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and its final success, there has been no state survey'like it. 

I shall use my best endeavor to have this volume published promptly. 

Very respectfully, 

JOHN S. PILLSBURY, 

President of the Board of Regents of the University of Minnesota. 
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PREFAOF-=. 

According to the plan pursued from the commencement of the .survey, the state 

has been examined progressively, and the counties mapped and described from south 

to north. This volume covers the area of about the northern one-third part of the 

state. By the key-plate, which is the frontispiece, the reader will observe the loca

tion of the different areas or counties to which the special chapters are devoted. 

This volum_e has to do very largely with the area of the crystalline rocks, 'i. e., 

with the Taconic and the Archean. In the north central and northwestern portions 

of the state, however, the drift monopolizes attention, since the underlying rocks 

are nearly unknown. The questions that are discussed and the conclusions that are 

expressed in this volume respecting the indurated rocks are based largely on details 

that are to be included in volume v. In that volume will be found also a summary 

statement of the systematic geology of these ancient rocks as it has been worked out 

by the exam.inations carried on by the Minnesota survey. 

This volume, therefore, completes the areal geology of the state. By that it is 

not intended to convey the idea that the geology of the state is completed. The 

parties of the survey have, however, gone over the whole state, and have noted the 

geological boundaries, and have herewith expressed what seemed to them, from their 

often cursory review, the structural relations which the rocks and the drift features 

present to the geological observer. There remains, however, much to be done

indeed, more than has already been done-to warrant the statement that the geology 

of the state is even satisfactorily worked out. Considering the time devoted to the 

northern part of the state, the available means and the smallness of the number of 

men that have been employed, and the size and difficulties of the region, the results 

may be considered satisfactory. The subjects are far-reaching, complex andnumer

"ous. It is therefore more in the sense that this form of pUblication of the results of 

the survey is now extended so as to include the whole state's area in its scope, that 

the survey is completed. While some of the geological questions that this field 

examination has started are to have further discussion in volume v, there are many 

that cannot be considered. This is owing to the exigency of the demand to" con1.plete" 

the survey according to the geographical plan of progress which has been followed. 

The reader, therefore, will not be surprised to find frequent statements that, in 

this direction or in that line of examination, it is impossible to give final statements. 
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PREFACE. 

The results are frequently tentative or only apparent, and, while our descriptions, 

so far as they go, may be taken as expressions of fact, and our interpretations as in . 

harmony with the facts in our possession, there may be other important facts which, 

not included in our field of observation, will in the future place different interpreta

tions on those which we have attempted to group systematically under certain broad 

principles. 

There havi!lg been a great and a difficult area to be examined, and several 

geologists to put interpretations on a lot of new facts, the reader will not be surprised, 

again, to learn that the observers do not always agree as to the manner of inter

pretation of the structural facts that they have observed. This remark is true, not 

only of those who have studied the drift of the central and northern part of the area 

here mapped, but especially of some of the multifarious questions that pertain to the 

oldest rocks. Every geologist, however, has been allowed perfect freedom in the 

expression of his. views, and is to be held responsible only for his own. In this stage 

of investigation, the geology of the state would not be furthered by dogmatism, nor 

by authoritative restrictions on the assistants. However true that is of certain fields 

of geology in which the stratigraphy and many of its attendant problems. of organic 

and physical evolution have been solved, and only need to be extended over some 

new areas, it is manifestly and emphatically true of any area involving the crystalline 

rocks of the bottom of the geological series. Here the geologist is deprived of his 

usual guides and guys, and finds himself floundering in a muddy sea of innumerable 

conflicting currents. Everyone has to depend chiefly upon himself, for there is 

scarcely a common current in which he can float easily and safely. He can simply 

look out for himself, under the guidance of the facts of his own field of vision. 

It is only recently that the Archean has been subjected to any classification in 

advance of the old duality of Huronian-Laurentian. The results given in this volume, 

therefore, so far as they appertain to the Archean, have been wrought out almost 

entirely in a new field, from a set 6f new facts, which in their variety and number 

probably exceed those" ever before assembled under a single classification. 

The Archean. The following brief outline will aid the reader to apprehend 

the relations and the significance of the various facts given in detail in the body of 

the volume. It begins with the bottom of the geological scale. 

1. The Keewatin. This is divisible into Lower and Upper, separated by a 
conglomerate at the base of the Upper. 

The Lower Keewatin contains two parts, both consisting of greenstone. The 

lower part is considered the oldest rock in the state. It is mainly an igneous rock, 

a massive greenstone, and is supposed to represent the cooled original crust of the 

earth. The other part is fragmental and chemical, and embraces the jaspilytes and 
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Iron ores of the Vermilion range. The upper portion of the Lower Keewatin is 

frequently agglomeratic, and occasionally a greenstone conglomerate separates it 

from the massive lower portion. In the midst of the upper portion of the Lower 

Keewatin appears a vast mass of quartz-porphyry, On theoretical grounds, this is 

tentatively supposed to represent an alkaline mud produced by precipitation from 

the Archean ocean, the porphyritic crystals of quartz and orthoclase having been 

formed from supersaturation in a hot solution. The jaspilytes sometimes embracing 

iron ore, are a product of similar precipitation. This quartz-porphyry is the earliest 

appearance of acid rock. It is not known to cut the bottom greenstones, but it is 
abundantly distributed as debris in the upper part of the Lower Keewatin. All later 

quartz-porphyries, appearing as dikes in the Upper Keewatin, are supposed to be 

offshoots from this old mass, either by infolding and dike-like protrusions, or from 

plastic conditions brought about by regional metamorphism. 

The Upper Keewatin has as its base the Ogishke eonglomerate, whieh is the 

eastern representative of the Stuntz conglomerate of Vermilion lake. Above this 

conglomerate are graywackes, argillytes and (in one instance) jaspilyte. The Upper 

Keewatin is compactly folded in with the Lower Keewatin, and in many instances 

the two series stand vertical alongside of each other; indeed, in nearly all parts of 

the state, where known, these rocks are found standing on edge. The basal con

glomerate of the Upper Keewatin is sometimes so destitute of acid elements that it 

appears like the upper part of the Lower Keewatin, especially wherever a fine debris 

from an older greenstone was abundant. In the same way, whenever it lies on granite, 

its lowest portions are difficult to distinguish from the granite. 

The source of the green element of the fragmental greenstones, both of the 

Lower and of the Upper Keewatin, was also largely from Archean volcanoes, and 

these were concerned in promoting the copious siliceous and alkaline precipitations 

mentioned. 

2. Metamorphism. There is a large series of clastic gneisses produced by the 

recrystallization of the Keewatin strata. When these old strata were basic they are 

supposed to have given origin to the dark gneisses; but from the far more abundant 

acid clastics were formed by metamorphism the greater mass of acid clastic gneisses. 

These gneisses grade into mica schists which present similar extremes. 

3. Igneous rocks. Dynamic and thermal effects, through moisture, resulted in 

the fusion of the acid clastics, giving rise to granites, syenytes, diorytes, etc., with 

varying acidity. The same forces caused the fusion of the basic rocks of the Keewatin, 

producing diabase, gabbro, o~thoclase gabbro, syenytes, etc., with their varying 

basicity, there being a gradation from the most acid of the former group, through 

all degrees of acidity to the most ultra basic of the latter group. In the mam, 
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the larger original masses, whether acid or basic, retain their predominant types 

in their descendants, and their descendants occupy in the main the parental places 

in their geographic distribution. Later dikes of diabase, as well as of granite, are 

from the same original masses, taking their places in later formations under stress 

of dynamic force acting on their deep-seated portions. 

The Taconic. This is the time equivalent of the Lower Cambrian and is sepa

rated from the foregoing by another marked nOJ?--conformity. It is divided into 

Animikie (at the bottom) and Potsdam. These are both intimately associated with 

igneous rocks. The former carries the Mesabi iron ores and the latter the copper 

deposits of lake Superior. The former is sOH1.8times nearly horizontal, but sometimes 

dips as much as 45° from horizontal. The latter is usually less tilted than the former. 

The two are separated by a non-conformity. The conglomerate and quartzyte at 

the base of the Potsdam (locally named Puckwunge conglomerate) is widespread in 

Minnesota and Wisconsin and has received also the names Sioux quartzyte, New 

Ulm quartzyte, Baraboo quartzyte and Barron quartzyte. It graduates upward into 

sandstones, which are well known along the St. Louis river and on the south side of 

lake Superior, and these in turn graduate into the St. Croix sandstones and the 

dolomytes of the Mississippi valley. The conglomerate and the lower sandstones are 

accompanied by cotemporary basic lavas. 

The Animikie, so far as known, has no cotemporary lava flows in Minnesota, 

but is intersected by sills and dikes of diabase-offshoots from the great gabbro mass 

which originated and t.ook its structural positions at the close of the Animikie and 

before the Puckwunge conglomerate. 

The eruptives of the Keweenawan $j>re divided, according to their date, into 

Cabotian and Manitou, the former antedating the Puckwunge conglomerate, and the 
latter accompanying and following it. 

As in the Archean, so in the Taconic, the igneous rocks, both acid and basic, 

originated from metamorphism and finally the fusion of older (usually clastic) rocks, 

the diabase being traced directly into gabbro, and the gabbro, through muscovadyte, 

into greenstone; and the granites being traceable to quartz-porphyry, and that rock the 

result of aqueo-igneous fusion of clastics, in sorne cases plainly those of the Animikie. 

There are granites of at least three determined relative dates two in the Archean , 
and one in the Taconic. 

There are also diabase dikes of at least three determined relative dates one in , 
the Archean and two in the Taconic. 

There are quartz-porphyry dikes of at least three dates, one cutting the upper 

part of the Lower Keewatin, one cutting the Upper Keewatin, and one cutting parts 
of the Taconic. 
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The granite dikes are referable to fused or plastic portions of the acid frag
mentals of older date. 

The diabase dikes are believed to have originated hom the lowest greenstones, 

or as apophyses from the gabbro, itself a secondary condition of the greenstones. 

The quartz-porphyry dikes sprung, under similar forces, from the great quartz

porphyry of the Lower Keewatin, or from later clastics. 

The divisions, and probably the subdivisions, of the Archean, were determined 

by epochal earth-movements, which not only caused the upheaval and metamorphism 

of all pre-existing rocks along certain belts of greatest stress, but also gave origin 

and relative date to the igneous rocks. These great movements are marked also by 

the accumulation of the coarser or conglomeratic portions of the clastic strata, these 

coarser clastic strata following immediately after the cessation of the general 

disturbance, or in some cases being cotemporary with it. 

The divisions of the Taconic are due to the recurrence of similar disturbances 

in Lower Cambrian time; products of such metamorphism being the gabbro with its 

attendants (diabase dikes and surface lavas) when the rocks affected were sufficiently 

basic, and constituting the "red rock" series (granites, quartz-porphyries and acid 

lavas) when the rocks concerned were acid. 

The successive belts which witnessed the maximum disturbance have, in north

eastern Minnesota, a rude parallelism extending northeast and southwest, and from 

the earliest to the youngest approach more and more to the basin of lake Superior, 

and appear to have outlined the northwestern coni-ines of that basin in some of the 

earliest stages of geologic history. While these characteristic belts can be easily 

recognized only in the northeastern part of the state, it is believed, from the scant 

data that we have, that they extend entirely across the state in the same direction, 

and that they could be traced continuously were it not for the heavy covering of 

drift. Therefore the nomenclature, and the geologic history which is so plain in 

the northern part of the state, are reasonably extended southwestwardly as far as to 

South Dakota. 

)J!Iethocls of topography. As the accompanying geological plates are marked by 

topographical contour lines, it will be well to remind the reader that they are not 

based on the same simple methods as were employed in the southern and western 

counties. In the most of the state are numerous railroads, (md railroad and other 

surveys. These data have been used as bases from which, by rapid travel and aneroid 

readings, the contours of the surrounding country have been sketched in and corrected. 

In the northeastern part of the state such data are nearly always wanting. At the 

same time there is no portion of the state in which there is concentrated a more 

.diversified topography, nor any in which the intimate dependence of topography on 
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The granite dikes are referable to fused or plastic portions of the acid frag

mentals of older date. 

The diabase dikes are believed to have originated hom the lowest greenstones, 

or as apophyses from the gabbro, itself a secondary condition of the greenstones. 

The quartz-porphyry dikes sprung, under similar forces, from the great qual'tz
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attendants (diabase dikes and surface lavas) when the rocks affected were sufficiently 
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lavas) when the rocks concerned were acid. 

The successive belts which witnessed the maximum disturbance have, in north

eastern Minnesota, a rude parallelism extending northeast and southwest, and from 

the earliest to the youngest approach more and more to the basin of lake Superior, 

and appear to have outlined the northwestern confines of that basin in some of the 

earliest stages of geologic history. While these characteristic belts can be easily 

recognized only in the northeastern part of the state, it is believed, from the scant 

data that we have, that they extend entirely across the state in the same direction, 

and that they could be traced continuously were it not for the heavy covering of 

drift. Therefore the nomenclature, and the geologic history which is so plain in 

the northern part of the state, are reasonably extended southwestwardly as far as to 

South Dakota. 

Methods of topography. As the accompanying geological plates are marked by 

topographical contour lines, it will be well to remind the reader that they are not 

based on the same simple methods as were employed in the southern and western 

counties. In the most of the state are numerous railroads, etnd railroad and other 

surveys. These data have been used as bases from which, by rapid travel and aneroid 

readings, the contours of the surrounding country have been sketched in and corrected. 

In the northeastern part of the state such data are nearly always wanting. At the 

same time there is no portion of the state in which there is concentrated a more 

diversified topography, nor any in which the intimate dependence of topography on 
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geology is so evident. The topography, therefore, is, in a marked manner, the inter

preter and the guide to the geology. It was obvious at once that some method must 

be devised for expressing this relationship, and therefore for first expressing the 

salient contours of the topography, 

In order to do this with the available means of the survey, each party sent out 

in the season of 1893 was furnished with a copy of uniform instructions for making 

topographic records, of which the following is a transcript. Each party carried the 

necessary apparatus for making the contour lines on the township plats, which they 

had in duplicate, one set being for geology and one for topography: 

DIRECTIONS FOR FIELD WORK FOR TOPOGRAPHICAL MAPS OF THE MESABI IRON RANGE 

AND OF OTHER PARTS OF NORTHERN MINNESOTA. 

Contour lines of township maps. Starting from known elevations, of which a list is appended, the aneroid 
barometer is to be used, first, for the determination of altitudes of primary points of reference. Each township 
will have its own series of such primary points, marked (e) and lettered A, B, C, etc., among which will be 
included all the camping places of the party. The locations of these points, and their altitudes as barometrically 
determined, are to be recorded on the township plats. The altitudes of the principal lakes are also to be deter
mined and noted on the plats, and all the large lakes are to be used with the foregoing as primary planes of 
reference. These altitudes upon each township plat are to be harmonized together and brought as nearly as 
possible to be consistent with each other by reading the barometer whenever a journey is made between such 
primary stations and lakes, or from any of them to primary stations and lakes in adjoining townships or to points 
whose hights are known. 

