhat finer grained than the ordinary facies and is lighter in color, being more of a gray than 
a red syenyte, but on weathering it takes on a reddish color. 

The river in the S. W. :>4 sec. 19, T. 63-9, has two rapid channels around a small island, not shown on the 
township plat. The portage is along the south shore of the southern channel. At the east end of this portage 
gray syenyte, similar to No. 463G, occurs. Just beyond the portage and on the south shore of the island, is a dark 
rock IND. 464G), which seems to be intermediate between the gabbro and the syenyte. It is a very compact rock 
of medium grain and uniform dark color, and on a freshly fractured surface shows in places yellowish color due 
to minute cracks; on weathered surfaces it has the appearance of the gabbro. This rock grades into the syenyte 
(No. 467G), through Nos. 465G and 4660. The syenyte was found at only one place, and that at the foot of a low 
cliff; the change from No. 4640 to the syenyte, occupies two or three feet. This seems to be the junction of the 
gabbro and the syenyte, but no true gabbro was found on the island, and it is not certain that No. 464G does 
represent the contact facies of the gabbro. Near the eastern end of the island gray syenyte, shown by No. 469G, 
is again seen. The ordinary coarse-grained gabbro (No. 468G) occurs on the south shore of the river just oppo
site this island, and on this shore no syenyte was found. From this island the syenyte continues along the west 
side of the river to the western end of the little bay in the S. E. :>4 N. w. 74 sec. 19, T. 63-9. The only exc;eption 
to this is that on the south side of the point about the centre of sec. 19, T. 63-9, the gabbro, similar to No. 468G, 
is seen in a low outcrop. Thirty feet north of this gabbro is a gray rock (No. 470G), which seems to be interme
diate between the gabbro and the syenyte. And 100 feet north of this the syenyte is again seen. There is no 
continuous exposure between this syenyte and the gabbro mentioned above. In places on a little island, which 
lies just off the end of this point, the syenyte has a gneissic structure which stands about vertical and strikes 
N. 40° E. 

Small lakes (T. 63-10, north of the Kawishiwi river). Starting from the river, on the line between sec
tions 28 and 29, is a portage which runs north to a narrow lake, which lies in sections 15,16, 20 and 21. The 
portage crosses several greenstone ridges. These present an extremely massive appearance; this is especially 
noticeable towards the north end of the portage. No. 412G fairly represents this greenstone; it is a dark green 
aphanitic rock; it was taken from an outcrop on the portage about an eighth of a mile north of the section 
corner. Greenstone of the same massive kind, with no evidence of schistosity 01' lamination, extends along the 
shores of this lake in section 20. At the west end of the lake a dike of gray granite porphyry (No. 4130) cuts 
the greenstone. The general direction of the dike is east and west, but not enough of it was exposed to show 
the exact width, though this is probably not more than fifteen feet. In the rock are many quartz and feldspar 
phenocrysts, some of the latter being a half an inch in length. Macroscopically this rock closely resembles No. 
417G. A small island, in the W. 72: S. w. :>4 N. W. :>4 sec. 21, also shows more of this granite porphyry. 
Greenstone extends along the north shore in section 21, but on the point, in the N. W. 74 N. E. :>4 of the .same 
section, there is a bluff of a fine-grained red-weathering siliceous rock (No. 4140), which is probably a faCIes of 
quartz porphyry. Just north of this bluff the greenstone occurs, but the junction of the two rocks was not seen. 
Greenstone appears to make the rest of the lake shore, but on the east side of the little bay (south sh?re ~f t~e 
lake), in the W. Y:i N. E. :>4 sec. 21, a dike of quartz porphyry is seen cutting the gre~ns:one. .Thls dIke IS 
fifty feet wide, stands vertical and strikes a little north of west; this strike would carry It dIrectly lllto the rock 
(No. 414G) mentioned above, which is probably a continuation of this dike. The contac,t between the gree~
s.tpne and quartz porphyry is sharp and distinct, and the former does not seem to be espeCIally altered .ne~r thIS 
hne. The centre of the dike is much coarser grained than the edge. No. 4150 shows the greenstone wlthlll two 
inches of the dike; No. 416G is the quartz porphyry two inches from the edge of the dike, and No. 4170 is the 
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which runs northeastwardly. There are pieces (a foot or so in length) of the graywacke-like rock enclosed in 
the ~yenyt~; most of these are fa.cies.of t.he rock appr?achin~ mica schist. These pieces are mostly irregularly 
lent!C~lar m shape, and the lammatlOn IS parall~l WIth theIr long axes, which usually lie in a northeasterly 
direct!0n. Syenyte occurs on the east shore of thIS bay. 

'l'he shores of the little bay which lies partly in the extreme southern part of section 23 are lined with 
syenyte of ~he ordinary massive. kind. About ~O? yards north of the northweHt corner of the bay is a hill of 
syenyte whIch presents the schIstose and chlontlC character seen several times in close proximity to the green
stone. At the extreme eastern end of the bay the syenyte is seen in contact with a dark dioryte (No. 450G), 
which is spotted by large blotches of hornblende. 'l'he contact line is sharp, as shown by No. 4510, and neither 
of the rocks appears changed at the contact. The syenyte is cut, on the eastern shores of the bay, by a coarSG
grainedpegmatyte (No. 452.8). 'Phis consists of large fiesh-colored feldspars and small (1 Lwrtz grains and often 
shows a trne peg mati tic structure. ' 

FrOID this bay to the rapids, in the E. Yz S. E. X sec. 24, the north shore of the river has numerous out
crops of the ordinary massive syenyte. No mica schist or graywacke-like rock was seen along this shore, although 
special search was made for them. 

On the south shore of the river, in the N. W. ;c4 sec. 25, there is a westerly facing gabbro cliff. On the 
face of the cliff was a small area, a foot square, of a reddish syenyte bearing much biotite. The specimen col
lected (No. 460G.\ shows this rock and the gabbro. No other rock, except the gabbro, was found on the cliff. 
Just at the foot of the cliff was a large block of gray syenyte (No. 461G) and several small red syenyte fragments 
(No. 462G); these looked as if they had been broken off from the face of the cliff. This is possibly the line of 
junction between the syenyte and the gabbro, but nothing more than above stated could be seen. The gabbro 
was the ordinary coarse-grained facies. 

The syenyte of section 24 varies a little from that described from section 27. It is represented by No. 
463G, which is somewhat liner grained than the ordinary facies and is lighter in color, being more of a gray than 
a red syenyte, but on weathering it takes on a reddish color. 

The river in the S. W. X sec. 19, T. 63-9, has two rapid channels around a small island, not shown on the 
township plat. The portage is along the south shore of the southern channel. At the east end of this portage 
gray syenyte, similar to No. 463G, occurs. Just beyond the portage and on the south shore of the island, is a dark 
rock INo. 464G), which seems to be intermediate between the gabbro and the syenyte. It is a very compact rock 
of medium grain and uniform dark color, and on a freshly fractured surface shows in places yellowish color due 
to minute cracks; on weathered surfaces it has the appearance of the gabbro. This rock grades into the syenyte 
(No. 467G), through Nos. 465G and 4660. The syenyte was found at only one place, and that at the foot of a low 
cliff; the change from No. 464G to the syenyte, occupies two or three feet. This seems to be the junction of the 
gabbro and the syenyte, but no true gabbro was found on the island, and it is not certain that No. 464G does 
represent the contact facies of the gabbro. N ear the eastern end of the island gray syenyte, shown by No. 469G, 
is again seen. The ordinary coarse-grained gabbro (No. 468G) occurs on the south shore of the river just oppo
site this island, and on this shore no syenyte was found. From this island the syenyte continues along the west 
side of the river to the western end of the little bay in the S. E. X N. w. 74 sec. 19, T. 63-9. The only exc;eption 
to this is that on the south side of the point about the centre of sec. 19, T. 63-9, the gabbro, similar to No. 468G, 
is seen in a low outcrop. Thirty feet north of this gabbro is a gray rock (No. 470G), which seems to be interme
diate between the gabbro and the syenyte. And 100 feet north of this the syenyte is again seen. There is no 
continuous exposure between this syenyte and the gabbro mentioned above. In places on a little island, which 
lies just off the end of this point, the syenyte has a gneissic structure which stands about vertical and strikes 
N. 400 E. 

Small lakes (T. 63-10, north of the Kawishiwi river). Starting from the river, on the line between sec
tions 28 and 29, is a portage which runs north to a narrow lake, which lies in sections 15,16, 20 and 21. The 
portage crosses several greenstone ridges. These present an extremely massive appearance; this is especially 
noticeable towards the north end of the portage. No. 4120 fairly represents this greenstone; it is a dark green 
aphanitic rock; it was taken from an outcrop on the portage about an eighth of a mile north of the section 
corner. Greenstone of the same massive kind, with no evidence of schistosity or lamination, extends along the 
shores of this lake in section 20. At the west end of the lake a dike of gray granite porphyry (No. 413G) cuts 
the greenstone. The general direction of the dike is east and west, but not enough of it was exposed to show 
the exact width, though this is probably not more than fifteen feet. In the rock are many quartz and feldspar 
phenocrysts, SOIDe of the latter being a half an inch in length. Macroscopically this rock ?losely resembles No. 
417G. A small island, in the W. Yz S. w. X N. W. X sec. 21, also shows more of thiS gramte porphyry . 