It is intended that each party will keep a continuous computation of the hight of its primary stations with 
reference to the sea level, independent of the fluctuations of the barometer caused by changing meteorologic 
conditions. For this computation, the altitude of each new primary station will be obtained by barometric com
parison with stations of known hight or with former primary stations, when as little time as practicable is spent 
in passing from one station to the other. In such determinations of new stations, several readings (at least three) 
of the barometer at intervals of a half hour are to be taken at the station of already determined altitude just 
previous to leaving it; and immediately on arrival at the new station several readings (at least three) with the 
same intervals of time are likewise to be made, all these being recorded in the field-book. By inspection of these 
series it will be seen whether the barometric pressure was probably chang'ng, and in which direction, while the 
journey between these stations was being made, and this correction is to be applied in obtaining the altitude of 
the new station. 

From the points and planes of reference the hights and locations of the principal hills and ridges of the 
district will be determined similarly by the barometer and noted as secondary stations marked * on the township 
plats; and from each of these elevations the form of the adjoining country is to be sketched on the plats in 
contour lines with vertical intervals of fifty feet, reckoned from sea level through the known data before referred 
to, the calculated hights of the successive contour lines being noted on the plats. In this work altitudes at 
distances of a half mile to one mile, or farther, away from the observer may be ascertained approximately by 
sighting with the Locke's level from the points where the hight is known by the barometer. This sketching is to 
be done by pencil at the high secondary stations where the barometric altitude is read. 

When the primary hights relied on for the secondary stations and sketching are subsequently found to 
require changes and adjustments which affect the hights of the contours sketched, the changes needed are to be 
made also by pencil, by noting at each secondary station the estimated number of feet, with -1- or - sign, by 
which the previously assigned altitudes of the contour lines in its vicinity are to be changed for agreement with 
the more accurate barometric determinations and for consistency with each other and with adjoining township -
plats. At the primary and secondary stations and on the areas of lakes the plats must give references to the 
pages of the field-books where their original determinations and all later adjustments are stated in detail. 

All the areas of the townships assigned to your party, namely: (specification of the area assigned to the 
party) are to be covered with contour lines drawn as above described, from which the map plates of these areas 
will be compiled for the final report. Graphic records of your observations of the contour must be given fully 
by these lines on your several township plats. 

Notes in field-books. While the whole area of each of the designated townships is to be carefully contoured 
on the plats as indicated in these instructions, especial attention is to be given to the chief belt of outcrop of the 
iron-bearing formations, which is on the northern line of the slates at their junction with granite or quartzyte. 
Along this belt and upon a width of a half mile or more to each side from it, the survey is to be done with 
exceptional thoroughness and fullness of detail. Here continuous observations are to be taken along each north 
and south line of sections and their subdivisions, and brief descriptive notes of their altitudes, slopes and ravines 

xviii PREFACE. 

geology is so evident. The topography, therefore, is, in a marked manner, the inter

preter and the guide to the geology. It was obvious at once that some method must 

be devised for expressing this relationship, and therefore for first expressing the 

salient contours of the topography. 

In order to do this with the available means of the survey, each party sent out 

in the season of 1893 was furnished with a copy of uniform instructions for making 

topographic records, of which the following is a transcript. Each party carried the 

necessary apparatus for making the contour lines on the township plats, which they 

had in duplicate, one set being for geology and one for topography: 

DIRECTIONS FOR FIELD WORK FOR TOPOGRAPHICAL MAPS OF THE MESABI IRON RANGE 

AND OF OTHER PARTS OF NORTHERN MINNESOTA. 

Contour lines of township maps. Starting from known elevations, of which a list is appended, the aneroid 
barometer is to be used, first, for the determination of altitudes of p1'imary points of refe1'ence. Each township 
will have its own series of such primary points, marked (e) and lettered A, B, C, etc., among which will be 
included all the camping places of the party. The locations of these points, and their altitudes as barometrically 
determined, are to be recorded on the township plats. The altitudes of the principal lakes are also to be deter
mined and noted on the plats, and all the large lakes are to be used with the foregoing as primary planes of 
reference. These altitudes upon each township plat are to be harmonized together and brought as nearly as 
possible to be consistent with each other by reading the barometer whenever a journey is made between such 
primary stations and lakes, or from any of them to primary stations and lakes in adjoining townships or to points 
whose hights are known. 

It is intended that each party will keep a continuous computation of the hight of its primary stations with 
reference to the sea level, independent of the fluctuations of the barometer caused by changing meteorologic 
conditions. For this computation, the altitude of each new primary station will be obtained by barometric com
parison with stations of known hight or with former primary stations, when as little time as practicable is spent 
in passing from one station to the other. In such determinations of new stations, several readings (at least three) 
of the barometer at intervals of a half hour are to be taken at the station of already determined altitude just 
previous to leaving it; and immediately on arrival at the new station several readings (at least three) with the 
same intervals of time are likewise to be made, all these being recorded in the field-book. By inspection of these 
series it will be seen whether the barometric pressure was probably chang"ng, and in which direction, while the 
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From the points and planes of reference the hights and locations of the principal hills and ridges of the 
district will be determined similarly by the barometer and noted as secondary stations marked * on the township 
plats; and from each of these elevations the form of the adjoining country is to be sketched on the plats in 
contour lines with vertical intervals of fifty feet, reckoned from sea level through the known data before referred 
to, the calculated hights of the successive contour lines being noted on the plats. In this work altitudes at 
distances of a half mile to one mile, or farther, away from the observer may be ascertained approximately by 
sighting with the Locke's level from the points where the hight is known by the barometer. This sketching is to 
be done by pencil at the high secondary stations where the barometric altitude is read. 
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require changes and adjustments which affect the hights of the contours sketched, the changes needed are to be 
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and south line of sections and their subdivisions, and brief descriptive notes of their altitudes, slopes and ravines 
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are to be recorded or sketched in the field-books, previous to the usual sketch mapping of the contour lines of 
hills and ridges~ 

For the purpose of the final mapping, all the barometric readings at the primary reference points or lakes, 
and at every secondary station from which sketching is done, are to be recorded carefully in your field-books with 
definite statements of the locations of these points, lakes and stations, as to the section, township and range, and 
the situation in the section. In all cases the aneroid barometer is to be read both in inches and in feet, as 
barometer 29.132=1,710 feet, while it is laid or held in horizontai position and after a slight jarring that the needle 
may freely come to rest. The times of all barometric readings are to be entered with them in the field-books, 
whereby these field records will be conveniently corrected by comparison with the continuous records of a 
mercurial barometer read regularly during each day at some station of known hight on the Mesabi Iron range. 

An example of the notation in the field-book for an aneroid reading, with its location and time, and its 
computed hight, is therefore as follows: Barometer 29.132=1,710 feet-Primary station B, S. E. ~ sec. 1, T. 58-17 
-June 15, 10:30 a. m.,-Computed hight, 1,565 feet. More exact description of the location of this station, with 
reference to the sides and corners of this quarter section, is to be given also, unless it has been previously deter
mined and so described on a foregoing page, and its position is to be indicated on the plat thus, G.B. 

[Sample page.] 

BAROMETRIC RECORDS FOR THE MONTH OF JUNE. 

DA'I.'E AND RECORD . 

Stations • JOHN SMITH, Observer. 

• 3 3 3 3 3 3 
7:30A 9:30 A 12 M 6P 6:30 P 7P 

A 28.435 28.405 28.355 28.365 28.375 28.385 
2375 2402 2450 2440 2431 2422 

* 3 3 
8:00 A 9A 

a 28.335 28.325 
2468 2477 

* 3 3 
11:00 A 11:30 A 

b 28.010 28.010 
2782 2782 

* 3 
3P 

c 28.175 
2622 

* 3 
4P 

d 28.065 
2728 

• 3 4 4 4 4 5 
7:30P 7A 7:30A 5P 5:30 P 6A 

B 28.375 28.445 28.440 28.600 28.610 28.625 
2{31 2366 2370 2212 2202 2190 

* 4 4 * 5 5 
9A 9:30 A 9:30 A 10:30 

d 28.105 28.105 i 28.200 28.200 
2688 2688 2597 2597 

* 4 4 * 5 * 5 
10:30 A 12 M 1:30 P 4.00P 

e 28.000 28.015 j 28.445 k 28.445 
2790 2778 2366 2366 

* 4 
IP 

f 28.200 
2597 

* 4 4 4 5 
2:30 P 3P 3:30 P 7 A 

g 28.300 28.310 28.325 
2504 2495 2484 

* 5 5 
7:30A 8A 

-h 28.350 28.360 
2455 2445 
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are to be recorded or sketched in the field-books, previous to the usual sketch mapping of the contour lines of 
hills and ridges~ 

For the purpose of the final mapping, all the barometric readings at the primary reference points or lakes, 
and at every secondary station from which sketching is done, are to be recorded careLully in your field-books with 
definite statements of the locations of these points, lakes and stations, as to the section, township and range, and 
the situation in the section. In all cases the aneroid barometer is to be read both in inches and in feet, as 
barometer 29.132=1,710 feet, while it is laid or held in horizontai position and after a slight jarring that the needl(l 
may freely come to rest. The times of all barometric readings are to be entered with them in the field-books, 
whereby these field reoords will be conveniently corrected by comparison with the continuous records of a 
mercurial barometer read regularly during each day at some station of known hight on the Mesabi Iron range. 

An example of the notation in the field-book for an aneroid reading, with its location and time, and its 
computed hight, is therefore as follows: Barometer 29.132=1,710 feet-Primary station B, S. E. 34 sec. 1, T. 58-17 
-June 15, 10:30 a. m.,-Computed hight, 1,5135 feet. More exact description of the location OL this station, with 
reference to the sides and corners of this quarter section, is to be given also, unless it has been previously deter
mined and so described on a foregoing page, and its position is to be indicated on the plat thus, (j.B. 

[Sample page.] 

BAROMETRIC RECORDS FOR THE MONTH OF JUNE. 

DA'I.'E AND RECORD . 

Stations • JOHN SMITH, Observer. 

• 3 3 3 3 3 3 
7:30A 9:30 A 12 M I3P 13:30P 7P 

A 28.435 28.405 28.355 28.3135 28.375 28.385 
2375 2402 2450 2440 2431 2422 

* 3 3 
8:00 A 9A 

a 28.335 28.325 
2468 2477 

* 3 3 
11:00 A 11:30 A 

b 28.010 28.010 
2782 2782 

* 3 
3P 

c 28.175 
2622 

* 3 
4P 

d 28.065 
2728 

• 3 4 4 4 4 5 
7:30P 7A 7:30A 5P 5:30 P 6A 

B 28.375 28.445 28.440 28.600 28.610 28.1325 
2{31 2366 2370 2212 2202 2190 

* 4 4 * 5 5 
9 A 9:30 A 9:30 A 10:30 

d 28.105 28.105 i 28.200 28.200 
2688 2688 2597 2597 

* 4 4 * 5 * 5 
10:30 A 12 M 1:30 P 4.00P 

e 28.000 28.015 j 28.445 k 28.445 
2790 2778 2366 2366 

* 4 
IP 

f 28.200 
2597 

* 4 4 4 5 
2:30 P 3P 3:30 P 7 A 

g 28.300 28.310 28.325 
2504 2495 2484 

* 5 5 
7:30 A 8A 

-h 28.350 28.360 
2455 2445 
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The readings of the mercurial barometer and of the temperature at its station will'be recorded at the even 
hours and half hours throughout the day. For comparison therewith the aneroid barometer should be read 
likewise at even hours and half hours. For these readings the aneroid is to be placed on the ground. 

The field-books are also to contain brief notes of the conditions of the weather at morning, noon, and night 
and whenever noteworthy changes are observed, as to clear or partly or wholly cloudy sky; calmness or direction 
of the wind, and whether it is slight, moderate or strong; the duration and character of rains, and especially of 
showers, noting their time of beginning and end; and the char<tcter of the temperature, as cool, mild, warm, or 
hot, and the time of any sudden changes of temperature, as during or after showers. Note particularly the 
oncoming of thunder storms, as their isobars move across the country from west to east and will serve, in the 
final compilation, for cOl'l'ecting the aneroid readings of the several parties. 

The stations are designated thus: e=Primary station. *=Secondary station. A=A. 'M. P=P. M. 
M=Noon. Capitals A, E, C, to Z=Primary stations. Lower case a, b, c, to z=Secondary stations. 

Supplementw·y. If it be found impracticable to keep a continuous record and calcUlation of the elevation 
in feet above the sea, thus drawing the contour lines where they will permanently remain, the topographer may 
contour the separate townships from assumed primary stations, Such assumed points should have numerous 
aneroid readings recorded in the field notes for correction by the mercurial barometer, and they should be, if 
possible, either the highest or lovvest points in the township, or the surface of some large lake. The contour lines 
drawn at intervals of fifty feet from such data will receive their cOl'l'ection when the records are all compared. 

Accompanying these instructions was a list of all known elevations within the 

area to be contoured. rfhe mercurial barometer by which the aneroids were corrected 

was read each half hour at the station wheTe the Duluth and Iron Range railroad 
crosses the Mesabi Iron range, and by it all the aneroids were set. 

This plan was carried out with varying accuracy and fullness by the different 

parties; and at the same time a line of spirit levels was run northward fro111 Grand 
Marais to the international boundary, calculated to furnish positive hypsometric data 

in one of the most important as well as complicated portions of the state. From 
this line many short branch lines were run to lakes and to hills. The data gathered 

by this examination, which went on in connection with geological notes, and the 
readings of the stationary mercurial barometer, were submitted to Mr. Upham, and 

by him were drawn finally the most of the contours represented on the special geo
logical plates of the Mesabi Iron range. In the region of Akeley and Gunflint lakes, 
however, the contours are essentiaJly those of Dr. Grant, and those of the Hibbin:g, 

Virginia and Mountain Iron plates are as constructed by Mr. Spurr. Those of Carlton 
county are by Mr. Ayres. 

Date oj some oj the chapte1fts. The field work of the survey was done in some 
parts of the area included in this volume several years ago, atld there is some discrep

ancy between the maps and the descriptions and the present state of development. 

This is particularly true of the special maps of the western part of the Mesabi Iron 

range, where the larger part of the developments which have astonished all engaged 

in the iron industry have taken place since the survey was made. There has been 

no opportunity to make more reeent examinations, such as the circumstances would 

warrant. In other cases there have been some changes in the boundaries of the 

counties in the northwestern part of the state since the reports were written and the 

drawings of the maps were executed. It has not been possible to recast the reports 

nor to make the county boundaries conform to these changes. N. H. W. 
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The readings of the mercurial barometer and of the temperature at its station will'be recorded at the even 
hours and half hours throughout the day. For comparison therewith the aneroid barometer should be read 
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SUJlJllementm·y. If it be found impracticable to keep a continuous record and calculation of the elevation 
in feet above the sea, thus drawing the contour lines where they will permanently remain, the topographer may 
contour the separate townships from assumed primary stations. Such assumed points should have numerous 
aneroid readings recorded in the field notes for correction by the mercurial barometer, and they should be, if 
possible, either the highest or lowest points in the township, or the surface of some large lake. The contour lines 
drawn at intervals of fifty feet from such data will receive their correction when the records are all compared. 

Accompanying these instructions was a list of all known elevations within the 

area to be contoured. 'rhe mercurial barometer by which the aneroids were corrected 

was read each half hour at the station where the Duluth and Iron Range railroad 
crosses the Mesabi Iron range, and by it all the aneroids were set. 

This plan was carried out with varying accuracy and fullness by the different 

parties; and at the same time a line of spirit levels was run northward from Grand 
Marais to the international boundary, calculated to furnish positive hypsometric data 

in one of the most important as well as complicated portions of the state. From 
this line many short branch lines were run to lakes and to hills. The data gathered 

by this examination, which went on in connection with geological notes, and the 
readings of the stationary mercurial barometer, were submitted to Mr. Upham, and 

by him were drawn finally the most of the contours represented on the special geo
logical plates of the Mesabi Iron range. In the region of Akeley and Gunflint lakes, 

however, the contours are essentiaJly those of Dr. Grant, and those of the Hibbin:g, 
Virginia and Mountain Iron plates are as constructed by Mr. Spurr. Those of Carlton 
county are by My. Ayres. 

Date of some of the chapters. The field work of the survey was done in some 

parts of the area included in this volume several years ago, and there is some discrep
ancy between the maps and the descriptions and the present state of development. 

This is particulaTly true of the special maps of the western part of the Mesabi Iron 

range, where the larger part of the developments which have astonished all engaged 

in the iron industry have taken place since the survey was made. There has been 

no opportunity to make more recent examinations, such as the circumstances would 

warrant. In other cases there have been some changes in the boundaries of the 

counties in the northwestern part of the state since the reports were written and the 

drawings of the maps were executed. It has not been possible to recast the reports 

nor to make the county boundaries conform to these changes. N. H. W. 
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OHj-~PTER I. 

THE GEOLOGY OF OARUrON OOUWry.* 

By N. H. WINCHELL. 

Situation (mel area. This eounty is situated on the western 1'1m of the lake 

Superior valley. Its waters drain both ways-eastwardly and southwestwardly. Its 

area is 867.19 square miles, of which 9.47 square miles are water. Its form is that 

of a reetangle east and west, bordering on the state of \iViseonsin south of the St. 

Louis river. 

SURFACE FEATURES. 

Natural drainage. The St. Louis river crosses the northeastern eorner of the 

county, but it drains an insignificant amount of the surfaee. About one-fifth of the 

eounty, the southeastern part, is drained by the upper waters of the N emadji river, 

while the larger part of the county contributes to the Mississippi through the 

Prairie and Kettle rivers. In the eentral and northwestern portions of the county 

are several fine lakes, and in the latter region these lakes are accompanied by 

extensive marginal swamps. 

Topography. In general the surface varies from fiat to rolling and hilly. That 

portion of the eounty which is drained to the valley of lake Superior is quite rough, 

the rivers having excavated deep and sharp canon-like valleys in the drift which 

would have otherwise an even upper surface. This is more particularly true of the 

area drained by the N emadji, for the St. Louis river, so far as it is within this county, 

is yet mainly outside the ancient valley that was subulerged by lake Superior during 

the accumulation of the drift, and hence the drift maintains a rough contour that 

is more characteristic of the drift-covered latitudes. The most of the county is 

rather smooth, similar to the fiat drift-covered counties in the western pa,rt of the 

state, the fiatness being broken only by the drainage courses. The only noteworthy 

• Carlton county was in part examined in 1879, and many rock samples were collected, as recorded in the 10th annual 
report, pp. 9-34 (Nos. 443-510). Further examination was made in September, 1893, in company with Mr. H. B. Ayers, and later 
with Mr. J. E. Spurr. In June, 1894, Mr. Ayers again assisted, and finally, in July, 1894, and May, 1897, several of the interesting 
and important rock outcrops were again reviewed in company with Mr. Ayers and Dr. U. S. Grant. The topographical work 
expressed on the plate of the county (No. 56) is essentially that of Mr. Ayers, who traveled over the whole connty with an 
aneroid barometer for the purpose. The petrographic geology of Carlton connty will be found in detail in volume 5 in connection 
with the rocks listed from this county. 
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OHj-~PTER I. 

THE GEOLOGY OF OARUrON OOUWry.* 

By N. H. WINCHELL. 

Sitnation and area. This eounty is situated on the western 1'1m of the lake 

Superior valley. Its waters drain both ways-eastwardly and southwestwardly. Its 

area is 867.19 square miles, of which 9.47 square miles are water. Its form is that 

of a rectangle east and west, bordering on the state of \iViseonsin south of the St. 

Louis river. 

SURFACE FEATURES. 

Natural drainage. The St. Louis river crosses the northeastern eorner of the 

county, but it drains an insignificant amount of the surface. About one-fifth of the 

county, the southeastern part, is drained by the upper waters of the Nemadji river, 

while the larger part of the county contributes to the Mississippi through the 

Prairie and Kettle rivers. In the central and northwestern portions of the eounty 

are several fine lakes, and in the latter region these lakes are accompanied by 

extensive marginal swamps. 

Topography. In general the surface varies from fiat to rolling and hilly. 'I'hat 

portion of the county which is drained to the valley of lake Superior is quite rough, 

the rivers having excavated deep and sharp canon-like valleys in the drift which 

would have otherwise an even upper surface. This is more particularly true of the 

area drained by the Nemadji, for the St. Louis river, so far as it is within this county, 

is yet mainly outside the ancient valley that was submerged by lake Superior during 

the accumulation of the drift, and hence the drift maintains a rough contour that 

is more characteristic of the drift-cover6\d latitudes. The most of the county is 

rather smooth, similar to the flat drift-covered counties in the western pa,rt of the 

state, the flatness being broken only by the drainage courses. The only noteworthy 

*Carlton county was in part examined in 1879, and many rock samples were collected, as recorded in the 10th annual 
report, pp. fl-34 (Nos. 443-510). Further examination was made in September, 1893, in company with Mr. H. B. Ayers, and later 
with Mr. J. E. Spurr. In June, 1894, Mr. Ayers again assisted, and finally, in July, 1894, and May, 1897, several of the interesting 
and important rock outcrops were again reviewed in company with Mr. Ayers and Dr. U. S. Grant. The topographical work 
expressed on the plate of the county (No. 56) is essentially that of Mr. Ayers, who traveled over the whole county with an 
aneroid barometer for the purpose. The petrographic geology of Carlton county will be found in detail in volume 5 ill connection 
with the rocks listed from this county. 
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2 THE GEOLOGY OF MINNESOTA. 
[Topography. 

exceptions to the original flat or undulating contom besides those mentioned 

above are found in a belt near the centre of the county, extending northeast and 

. southwest about eight miles in width which is morainic, and an area in the extreme 

nOTtheastern corner of the county. rrhere is another small area in the south

western corner of the county which is also rough with original morainic deposits. 

There are three important featmes in the topography of this county, aside from the 

usual general monotony, viz.: (1) The St. Louis river valley. (2) The N emadji 

plains and callons, and, (3) The old outlets of lake Superior. 

(1). The calley of the 8t. Louis J'il'l'J'. In the main this river is bounded on 

either side by high drift-walls composed of the morainic drift of the region. These 

walls are distant from the river proper from half a mile to two miles, and they are 

undulating or rounded, and cut by numerous drainage courses that cross them., and 

are reduced by the superficial wash that is incident to atmospheric exposure since 

the deposition of the material. From Cloquet downward the river runs on the 

rock, and continues thus to near Fond du Lac. Near the eastern boundary of the 

county the surface drift features change from the morainic to lacustrine, assuming 

thus the characters seen in the Nemadji valley. The immediate valley eastward from 

the eastern boundary of the county is therefore of more recent excavation than 

that pOTtion which is excavated in the morainic drift. The rocks are nowhere much 

worn by the river. There are but few narrow gorges, but frequent cascades or falls. 

The gorge through which the river runs under the railroad bridge between Carlton 

and Thomson may be mentioned. Here the excavation is greater than s,t any other 

place, but it is not all due to the action of the river. There are many dikes that clit 

the formation in that neighborhood, and the rock of these dikes is rotted more than 

the rock of the slates and quartzyte. One such, about the width of the river, runs 

north and south through the country exactly where this gorge is. The bridge there

fore spans both dike and river. Everywhere these dikes are rotted below the surface 

of the other rocks, and they are usually marked by trenches in the older rocks, 

formed by their more rapid removal. It is probable that the occurrence of such a 

trench determined the location of the river at that point when it had to seek a pas

sage on the retirement of lake N emadji from the vicinity. The river here is con

centrated within a narrow channel, and its erosive action, after it began, has been 

by that means accelerated. 

(2). The Nenu((l;jivalley. Is a lacustrine plain, underlain by stratified clay and 

by fine sand. The area of this clay extends northward nearly or quite to the St. 

Louis valley. The brick made at Wrenshall, four miles southeast from Carlton, are 

from this laminated lacustrine clay. rrhe surface in this lacustrine area is nearly 

flat, but slopes gently toward the N emadji proper, which runs northeast. The 
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fiat, but slopes gently toward the N emadji proper, which runs northeast. The 
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N emadji valley is thus the synclinal which expresses the most westward extension 

of the great valley of lake Superior. Its western border is markedly distinct by 

reason of the abrupt change that takes place in the surface contours on passing froni 

the lacustrine clay to the glacial drift proper. This is true throughout its extent in 

Carlton county. Its southern limit is nearly coincident with the southern boundary 

of Carlton county, passing into Wisconsin. Throughout this plain the streams h:we 

cut into the upper surface of the drift and formed sharp and deep trenches, but they 

do not, so far as known, certainly come into contact with the bed rock at any point 

in Carlton county. 

(3). The old outlets of lake 8u}JeJ'ioJ'. Otter creek, which joins the St. Louis at 

Carlton, flows there in an old channel between drift bluff's that are quite marked, 

and are separated from each other from one to two miles. This old channel is dis

tinctly traceable for some distance toward the southwest, approximately in the 

direction of the St. Paul and Duluth railroad, but somewhat to the south of the 

track. It passes through Otter Creek and Mahtowa (townships) and near Barnum it 

unites with the valley of the Moose river, and thence is tributary to the Kettle 

river. This old channel runs through morainic drift. In section 12, Mahtowa, it 

has a blind connection with the Blackhoof valley, but the Blackhoof river itself is 

now running at a lower level, and the water in the old channel (a small stream) 

in order to reach it, flows in the opposite direction from what it pursued when the 

old channel was full. This old channel is probably the oldest and highest of the 

westward outlets of lake Superior, and was formed through the terminal moraine 

which bounded the Superior ice lobe in glacial times. 

There is another ancient channel equally marked, in township 46, range 18. This 

passes across the divide between Moose river and N emadji, and is specially visible 

in sections 16 and 17, where there is now no water except in spring time. Toward 

the west this channel is occupied by a tributary of Moose river, and toward the 

east by a tributary of the N emadji, which immediately commences to meander 

across the plain toward lake Superior. This channel is lower than the other, and 

probably was an outlet of lake Superior when it covered the N emadji valley and 

was forming the lacustrine clay which covers it. Its highest point is 1,070 feet 

above tide, or 468 feet above lake Superior. The upper channel is about 1,125 feet 

above tide, or 523 feet above lake Superior. 

Moose Lake station, 
Summit, natural surface, 
Summit, grade, 
Barnum, 

Elevations, St. Patl,l & Dul-gth Rail1"oCicl. 
Miles from 

St. Paul. 

108.8 
111.8 
112.0 
113.4 

Feet above 
t,he sea. 

1,063 
1,115 
1,108 
1,100 
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unites with the valley of the Moose river, and thence is tributary to the Kettle 

river. This old channel runs through morainic drift. In section 12, Mahtowa, it 

has a blind connection with the Blackhoof valley, but the Blackhoof river itself is 

now running at a lower level, and the water in the old channel (a small stream) 

in order to reach it, flows in the opposite direction from what it pursued when the 

old channel was full. This old channel is probably the oldest and highest of the 

westward outlets of lake Superior, and was formed through the terminal moraine 

which bounded the Superior ice lobe in glacial times. 

There is another ancient channel equally marked, in township 46, range 18. This 

passes across the divide between Moose river and N emadji, and is specially visible 

in sections 16 and 17, where there is now no water except in spring time. Toward 

the west this channel is occupied by a tributary of Moose river, and toward the 

east by a tributary of the N emadji, whieh immediately commences to meander 

across the plain toward lake Superior. This channel is lower than the other, and 

probably was an outlet of lake Superior when it covered the N emadji valley and 

was forming the lacustrine clay which eo vel'S it. Its highest point is 1,070 feet 

above tide, or 468 feet above lake Superior. The upper channel is about 1,125 feet 

above tide, or 523 feet above lake Superior. 
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Summit, natural surface, 
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Barnum, 
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the sea. 
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1,108 
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Miles from 

Moose Horn river (water, 1,091), grade, 
Cut (16 feet deep), grade, 
Cut (21 feet deep), grade, 
Mahtowa, 
Blackhoof summit (natural surface and grade the same; highest point on 

tlus railroad), 
Otter creek, 
Carlton (N. P. Junction), 

St. Paul. 

113.5 
114.1 
117.1 
119.5 

120.7 
125.2 
131.5 

St. Louis river, Dalles bridge (bed, 992; low and high water, 997-1,020), grade, 132.5 
133.0 
135.1 

Thomson, 
Big Gulch (bottom of culvert, 981), grade, 
SumuJit siding (cut here has maximum depth of 24 feet), 135.9-136.1 

KNIll'E FALLS BR.ANCR. 

Carlton, 
St. Louis river (crest of Knife falls, 1,167, having a perpendicular fall of 8 

feet; high water on crest of falls, 1,172), grade, -
St. Louis river, at head of the rapids above the falls, ordinary stage, about, 

Thomson, 
Carlton, 

Northern Pacific Railroad. 

St. Louis river, Dalles bridge (bed, 992; low and high water, 997-1,020), grade, 
Otter creek, bed, 
Pine Grove, 
Sawyer, 
Corona, 
Kettle river, bed, 
Summit, natural surface, 
Cornwell, at Island lake, 
Tamarack river (bed, 1,287), grade, 
Wright, 
Summit of grade, l~i miles southeast of Carlton, in a rock cut, 18 feet deep, 
Wrenshall, 
Barker, 

DuZ,nth & ~Winnipeg RaUroad (Great Northe·rn). 

Summit station, -
Midway river (bed, 1,153), grade, 
Summit (cutting 14 feet), grade, 
St. Louis river (bed, 1,116 feet), grade, 
Cloquet, 
Nagonab, 

131.5 

136.4 
137.3 

Miles from 
Duluth. 