. Greenstone extends along the north shore in section 21, but on the point, in the N. IV. 74 N. E. X of the .same 
section, there is a bluff of a fine-grained red-weathering siliceous rock (No. 4140), which is probably a faCIes of 
quartz porphyry. Just north of this bluff the greenstone occurs, but the junction of the two rocks was not seen. 
Greenstone appears to make the rest of the lake shore, but on the east side of the little bay (south sh?re ?f t~e 
lake), in the W. Yz N. E. !hi, sec. 21, a dike of quartz porphyry is seen cutting the gre:ns~one. .Thls (lIke IS 
fifty feet wide, stands vertical and strikes a little north of west; this strike would carry It dIrectly wto the rock 
(No. 414G) mentioned above, which is probably a continuation of this dike. The contac.t between the gree~
stpne and quartz porphyry is sharp and distinct, and the former does not seem to be espeCIally altered .ne~r thIS 
line. Tho centre of the dike is much coarser grained than the edge. No. 4150 shows the greenstone wlthl~ two 
inches of the dike; No. HoG is the quartz porphyry two inches from the edge of the dike, and No. 417G IS the 
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same from the centre of the dike. The quartz porphyr~ No. 417G is of a general pinkish colol"; it contains 
many quartz and feldspar phenocrysts, the latter be~ng whIte and fiesh-color~d. . 

The shores of this lake seem to be made entuely of greenstone, cut m a few places by quartz porphyry 
dikes. The greenstone is very massive and in no place where examined shows any evidence of lamination Ol" 
schistosity. It is well represented by No. 412G, from the portage south of the lake, and by No. 418G, from the 
north shore on tho line between sections 16 and 2l. 

From this lake there is a trail running north on the line between sections 15 and 16 to a small lake lying 
in the N. W. ;4 of sec. 15 and the N. E. !c4 of sec. 16. No rock is in sitt~ along this trail, but at the shore of the 
latter lake the greenstone is in place. The shores of the lako, as far as could bo seon from the meander corner, 
were lined with rock which had all the appearance of greenstone. On this trail-and a few yards south of the 
lake is a low hill, the north side of which shows many angular fragments of rock. This rock is made up of 
alternating bands of compact black slate and bands of almost pure magnetite. These bands vary from one
eighth of an inch to an inch in thickness. 'Ehey are very regular, and on the whole the rock is very similar to 
some Keewatin ore deseribed from Ottertraek lake.* The fragments of this roek were of all sizes up to those 
three feet in diameter, and while no pieees were exactly in sUn, still there ean be no doubt but that the rock is 
in situ just below these fragments. No. 419G represents this rock. 

From the north shore of the Kawishiwi river, in the N. E. !c4 S. W. !c4 sec. 24, a portage runs northwest
erly to the southeast corner of Triangle lake. This lake lies in secs. 13, 14, 23 and 24, T. 63-10. Just north of the 
river the portage crosses a low ridge of gneissic syenyte, and a short distance beyond is a ridge of the graywacke
like rock. This latter is shown by Nos. 45:3G, 454G and 455G. Just east of the portage this ridge is seen to 
better advantage; here the strike is N. 60° E., and the dip vertical. Fifty feet north of this ridge massive green
stone (No. 456G) is seen. The two rocks were traced within thirty feet of each other, but the junction was cov
ered by soil. Beyond this more greenstone ridges are seen on the portage; usually the rock is massive in appear
ance, but it sometimes shows an indistinct schistose structure which stands vertical and strikes about northeast. 
About half way over the portage is a ridge of greenish, finely laminated rock, represented by No. 457G. The 
lamination is very distinetly seen on weathered surfaces, and in places the roek is decidedly slaty. The strike is 
N. 65° E., and the dip vertical. This rock seems to be a fades of the greenstone. Beyond this rock greenstone 
is seen in several places ou the trail before reaching Triangle lake. Several outcrops on the east shore of this 
lake were examined, but the rock was all greenstone. 

From the northeast corner of Triangle lake a portage of a few yards leads to Northwestern lake, which lies 
in secs. 11, 12, 1:3 and 14, '1'. 6:3-10, and secs. 7 andIS, T. 63-9. On the south side of a small island, in the N. E. !4 
N. w. ;4 sec. 18 (Northwestern lake), is a lolV outcrop of altered quartz porphyry (No. 458G). This rock has the 
groundmass almost entirely changed to a sericitic condition, but it still eontains many porphyritic quartzes and 
large pinkish feldspars. Some of the feldspars are an inch long; they can be readily broken out of the ground
mass, aud they show complete erystal outlines. The sericitic ground mass gives a rough schistose structure to 
the rock; the strike of this is N. 60 0 E., and the dip about vertical. The south shore of this lake was examined 
in several places and the greenstone was the only roek seen; this extends to the extreme eastern end of the lake 
in the N. E. 74 sec. 18, T. 6:3-9. On the north side of the lake, in the N. E. !c4 N. E.!c4 sec. 13, T. 63-10, the green
stone has a peculiarly mottled appearance. This is shown by No. 459G. It is due to numerous black blotches, 
apparently of hornblende. 

(1). G)'('enstour's and jaspilyte. At the northern side of the plate there is a 

belt of rock which is composed very largely of greenstones and greenstone schists 

which are closely associated, at least geographically, with jaspilyte and iron ore. 

Some of the general characters and relations of these greenstones have already been 

given ill the field notes just presented. These rocks occur in typical development 

at Kawasachong falls and in that vicinity. Here they have been studied by Prof. 

N. H. Winchell, and his notes on them are given below.t 

Kawas((cllOng jalls.t The rock here exposed was referred to in the report of 1880 (No. 356). It is an 
important aud typical rock of the region, and seems to playa leading part, in towns further south and east, in 
producing some of the principal topographic features. It is represented by samples Nos. 997, 998 and 999. It 
is a green doleritic rock, more or less affected by decay; lies in heavy, irregular bedding that slopes northw~rd 
at a g:'eater angle than the descent of the river through the rapids from Garden lake to Fall lake. This beddmg 
lS vanously blocked out by joints, and sometimes it shows a columnar structure. '1'he beds are unconformable 
with some jaspilytG which appears on the right bank near the head of the rapids, and on the trail near the same 

* 8eL'CII{('enth AnlUUf,l Repod j pp.1l2, 113. 
t FI/l.f?cnlh A 1111 Ufll Rr,)II)/'l, pp. 319~329 . 

. : The Gr~~d Marais I~ldia,ns. apply the name R:awCI.8Ctchonu to Fall lake, meaning mist or foam lake, referring to th~. spray 
and IDIstproduced uy tlw,,,. hdls, VISI],]" to the eanoe-man who coasts along the shore past the month of this river. ThIS name 
ancl this spelling were olJtamed of the welllmown Indian gnide and trapper, Paul Morrison; by the writer in, 1878, and, on accoun~ 
of some doubt of theIr correctness, they were again given by him to the writer in 1886. 
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same from the centre of the dike. The quartz porphyry No. 417G is of a general pinkish color; it contains 
many quartz and feldspar phenocrysts, the latter be~ng white and flesh-color~d. . 

The shores of this lake seem to be made entuely of greenstone, cut m a few places by quartz porphyry 
dikes. The greenstone is very massive and in no place where examined shows any evidence of lamination or 
schistosity. It is well represented by No. 412G, from the portage south of the lake, and by No. 418G, from the 
north shore on the line between sections 16 and 21. 

From this lake there is a trail running north on the line between sections 15 and 16 to a small lake lying 
in the N. W. ;:t of sec. 15 and the N. E. ;:t of sec. 16. No rock is in sitt~ along this trail, but at the shore of the 
latter lake the greenstone is in place. The shores of the lake, as far as could be seen from the meander corner, 
were lined with rock which had all the appearance of greenstone. On this trail-and a few yards south of the 
lake is a low hill, the north side of which shows many angular fragments of rock. This rock is made up of 
alternating bands of compact black slate and bands of almost pure magnetite. These bands vary from one
eighth of an inch to an inch in thickness. 'rhey are very regular, and on the whole the rock is very siniilar to 
some Keewatin ore described from Ottertrack lake.* The fragments of this rock were of all sizes up to those 
three feet in diameter, and while no pieces were exactly in situ, still there can be no doubt but that the rock is 
in sitn just below these fragments. No. 419G represents this rock. . 

From the north shore of the Kawishiwi river, in the N. E. 7.i S. w. ;:t sec. 24, a portage runs northwest
erly to the southeast corner of Triangle lake. This lake lies in secs. 13, 14, 23 and 24, T. 63-10. Just north of the 
river the portage crosses a low ridge of gneissic syenyte, and a short distance beyond is a ridge of the graywacke
like rock. This latter is shown by Nos. 45:3G, 454G and 455G. Just east of the portage this ridge is seen to 
better advantage; here the strike is N. 60° E., and the dip vertical. Fifty feet north of this ridge massive green
stone (No. 4560) is seen. The two rocks were traced within thirty feet of each other, but the junction was cov
ered by soil. Beyond this more greenstone ridges are seen on the portage; usually the rock is massive in appear
ance, but it sometimes shows an indistinct schistose structure which stands vertical and strikes about northeast. 
About haH way over the portage is a ridge of greenish, finely laminated rock, represented by No. 457G. The 
lamination is very distinctly seen on weathered surfaces, and in places the rock is decidedly slaty. The strike is 
N. 65° E., and the dip vertical. '1'his rock seems to be a facies of the greenstone. Beyond this rock greenstone 
is seen in seveTUI places on the trail before reaching Triangle lake. Several outcrops on the east shore of this 
lake were examined, but the rock was all greenstone. 