21.7 

22.0 
26.4 
28.3 
33.5 
39.0 
41.1 
44.0 
45.0 
50.7 
51.0 

lYliles from 
Duluth. 

17.7 
18.8 
20.9 
22.7 
30.7 

Elevations Determined by the U. S. Engineer Corps. 

[Elevations. 

Feet above 
the sea. 

1,10l 
1,110 
1,135 
1,147 

1,170 
1,150 
1,083 
1,044 
1,055 
1,095 
1,115 

1,083 

1,180 
1,175 

Feet above 
the sea. 

1,032 
1,083 
1,044 
1,128 
1,237 
1,317 
1,303 
1,287 
1,331 
1,306 
1,30l 
1,309 
1,098 
1,044 

953 

Feet above 
the sea. 

1,182 
1,202 
1,173 
1,191 
1,214 

The following elevations were published by the Mississippi River Commission, 

in 1892, having been determined in 1891: 
NOTE.-In this list A. P. B. M. indicates a precise benchmark which is set with special care so as to be 

practically permanent. 
A. T. B. M. indicates a temporary benchmark whose elevation is as well determined as the P. B. M. but 

which is not regarded as specially permanent. 
To reduce to mean gulf level at Biloxi, Miss., subtract 21.26 feet (preliminary value) from the elevations 

here given. 

U. S. P. B. M. 4 is top of copper bolt, in vitrified clay slab in ground, and surmounted by iron pipe. It is 
49 feet south of the St. P. & D. railway track, and 6,890 feet east of the depot at Thomson, Carlton county, 
Minn. It is 298 feet west of a cattle guard, and 2.5 feet north of the right of way south fence. Elevation, 
1,090.664 feet. 

U. S. P. B. M. 4-A is top of iron cap on top of pipe over P. B. M. 4, described above. Elevation 1,094.640 feet. 
U. S. P. B. M. 5 is cros(cut on top of windowsill of the Carlton county courthouse at Carlton, Minn. It is 
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U. S. P. B. M. 4 is top of copper bolt, in vitrified clay slab in ground, and surmounted by iron pipe. It is 
49 feet south of the St. P. & D. railway track, and 6,890 feet east of the depot at Thomson, Carlton county, 
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in the first window north of the tower and on the western side of the building. The benchmark is marked 
thus: U. S. + B. M. Elevation, 1,109.847 feet. 

T. B. M. 39 is spike in root of pine tree 3 feet in diameter, on eastern side of public road leading south 
from Carlton, Minn. It is about 2,950 feet north of the junction of the public road with the old military road 
leading from Superior to St. Paul. Elevation, 1,131.314 feet. 

U. S.,P. B. M. 6 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 
1 foot southward from the southern fence of the Superior and St. Paul military road and on land of Michael 
O'Donnell, in Carlton county, Minn. It is 371 feet eastward from the northwest corner of section 1, township 
47, range 17, and is 190 feet northward from O'Donnell's house, and is about 6 miles southward from the town of 
Carlton. Elevation, 1,133.562 feet. 

U. S. P. B. M. 6-A is top of iron cap on top of pipe over P. B. M. 6, described above. Elevation, 1,137.545 feet. 
U. S. P. B. M. 7 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 

about 100 feet northward from the military road and 500 feet westward from the bridge over Blackhoof river, 
and 8.5 miles eastward from Barnum in Carlton county, Minn. There are two Norway pine trees blazed respect
ively 79 feet northward and 62 feet northeastward from the benchmark. Elevation, 1,111.167 feet. 

U. S. P. B. M. 7 -A is top of iron cap on top of pipe over P. B. M. 7, described above. Elevation, 1,115.165 feet. 
rr. B. M. 55 is spike in root of pine tree 3 feet in diameter, west of military road, about 6,140 feet south

ward from farm house. The benchmark is on top of a hill_where the road turns southward, and is 3.4 miles 
southwest from Blackhoof bridge, in Carlton county, Minn. Elevation, 1,219,141 feet. 

U. S. P. B. M. 8 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 59 
feet northwestward from the military road and 193 feet northward from the junction of the military road with 
public road leading to Barnum. The benchmark is 3.9 miles east of Barnum, in Carlton county, Minn. Eleva
tion, 1,185.778 feet. 

U. S. P. B. M. 8-A is top of iron cap on top of pipe over P. B. M. 8, described above. Elevation, 1,189.748 feet. 
U. S. P. B. M. 9 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 

in the southeast corner of section 36, and is 17 feet northward from the township corner marking townships 46 
and 47, ranges 18 and 19, and being the northwest corner of township 46, range 18, in Carlton county, Minn. The 
township corner is marked by an iron bolt driven about i:l feet in the ground and is in the public road. The 
benchmark is about 1 mile east of Barnum depot. Elevation, 1,201.867 feet. 

U. S. P. B. M. 9-A is top of iron cap on top of pipe over P. B. M. 9, described above. Elevation, 
1,205.880 feet. 

T. B. M. 59 is railroad spike in root of pine tree, 103.5 feet eastward from the threshold of the railway 
depot at Barnum, Carlton county, Minn. Elevation, 1,117.932 feet. 

T. B. M. 62 is railroad spike in root of poplar tree, 8 feet east of fence, 58 feet east of St. P. & D. railway 
track, 705 feet south of public road and railroad crossing, and about 3 miles south of Barnum, Carlton county, 
Minn. Elevation, 1,104.353 feet. 

U. S. P. B. M. 10 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 
20 feet 8 inches from the southeast corner of L. L. Sargeant's dwelling house, in Moose Lake village, Carlton 
county, Minn. It is 145 feet eastward from the St. P. & D. railway track, and 282 feet eastward from the 
railroad depot, and 525 feet eastward from a warehouse under which is the northwest corner of section 21, 
township 46, range 19. Elevation, 1,080.028 feet. 

U. S. P. B. M.10-A is top of iron cap on top of pipe over P. B. M. 10, described above. Elevation, 1,084.019 feet. 

The highest land in the county is in the northeast, on the east side of the St. 

Louis river, where the contours of 1,400 feet make a short entry south of the 

'"l1orthern county line, one knob in section 2, township 49, range 17, being 1,450 feet 

high. This is due, so far as can be seen outwardly, to morainic ~ccumulations which 

extend farther into St. Louis county, but it is also probable that the gabbro range 

which abuts on the St. Louis valley farther east, has an initial influence in the 

greater elevation of the rock surface as well as in the locus of the morainic deposits. 

From this altitude the general surface descends rather rapidly to the valley of the 

St. Louis river, and still more rapidly along the St. Louis valley eastward from 

Thoms'on, and at the exit of the river from the county its surface is lower than 

650 feet. 
Soil and Timber. The county presents great diversity of soil. The western 

and northwestern parts are prevailingly fiat, and frequently swampy, and extensive 
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in the first window north of the tower and on the western side of the bllilding. rrhe benchmark is marked 
thus: U. S. + B. M. Elevation, 1,109.847 feet. 

T. B. M. 39 is spike in root of pine tree 3 feet in diameter, on eastern side of public road leading south 
from Carlton, Minn. It is about 2,950 feet north of the junction of the public road with the old military road 
leading from Superior to St. Paul. Elevation, 1,131.314 feet. 

U. S.P. B. M. 6 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 
1 foot southward from the southern fence of the Superior and St. Paul military road and on land of Michael 
O'Donnell, in Carlton county, Minn. It is 371 feet eastward from the northwest corner of section 1, township 
47, range 17, and is 190 feet northward from O'Donnell's house, and is about 61niles southward from the town of 
Carlton. Elevation, 1,133.562 feet. 

U. S. P. B. M. 6-A is top of iron cap on top of pipe over P. B. M. 6, described above. Elevation, 1,137.545 feet. 
U. S. P. B. M. 7 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 

about 100 feet northward from the military road and 500 feet westward from the bridge over Blackhoof river, 
and 8.5 miles eastward from Barnum in Carlton county, Minn. rrhere are two Norway pine trees blazed respect
ively 79 feet northward and 62 feet northeastward from the benchmark. Elevation, 1,111.167 feet. 

U. S. P. B. M. 7-A is top of iron cap on top of pipe over P. B. M. 7, described above. Elevation, 1,115.165 feet. 
T. B. M. 55 is spike in root of pine tree 3 feet in diameter, west of military road, about 6,140 feet south

ward from farm house. rrhe benchmark is on top of a hill,where the road turns southward, and is 3,4 miles 
southwest from Blackhoof bridge, in Carlton county, Minn. Elevation, 1,219,141 feet. 

U. S. P. B. M. 8 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 59 
feet northwestward from the military road and 193 feet northward from the junction of the military road with 
public road leading to Barnum. The benchmark is 3.9 miles east of Barnum, in Carlton county, Minn. Eleva
tion, 1,185.778 feet. 

U. S. P. B. M. 8-A is top of iron cap on top of pipe over P. B. M. 8, described above. Elevation, 1,189.748 feet. 
U. S. P. B. M. 9 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 

in the southeast corner of section 36, and is 17 feet northward from the township corner marking townships 46 
and 47, ranges 18 and 19, and being the northwest corner of township 46, range 18, in Carlton county, Minn. The 
township corner is marked by an iron bolt driven about iJ feet in the ground and is in the public road. The 
benchmark is about 1 mile east of Barnum depot. Elevation, 1,201.867 feet. 

U. S. P. B. M. 9-A is top of iron cap on top of pipe over P. B. M. 9, described above. Elevation, 
1,205.880 feet. 

T. B. M. 59 is railroad spike in root of pine tree, 103.5 feet eastward from the threshold of the railway 
depot at Barnum, Carlton county, Minn. Elevation, 1,117.932 feet. 

T. B. M. 62 is railroad spike in root of poplar tree, 8 feet east of fence, 58 feet east of St. P. & D. railway 
track, 705 feet south of public road and railroad crossing, and about 3 miles south of Barnum, Carlton county, 
Minn. Elevation, 1,104.353 feet. 

U. S. P. B. M. 10 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 
20 feet 8 inches from the southeast corner of L. L. Sargeant's dwelling house, in Moose Lake village, Carlton 
county, Minn. It is 145 feet eastward from the St. P. & D. railway track, and 282 feet eastward from the 
railroad depot, and 525 feet eastward from a warehouse under which is the northwest corner of section 21, 
township 46, range 19. Elevation, 1,080.028 feet. 

U. S. P. B. M.lO-A is top of iron cap on top of pipe over P. B. M. 10, described above. Elevation, 1,084.019 feet. 

The highest land in the county is in the northeast, on the east side of the St. 

Louis river, where the contours of 1,400 feet make a short entry south of the 

110rthern county line, one knob in section 2, township 49, range 17, being 1,450 feet 

high. This is due, so far as can be seen outwardly, to morainic ~ccumulations which 

extend farther into St. Louis county, but it is also probable that the gabbro range 

which abuts on the St. Louis valley farther east, has an initial infiuence in the 

greater elevation of the rock surface as well as in the locus of the morainic deposits. 

From this altitude the general surface descends rather rapidly to the valley of the 

St. Louis river, and still more rapidly along the St. Louis valley eastward from 

Thomson, and at the exit of the river from the county its surface is 10v\Ter than 

650 feet. 
Soil and Timber. The county presents great diversity of soil. The vvestern 

and northwestern parts are prevailingly fiat, and frequently swampy, and extensive 
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muskegs occur, which will become tillable only by an extensive system of artificial 

drainage. The eastern half of the county is much better drained, but it likewise 

has more stony and even rocky land that can never be made productive farming 

land. The Nemadji valley, while flat and clayey, and very muddy at certain 

seasons, yet is well drained by reason of the numerous streams that carry the surface 

waters rapidly into the main stream, and thence into lake Superior. Below the 

superficial lacustrine clay is a great thickness of till which occasionally rises· 

through the clay to the surface. This underlying till emerges from beneath the 

clay all about the rim of the N emadji basin and constitutes the rolling surface that 

bounds the valley. 
The timber is equally diversified. About the swamps and on the sandy plains 

jack pine (P1:nus banks£ana) and spruce, characteristic of the region, are scattered 

sparingly, mingled in the drier patches with poplar and white birch, and in the 

more rolling and more fertile tracts with white pine, elm, oak, and the various 

deciduous species that have been enumerated in reports on other counties. 
Hemlock. In connection with the timber trees of this county, an important exception should be noted to 

the general statement published in volume 1. of this report,* to the effect that hemlock (Tst£ga canadensis) is 
not known in the state. It is.found sparingly in Carlton county, viz.: It formerly grew on the south side of 
Moose lake, between Moose lake and the old military road. According to Mr. Wm. Oliver, nine trees once grew 
there, but curiosity and vandalism have destroyed nearly all of them; on the bank of Kettle river west of Moose 
lake; near Howell (east of Thomson), between Howell and the St. Louis river, on section 10, township 48, 
range 16, near the centre of the section, in a little ravine. 

In connection with this subject it is best to mention here other localities, although not in Carlton county, 
at which hemlock has been authentically reported as indigenous to the state, viz.: On the Duluth and 
Winnipeg railroad, on the line between sections 20 and 21, beyond Catlin, township 51, range 19. Quite a 
number of large trees are found here. According to Mr. R. G. Robinson, Pine City, there is a grove of 
hemlock intermixed with other woods, of more than six hundred acres, in sections 21 and 28, township 50, 
range 19, on the St. Louis river. Some of the trees are not less than 2~ feet in diameter, on the stump. 
According to the same authority there are six trees near the town line between townships 42 and 43, range 
19, about eight miles east of Miller station (St. Paul and Duluth railroad). A sample from this place was 
to be seen (in 1885) in the office of the land department of the St. Paul and Duluth railroad. It is well 
known that eastward from the Minnesota boundary hemlock is quite common along the Penokee iron range. 

GEOLOGICAL STRUCTURE. 

There are several very important features in the geology of Carlton county; 

and there are also some unsettled questions as to the age of some of the rocks. The 

slates and other rocks at Carlton and Thomson, extending to Cloquet on the north 

and to Barnum and Moose Lake on the south, will here be considered as belonging 

to the same formation and date, and they will not be distinguished structurally 

from the rocks that appear west from Mahtowa, and betwee'n Mahtowa and Otter 

Creek. The possible separation of these slaty rocks into two series, and their age, 

will be found discussed in the report on the Carlton plate (plate 87). 

This slaty and greenstone series, which is sometimes rather composed of 

graywackes and dark quartzytes, extends generally under the county as a base-

• VoL i, p. 139. 
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ment, more or less broken by abrupt changes of dip and by faulting, and two 

later formations are, at different places, non-conformable upon it. There are to 

be considered, hence, the following three formations, not mentioning the drift, 111 

descending order: 

1. White sandstones, varying to red. 

2. Conglomerate varying to light colored grit. 

3. The slaty formation. 

The Thomson slates. These slates o.utcrop in the St. Louis valley from near 

the eastern border of the county (sec. 2, T. 48, R 16) to Cloquet, the water 

running over them almost constantly in cascades and rapids. In this part of the 

county they also spread northward and southward, being visible in low ridges 

north and east from Thomson, at Carlton, and cut by the Northern Pacific rail

road a few miles southeastward from Carlton. Similar rocks appear at several 

points along the line of the St. Paul and Duluth railroad, viz., between Carlton 

and Otter Creek; at two miles west from Otter Creek, at Barnum and at Moose 

Lake. A ridge of high land appears westward from Mahtowa, caused primarily 

by a range of similar rock ridges which strike eastward so as to be crossed by 

the St. Paul and Duluth railroad about OD the town line between township 48, 

ranges 17 and 18. 

Some micaceous and rather soft and somewhat greenish schists are exposed 

to view along the Kettle river near the mouth of Gillespie brook and of Splitrock 

river in township 46, range 20 west, and northward. These are often consider

ably rotted, but at the mouth of Otter brook, section 16, township 16, range 20, 

they are firm, with quartz and pyrite, the latter mineral having been supposed 

to be auriferous and mined slightly for gold a few years ago. 

These slaty rocks are so nearly alike that they can easily be placed in the 

same formation, but there is more metamorphic action apparent in the western 

and southern portions of the county, although the strata in the northeastern 

part of the county were more nearly adjacent to the great eruptive centre of the 

Keweenawan which also sent numerous apophyses into them. Hence it is a reason

able hypothesis that the Animikie is represented by the beds in the immediate 

valley of the St. Louis, from the falls at Cloquet to the foot of the lowest falls, 

and extending southwestward to near Otter Creek station; but that the rest of these 

slates are in an older formation, viz., the same that at Tower lies non-conformably 

on the greenstones and iron ores. The drift is so abundant that it has not been pos

sible to find any line or boundary separating them, and it must be left to the 

future to establish or refute this hypothetical distinction. 
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Detailed descriptions, St. L01~is valley. 

In ascending the St. Louis valley the slate formati()n is first encountered a short distance above the coarse 
quartzose conglomerate that appears on the left bank in sections 1 and 2, township 48, range 16. Following up 
the conglomerate exposure, as it rises, the observer sees that it lies on a decomposing schist or slate, filling the 
original inequalities in its upper surface. The slates here stand nearly perpendicular as the weather separates 
th; cleavage planes, and they strike east and west, as at Thomson, but the sedimentary bedding dips about 

4° toward the southwest. 
The slates make a series of falls and rapids commencing S. E. 7.4: section 10, township 48, range 16, where, 

on the left bank, are several veins or folia of white quartz parallel with the slates, some of which are 4 to 6 inches 
thick. Some of the sedimentary beds of the formation here are coarse and hard, having no slatiness, but a 

. thickness of two or three feet, but as a general rule the formation is distinctly slaty. 
The cause of the lower falls is an igneous dike which crosses the river near the brink, hardening the 

layers of the formation. The falls cross the river stragglingly, about east and west in conformity with the strike 
of the formation, and descend about 22 feet in the distance of about six rods, but the water is rapidly descending 
in other short cascades for a quarter of a mile above the falls. Also below the falls it continues as a rapid to the 
foot of the islands, descending about 15 feet more. The dip, which is taken to be the general incline of 
the heavy beds toward the southeast, is 63°, but there is a mUltiplicity of folia, joints and seams, and sedimen

tary planes, that all confuse the question of dip. 
The dike that here crosses the river channel has a marked effect on the slates, hardening and coloring 

them, and this is the effect, to a greater or less degree, of all the similar dikes that cut this rock in Carlton 
county. This dike runs north-northeast and is at least 20 feet thick. The slates are more durable than the dike, 
and owing to the basaltic structure that is superimposed on them, and the fineness of the dike at the contact 
with them, it is not easy to distinguish between the two rocks in the field. Above the falls are other similar 
dikes, but narrower, and the rock stands up roughly in the channel in the form of islands. At the large rock 
island east of the upper end of island No.5 (the islands being numbered upstream) the dip of the forma-

tion is 27° southeast. 
Just above island No.6, in section 10, occurs the wildest and most tumultuous portion of the river, where 

it comes nearly along the strike of the slate. The descent here, in about a quarter of a mile, must be about 40 
feet. There is no regular fall, but a rushing and foaming torrent, dashing from side to side of the channel, cut 
and parted by the jagged protrusions of the highly dipping slate which, by its variations of hardness forms 
troughs that alternate with sharp and angular ridges. The dip of the slate, which sometimes rises in the mid
dle of the river 12 or 18 feet, and is very conspicuously disposed, varies from 30° to 48° to the south and 
south-southeast. The former dip is to the south and the latter to the south-southeast, the slaty cleavage being 
nearly perpendicular all the time. The grand bedding is in thicknesses of 15 to 24 inches, but there is also 
a thinner bedding which is in layers of a few inches, and probably the heavier beds would show a finer bed
ding under favorable weathering. 

At the mouth of a little creek that comes from the north, S. W. 7:J: section 10, township 48, range 16, is a 
fine-grained dike. about 30 feet wide, and another occurs N. E. 7.4: S. E. 7.4: section 9, township 48, range 16, 8 feet 
wide, running north. Two others, one 30 feet wide, and the other about 6, are seen a short distance above the 
last. This is on S. E. 7.4: section 9; and at 5 rods higher up is still another. 

At the island on S. E. 7.4: section 9 the river is very rough, as it separates and plunges among the rocks. 
The strike of the slate is nearly in the direction of the river. The island consists of a knob of hardened slate, and 
the beds that have their strike on each side of it stand up in the channel like inverted plows and cause the water 
to take a twirling course, first on one side for a few feet or a few rods, and then leaping over, like the turf on a 
coulter, on the other side, where it finds a trough from which it escapes in the same way at a lower level. This 
takes place on each side of this island, but is particularly interesting near the head of the island on the north 
·side. Below the island in the main channel it then repeats this operation as it makes its way through other 
troughs. Generally the whole river is divided into several such troughs, but in a few places it is all embraced 
in one rapid chute about 25 feet in width, along the side of which there is a boiling return current upstream 
as the central current plunges and foams downward. Above this for half or three-quarters of a mile the 
river is more tame, but still constantly rapid, and impassable even for canoes, with frequent ridges of slate 
along shore and in the channel. . 

Another fall amounting to 22 feet occurs near the centre of section 8, the river passing directly across 
the slate from the northwest, the slate striking east and west, and the bedding dipping 33Yz° toward the 
south~southwest, swinging round to the south-southeast, and being then in a dip of 39° to 43°. This highest dip 
is seen at the narrows where the water crosses the strike of the heavy beds. At these falls the rock appears 
less slaty than usual, though occasional similar layers of more siliceous and arenaceous rock occur mingled 
with the s~ates at points lower down the dalles. These beds might be called quartzyte, though they are dark, 
and sometJmes become finer and slaty. 

The strike of the slate hills in sections 9 to 4, township 48, range 16, is east, 10° north, and the dip is 
from 46Yz° to 60° toward the south, the cleavage running almost east and west. 

There is an interesting exhibition of the influence of the rocky structure on the course of the river at the 
railroad bridge over the St. Louis at Thomson. The river here is running in the course of a dike about 25 
feet wide. This rock being more jointed, and at the same time more easily rotted and removed, has given 
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Detailed descTiptions, St. L01~is valley. 

In ascending the St. Louis valley the slate formati~n is first encountered a short distance above the coarse 
quartzose conglomerate that appears on the left bank in sections 1 and 2, township 48, range 16. Following up 
the conglomerate exposure, as it rises, the observer sees that it lies on a decomposing schist or slate, filling the 
original inequalities in its upper surface. The slates here stand nearly perpendicular as the weather separates 
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4° toward the southwest. 
The slates make a series of falls and rapids commencing S. E. 74: section 10, township 48, range 16, where, 

on the left bank, are several veins or folia of white quartz parallel with the slates, some of which are 4 to 6 inches 
thick. Some of the sedimentary beds of the formation here are coarse and hard, having no slatiness, but a 

. thickness of two or three feet, but as a general rule the formation is distinctly slaty. 
The cause of the lower falls is an igneous dike which crosses the river near the brink, hardening the 

layers of the formation. The falls cross the river stragglingly, about east and west in conformity with the strike 
of the formation, and descend about 22 feet in the distance of about six rods, but the water is rapidly descending 
in other short cascades for a quarter of a mile above the falls. Also below the falls it continues as a rapid to the 
foot of the islands, descending about 15 feet more. The dip, which is taken to be the general incline of 
the heavy beds toward the southeast, is 63°, but there is a mUltiplicity of folia, joints and seams, and sedimen-

tary planes, that all confuse the question of dip. 
The dike that here crosses the river channel has a marked effect on the slates, hardening and coloring 

them, and this is the effect, to a greater or less degree, of all the similar dikes that cut this rock in Carlton 
county. This dike runs north-northeast and is at least 20 feet thick. The slates are more durable than the dike, 
and owing to the basaltic structure that is superimposed on them, and the fineness of the dike at the contact 
with them, it is not easy to distinguish between the two rocks in the field. Above the falls are other similar 
dikes, but narrower, and the rock stands up roughly in the channel in the form of islands. At the large rock 
island east of the upper end of island No.5 (the islands being numbered upstream) the dip of the forma-

tion is 27° southeast. 
Just above island No.6, in section 10, occurs the wildest and most tumultuous portion of the river, where 

it comes nearly along the strike of the slate. The descent here, in about a quarter of a mile, must be about 40 
feet. There is no regular fall, but a rushing and foaming torrent, dashing from side to side of the channel, cut 
and parted by the jagged protrusions of the highly dipping slate which, by its variations of hardness forms 
troughs that alternate with sharp and angular ridges. The dip of the slate, which sometimes rises in the mid
dle of the river 12 or 18 feet, and is very conspicuously disposed, varies from 300 to 480 to the south and 
south-southeast. The former dip is to the south and the latter to the south-southeast, the slaty cleavage being 
nearly perpendicular all the time. The grand bedding is in thicknesses of 15 to 24 inches, but there is also 
a thinner bedding which is in layers of a few inches, and probably the heavier beds would show a finer bed
ding under favorable weathering. 

At the mouth of a little creek that comes from the north, S. W. 74 section 10, township 48, range 16, is a 
fine-grained dike about 30 feet wide, and another occurs N. E. 74: S. E. 74: section 9, township 48, range 16, 8 feet 
wide, running north. Two others, one 30 feet wide, and the other about 6, are seen a short distance above the 
last. This is on S. E. 74: section 9; and at 5 rods higher up is still another. 

At the island on S. E. 74: section 9 the river is very rough, as it separates and plunges among the rocks. 
The strike of the slate is nearly in the direction of the river. The island consists of a knob of hardened slate, and 
the beds that have their strike on each side of it stand up in the channel like inverted plows and cause the water 
to take a twirling course, first on one side for a few feet or a few rods, and then leaping over, like the turf on a 
coulter, on the other side, where it finds a trough from which it escapes in the same way at a lower level. This 
takes place on each side of this island, but is particularly interesting near the head of the island on the north 
·side. Below the island in the main channel it then repeats this operation as it makes its way through other 
troughs. Generally the whole river is divided into several such troughs, but in a few places it is all embraced 
in one rapid chute about 25 feet in width, along the side of which there is a boiling return current upstream 
as the central current plunges and foams downward. Above this for half or three-quarters of a mile the 
river is more tame, but still constantly rapid, and impassable even for canoes, with frequent ridges of slate 
along shore and in the channel. 

Another fall amounting to 22 feet occurs near the centre of section 8, the river passing directly across 
the slate from the northwest, the slate striking east and west, and the bedding dipping 33%'0 toward the 
south-southwest, swinging round to the south-southeast, and being then in a dip of 390 to 430. This highest dip 
is seen at the narrows where the water crosses the strike of the heavy beds, At these falls the rock appears 
less slaty than usual, though occasional similar layers of more siliceous and arenaceous rock occur mingled 
with the slates at points lower down the dalles. These beds might be called quartzyte, though they are dark, 
and sometimes become finer and slaty. 

The strike of the slate hills in sections 9 to 4, township 48, range 16, is east, 100 north, and the dip is 
from 467,{° to 600 toward the south, the cleavage running almost east and west. 

There is an interesting exhibition of the influence of the rocky structure on the course of the river at the 
railroad bridge over the St. Louis at Thomson. The river here is running in the course of a dike about 25 
feet wide, This rock being more jointed, and at the same time more easily rotted and removed, has given 
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origin to the gorge through which the river passes under the bridge. The walls on either side being of hardened 
quartzitic slate are much more durable. This dike is visible in the bluff facing the bridge downstream, but it 
is nearly hid by its own tumbling debris, while the slates stand up firm from 60 to 70 feet above the river. 
The dike has a direction north-northeast, but is some crooked, and also separates, under or near the bridge, 
into two parts, uniting again so as to enclose an island (in high water) on which a pier of the footbridge rests. 
At half a mile northeast is another large dike, 60 feet wide, which comes to the river between Thomson and 
the railroad bridge. This runs at an angle of 46° with the strike of the slate and quartzyte hills, but it is much 
more easily destroyed than they. 

A coarsely fragmental bed forming a feldspathic quartzyte or fine conglomerate, visibly 11 feet thick, 
can be seen near the old site of Miller's mill, north of Thomson about a quarter of a mile. This is hard and 
firm, gray and dark gray within, but weathers nearly white from the feldspathic ingredient and from the abllll
dant quartz. 

Near the highway bridge over the St. Louis is a large isolated nodule or lenticular mass of white quartz, 
standing conformably with the slates and rising above them on all sides. This is only an exaggerated instance 
of the quartz lenses that occur in smaller amount at many places in these slates. (Plate A.) Near the top this 
deposit is nearly 10 feet thick, north and south, but it runs but little distance downward. At the river bank, 
which intersects it at nearly right angles, it can be seen to run out almost entirely about 12 feet below the top, 
by branching and losing itself in the seams of the slate. One large root, however, runs below the water with a 
width of nearly 2 feet, and also another of 6 inches, but the greater part of it pinches out within 10 feet of the 
top. The quartz is milky white, and mainly massive, but sometimes shows a splintery cleavage in the direction 
of the slates. It is jointed, and disintegrates by falling out in blocks which are distributed down the river. 
Veins like this in this formation probably contributed formerly to the formation of the quartzose conglomerate 
which lies non-conformably on the Slate m sections 1 and 2, township 48, range 16. In this quartz appears a 
little galenite, pyrite and siderite, and doubtfully a little blende. Its occurrence and its geologic relations are 
quite similar or identical with the many quartz veins found in the Animikie in the Thunder Bay district. 
1'he ridge along which this quartz vein is visible is charged with pyrite, some of the cubes being in a 
coarse member of the slate, and sometimes more than three-quarters of an inch across. It is likely that a 
lightly mineralized belt runs east and west across the river at this place, developed at a fracture and fault 
plane. The most important mineral accumulations would be likely to exist in conjunction with the north and 
south dikes. 