From the northeast corner of '1'riangle lake a portage of a few yards leads to Northwestern lake, which lies 
in secs. n, 12, 1:3 and 14, '1'. 63-10, and secs. 7 and 18, T. 6:3-9. On the south side of a small island, in the N. E. 74 
N. W. ;~ sec. 1:3 (Northwestern lake), is a low outcrop of altered quartz porphyry (No. 4580). This rock has the 
ground mass almost entirely changed to a sericitic condition, but it still contains many porphyritic quartzes and 
large pinkish feldspars. Some of the feldspars are an inch long; they can be readily broken out of the ground
mass, and they show complete crystal outlines. The sericitic gronndmass gives a rough schistose structure to 
the rock; the strike of this is N. 60° E., and the dip abont vertical. The south shore of this lake was examined 
in several places and the greenstone was the only rock seen; this extends to the extreme eastern end of the lake 
in the N. E. 7~ sec. 18, T. 6:3-9. On the north side of the lake, in the N. E. ;:t N. E.;:t sec. 13, T. 63-10, the green
stone has a peculiarly mottled appearance. This is shown by No. 459G. It is dne to numerous black blotohes, 
apparently of hornblende. 

(1). Grccnstones and jaspil.'Jte. At the northern side of the plate there is a 

belt of roek which is COml)Osed very largely of greenstones aDd greenstone schists 

whieh are closely associated, at least geographically, with jaspilyte and iron ore. 

Some of the general characters and relations of these greenstones have already been 

given in the field notes just presented. These rocks occur in typical development 

at Kawasachong falls and in that vicinity. Here they have been studied by Prof. 

N. H. Winehell, and his notes on them are given below.t 

K(t1(l(tsaclioJ!g falls.j: The rock here exposed was referred to in the report of 1880 (No. 356). It is an 
important and typical rock of the region, and seems to playa leading part, in towns further south and east, in 
producing some of the principal topographic features. It is represented by samples Nos. 997, 998 and 999. It 
is a green doleritic rook, more or less affected by decay; lies in heavy, irregular bedding that slopes northw~rd 
at a greater angle than the descent of the river through the rapids from Garden lake to Fall lake. This beddmg 
is variously blocked out by joints, and sometimes it shows a columnar structure. 1'he beds are unconformable 
with some jaspilyte which appears on the right bank near the head of the rapids, and on the trail near the same 

* 8el'ell/f'enLh .. '1111I'1Ull Report, pp.1l2, 113. 
t Fif/er-nlh .A 11117.trll Rr']HJd, pp. 310-329 . 

. : The Grand :lHarais I~ldians. apply the na1118 J[uwctsaeho'n{f to Fall lake, meaning mist or foam lake, referring to th~ spray 
anel m:stjJroelu('cd Ly 1110.'8. falls, VlS11Jle to the canoe-man who coasts along the shore past the mouth of this river. ThIS name 
and this spellmg were olJtamecl of the welllmown Indian guide and trapper, Paul Morrison, by the writ~r in 1878, and, on accoun~ 
of some doubt of theIr correctness, they were again given by him to the writer in 1886. 
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place, ap~arently lyin~ on the uPtu~~ed vertical beds of ~he jaspil~te .. This jaspilyte is more correctly styled 
a magnetIc quartz s~hlst. It .stand,; m sheets nearly vertICal, yet (hppmg north. It is dark-colored, hut some
tiIDes is reddened wIth hematIte. Sample No. 1000. 

This hea:ily ?eddedh rou~h,. refractory doleritic rock can be of no other than eruptive origin. It is 
supposed to be mferI?r to t e prmclpal gabbro masses of the Mesabi range, as will appear by further descriptions, 
and some phase of It forms the contact rock on. other, nearly vertical, strata in nearly alll'laces where the 
juuction line can be seen. It extends southward mdefinitely, giving HOtlle characteristic outcrops on Om'den 
lake and in the eastern portions of Kawishiwi valley. 

The geological situation at Kawasachong falls is expressed, in general, by the following diogram, which 
shows a section north and south through the falls: 

.FIG. 64. PROFILE THROUGH KAWASACHONG FALLS, FROM FALL LAKE TO GARDEN LAKE. 

The south sh01'e of Fall lake. Westward hotll the mouth of the Kawishiwi river, the rock that forms the 
falls continues, forming rather high land, particularly in the point that projccts into sec. 17, T. 63-11. It appears 
at the shore on the point in the northeast corner of sec. 19, T. 63-11, where the blufl rises about twenty feet. 

Near the centre of sec. 19 T. 63-11, at the lake shore, is a confused" sericitic schist," near the water, 
coarsely fissile lenticularly, not soft, but with a jagged upper surfaee, represented by No. 1004. '1'he prevailing 
structure in this dips southerly. Above this rock, in the same bluff, is a rock represented by No. 1005, which is 
a doleritic rock, probably the representative of the Kawasachong Falls rock. It has a coarse jointage, and an 

FIG. 65. BLUFF WEST OF KAWASACHONG FALLS, SOUTH SHORE OF FALL LAKE. 

irregular coarse bedding that dips about northwest, at an angle of 300 from the horizon. This cannot be seen 
here to overlie, nor to pass into, the rock near the water (No. 10M), but it is possible that the rock near the water 
!s only a rotted and disintegrating condition of that in the upper part of the bluff. There is a greater difference 
m the outward prevalent structure than in the mineral composition. 

At the sharp point projecting southwestward, a little further southwest, hut near the centre of the same 
section, is an interesting exposure which seems to shed light on the nature and origin of the rock forming the 
Kawasachong falls .. A rock which resembles the schist No. 1004 occupies the lake shore nearly all about, at the 
water level. But at, or near, the extremity of the point, on the north side, the rock which forms the falls of the 
Kawishiwi, and which seems to be continuous to this place in the uplands, appears in the form of a dike rising 
through those schists, the contact on the south side of the dike being plainly visible. One is crumpled schistose, 
fine-grained, hardened, the schistose structure running north-northeast, at an angle of about 750 from the 
horizon; and the other is coarsely jointed, the main jointage system being, as stated before, at an angle of ab~ut 
300 from the horizon. The colors of the two approach the same tint of doleritic green, a~d the. hardenm.g 
a~tion of the dike is perceptible for some distance on the schist. Figure 66 shows the relatIve pOSItIOn of thIS 
dIke, and the shape of the joint formed by it. . 

One of the interesting points about this exposure is the widening of the area of the eruptIve rock toward 
~he east, by means of overlie on the schists. This is inferred to have taken place at other places, notably on the 
Jaspilyte near the head of the rapids from Garden lake, as shown by figure 64, but at no place has the actual 
contact and overlie been seen so boldly exhibited as at the place indicated on the map . 

. A cross section of the point, showing this overlie, would be about as represented by figure 67, th~ ob~erver 
lookmg about northeast. The line of contact and of change of structure is not so abrupt as the figure mdICates, 
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place, ap~arently Iyin~ on the uPtu~r:ed vertical beds of ~he jaspil~te .. This 5aspilyte is more correctly styled 
a magnetic quartz S~hlst. It .stand~ m sheets nearly vertical, yet dlPfJmg north. It is dark-colored, hut some
times is reddened WIth hematite. Sample No. 1000. 

This hea:ily ~edded, rou~h,. refractory doleritic rock can ho of no other than oruptive origin. It is 
supposed to be mfen?r to the prlllclpal gabbro masses of the Mesabi range, as will appear by further descriptions, 
and some phase of It forms the contact rock on other, nearly vertical, strata in nearly alll'lace.s where the 
junction line can be seen. !t extends s.ou~h:vard indefinitely, giving some characteristic oukrops on Garden 
lake and in the eastern portIOns of KawlShlwl valley. 

The geological situation at Kawasaehong falls is expressed, in general, by the following di<Jgram, which 
shows a section north and south through the falls: 

.FIG. 64. PROFILE THROUGH KAWASAOHONG FALLS, FROM FALL LAKE TO GARDEN LAKE. 

The S011th sh01'e of Fallla1ce. Westward from the mouth of the Kawishiwi river, the rock that forms the 
falls continues, forming rather high land, particularly in the point that projects into sec. 17, T. 63-11. It appears 
at the shore on the point in the northeast corner of sec. 19, T. 63-11, where the blufJ' rises about twenty feet. 

Near the centre of sec. 19 T. 63-11, at the lake shore, is a confused" sericitic schist," near the water, 
coarsely fissile lenticularly, not soft, but with a jagged upper surfaee, represented by No. 1004. '1'he prevailing 
structure in this dips southerly. Above this rock, in the same bluff, is a rock represented by No. 1005, which is 
a doleritic rock, probably the representative of the Kawasachong Falls rock. It has a coarse jointage, and an 
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irregular coarse bedding that dips about northwe,st, at an angle of :300 from the horizon. This cannot be seen 
here to overlie, nor to pass into, the rock near the water (No. 1004), but it is possible that the rock near the water 
~s only a rotted and disintegrating condition of that in the upper part of the bluff. There is a greater difference 
m the outward prevalent structure than in the mineral composition. 

At the sharp point projecting southwestward, a little further southwest, but near the centre of the same 
section, is an interesting exposure which seems to shed light on the nature and origin of the rock forming the 
Kawasachong falls .. A rock which resembles the schist No. 1004 occupies the lake shore nearly all about, at the 
water level. But at, or near, the extremity of the point, on the north side, the rock which forms the falls of the 
Kawishiwi, and which seems to be continuous to this place in the uplands, appears in the form of a dike rising 
through those schists, the contact on the south side of the dike being plainly visible. One is crumpled schistose, 
fine-grained, hardened, the schistose structure running north-northeast, at an angle of about 75

0 
from the 

horizon; and the other is coarsely jointed, the main jointage system being, as stated before, at an angle of ab~ut 
30°. from the horizon. The colors of the two approach the same tint of doleritic green, a?d the. ~ardemn.g 
actIOn of the dike is perceptible for some distance on the schist. Figure 6G shows the relative pOSItIOn of thIS 
dike, and the shape of the joint formed by it. . . 

One of the interesting points about this exposure is the widening of the area of the eruptIve rock toward 
the east, by means of overlie on the schists. This is inferred to have taken place at other places, notably on the 
jaspilyte near the head of the rapids from Garden lake, as shown by figure 64, but at no place has the actual 
contact and overlie been seen so boldly exhibited as at the place indicated on the map. 

A cross section of the point, showing this overlie, would be about as represented by figure 67, th~ ob~erver 
looking about northeast. The line of contact and of change of structure is not so abrupt as the figure llldlCates, 
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the eruptive rock being welded on the schists, the schists becoming diabasic, and making a rock similar to that 
which is seen on the eastern branches of the Kawishiwi where the same conjunction of geological features is 
exhibited. The entire transition, excepting the general hardening of the schists, is completed within the space of 
an inch, or even less. Indeed on close inspection it is apparent that a mere film, or a line only, evident on the 
face of the bluff by a thread-like groove, separates the two rocks in many places. 

( 
ffE J4 Sec. /9. 66-},1. 

\ 

FIG. 66. SKETCH-MAP OF A POINT ON THE SOUTH SHORE OF FALL LAKE. 

1'10.1006 represents the schist near the dike. 
No. 1007. Small specimen of granular quartz with pyrite disseminated, got in contact with No.100B. There 

is very little of this. It is evidently due to the effect of the dike on the rock through which it comes. 
No. 1008. Obtained two feet from the dike, on the south side. 

FIG. 67. OVERFLOWING DIKE ROOK LYING ON SOHIST. 

No. 1009 is a sample of the dike Tack. 
No. 1010 represents the contact, containing some of each rock, at the place represented in figure 68. But 

this specimen does not fairly show the flowage structure in the diabase. It iiil difficult to get a specimen 
containing all the characters. 

Parallel with the line of contact, in the diabase, the weather brings to light what might be styled properly 
a flowage structure, while the schistose structure is continued in the schists squarely up to the line of contact, 
the two systems of lining making an angle, at the contact line, of about 20°, as in figure 68 on page 411. 

The flowage structure in the diabase extends indistinctly, sometimes about three inches from the line of 
contact. It is made visible on the weathered surface by the more rapid whitening of one of the constituent 
minerals which, for some reason, was disposed along the contact in somewhat greater abundance in thin parallel 
lines. 

This is probably but one of the smaller outlets for the igneous rock seen at Kawasachong falls and further 
south and east. It forms a great stratum, lying unconformably on the schists here, apparently descending toward 
the valley of Fall lake. . 

A trail passes south from the bay in sec. 19, T. 63-11, to the head of the bay, extending from Garden lake 
into sec. 30, T. 63-11. In the S. E. 7.4 of sec. 19 is a hill which is broad and heavily timbered, and at various 
places near the top are outcrops of jaspilyte, but whether they are transported masses from the 'main range 
further south, now embraced in the igneous matrix which forms the main rock of the hill, or are themselves a part 
of the rock in siitt, could not be learned from any observations made. The jaspilyte is more nearly a b!ack 
banded magnetited quartz schist. At one point some surface working has been done, but there is shown no dlp~r 
strike, simply a breccia of quartz schist cemented by quartz veins. The rock of the ,hill on which this occurs IS 
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the eruptive rock being welded on the schists, the schists becoming diabasic, and making a rock similar to that 
which is seen on the eastern branches of the Kawishiwi where the same conjunction of geological features is 
exhibited. The entire transition, excepting the general hardening of the schists, is completed within the space of 
an inch, or even less. Indeed on close inspection it is apparent that a mere film, or a line only, evident on the 
face of the bluff by a thread-like groove, separates the two rocks in many places. 
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FIG. 66. SKETCH-MAP OF A POINT ON THE SOUTH SHORE OF FALL LAKE. 

No. 1006 represents the schist near the dike. 
No. 1007. Small specimen of granular quartz with pyrite disseminated, got in contact with No.100B. There 

is very little of this. It is evidently due to the effect of the dike on the rock through which it comes. 
No. 1008. Obtained two feet from the dike, on the south side. 

J;ine' 
FIG. 67. OVERFLOWING DIKE ROCK LYING ON SCHIST. 

No. 1009 is a sample of the dike rock. 
No. 1010 represents the contact, containing some of each rock, at the place represented in figure B8. But 

this specimen does not fairly show the flowage structure in the diabase. It ig difficult to get a specimen 
containing all the characters. 

Parallel with the line of contact, in the diabase, the weather brings to light what might be styled properly 
a flowage structure, while the schistose structure is continued in the schists squarely up to the line of contact, 
the two systems of lining making an angle, at the contact line, of about 20°, as in figure 68 on page 411. 

The flowage structure in the diabase extends indistinctly, sometimes about three inches from the line of 
contact. It is made visible on the weathered surface by the more rapid whitening of one of the constituent 
minerals which, for some reason, was disposed along the contact in somewhat greater abundance in thin parallel 
lines. 

This is probably but one of the smaller outlets for the igneous rock seen at Kawasachong falls and further 
south and east. It forms a great stratum, lying unconformably on the schists here, apparently descending toward 
the valley of Fall lake. ' 

A trail passes south from the bay in sec. 19, T. 63-11, to the head of the bay, extending from Garden lake 
into sec. 30, T. 63-11. In the S. E. 7.4 of sec. 19 is a hill which is broad and heavily timbered, and at various 
places near the top are outcrops of jaspilyte, but whether they are transported masses from the main range 
further south, now embraced in the igneous matrix which forms the main rock of the hill, or are themselves a part 
of the rock in siitt, could not be learned from any observations made. The jaspilyte is more nearly a b,lack 
banded magnetited quartz schist. At one point some surface working has been done, but there is shown no dlp~r 
strike, simply a breccia of quartz schist cemented by quartz veins. The rock of the ,hill on which this occurs IS 
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represented by No. 1011, which was seen at a number of places in small outcrops betweGn the lakG shore and the 
top of the hill. It is essentially the rock that forms the Kawasachong falls. 

On the trail running south through sec. 19, T. 63-11, after passing an irregular elevation that seems to be 
made up of i~neous roc~, and then a low space, there intervenes another ridge made of a coarse greenish gray 
rock, resemblmg a modlfied graywacke of a rather fine grain (No. 1014). This is but little south of the section 
line between sections 19 and 30, and to the west of the trail. It rises about fifty feet above the trail. This rock 
seems to vary toward the rock that makes the falls of the Kawishiwi. But this variation is due probably to the 
action of that rock upon it when the two came into contact at the time of the eruption of the molten rock. 

At the lake shore, in the N. E. 74 sec. 30, T. 63-11, is rock No. 1015, which is identical in mineral character 
with .the last. This is found where the trail from .I:<'all lake reaches the bay in section 30, and sholVs its sedi
mentaryorigin more evidently than further north. It is tine-grained, brGcciatGd, rising in a rough and coarsely 
jointed manner in hills about fifty or sixty feet above the lake, and extending in a series of short, overlapping 
ridges westward, rising a hundred or a hundred and fifty feet above Garden lake. 

About through the centre of sec. 30, T. 63-11, runs a series of ridges, showing more or less of jasper 
hematite (No. 1016). Their direction is 100 south of west. This range is on the south side of the hills mentioned 
(No. 1015), and they show a crumpled and broken banding of iron and jasper, the latter being sometimes red, 
but never having, so far as seen, a persistent dip or strike. Several parties have located land for iron mining 
in this section. 

FIG. 68. SHOWING THE LINE OF CONTACT OF THE DIKE ROCK OF FIGURE 66 ON THE SCHISTS AND THE 
FLOW AGE STRUCTURE IN THE DIKE. 

At one point, east of the centre of the section, the bands of jaspilyte have a direction N. 600 E. over quite 
a large area. It is associated with a greenish wackenitic rock which seems to be worthy of the name of porodyte 
in some places. This doubtful rock lies both on the north and on the south sides of the ore. It is not, however, 
apparently conglomeratic. . 

About Garden lake. The island in sec. 20, T. 63-11, near the outlet of Garden lake, consists of the same 
rock.as that at Kawasachong falls, a green diabase, but has some of the schistose structure, due to disintegration, 
that is visible at the falls. But the greater part of it is entire, or massive. Similar ro~k ext~nd~ along t~e 
shore of the lake southwest from this island nearly to the bluff at the head of the bay m sectIOn .:>0, where It 
gives place to a changed graywacke (No. 1014), as already noted. In one place, on the ~orth side o~ this long 
arm, about in N. W. P4 sec. 29, T. 63-11, this is so much changed by, and mingled WIth, dIabase that It do:s n?t 
differ much from the diabase. The most notable difference is in having a pinkish-red, weathered exterIor,:n 

-some small areas, and in being porphyritic and quartzose in others. It has a stre~med o~ fio:vage structure m 
narrow belts that surround lenticular structureless areas from six inches to twelve mches m dIameter. 