At Carlton and between there and the railroad bridge over the St. Louis are numerous dikes of dark 
diabase. In the most westerly of these the labradorite feldspar appears porphyritically in the mass, which 
is not common in these dikes. They all run nearly north and south. Where they cut through the slate 
ridges they form trenches by reason of their more rapid decay. The average dip of the slate formation in 
the S. W. M section 6, township 48, range 16, is 57° to the south, 5° east. 

The river has its most rapid descent below the railroad crossing at Thomson. It is filled with rapids 
and falls all the way to the county line. There are four spots in particular where there are valuable water 
powers available in short distances. First in section 10, township 48, range 16, where the river, in a short 
space, is divided into various channels by six islands that occur between its banks. Three of these islands 
are above the fall, and three are below, but there is also a considerable fall above island No.3 (numbering 
from below) extending to near the head of island No.6. This whole fall is 55 feet. The existence of the 
islands and the widening of the river, as well as the extent through which the fall is carried, before it 
re-aches rather quiet water again, are favorable for the improvement of this power and for its utilization. 
But a short distance above the head of island No.6 is the second fall, where the river is narrow, but has 
the rock formation of the country in conspicuous strike along each bank, confining the water like artificial 
dikes within troughs which run somewhat obliquely across the course of the river, and rising in knobs 
and rough islands (with constant dip toward the southeast) in the midst of the river itself, sometimes 
18 or 20 feet. This condition of the river extends from neal' the head of island No.6 to the dike which 
is near the mouth of the creek that crosses the railroad on the N. W. M section 10; and the fall here, 
which may be called cascade No.2, amounts to 65 feet. There is then a gradual ascent of 25 feet among 
the rocks to the foot of the fall at island No.7, and of 25 feet more in getting round the island itself, 
where the river is divided and beautified by the disposition of the slate ranges as already described. 
This is cascade No.3. Above this the river is more steady for one-half mile, when there is a widening of 
the channel near the mouth of a little creek from the north, and a fall of about 6 feet over one of the harder 
beds that protrudes above the rest. This goes diagonally across the stream. There is then a similarity in 
the stream to and beyond the old retaining wall of the railroad, a distance of nearly a mile, through 
which there is actually a steady ascent amounting in the aggregate, from the head of cascade No.3 to 
the foot of the Thomson fall, t9 70 feet. The Thomson fall is regarded as beginning near the 133d mile
post of the railroad (near the centre of section 8) and extending to the large island on sections 5 and 6. 
That part of it below the mouth of Otter creek which joins the river near the railroad bridge, south of 
the railroad, extending a distance of nearly a mile, is 30 feet, and is caused by the strike of the rock going 
directly across the river, causing it in several places to be suddenly contracted in width to 20 or 25 feet, 
through which narrow passages the river rushes with some fall and a swift current. The most of the 
fall is near the foot of the distance stated, but there is an irregular, rapid and rocky river all the way up 
to the railroad bridge that cannot consistently be subdivided, though it is more rocky at and near the 
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origin to the gorge through which the river passes under the bridge. The walls on either side being of hardened 
quartzitic slate are much more durable. This dike is visible in the bluff racing the bridge downstream, but it 
is nearly hid by its own tumbling debris, while the slates stand up firm from 60 to 70 feet above the river. 
The dike has a direction north-northeast, but is some crooked, and also separates, under or near the bridge, 
into two parts, uniting again so as to enclose an island (in high water) on which a pier of the footbridge rests. 
At half a mile northeast is another large diko, 60 feot wide, which comes to the river hotween Thomson and 
the railroad bridge. rfhis runs at an anglo of 46° with the strike of the slato and quartzyte hills, but it is much 
more easily destroyed than thoy. 

A coarsely fragmental bed forming a foldspathic quartzyte 01' fine conglomerate, visibly 11 foet thick, 
can be seen near the old site of Miller's mill, north of Thomson ahout a quarter of a mile. This is hard and 
firm, gray and dark gray within, but weathers nearly white from the feldspathic ingredient and from the ablm
dant quartz. 

Near the highway bridge over tho St. Louis is a large isolated nodule or lenticular mass of white quartz, 
standing conformably with the slates and rising above them on all sides. This is only an exaggerated instance 
of the quartz lenses that occur in smaller amount at many places in these slates. (Plate A.) Near the top this 
deposit is nearly 10 feet thick, north and south, but it runs but little distance downward. At the river bank, 
which intersects it at nearly right angles, it can be seen to !'Un out almost entirely about 12 feet below the top, 
by branching and losing itself in the seams of the slate. One large root, however, runs below the water with a 
width of nearly 2 feet, and also another of 6 inches, but the greater part of it pinches out within 10 feet of the 
top. The quartz is milky white, and mainly massive, but sometimes shows a splintery cleavage in the direction 
of the slates. It is jointed, and disintegrates by falling out in blocks which are distributed down the river. 
Veins like this in this formation probably contributed formerly to the formation of the quartzose conglomerate 
which lies non-confOl'mably on the Slate m sections 1 and 2, township 48, range 16. In this quartz appears a 
little galenite, pyrite and siderite, and doubtfully a little blende. Its occurrence and its geologic relations are 
quite similar or identical with the many quartz veins found in the Animikie in the Thunder Bay district. 
'l'he ridge along which this quartz vein is visible is charged with pyrite, some of the cubes being in a 
coarse member of the slate, and sometimes more than three-quarters of an inch across. It is likely that a 
lightly mineralized belt runs east and west across the river at this place, developed at a fracture and fault 
plane. The most important mineral accumulations would be likely to exist in conjunction with the north and 
south dikes. 

At Carlton and between there and the railroad bridge over the St. Louis are numerous dikes of dark 
diabase. In the most westerly of these the labradorite feldspar appears porphyritic ally in the mass, which 
is not common in these dikes. They all run nearly nOl'th and south. Where they cut through the slate 
ridges they form trenches by reason of their mOl'e rapid decay. The average dip of the slate fOl'mation in 
the S. W. M section 6, township 48, range 16, is 57° to the south, 5° east. 

The river has its most rapid descent below the railroad crossing at Thomson. It is filled with rapids 
and falls all the way to the county line. There are four spots in particular where there are valuahle water 
powers available in short distances. First in section 10, township 48, range 16, where the river, in a short 
space, is divided into various channels by six islands that occur between its banks. Three of these islands 
are above the fall, and three are below, but there is also a considerable fall above island No.3 (numbering 
from below) extending to near the head of island No.6. This whole fall is 55 feet. The existence of the 
islands and the widening of the river, as well as the extent through which the fall is carried, before it 
re-aches rather quiet water again, are favOl'able fOl' the improvement of this power and for its utilization. 
But a short distance above the head of island No.6 is the second fall, where the river is narrow, but has 
the rock fOl'mation of the country in conspicuous strike along each bank, confining the water like artificial 
dikes within troughs which run somewhat obliquely across the course of the river, and rising in knobs 
and rough islands (with constant dip toward the southeast) in the midst of the river itself, sometimes 
18 or 20 feet. This condition of the river extends from near the head of island No.6 to the dike which 
is near the mouth of the creek that crosses the railroad on the N. W. M section 10; and the fall here, 
which may be called cascade No.2, amounts to 65 feet. There is then a gradual ascent of 25 feet among 
the rocks to the foot of the fall at island No.7, and of 25 feet more in getting round the island itself, 
where the river is divided and beautified by the disposition of the slate ranges as already described. 
This is cascade No.3. Above this the river is more steady for one-half mile, when there is a widening of 
the channel near the mouth of a little creek from the north, and a fall of about 6 feet over one of the harder 
beds that protrudes above the rest. This goes diagonally across the stream. There is then a similarity in 
the stream to and beyond the old retaining wall of the railroad, a distance of nearly a mile, through 
which there is actually a steady ascent amounting in the aggregate, from the head of cascade No.3 to 
the foot of the Thomson fall, t_o 70 feet. The Thomson fall is regarded as beginning near the 133d mile
post of the railroad (near the centre of section 8) and extending to the large island on sections 5 and 6. 
That part of it below the mouth of Otter creek which joins the river near the railroad bridge, south of 
the railroad, extending a distance of nearly a mile, is 30 feet, and is caused by the strike of the rock going 
directly across the river, causing it in several places to be suddenly contracted in width to 20 or 25 feet, 
through which narrow passages the river rushes with some fall and a swift current. The most of the 
fall is near the foot of the distance stated, but there is an irregular, rapid and rocky river all the way up 
to the railroad bridge that cannot consistently be subdivided, though it is mOl'e rocky at and near the 
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mouth of Otter creek. That part above the mouth of Otter creek, extending to the foot of the large 
island, is 35 feet. The larger part of this is near the foot of the island, but the river is a rushing 
torrent, in a rough, narrow gorge, sometimes split by islands all the way from the first fall to the creek. 

'1'he total fall, from the brink of Knife falls to the water at the foot of the lowest fall, N. E. ~4 section 
15, township 48, range 16, by aneroid, is 500 feet, with an estimated descent of 50 feet more to the level 
of lake Superior. 

"Different hydraulic engineers who have examined the river with a view to improving the water 
power have agreed on 2,000 cubic feet flow of water per second as the amount of water available at the 
minimum stage of the river, and they have calculated the total effective horse-power at ten projected 
dams below Tflomson at 36,400, at the minimum flowage."-BiJ·kinldne. 

Southeastward from Carlton, about a mile and a half, at the rock-cuts on the Northern Pacific 
railroad, the same formation appears and presents some interesting features, which are more fully described 
in the description of plate 87. There is here a series of folding with axes that pitch eastward, the dip 
varying from 45° N., 10° W. to vertical, and again southwardly about 45°. One of the great dikes from the 
vieinity of Thomson passes through the rock at the most westerly of these cuts, 45 feet wide, running 
S. 30° W. 

Northward from Cw'lton)o Cloquet, and beyond, this slate formation is known to extend. It not only 
is exposed along the river banks, but forms low, sharp ridges in a manner quite similar to those seen near 
Carlton. These ridges are frequently cut by the St. Paul and Duluth railroad, Knife Falls branch. The 
rock usually dips south at the usual angle, as exposed along the railroad, but sometimes reaches 75° or even 
stands vertical. At Knife falls there is a series of heavy and arenaceous, firm strata which form the brink of 
the falls and, running under the river east and west, cause the islands seen there in the river. This coarser 
rock, along the north side of the islands, is interstratified with argillaceous slate, the latter having a slaty 
cleavage. At this point the sedimentary dip is south 3°, east 48°. There are ten beds of argillaceous slate 
which, with the exception of one bed of about 3 feet, do not exceed a thickness each of 18 inches, alternating 
with hard and gray quartzyte layers that have a little greater average thickness. These layers strike to the 
north of the main falls in the south channel. They appear on the east end of the island below the falls. A 
section across the channel, north and south through the brink of the falls, would be represented by the sketch 
below, looking about west. (Plate A.) 

The slate beds are cleaved, but the quartzyte beds are not. The slaty cleavage gradually fades out 
in the quartzyte beds, but firmly cements them all together by an interlocking fibrous texture. 

At the falls, which are on the N. W. ~ S. W. ~ section 13, township 49, range 17, and which face north, 
the brink running exactly east and west, the dip is <L8° toward the south, and the rock consists of alternating 
layers of gray quartzyte and argillaceous slate. But there are two very prominent and persistent beds of 
gray quartzyte, one of which forms the brink of the falls, while the other is 40 feet below the falls and lies 
immediately over the section mentioned above along the northern side of the island. This lower quartzyte 
forms a spit of jointed rock that projects eastward iust below the falls. 

The descent of the water surface below the falls, in the first quarter of a mile, is about 20 feet. The 
river then turns southeast, the water constantly rapid, with large boulders, and a cascade of 3 feet at the 
distance of half a mile below the falls. Along the banks the rock is constantly exposed, rising in precipitous 
walls, at the cascade just mentioned, to the hight of 25 feet. 

Another fall of 17 feet, in a horizontal distance of 300 feet, takes place at a quarter of a mile still lower, 
there being no perpendicular fall. There is a division of the stream into four channels by the strike of five 
different persistent beds in the formation; the water running in the strike of the intervening beds, the hard 
beds forming islands in the falls. The width of the river at the brink is about 230 feet and a dike of about 
200 feet crosses the river just at the head of the fall. This dike is destroyed by the river' faster than the rock 
itself, owing to its frequent jointage; and the most rapid descent of the water is over the hardened beds of the 
formation on the east side of the dike, which runs north 5° east. The formation here dips south 60°. 
See figure on Plate A. 

About one-fourth mile below this fall the river turns about south, so as to go directly against the strike 
of the rocks. The banks increase in hight, the dip increases in degree, and at three-quarters of a mile further 
there is a high rocky island (Fortress island) from the foot of which a portage trail sets out to Knife falls, on 
the west side of the river.* The larger part of the stream passes on the left of the island the descent being 
e~ght feet over large boulders. At this place the rock of the country is wholly slaty, a~d although a short 
dIstance above the island there is a gradual change in the dip from 60° to 70°, and then to 90°, as the river 
exposes the beds, yet in viewing the island from the northwest downstream, there is, besides the slaty cleavage, 
a coarse bedding or jointage system visible on the east side of the island that seems to dip about 45° southeast. 

- The portage trail w~lich starts out here, known a" " Knife portage" in distinction from" grand portag<"" which starts 
out from near Fond du Lac, IS that traveled by Norwood, and by the explorers and geologists that preceded him. Du Luth was 
probably the first whIte man that passed over it. The route leads to the Mississippi and Vermilion lake. The party of Lewis 
Cass, accompm;led by Douglass Ho?-ght?n, traveled it. Schoolcraft passed over it at the same time, but he conducted a portion 
of the ~arty of Gen. Oags from tills pomt we~twardlo: across Oarlton county, nniting with the rest of the expedition again at 
Sandy lake. Tills route of Schoolcraft, accordmg to his description, can be followed in a general manner, into the vicinity of the 
lakes m townsillp 49, range 18, passing along the so nth "ide of them, thence through the swamps to the vicinity of Oromwell, 
leav,;"g th: cou~ty probably near Tamarack river. The Knife portage was the outlet for the immense fur traffic of the upper 
MloSI"IPPI regIOn .. It IS :well named Knife pOTtage, because where It starts, and for some distance, the slates are thin, perpen· 
dICular and sharp like klll ves. 
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mouth of Otter creek. That part above the mouth of Otter creek, extending to the foot of the large 
island, is 35 feet. The larger part of this is near the foot of the island, but the river is a rushing 
torrent, in a rough, narrow gorge, sometimes split by islands all the way from the first fall to the creek. 

'1'he total fall, from the brink of Knife falls to the water at the foot af the lowest fall, N. E. }4 section 
15, township 48, range 16, by aneroid, is 500 feet, with an estimated descent of 50 feet more to the level 
of lake Superior. 

"Different hydraulic engineers who have examined the river with a view to improving the water 
power have agreed on 2,000 cubic feet flow of water per second as the amount of water available at the 
minimum stage of the river, and they have calculated the total effective horse-power at ten projected 
dams below TtlOmson at 36,400, at the minimum flowage."-BiJ·kinldne. 

Southeastward from Carlton, about a mile and a half, at the rock-cuts on the Northern Pacific 
railroad, the same formation appears and presents some interesting features, which are more fully described 
in the description of plate 87. There is here a series of folding with axes that pitch eastward, the dip 
varying from 45° N., 10° W. to vertical, and again southwardly about 45°. One of the great dikes from the 
vieinity of Thomson passes through the rock at the most westerly of these cuts, 45 feet wide, running 
S. 30° W. 

Northward from Carlton)o Cloquet, and beyond, this slate formation is known to extend. It not only 
is exposed along the river banks, but forms low, sharp ridges in a manner quite similar to those seen near 
Carlton. These ridges are frequently cut by the St. Paul and Duluth railroad, Knife Falls branch. The 
rock usually dips south at the usual angle, as exposed along the railroad, but sometimes reaches 75° or even 
stands vertical. At Knife falls there is a series of heavy and arenaceous, firm strata which form the brink of 
the falls and, running under the river east and west, cause the islands seen there in the river. This coarser 
rock, along the north side of the islands, is interstratified with argillaceous slate, the latter having a slaty 
cleavage. At this point the sedimentary dip is south 3°, east 48°. There are ten beds of argillaceous slate 
which, with the exception of one bed of about 3 feet, do not exceed a thickness each of 18 inches, alternating 
with hard and gray quartzyte layers that have a little greater average thickness. These layers strike to the 
north of the main falls in the south channel. They appear on the east end of the island below the falls. A 
section across the channel, north and south through the brink of the falls, would be represented by the sketch 
below, looking about west. (Plate A.) 

The slate beds are cleaved, but the quartzyte beds are not. The slaty cleavage gradually fades out 
in the quartzyte beds, but firmly cements them all together by an interlocking fibrous texture. 

At the falls, which are on the N. W. M S. W. M section 13, township 49, range 17, and which face north, 
the brink running exactly east and west, the dip is 48° toward the south, and the rock consists of alternating 
layers of gray quartzyte and argillaceous slate. But there are two very prominent and persistent beds of 
gray quartzyte, one of which forms the brink of the falls, while the other is 40 feet below the falls and lies 
immediately over the section mentioned above along the northern side of the island. This lower quartzyte 
forms a spit of jointed rock that projects eastward just below the falls. 

The descent of the water surface below the falls, in the first quarter of a mile, is about 20 feet. The 
river then turns southeast, the water constantly rapid, with large boulders, and a cascade of 3 feet at the 
distance of half a mile below the falls. Along the banks the rock is constantly exposed, rising in precipitous 
walls, at the cascade just mentioned, to the hight of 25 feet. 

Another fall of 17 feet, in a horizontal distance of 300 feet, takes place at a quarter of a mile still lower, 
there being no perpendicular fall. There is a division of the stream into four channels by the strike of five 
different persistent beds in the formation; the water running in the strike of the intervening beds, the hard 
beds forming islands in the falls. The width of the river at the brink is about 230 feet and a dike of about 
200 feet crosses the river just at the head of the fall. This dike is destroyed by the river' faster than the rock 
itself, owing to its frequent jointage; and the most rapid descent of the water is over the hardened beds of the 
formation on the east side of the dike, which runs north 5° east. The formation here dips south 60°. 
See figure on Plate A. 

About one-fourth mile below this fall the river turns about south, so as to go directly against the strike 
of the rocks. The banks increase in hight, the dip increases in degree, and at three-quarters of a mile further 
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At a distance the island itself, in its perpendicular walls, covered with red lichen, cut by joints that cause the 
slates to fall away in masses, looks like a basaltic island of igneous rock. But there is no igneous rock in it. 
It rises 50 or 55 feet above the water and is covered by small pines, among which are many Norways. The 
actual bedding either coincides with the slaty cleavage or dips southeast about 45°. The banks of the river 
are not so high as the island, but on the east side the rock rises fully as high a short distance back. Below 
the island the valley is deep and has high slaty walls, the water being steady for at least half a mile, at which 
point the" grand portage" begins, leading from the left bank south to the St. Louis near Fond du Lac. 

Below Fortress island, where the first little rapid is seen, a dike crosses the river north and south. It is 
40 or 50 feet wide, and is best exposed in the right bank some rods below the rapid. It appears again 30 rods 
further dowl!:,and can be traced for half a mile along the right bank. The direction of this dike carries it across 
the railroad~arlton near Paine's mill. 

With various alterIlatI6ns-and continually rapid water this character of the river continues past several 
islands, over numerous short cascades, to the railroad bridge at Thomson. 

There are numerous exposures of the rock of the region along the Knife Falls branch of the St. Paul and 
Duluth railroad. 

At one mile northeastwa'I'd from Otter Creek staUon is a large area of slate and graywacke or quartzyte, 
which in general has a vertical slaty cleavage and cannot be separated from the Carlton rock. One of its 
strong bonds of alliance with the Thomson slates consists in the presence in both of black rusty spots due to 
the weathering out of calcareous masses 01' concretionary (?) accumulations. These black spots when they have 
lost their lime are a loose, spongy mass of siliceous seams that closely retiCUlate, retaining the coloring 
matter of the rock. Such spots are found abundantly on the ridge which is within the plat of Carlton, 
sometimes being small. They are seen there to coalesce, forming lines or eventually thin strata or laminoo, 
parallel with the sedimentary structure. They are also found in the Animikie slates at Thunder bay, as well 
as in the dark slates in the Sudbury district, Ontario, which have been mapped as Lower Cambrian by the 
Canadian geological survey. This is at the crossing of' the Vermilion river by the Canadian Pacific railroad.* 

At the point mentioned (one to two miles northeast from Otter Creek) the heavy sedimentary structure 
dips 45° toward the north, slaty cleavage is about east, 20° north, and slopes south so as to stand 80° from the 
horizon. Further northeast are several other large ridges that have shape and lithology characteristically like 
the Carlton ridges. Here are the same limy lumps, and further here the formation is sparingly stony and 
pebbly (2088). The stony lumps are siliceous and hard and stand above the surface when wasted by weathering. 
They thus contrast with the limy lumps which weather away faster than the rest of the rock, causing pot-like 
holes and black spots. The supposed pebbles, however, may have originated in the clayey sediment as clay
stones by some segregating process. They are sometimes almost flinty, and seem to fade out as if they 
were indigenous in the rock. They are sometimes surrounded by a coarser and lighter-colored scale; and 
sometimes a spongy la.yer is concentric within the pebbles, separating them into a nucleus and a body portion. 
Sometimes a pebble is evidently fragmental itself, embracing bits of black slate, or showing a banded sedi
mentary lining. The spongy brown layer is of the nature of the black calcareous lumps. 

As to the dip of this rock, there seems to be irregularity and some obscurity, as it has indistinct struc
tures that suggest dip in opposite directions. However, after some careful search very evident sedimentary 
bedding was found on the face of a ridge lying in the highway, which dips about 5° to 10° toward the south, 
60° west. 

Mahtowa. In the N. W. 7i S. E. 7i of section 5, township 47, range 18, near the central east and west line 
of the section, land of H. M. Waldorf, is a ridge of fine, rather massive rock which is sometimes slaty, 
rising about eight feet. Its trend is such that, if extended eastward without irregularities, it would strike about 
section 30, township 48, range 17, where a similar elevation is seen in the highway at about two miles southwest 
from Otter Creek, although not consisting entirely of similar rock. The west end of the ridge is different from 
the east end. The rock is in coarse jointage blocks, greenish and specked more or less with large pyrite cubes. 
A part of it is laminated schistose, especially along the east side, but most of it is massive, structureless and 
dike-like in appearance, The extent and width cannot be made out, only 20 or 25 feet being visible. This mas
sive green rock is represented by No. 2079. Several low knobs in the vicinity are of the same rock. As an old 
eruptive it has been pressed and somewhat modified. 

A few rods to the north of the last, at the roadside, is a low knoll of argillyte, or black slate, in which the 
slatiness dips at a high angle to the south, and shows a sedimentary banding that dips at about 45° toward the 
north. This black slate is filled with large pyrite cubes some of which are more than an inch on a side. 

About 80 rods north from the ridge described and 50 rods east, a similar rock appears, but this is coarser,even 
conglomeratic, and resembling the conglomerate at Ely. This has been more pressed and shows some apparently 
fluidal movement, which is perhaps due to semi-fusion or plasticity of the sediments of a fragmental formation 
and the flowage of the softened material amongst the harder parts. The irruptive aspect shades off sometimes 
into the schistose and the schistose becomes pebbly with flattened forms. These flattened forms are coated with 
a darker, chloritic substance, in a manner similar to the coatings of the agglomerate masses at Ely. This rock, 
however, is much less agglomeratic than that described at Ely, but the resemblance to the old Keewatin greenstone 
of the state is quite striking. There is a rough structure, appearing to be the bedding of the conglomeratic 
portion, which has a dip about 45° southeast. This is also the direction of the generally fibrous structure. The 

*Eighteenth Report of the Minnesota Geological and Natural History Survey, p. 54. 
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At a distance the island itself, in its perpendicular walls, covered with red lichen, cut hy joints that cause the 
slates to fall away in masses, looks like a basaltic island of igneous rock. But there is no igneous rock in it. 
It rises 50 or 55 feet above the water and is covered by small pines, among which are many Norways. The 
actual bedding either coincides with the slaty cleavage or dips southeast about 45°. The banks of thB river 
are not so high as the island, but on thB east side the rock rises fully as high a short distance back. Below 
the island the valley is deep and has high slaty walls, the water being steady for at least half a mile, at which 
point the" grand portage" begins, leading from the left bank south to the St. Louis near Fond du Lac. 

Below }<'ortress island, where the first little rapid is seen, a dike (;rosses the ri ver north and south. It is 
40 or 50 feet wide, and is best exposed in the right bank some rods below the rapid. It appears again :]0 rods 
further down,and can be traced for half a mile along the right bank. The direction of this dike carries it across 
the railroad@J; Carlton near Paine's mill. 

With va~ious afterllittions and continually rapid water this character of the ri vel' continues past several 
islands, over numerous short cascades, to the railroad bridge at Thomson. 

There are numerous exposures of the rock of the region along the Knife Falls branch of the St. Paul and 
Duluth railroad. 

At one mile no?'theastwCll'C1 fl'o'in Otter Creek staUon is a large area of slate and graywacke or quartzyte, 
which in general has a vertical slaty clea.vage and cannot be separated from the Carlton rock. One of its 
strong bonds of alliance with the Thomson slates consists in the presence in both of hlack rusty spots due to 
the weathering out of calcareous masses or concretionary ('?) accumulations. These black spots when they have 
lost their lime are a loose, spongy mass of siliceous seams that closely reticulate, retaining the coloring 
matter of the rock. Such spots are found abundantly on the ridge which is within the plat of Carlton, 
sometimes being small. They are seen there to coalesce, forming lines 01' eventually thin strata or laminaE', 
parallel with the sedimentary structure. They are also found in the Animikie slates at Thunder bay, as well 
as in the dark slates in the Sudbury district, Ontario, which have been mapped as Lower Cmnbrian hy the 
Canadian geological survey. This is at the crossing of·the Vermilion river hy the Canadian Pacific railroad.* 

At the point mentioned (one to two miles northeast from Otter Creek) the heavy sedimentary structure 
dips 45° toward the north, slaty cleavage is about east, 2(P north, and slopes south so as to stand 800 from the 
horizon. Further northeast are several other large ridges that have shape and lithology characteristically like 
the Carlton ridges. Here are the same limy lumps, and further here the formation is sparingly stony and 
pebbly (2088). The stony lumps are siliceous and hard and stand above the surface when wasted by weathering. 
They thus contrast with the limy lumps which weather away faster than the rest of the rock, causing pot-like 
holes and black spots. The supposed pebbles, however, may have originated in the clayey sediment as clay
stones by some segregating process. They are sometimes almost flinty, and seem to fade out as if they 
were indigenous in the rock. They are sometimes surrotinc1ed by a coarser and lighter-colored scale; and 
sometimes a spongy layer is concentric within the pebbles, separating them into a nucleus and a body portion. 
Sometimes a pebble is evidently fragmental itself, embracing bits of black slate, or showing a banded sedi
mentary lining. The spongy brown layer is of the nature of the black calcareous lumps. 

As to the dip of this rock, there seems to be irregularity and some obscurity, as it has indistinct struc
tures that suggest dip in opposite directions. However, after some careful search very evident sedimentary 
bedding was found on the face of a ridge lying in the highway, which dips about 5° to 10° toward the south, 
60° west. 

Mahtowa. In the N. W. ;i S. E. ~ of section 5, township 47, range 18, near the central east and west line 
of the section, land of H. M. Waldorf, is a ridge of fine, rather massive rock which is sometimes slaty, 
rising about eight feet. Its trend is such that, if extended eastward without irregularities, it would strike about 
section 30, township 48, range 17, where a similar elevation is seen in the highway at about two miles south,vest 
from Otter Creek, although not consisting entirely of similar rock. The west end of the ridge is different from 
the east end. The rock is in coarse jointage blocks, greenish and specked more or less with large pyrite cubes. 
A part of it is laminated schistose, especially along the east side, but most of it is massive, structureless and 
dike-like in appearance. The extent and width cannot be made out, only 20 or 25 feet being visible. This mas
sive green rock is represented by No. 2079. Several low knobs in the vicinity are of the same rock. As an old 
eruptive it has been pressed and somewhat modified. 

A few rods to the north of the last, at the roadside, is a low knoll of argillyte, or black slate, in which the 
slatiness dips at a high angle to the south, and shows a sedimentary banding that dips at about 45° toward the 
north. This black slate is filled with large pyrite cubes some of which are more than an inch on a side. 

About 80 rods north from the ridge described and 50 rods east, a similar rock appears, but this is coarser,even 
conglomeratic, and resembling the conglomerate at Ely. This has been more pressed and shows some apparently 
fluidal movement, which is perhaps due to semi-fusion or plasticity of the sediments of a fragmental formation 
and the flowage of the softened material amongst the harder parts. The irruptive aspect shades off sometimes 
into the schistose and the schistose becomes pebbly with flattened forms. These flattened forms are coated with 
a darker, chloritic substance, in a manner similar to the coatings of the agglomerate masses at Ely. This rock, 
however, is much less agglomeratic than that described at Ely, but the resemblance to the old Keewatin greenstone 
of the state is quite striking. There is a rough structure, appearing to be the bedding of the conglomeratic 
portion, which has a dip about 45° southeast. This is also the direction of the generally fibrous structure. The 

*Eighteellth Report of the Minnesota Geological and Natural History Survey, p. 54. 
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rock here has considerable amount of white quartz and coarse pyrite crystals, some of the latter being an inch 
on a side. This place is about in the line of strike from the above locality of 2079, in an easterly direction, i. e· 
S, E. 74 N. E. \k section 5, township 47, range 18. Rock 2082 represents .one of the coarser masse~ which are 
irregularly separated and surrounded more or less by finer and fibrous schIst. ~hese a~e not certamly always 
as isolated parts, but independent layers are composed of such rock. The w.hole IS certamly a part of the green
stone of the Keewatin with the same indefinite characters. It has a conspICUOUS, apparently bedded, more or 
less nodular, or agglomeratic structure, that dips nearly east at an angle of about 40°. Other phases are repre-

sented by rocks 2083--85. , . . 
North of this belt of Lower Keewatin, about three-quarters of a mIle, runs a ndge of drfferent rock. 