On the point on the south side ~f the lake, in the S. W. 74 of sec. 21, T. 63-11, is black or red jaspilyte, so 
far as visible mainly in loose pieces, but so abundant that the bed rock must be near. These are. under water 
except at very low stage. The black, magnetited condition of this jaspilyte is less able to reSIst frost and 
weather, separating in curving and conchoidal sheets parallel with the bedding. 

There will be some difficulty in separating by mapping, if not by obvious mineral character~, ~he Chang~~ 
graywacke seen about the west arm of this lake and elsewhere, from the diabase. I ca~not ~o It m the fie 
:viths~tis~action: It will require a more careful study of the specimen~ coll~cted.. ~tlll. thIS belt of rock :~ 
Indefimte IS not very wide. It pertains to the contact phenomena. There IS a WIde dlstmctlOn apparen~ ~etwe 
the t ''n' I . . b t t t by a sudden transItIon but Y.l'lCa rocks, and sometimes these dIfferences are brought mto a rup con ras , 
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represented by No. 1011, which was seen at a number of places in small outcrops between the lake shore d th 
top of the hill. It is essentially the rock that forms the Kawasachong falls. an e 

On the trail running south through soc. 19, T. 63-11, after passing an irregular elevation that seems to be 
made up of i~neous roc~, and then a low space, there inter:enes another ridge made of a coarse greenish gray 
rock, resembhng a modlfied graywacke of a rather fine gram (No. 1014). This is but little south of the section 
line between sections 19 and 30, and to the west of the trail. It rises about fifty feet above the trail. This rock 
seems to vary toward the rock that makes the falls of the Kawishiwi. But this variation is due probably to the 
action of that rock upon it when the two came into contact at the timo of the eruption of the molten rock. 

At the lake shore, in the N. E. 74 sec. 30, T. 63-11, is rock No. 1015, which is identical in mineral character 
with the last. This is found where the trail from l<'all lake reaches the bay in section 30, and sholVs its sedi
mentaryorigin more evidently than further north. It is tine-grained, brecciated, rising in a rough and coarsely 
jointed manner in hills about fifty or sixty feet above the lake, and extending in a series of short, overlapping 
ridges westward, rising a hundred or a hundred and fifty feet above Garden lake. 

About through the centre of sec. 30, T. 63-11, runs a series of ridges, showing more or less of jasper 
hematite (No. 1016). Their direction is 100 south of west. This range is on the south side of the hills mentioned 
(No. 1015), and they show a crumpled and broken banding of iron and jasper, the latter being sometimes red, 
but never having, so far as seen, a persistent dip or strike. Several parties have located land for iron mining 
in this section. 

FIG. 68. SHOWING THE LINE OF CONTACT OF THE DIKE ROOK OF FIGURE 66 ON THE SOHISTS AND THE 
FLOW AGE STRUOTURE IN THE DIKE. 

At one point, east of the centre of the section, the bands of jaspilyte have a direction N. 600 E. over quite 
a large area. It is associated with a greenish wackenitic rock which seems to be worthy of the name of porodyte 
in some places. This doubtful rock lies both on the north and on the south sides of the ore. It is not, however, 
apparently conglomeratic. 

About GaTden lake. The island in sec. 20, T. 63-11, near the outlet of Garden lake, consists of the same 
rock.as that at Kawasachong falls, a green diabase, but has some of the schistose structure, due to disintegration, 
that is visible at the falls. But the greater part of it is entire, or massive. Similar rock extends along the 
shore of the lake southwest from this island nearly to the bluff at the head of the bay in section .30, where it 
gives place to a changed graywacke (No. 1014), as already noted. In one place, on the north side o~ this long 
arm, about in N. W. 7.i sec. 29, T. 63-11, this is so much changed by, and mingled with, diabase that It do:s n~t 
differ much from the diabase. The most notable difference is in having a pinkish-red, weathered extenor, m 

-some small areas, and in being porphyritic and quartzose in others. It has a streamed or flowage structure in 
narrow belts that surround lenticular structureless areas from six inches to twelve inches in diameter. 

On the point on the south side ~f the lake, in the S. W. 74 of sec. 21, T. 63-11, is black or red jaspilyte, so 
far as visible mainly in loose pieces, but so abundant that the bed rock must be near. These are. under water 
except at very low stage. The black, magnetited condition of this jaspilyte is less able to reSist frost and 
weather, separating in curving and conchoidal sheets parallel with the bedding. 

There will be some difficulty in separating by mapping, if not by obvious mineral character~, ~he changed 
graywacke seen about the west arm of this lake and elsewhere, from the diabase. I cannot do It III the field 
:nith satisfaction: It will require a more careful study of the specimens collected.. ~till. this belt of rock so 
Ii1defini~e is not very wide. It pertains to the contact phenomena. There is a wide dlstmctlOn appa.ren: ~etwee~ 
the tYpical rocks, and sometimes these differences are brought into abrupt contrast by a sudden tranSitIOn, bu 



412 THE GEOLOGY OF MINNESOTA. 

it is usually not so. The transition is usually gradual, the more enduring, noticeable distinction being a lighter 
green color, and a siliceous aspect in the wackenitic rock, i. e. an acidic character, and a dark green or basic 

character in the diabasic. 
About on the section line, between secs. 21 and 28, T. 63-11, on the south side of the lake, just south of the 

little point at which appear the foregoing detached fragments of jaspilyte, is an exposure of green diabase over 
which one may walk, on a glaciated surface, for a distance of fifty or sixty rods. This is at the level of the lake 
and is partly flooded when the water is high. Here can be read a very instructive lesson in metamorphism: 
There is a transition, under the varying influence of the lake at higher or lower levels, and the slight difference in 
crystalline texture at different places, on the same rock surface, from nearly a massive doleryte to a green chlorite 
schist. The gradations in structure, color and mineral character are indistinguishable from foot to foot over the 
surface, but the extremes, exhibited at the opposite ends of the uncovered rock beach, are so great that one 
would hesitate, without such ocular demonstration, to admit that they are different conditions of the same rock. 
Perfect facility here is afforded for the inspection of every inch of this rock surface. This is the doleryte (or 
diabase) that has been referred to as lying unconformably on the jaspilyte, and as constituting the rock at the 
falls of Kawasachong. It here changes to a green chlorite schist, and recalls at once the green schist seen to 
have the same relation to the jaspilyte at Tower. It almost demonstrates the eruptive origin of that green schist.* 

No. 1017. Green schist with disseminated striated crystals of white calcite that rapidly effervesce in acid, 
and some granular (?) quartz, such as seen in the green schist at Tower, in small lenticular patches. From the 
foregoing outcrop N. W. ~ of sec. 28, T. 63-11. 

No. 1018. Similar schist, from the same exposed surface, but showing rio white crystals; same place. 
No. 1019. Similar schist, less schistose; same place. 
No. 1020. Similar rock, hardly schistose; same place. 
No.1021. Similar rock, but evidently changed from an igneous rock; same place. 
No. 1022. Ohanged doleryte; same place. 
No. 1023. From the midst of the very schistose paJ.>ts (Nos. 1017-1018) showing a preservation of firmness 

and massive structure in some places; from the same place. 
The strike of the schistosity is E. 23° 30' N., and vertical. There is no banding of sedimentary structure 

in this rock. 
On an island about three-fourths of a mile further east, in the bed of the river, the strike of the .schist is 

E. 15° N. It here verges more evidently toward the Kawaschong falls rock. 
At Quinn's, N. W. ~4 of sec. 27, T. 63-11, among the boulders of granite, etc., are some of jasper and 

hematite. The rock in outcrop is diabasic, apparently belonging to that laflt mentioned, though weatherillg 
rather light-colored, and in that respect resembling the modified graywacke. 

At Julian Bausman's, S. W. ~ sec. 23, T. 63-11, is a good showing of iron,though visible in several isolated 
outcrops, and at no place in large amounts. It is not worked yet, nor uncovered. It is probably in the range of 
that noted in the S. W. ~ of sec. 21, T. 63-11, and appears like it. Mr. Bausman says it is traceable, by needle 
mainly, being magnetic and rather black-red, through the rest of this section and eastward. Rock No. 1024,· 
obtained at Bausman's, S. W. ~ of sec. 23, T. 63-11, is a somewhat schistose magnetic iron are. This does not 
show the usual character of the are here, so far as can be seen, but one of the forms it takes. 

This sample gives: 
Iron, 47.07 
Titanium, Trace 
Ohromium, None 

In sec. 21, T. 63-11, according to Mr. E. Byrne, a ridge of black jasper and magnetite, or two of them in 
one place, extends from near the east side of the section nearly due west, becoming involved with,or "covered 
by," at least replaced by, a quartzose poroditic rock, No. 1H and No. 283W. After an interval of about 150 feet 
of this rock, the same black rock recurs, and extends westwardly. It is next seen further south, where it consti
tutes a distinct ridge, and is traceable through two-thirds of section 21. This iron are is represented by No. 1025. 
This iron range seems to continue, with more or less interruption, through secs. 23 and 13 in T. 63-11, and 
appears also in the next town east. 

On the N. W. ~ of sec. 28, T. 63-11, a diabasic green rock (No. 949) cuts a greenish, hard, finely schistose 
rock (No. 948), the contact being well exposed on the south side for a distance of a few feet. A schist somewhat 
resembling this, but more nodular, and more like an igneous breccia of schist and diabase, forms a small island 
in the S. E. ~ of sec. 20, T. 63-11. It dips south, but stands nearly perpendicular. 

This greenstone formation varies much in general aspect, being sometimes a 

massive dioryte or altered diabase, and again being a very soft fissile green schist. 

In some places, as just described above, near the line between sees. 21 and 28, T. 
63-11 W., the schistose rock is seen to be directly derived from the massive ~ock, 
the former being a part of the latter, which has been subjected to dynamic action. 

*Subsequent microscopical examination of tbis schist and even of the rock of the Kawasachong falls, showed toot they' 
are all probably fragmental, although often associated with diabase.-N. H. W. . 
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it is usually not so. The transition is usually gradual, the more enduring, noticeable distinction being a lighter 
green color, and a siliceous aspect in the wackenitic rock, i. e. an acidic character, and a dark green or basic 

character in the diabasic. 
About on the section line, between secs. 21 and 28, T. 63-11, on the south side of the lake, just south of the 

little point at which appear the foregoing detached fragments of jaspilyte, is an exposure of green diabase over 
which one may walk, on a glaciated surface, for a distance of fifty or sixty rods. This is at the level of the lake, 
and is partly flooded when the water is high. Here can be read a very instructive lesson in metamorphism. 
There is a transition, under the varying influence of the lake at higher or lower levels, and the slight difference in 
crystalline texture at different places, on the same rock surface, from nearly a massive doleryte to a green chlorite 
schist. The gradations in structure, color and mineral character are indistinguishable from foot to foot over the 
surface, but the extremes, exhibited at the opposite ends of the uncovered rock beach, are so great that one 
would hesitate, without such ocular demonstration, to admit that they are different conditions of the same rock. 
Perfect facility here is afforded for the inspection of every inch of this rock surface. This is the doleryte (or 
diabase) that has been referred to as lying unconformably on the jaspilyte, and as constituting the rock at the 
falls of Kawasachong. It here changes to a green chlorite schist, and recalls at once the green schist seen to 
have the same relation to the jaspilyte at Tower. It almost demonstrates the eruptive origin of that green schist.* 

No. 1017. Green schist with disseminated striated crystals of white calcite that rapidly effervesce in acid, 
and some gTanular (?) quartz, such as seen in the green schist at Tower, in small lenticular patches. From the 
foregoing outcrop N. W. ?4 of sec. 28, T. 63-11. 

No. 1018. Similar schist, from the same exposed surface, but showing no white crystals; same plaCe. 
No. 1019. Similar schist, less schistose; same place. 
No. 1020. Similar rock, hardly schistose; same place. 
No.1021. Similar rock, but evidently changed from an igneous rock; same place. 
No. 1022. Changed doleryte; same place. 
No. 1023. From the midst of the very schistose par-ts (Nos. 1017-1018) showing a preservation of firmness 

and massive structure in some places; from the same place. 
The strike of the schistosity is E. 23° 301 N., and vertical. There is no banding of sedimentary structure 

in this rock. 
On an island about three-fourths of a mile further east, in the bed of the river, the strike of the schist is 

E. 15° N. It here verges more evidently toward the Kawaschong falls rock. 
At Quinn's, N. W. 7.;1 of sec. 27, T. 63-11, among the boulders of granite, etc., are some of jasper and 

hematite. The rock in outcrop is diabasic, apparently belonging to that last mentioned, though weathering 
rather light-colored, and in that respect resembling the modified graywacke. 

At Julian Bausman's, S. W. ?4 sec. 23, T. 63-11, is a good showing of iron, though visible in several isolated 
outcrops, and at no place in large amounts. It is not worked yet, nor uncovered. It is probably in the range of 
that noted in the S. W. ?4 of sec. 21, T. 63-11, and appears like it. Mr. Bausman says it is traceable, by needle 
mainly, being magnetic and rather black-red, through the rest of this section and eastward. Rock No. 1024, 
obtained at Bausman's, S. W. 7.;1 of sec. 23, T. 63-11, is a somewhat schistose magnetic iron ore. This does not 
show the usual character of the ore here, so far as can be seen, but one of the forms it takes. 

This sample gives: 
Iron, 47.07 
Titanium, Trace 
Chromium, None 

In sec. 21, 'r. 63-11, according' to Mr. E. Byrne, a ridge of black jasper and magnetite, or two of them in 
one place, extends from near the east side of the section nearly due west, becoming involved with, or "covered 
by," at least replaced by, a quartzose poroditic rock, No. 1H and No. 283W. After an interval of about 150 feet 
of this rock, the same black rock recurs, and extends westwardly. It is next seen further south, where it consti
tutes a distinct ridge, and is traceable through two-thirds of section 21. This iron ore is represented by No. 1025. 
This iron range seems to continue, with more or less interruption, through secs. 23 and 13 in T. 63-11, and 
appears also in the next town east. 

On the N. W. ?4 of sec. 28, T. 63-11, a diabasic green rock (No. 949) cuts a greenish, hard, finely schistose 
rock (No. 948), the contact being well exposed on the south side for a distance of a few feet. A schist somewhat 
resembling this, but more nodular, and more like an igneous breccia of schist and diabase, forms a small island 
in the S. E. ?4 of sec. 20, T. 63-11. It dips south, but stands nearly perpendicular. 

This greenstone formation varies much in general aspect, being sometimes a 

massive dioryte or altered diabase, and again being a very soft fissile green schist. 

In some places, as just described above, near the line between secs. 21 and 28, T. 
63-11 W., the schistose rock is seen to be directly derived from the massive ~ock, 

the former being a part of the latter, which has been subjected to dynamic action. 

* Subsequent microscopical examination of this schist and even of the rock of the Kawasachong fails, showed that they 
are ail probably fragmental, although often associated with diabase.-N. H. W. 
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In general these rocks are composed of green hornblende and feldspar, with 

. frequently other minerals, such as chlorite, biotite, quartz, epidote and magnetite, 

but the green hornblende is the all-pervading constituent. In a few cases these 

greenstones seem to show fragmental grains, but in such cases it is difficult to 

determine without farther work whether such occurrences represent tufaceous 

deposits or clastic rocks derived from pre-existing greenstones. In very many cases 

the rock presents characters which cannot be referred with certainty to a definite 

origin; such rock is usually schistose. In many other cases the rock (compare Nos. 

1009, 1011, 1015, 1018, 1020, 1023) evidently was originally an igneous rock of the 
nature of diabase. . 

From the field descriptions and from what hag been seen of these greenstones 

. in the vicinity of Fall and Garden lakes and elsewhere, it seems clear that, as a 

group, these rocks are distinct in origin from the jaspilytes with which they are so 

intimatelyassociated.* The main mass of these greenstones are basic igneous rock~, 

and those in the area of the Gabbro Lake plate are regarded as, in general, of later 

date than, and intrusive into, the jaspilytes. It is quite likely that parts of these 

rocks also represent surface flows and fragmental volcanic material, while smaller 

parts were perhaps deposited in the form of water-assorted fragmental volcanic 

material, or as detrital material derived from pre-existing greenstones. 

In the chapters devoted to the Snowbank Lake, Fraser Lake and Akeley Lake 

plates mention is made of some possibly pre-Keewatin greenstones, i. e., those belong

ing to the Fundamental Complex. Rocks of this age have not been recognized in 

the area of the Gabbro Lake plate, although they may exist, but such rocks probably 

do exist to the north, in T. 64-10 W. The greenstones here described, and also the 

jaspilytes, are referred to the Lower Keewatin. 

The jaspilytes, as already stated, occur in close association with the greenstones, 

and frequently are completely surrounded, at least at the surface, by these rocks. 

The location of some of the jaspilyte masses are as follows: In T. 63-11, especially 

in section 30; also in section 20 just east of the stream connecting Garden and Fall 

lakes, in S. W. i sec. 23, and in section 21. 

(2). Quartz porphyry. Rock of this nature exists in dikes which cut the green

stones in a number of places. These rocks are light gray to reddish in color, and are 

very distinct from the greenstones. Commonly, porphyritic quartz crystals are present, 

but sometimes they are lacking, while porphyritic feldspars are always present. One 

of the most noticeable of these dikes runs east and west near the top of the green-

. stone ridge which lies just to the north of the Kawishiwi river in secs. 28 and 29, T. 

63:"10. Others of these dikes have beel) described in the field notes already given·t - 'COlllpare, also, the descriptions in the chapter on the Snowbank Lake plate . 
. tN(). BOOG, p. 401; No.S81G, p. 403; No. 403G, p. 404; No. 4116. p.; 405 No. 413G, p. 407; No. 417G, p. 408; No. 458G, p. 408. 
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and frequently are completely surrounded, at least at the surface, by these rocks. 

The location of some of the jaspilyte masses are as follows: In T. 63-11, especially 

in section 30; also in section 20 just east of the stream connecting Garden and Fall 
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(3). lJIlica and quartz-ma/jnetite schists. Situated just to the south of the green

stone belt is a belt of schistose rocks which lie between the greenstone and the 

granite. The exact age of these schists is not known, but they are supposed to 

belong, also, to the Lower Keewatin. Their relation to the greenstone and jaspilyte 

is not certain. 
At the outlet of White Iron lake, a locality known as "Silver City," and in the 

immediate vicinity, are some quartz-magnetite schists, which stand nearly v@rtical 

and strike towards the north-northeast. These rocks vary much in composition; 

they are finely banded and certain of the bands could be called magnetite schist, 

quartz schist, mica schist and hornblende schist. Some of them seem to be grllnerite 

(or cummingtonite) schists (No. 950), and others contain garnet (N 0.1113). Farther 

east, as around Farm and Friday lakes and along the Kawishiwi river in Ts. 63-11 

and 63-10, the schists are typical mica schists. In places the schists are more like 

graywackes, which is thought to have been their original condition, their more crys

talline character being due in large part to the granite just to the south. The field 

relations and the general appearance of these i'nica schists have been described in the 

field notes already given, and a description of a small area in Farm lake is here added.* 

S. w. Xi: N. E. 74 sec. 34, T. 63-11. Geology island. I first walked over most parts of this island, and 
found its geology very complicated. It does not even al)pear what is the fundamental formation. I find syenyte 
diabase dikes, mica schist, hornblende schist and siliceous schist under various aspects and alternations. In the 
following description I will begin at the south end, and, following the west shore, note what appears. 

The numbers in figure 70 show the points referred to in the following description: 
1. At the southeastern extremity of the island. Mica schist, striking N. 61° E., and with a southeasterly 

dip of about 75°. It is intersected by many veins of quartzose syenyte (figure 71). 
2. The mica schist is traceable uninterruptedly to this, the most southern point of the island, at frequent 

intervals intersected by veins of compact syenyte. At 2a is a mass of syenyte not in form of a vein. 
3. Mica schist more compact, weathering into columnar forms. About six rods from 2. 
4. Here a mass of syenyte is included in the schist. 
5. Very fine, compact, heavy-bedded, biotitic syenyte gneiss. This is reached by gradation from regular 

mica schist, both in the direction of the strike and across it. It is intersected by many masses of reddish 
granulyte. In the granulyte are also included vein-like forms of quartz, or rather flint. Here also are veins of 
beautiful syenyte, with large crystals of hornblende. An interesting case is shown in figure 69. . 

FIG. 69. DETAlLED GEOLOGY OF A POINT ON GEOLOGY ISLAND, IN FARM LAKE. 

. . a-Mica schist, very fine and compact. b-Fine, hard, almost vitreous diabasic matter, running with the bedding, but 
dIke-like and not separated by any line from c. c-First comb of a syenyte vein in which the ample crystals of hornble~Ide have 
thei.rlonger dimension transver8e. d-Second comb of syenyte, in which the hornblende crystals have their long~r dlme!lSlO~ 
COInCIdent WIth the walls of the vein. c-A comb of granulyte not isolated on eHher side, very vitreous. f-ThIrQ. corob.o 
syenyte, in which the hornblende fragments are variously di8posed. q-Seeond comb of vitreous granulyte. h-Fonrth c?mb of 
syenyte, in which the hornblende is disposed as in c. 'i-Nearly like' b. Ie-A vein of common syenyte. l-A portion \~h!Ch bas· 
become gneissic, but very fine and fiinty. on-A black substance resemblin~ hornblende pulverized and compacted agalll, Rock 
1.J2JV-The black snbstance last mentioned. ·n-The portion indicated as red and smoky quartz at tllis point varies in character 
from foot to foot. It becomes, perhaps, predominantly a fiinty granulyte, with lumps of smoky quartz. The whole mass passes 
to the water's edge as a regular dike five and one-half inches wide, with a strike N. 68° E. ancla dip S. 61°. 

7. For two feet beyond this dike the rock is a flinty, fine syenitic gneiss; and this is succeeded by a .fiue 
mica schist, in which small grains of quartz are abundantly visible, but, besides, is curiously-full of rounded 

* A. WINOHELL. Fifteenth A nm,al Repo,-t, pp. 82-88. 
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belong, also, to the Lower Keewatin. Their relation to the greenstone and jaspilyte 

is not certain. 
At the outlet of White Iron lake, a locality known as "Silver City," and in the 

immediate vicinity, are some quartz-magnetite schists, which stand nearly v~rtical 

and strike towards the north-northeast. These rocks vary much in composition; 
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(or cummingtonite) schists (No. 950), and others contain garnet (N 0.1113). Farther 

east, as around Farm and Friday lakes and along the Kawishiwi river in Ts. 63-11 
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diabase dikes, mica schist, hornblende schist and siliceous schist under various aspects and alternations. In the 
following description I will begin at the south end, and, following the west shore, note what appears. 
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. . a-Mica schist, very fine and compact. b-Fine, hard, almost vitreous diabasic matter, running with the bedding, but 
dIke-like and not separated by any line from e. e-First comb of a syenyte vein in which the ample crystals of hornble~de have 
their longer dimension transver"e. (i-Second comb of syenyte, in which the hornblende crystals have their long~r dlmenslo~ 
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syenyte, in which the hornblende fragments are variously disposed. q-Second comb of vitreous granulyte. h-Fonrth c?mb of 
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from foot to foot. It becomes, perhaps, predominantly a flinty granulyte, with lumps of smoky quartz. The whole mass passes 
to the water's edge as a regular dike five and one-half inches wide, with a strike N. 68° E. anda dip S. GP. 

7. For two feet beyond this dike the rock is a flinty, fine syenitic gneiss; and this is succeeded by aline 
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* A. WINOHELL. Fifteenth A nmwl Repo,·t, Pl'. 82-88. 
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lumps of quar,tz and quartzyte about an eighth of an inch long, with transverse diameter less. It contains also 
quadrangular cr!stals of feldspar fr?m one-four~h to one-half inch in length. r~'his . mass embraces plenty of 
granulyte intruslOns. It extends a dIs~ance of thIrty feet .. It embraces a mass (dIke-lIke) of granulyte which in 
parts contains an abundance of excessIvely fine scales of mICa. 

Rock No. 133W. Porphyritic mica schist. 
Other irregularly intruder! mailses are abundant, and some of them consist of very fine feldspar and 

quartz, with very few small scales of mica. 
S. Mica schist, fine and well characterized, continuing sixteen feet, and becoming a fine hornblendic 

mica schist. Then with obscuration of separate grains of h01'l1blendic (or augitic) material it passes into a 
di~base-like rock. 

9. Diabase-like rock-or perhaps a mere graywacke-nineteen feet. It is intersected by many dikes and 
veins of fine granulyte and fine syenyte. 

10. Mica schist, very fine. Mica seems to be mllscovite. Rock variahle like all the others-passing to a 
graywacke aspect and then distinctly a muscovitic schist. All profoundly int~rsected by dikes and veins of 
greenish granulyte. Continues twenty-five feet. Stops at a dike eight inches wide. 

11. Mixed mass of hornblende schist and intrusions of granulyte and syenyte. Inextricable confusion. 
Also large inclusions of porphyritic syenyte. 

i' 
I 

7 
b 

FIG. 70. GENERAL GEOLOGY OF GEOLOGY ISLAND, IN FARM LAKE. 

12. Syenyte, typical, with coarse hornblende, including masses of hornblende schist, twelve feet. 

13. Mica schist, intermingled as usual. . . . . . dded 
14. An exposure which is fundamentally hornblende schist-in places muscovltIc-but contams 1mbe 

pebbles of varIous kinds givinO' it in places the appearance of a plum pudding. These pebbles are mos.tly rounded, 
Rlld among them I reco~nize: "(a) Semivitreous granular quartzyte; (b) Granular quartzyte; (c) Fme syenyte; 
(el) Syenyte with scattered large grains of quartz; (e) Smoky quartz. 
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The exposure is intersected by a two-inch dike of beautiful dioryte, consisting of hornblende and a pale 
greenish feldspar. Also by veins of quartz. The conglomeratic character is confined to a distance of about 

twel ve feet. 
I have given this little island quite a detailed and patient examination. Fundamentally it apIJears to be 

mica hornblende schist, but in a state of unstable equilibrium, sometimes turning to mica schi$t, and at others 
to hornblende schist. 

But the whole mass was formed in immediate proximity to syenyles and granulytes, and these have been 
injected into it with intinite diversity of form, direction and volume. The schists and the other rocks are kneaded 
together, and in places the attrition of the parts produced true conglomeratic constituents. Afterward, when the 
formation became somewhat consolidated, it was rent by firm-walled fissures which were filled by the various 
dike materials-granulyte, fine syenyte and dioryte. 

This little island, not even indicated by the land surveyors, possesses remarkable interest geologically, a 
wonderful concentration of rock varieties, geological incidents and forms, and well deserves the name of Geology 
island. 

, , 
'. L 
1 
l , 

FIG 71. VEINS OF QUARTZ AND QUARTZOSE SYENYTE IN MICA SCHIST, GEOLOGY ISLAND, FARM LAKE. 

(4). The granite. Occupying practically the triangular area between the two 

parts of the Kawishiwi river is a mass of granite which is the eastward extension of 

the same granite which makes the Giant's range in St. Louis county. 1'his rock is 

a hornblende granite, but towards the east the quartz becomes less prominent or 

lacking and the rock is strictly a horn blende syenyte. The syenitic facies is especially 

common in the eastern half of this plate. The granite is of later date than, and 

intrusive into, the rocks which have already been described, but it has not been seen 

in contact with the jaspilytes, and its relation to the quartz porphyry dikes in the 

greenstone is not known. Contacts of the granite and greenstone are to be seen near 

the northwest shore of White Iron lake; of the granite and the quartz-magnetite 
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(4). The granite. Occupying practically the triangular area between the two 

parts of the Kawishiwi river is a mass of granite which is the eastward extension of 

the same granite which makes the Giant's range in St. Louis county. This rock is 

a hornblende granite, but towards the east the quartz becomes less prominent or 

lacking and the rock is strictly a horn blende syenyte. The syenitic facies is especially 

common in the eastern half of this plate. The granite is of later date than, and 

intrusive into, the rocks which have already been described, but it has not been seen 
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greenstone is not known. Contaets of the granite and greenstone are to be seen near 

the northwest shore of White Iron lake; of the granite and the quartz-magnetite 
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schists on the ~ast shore of this lake south of "Silver City"; and of the granite and 

mica schists in many places; see, especially, figure 63 on page 402 of this chapter. 

The granite has had a profound effect upon the rocks with which it has come in 

contact. The greenstones, especially when included as fragments in the granite, have 

been changed to coarse diorytes, and, as has already been stated, the crystalline 

condition of the mica schists is regarded as largely due to the granite. In T. 63-10 

W. a graywacke like rock, .which is part of the mica, schist formation, has been com

pletely recrystallized and n?w resembles a fine red granite, but this is distinct from 

the main mass of the granite and usually preserves evidences of its former lamination. 

Associated with the granite, and cut by the granite, on the east shore of White 

Iron lake, are exposures of rather coarse dark rocks which are composed of feldspar 

and hornblende, and sometimes biotite. They are thus diorytes. They may have 

been originally coarse diorytes, or it is possible that they represent parts of the 

,greenstone formation included in and entirely recrystallized by the granite. Other 

dioritic rocks are found associated with the granite in T. 63-~0, and these, in part at 

least, seem to be more basic facies of the granite itself. 

Quite commonly fine-grained granite (aplyte), composed almost entirely of feld

spar and quartz, is seen cutting the main mass of the granite in branching dikes of 

various sizes. Frequently these aplytes are of a bright red color and are very 

noticeable. 

The Animikie. One mass of the Animikie rocks is known from this plate. It 

is a part of the taconyte or iron-bearing member of the Animikie included in the 

gabbro, and is similar to the occurrences of such strata noted in the description of 

the Fraser Lake plate (chapter xxiii). The location of this mass of Animikie is just 

north of Musk Rat lake, in S. E. -l: sec. 30, T. 62-10, and it is described as follows:* 
Going south on the range line between T. 62-10 and T. 62-11, on the south side of the river in S. E. X sec. 

13, T. 62-11, search was made for the iron are reported by Mr. Lorenzo Cleaves. Nothing was found for half a 
mile except Ryenyte in a ridge about seventy-five feet, by aneroid, above the river. Then there is a swamp and 
a creek, and gabbro hills are reached in S. W. X sec. 19, T. 62-10. These hills are but a little over 100 feet above 
the Kawishiwi. The gabbro is seen in bare knobs and vertical bluffs twenty to forty feet high. Some masses of 
gabbro thirty feet in diameter have been pushed up on top of the smoothed knolls of solid rock and left there by 
the ice. 

In the S. E. ~ sec. 30, T. 62-10, are several shafts, some more than twenty feet deep, in magnetite ore. The 
, magnetic attraction is very strong here and the needle dips 90°. There being more than a mile and a half of 

gabbro north of this place and this iron ore itself being in hills of gabbro 100 feet high, it would naturally be 
supposed that this ore is gabbroitic magnetite and therefore titaniferous. 

, But the ore is olivinitic and generally quite fine-grained, and the rock which contains it is not a massive 
crystalline rock like gabbro, but stands in beds which are nearly vertical, though the dip is not constant. These 
strata ar.e olivinitic, and, besides being finely granular, possess a banded structure and are evidently t'ranspo1'tecl 
b~d8 of A'lJ-imikie strata containecl in the great gabbro overflow. Whether they are between ?verflows of 
d:i!lferent dates or were surrounded and taken to their present position at the time of a single eruptIOn, was not 
evident, but the latter is more probable. The gabbro itself being also largely composed of magnetite here 
fenders it more difficult to distinguish between the two kinds of rock. Samples from the S. E. ~i sec. 30, T. 
6~10,showing banded structure supposed to be due to sedimentation are No. 407H. Specimens of t~e coarse 
gabbre magnetite are No. 410H. The Animikie is quite hornblendic here, as at the locality north of Blrch lake, 
~ 

*13:. V. WINCHEJ:,L. Seventeenth A~nual Report, pp. 96, 97. 
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magnetic attraction is very strong here and the needle dips 90°. There being more than a mile and a half of 
gabbro north of this place and this iron are itself being in hills of gabbro 100 feet high, it would naturally be 
supposed that this are is gabbroitic magnetite and therefore titaniferous . 

. But the are is olivinitic and generally quite fine-grained, and the rock which contains it is not a massive 
crystalline rock like gabbro, but stands in beds which are nearly vertical, though the dip is not constant. These 
strata are olivinitic, and, besides being finely granular, possess a banded structure and are evidently transp01'ted 
beds of Ani?nikie strata contained in the great gabbro overflow. Whether they are between overflows of 
different dates or were surrounded and taken to their present position at the time of a single eruption, was not 
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gabbro magnetite are No. 410H. The Animikie is quite hornblendic here, as at the locality north of BIrch lake, - 'R. V. WINCHELL. Seventeenth A;"muzl Report, pp. 96,97. 
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sec. 24, T. 61-12. The gabbro, which forms m~ssive knolls all aro~nd this plac~, is not so much decayed as the 
iron quartzyte, nor does it display any b~ndmg, nor any other Slgns of beddmg, as do the enclosed strata of 
Animikie. The general strike of the latter IS east and west. 

An analysis of the magnetite supposed to belong to the enclosed beds of Animikie, and therefore to be 
non.titaniferous, was made by Mr. C. F. Sidener. No titanium being found in it, the effect of the gabbro does 
not seem to have been intense enough to invest the magnetite with harmful ingredients. 

Silica (SiO z), 

Alumina (AI 3 0 a), 
Magnetic oxide of iron (FesOJ, 
Titanium (Ti0 2 ), 

Lime (CaO), 
Magnesia (MgO), 
Phosphorus (P), 
Sulphur (S), 

Metallic iron (Fe), 

11.39 
Trace 
85.55 
None 

.22 
3.44 
.02 

Trace 

100.62 

61.95 

The J(ewecnClll'an. More than half the area included in the Gabbro Lake plate 

is underlain by the great gabbro mass of northeastern Minnesota. This is referred 

to the Cabotian or lower division of the Keweenawan. Practically all the district 

(here described) south and east of the Birch river is covered by the gabbro. A feature 

of this rock, which is well developed in this district, is its separation into parallel 

layers. In some cases these layers are due simply to a splitting of the rock along 

certain pai'allel planes, as is frequently the case with igneous rocks. In other cases 

the layers or bands alternate with those of somewhat different composition or grain. 

As is usual, the gabbro varies somewhat in composition, the chief variations in 

this district being from a rock which is largely or entirely composed of feldspar to 

one in which olivine is an essential component. In the latter the weathering of the 

olivine often gives a reddish tinge to the rock. On a preliminary field map Dr. A. 

H. Elftman has indicated a belt of olivine gabbro in the feldspar-rich gabbro. This 

belt is about three miles wide, and it extends northeast and southwest. Its north

western limit is approximately a line drawn from the western end of Bald Eagle 

lake southwest to sec. 30, T. 61-10. 

(1). Diabase dikes. A few fresh diabase dikes are seen cutting some of the 

older rocks, especially the granite. 1'hese dikes are thought to represent the latest 

rock in the region, although in the area of this plate they have not been seen cutting 

the gabbro. They are referred to Keweenawan age. Samples of these dikes are 

No. 346G from the west shore of Clearwater lake and No. 370G from the south shore 

of the Kawishiwi river just north of the centre of sec. 26, T. 63-10. 

ECONOMIC RESOURCES. 

By far the most important element of mineral wealth in this plate is the iron 

ore. The northern part of the plate contains the same formations as exist a few 

miles to the west, where the extensive hematite deposits of Ely occur. It is thus in 

the eastward extension of the Vermilion iron range. Several localities for jaspilyte 
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rock in the region, although in the area of this plate they have not been seen cutting 
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have already been mentjoned, and others are also known, where explorations for 

iron ore may'meet with success. The most promising locality at present seems to 

be on section 30, T. 63--10, which has been so long in litigation, and is well known 

as the famous "section 30." Here systematic exploitation of the ore is now 
(1897) being conducted. The prospects that paying iron mines may be developed in 

the Gabbro Lake plate are encouraging. Explorations for iron ore will be more 
likely to succeed in the district shown on the map as underlain by greenstone and 

jaspilyte. 
GEOLOGICAL MAP. 

The geological boundaries in T. 63-10 are regarded as practically correct, and it 

i~ not expected that future work will alter them materially, but in T. 63-11 the data 

at hand will not enable us to be as confident regarding the lines separating the 

different formations. No attempt has been made to separate the Lower Keewatin 

from the Upper Keewatin in the area of this plate, and it is doubtfliJ if rocks of the 

latter age occur here. The contour lines are only approximately correct. 

ROCK SAMPLES. 

The following rock samples have been collected within the area of the Gabbro 

Lake plate: 
N.H. Winchell's series: Nos. 356; 948-954; 979; 989-1000; 1004-1025A; 1110-1133; 1136; 1444-1447; 1709; 

2111, 2112; 2215-2226. 
A. Winchell's series: Nos. 93-111; 120-137; 139; 150,151; 292,293; 980-987. 
H. V. Winchell's series: Nos. 407-415. 
U.S. Grant's series: Nos. 101-114; 127-131; 139-146; 299-457; 460-463. 
A. H. Elftman's series: Nos. 8-10B; 27-29; 107-117; 120-128; 131A-140; 146-150; 153B, 154; 158. 
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