This is like thG Carlton rock and crOSSGS the railroad and the highway about a mile and a half southwest from 
OttGr Creek station. It appGars S, E. 7:1 S. w, ;4 section 29, township 48, range 18, (2080), wherG it affords a 
light-weathering but fine-grained graywacke, having a coarse jointage and siliceol:s composition. It is thick and 
massive in bedding, and so extensive that it is but rare that a sedimentary bandmg can be found. It also con
tains black calcareous snow-shoe tracks, so-called, as seen in the rock at Carlton. ThG dip is north 45° (2081). 
Sometimes this rock appears, at a little further north, in the form of low east-and-west ridges, with dip nearly 
vertical or toward the south. It is evident from the difference in the direction of strike, the different lithology 
and structure, that this ridge is another formation from that lying to the south which is seen at Waldorf'S, near 
Mahtowa. 

At the S. W. ;4: section 4, township 47, range 18, is a fissile, dark-colored schist, whose structure dips 
nearly east 45°. It occurs along the creek. The foliation is doubtfully the sedimentary dip. 

The Carlton rock appears at N. E. ~ci' section 35, township 48, range 18, in a low ridge having black calcar
eous spots, also at Atkinson, at the centre of section 25, township 48, range 18. At the latter point is some vein 
quartz, in form of folite. This rock dips north about 30°. 

INhere this range crosses the railroad two miles south of Otter Creek it is low and inconspicuous, and 
although the rock is not much different from that described, it has an imperfect vertical slatiness, 

At Barnum is a low ridge, west of the station, showing a cut of three feet by the railroad, It is fine slate, 
becoming coarser and approaching a fine graywacke. The dip is about lOo toward the south, but the face of the 
cut shows many minor undulations, with quartz in cavities. 

At lIfoose Lake is a micaceous, firm graywacke quite similar to that seen at Barnum. While it appears, 
when weathered, very much like some gray slates of the Animikie seen on Pigeon point and elsewhere, it is 
apparently an older rock than the Animikie, being distinctly micaceous and more crumpled than the rock about 
Carlton. This rock occurs as boulders, which are scattered plentifully about Moose Lake. 

A rocky hill occurs on the N. E. ~i section 22, township 46, range 20, near Gillespie brook, on land of Ed. 
Lund, supposed to be of the same formation as the rock at Moose Lake. 

Kettle rh'el' ralley. Some exploration for gold was done in the schists at the mouth of Otter brook (sec. 
16, T, 46, R. 20) by Cunningham and Miner, a few years ago. Their shaft is said to have been 30 feet deep, and 
explored further with a diamond drill. That which attracted their attention was a lot of white quartz more or 
less mingled with pyrite, which also permeated the rock itself, existing as filmy coatings in the cleavage planes 
and other joints. The rock is a compact sericitic schist, quite siliceous, with scattered irregular lumps of quartz. 
It rarely becomes so coarse as to warrant the name graywacke. It is unknown how much gold was taken out, 
but probably not much; yet there is no known reason why it might not exist here as well as at Rainy lake, 

In the bed of the creek is the principal outcrop of the quartz vein, but the quartz occurs very irregularly 
in the schist. 

Below the mouth of the creek about 1:'5 rods the formation appears in the right bank of Kettle river. Here 
are several alternations of soft, fissile slaty rock and a gray, fine rock which might pass for a quartzyte, from 
some beds of which are found numerous boulders in the drift all about this part of the county, 

On the right bank of Kettle river a quarter of a mile below the centre of section 16, township 46, range 
20, a low outcrop appears of rock like that seen at Otter brook, dipping in the same way. This is unnconform
ably overlain by a basal conglomerate of a loose texture, mainly friable sandstone but embracing pieces of the 
under lying schist. 

About a quarter of a mile above the mouth of Gillespie brook is an outcrop in the left bank of Kettle 
river, This rock, which rises about 18 feet in the bank, is very singular and presents but few and faint characters 
that ally it with the schist formation of the region. It is a shaly schist, rusty-green, but with glittering sericitic 
scales on the planes of the partings. It has no persistent conspicuous dip, but in all parts it breaks by irregular 
seams and joints in roughly lenticular small blocks, by means of which it forms a talus, yet in one place, over a 
distance of 12 to 20 feet an indistinct presence of a jointage in a direction south-southeast, seems to be visible, 
giving it a structure coincident with that seen in the schists of the region. Again, about 10 rods further down, 
the rock being visible continuously, there is apparent a nearly horizontal structure, and the appearance suggests 
some Cupriferous (or Keweenawan) shales. In some of the talus fragments, however, a.re remnants of vitreous 
vein quartz, which is not a feature of the Keweenawan shales, but characterizes the schists of the western part 
of the county. The rock therefore must be considered a rotted outcrop of the older schists of the county. 

About 25 rods below the mouth of Gillespie brook, on the right bank of Kettle river, a similar rock out
crops, but here it shows more IJlainly its stratigraphic alliance with the schists, This rises about 20 feet above 
the water, is roughly and lenticularly separable into homely small pieces, but is plainly a finecgrained mica 
schist, or sericitic schist. It is sometimes ridged and crumpled, showing small faults and sliding planes. It is 
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rock here has considerable amount of white quartz and coarse pyrite crystals, some of the latter being an inch 
on a side. This place is about in the line of strike from the above locality of 2079, in an easterly direction, i. e· 
S. E. 74 N. E. \! sect.ion 6, township 47, range 18. R,och: 2082 represents .one of the coarser masse~ which are 
irregularly separated and snrroundec1 more or less by finer and fibrous schIst. ~hese a:-e not certamly always 
as isolated parts, but independent layers are composed of such rock. The whole IS certamly a part of the green
stone of the Keewatin with the same indefinite characters. It has a conspicuous, apparently bedded, more or 
less nodular, or agglomeratic structure, that dips nearly east at an angle of about 40°. Other phases are repre-

sented by rocks 2083--86. . . . 
North of this belt of Lower Keewatin, about three-quarters of a mIle, runs a ndge of dIfferent rock. 

This is like the Carlton rock and crosses the railroad and the highway about a mile and a half southwest from 
Otter Creek station. It appears S. E. 74 S. w. ;4 section 29, township 48, range 18, (2080), where it affords a 
light-weathering but fine-grained graywacke, having a coarse jointage and siliceous composition. It is thick and 
massiye in bedding, and so extensive that it is hut rare that a sedimentary bandmg can be found. It also con
tains black calcareous snow-shoe tracks, so-called, as seen in the rock at Carlton. 'I.'he dip is north 45° (2081). 
Sometimes this rock appears, at a little further north, in the form of low east-and-west ridges, with dip nearly 
vertical or toward the south. It is evident from the difference in the direction of strike, the different lithology 
and structure, that this ridge is another formation from that lying to the south which is seen at Waldorf's, near 

Mahtowa. 
At the S. '0,T. ;4 section 4, township 47, range 18, is a fissile, dark-colored schist, whose structure dips 

nearly east 45°. It occurs along the creek. The foliation is doubtfully the sedimentary dip. 
The Carlton rock appears at N. E. ~~ section 35, township 48, range 18, in a low ridge having black calcar

eous spots, also at Atkinson, at the centre of section 25, township 48, range 18. At the latter point is some vein 
quartz, in form of folia:;. This rock dips north about 30°. 

Where this range crosses the railroad two miles south of Otter Creek it is low and inconspicuous, and 
although the rock is not much different from that described, it has an imperfect vertical slatiness. 

At Barnum is a low ridge, west of the station, showing a cut of three feet by the railroad. It is fine slate, 
becoming coarser and approaching a fine graywacke. The dip is about 10° toward the south, but the face of the 
cut shows many minor undulations, with quartz in cavities. 

A.t lIfoose Lake is a micaceous, firm graywacke quite similar to that seen at Barnum. While it appears, 
when weathered, very much like some gray slates of the Animikie seen on Pigeon point and elsewhere, it is 
apparently an older rock than the Animikie, being distinctly micaceous and more crumpled than the rock about 
Carlton. This rock occurs as boulders, which are scattered plentifully about Moose Lake. 

A rocky hill occurs on the N. E. ~i section 22, township 46, range 20, near Gillespie brook, on land of Ed. 
Lund, supposed to be of the same formation as the rock at Moose Lake. 

Kettle ril'e)' ralley. Some exploration for gold was done in the schists at the mouth of Otter brook (sec. 
16, T. 46, R. 20) by Cunningham and Miner, a few years ago. Their shaft is said to have been 30 fee-t deep, and 
explored further with a diamond drill. That which attracted their attention was a lot of white quartz more or 
less mingled with pyrite, which also permeated the rock itse.lf, existing as filmy coatings in the cleavage planes 
and other joints. The rock is a compact sericitic schist, quite siliceous, with scattered irregular lumps of quartz. 
It rarely becomes so coarse as to warrant the name graywacke. It is unknown how much gold was taken out, 
but probably not much; yet there is no known reason why it might not exist here as well as at Rainy lake. 

In the bed of the creek is the principal outcrop of the quartz vein, but the quartz occurs very irregularly 
in the schist. 

Below the mouth of t.he creek about 15 rods the formation appears in the right bank of Kettle river. Here 
are several alternations of soft, fissile slaty rock and a gray, fine rock which might pass for a quartzyte, from 
some beds of which are found numerous boulders in the drift all about this part of the county. 

On the right bank of Kettle river a quarter of a mile below the centre of section 16, township 46, range 
20, a low outcrop appears of rock like that "een at Otter brook, dipping in the same way. This is unnconform· 
ably overlain by a hasal conglomerate of a loose texture, mainly friable sandstone but embracing pieces of the 
under lying schist. 

About a quarter of a mile above the mouth of Gillespie brook is an outcrop in the left bank of Kettle 
river. This rock, which rises about 18 feet in the bank, is very singular and presents but few and faint characters 
that ally it with the schist formation of the region. It is a shaly schist, rusty-green, but with glittering sericitic 
scales on the planes of the parting·s. It has no persistent conspicuous dip, but in all parts it breaks by irregular 
seams and joints in roughly lenticular small blocks, hy means of which it forms a talus, yet in one place, over a 
distance of 12 to 20 feet an indistinct presence of a jointage in a direction south-southeast, seems to be visible, 
giving it a structure coincident with that seen in the schists of the region. Again, about 10 rods further down, 
the rock being visible continuously, there is apparent a nearly horizontal structure, and the appearance suggests 
some Cupriferous (or Keweenawan) shales. In some of the talus fragments, however, are remnants of vitreous 
vein quartz, which is not a feature of the Keweenawan shales, but characterizes the schists of the western part 
of the county. The rock therefore must be considered a rotted outcrop of the older schists of the county. 

About 26 rods below the mouth of Gillespie brook, on the right bank of Kettle river, a similar rock out
crops, but here it shows more vlainly its stratigraphic alliance with the schists. This rises about 20 feet above 
the water, is roughly and lenticularly separable into homely small pieces, but is plainly a fine-grained mica 
schist, or sericitic schist. It is sometimes ridged and crumpled, showing small faults and sliding planes. It IS 
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rusty and crumbling, and might, at a hasty glance, be taken for a fine crumbling sandstone or sandy shale. In 
numerous places about the mouth of Gillespie brook this mica schist appears in the banks of the streams, and 
also rises elsewhere as little hills. Its quartz has attracted attention for gold, and some shafts have been sllnk 
from 10 to 20 feet. It is exposed conspicuously in the left bank of the Splitrock creek, a short distance ahove 
its mouth. A gray and greenish schist appears at the surface on S. W. % N. W. ~4 section 19, township 47, 
range 21, in the form of angular blocks, in many places, but does not afford favorable exposure for examination. 
Large surfaces that are apparently of the bedding, dip north 25° west. They are wrinkled and irregular with 
cavities, with some vitreous and smoky quartz. The rock appears micaceous and talcose. 

Puc7-cu1unge (Potsclwn) Conglomerate. A coarse and pyritiferous quartzose con

glomerate forms conspicuous outcrops on section 1, township 48, range 16, at the 

shore of St. Louis river, which represents the fragmental base of the Keweenawan 

formation. rrhis also appears further north along the banks of the creek that 

unites with the St. Louis on section 1. It lies in depressions in the old slates, 

being thicker in some places than in others. This rock also is 111 outcrop on the 

S. E. 1 section 2, township 48, range 16, on the St. Louis. Its total thickness is 

nearly 100 feet. 

Owing to the importance of determining well the stratigraphic position of 

this conglomerate, it has been exaniined several times, and comparison has been 

made on a broad scale, with the known stratigraphy of the Keweenawan in the 

western portion of the hbke Superior valley.* One result of this study is the 

assignment of this conglomerate to the base of the Potsdam, below the Manitou 

igneous rocks.t Its pebbles are chiefly derived from quartz veins in the under

lying slates, and from the quartzytes and graywackes of the same formation. 

Upwardly the material becomes much finer, constituting a white sandstone, and 

even a light-colored shale. It changes then to a red shale, and at a somewhat 

higher stratigraphic horizon it is charged with eruptive materials, making a char

acteristic Manitou conglomerate. There is no marked change in the dip, but, so 

far as observed, the strata are conformable from the lower conglomerate into the 

other.t There are reasons, however, to infer that great physical disturbances 

took place in the immediate neigborhood during the accumulation of this frag

mental series-indeed that the eruptive epoch of the Manitou division of the 

Keweenawan began, and perhaps culminated and declined before all the sand

stones next overlying were formed, those sandstones themselves being probably 

closely linked with the waning stages of the Keweenawan. This question is more 

fully presented in the chapter devoted to the Duluth plate (No. 88).§ The igneous 

rock, which rises into quite conspicuous hills a little east\~Tard from this outcrop 

(at Short Line Park), which is apparently a part of the gabbro range seen at Du

luth, was probably of prior date, but no debris from it can be found in this 

'C"ueial Points in the 8t1'atig1'aphy oj the Lake 8uperior Region. N. H. WINCHELL, Am. Geol. 1895, vol. xvi, p. 150. 
t The Manitou igneous rocks are those of the upper division of the Keweenawan. Oompare the Duluth plate, chapter x=i. 
t Owing to the rapidity and depth of the river and the precipitous nature of the cliff at the exac t transition, no close 

inspection has been made of the actual transition. 
~ See also A meTiean Geologi~t, vol. xvi, p. 78, 1895. 
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rusty and crumbling, and might, at a hasty glance, be taken for a fine crumbling sandstone or sandy shale. In 
numerous places about the mouth of Gillespie brook this mica schist appears in the banks of the stream" and 
also rises elsewhere as little hills. Its quartz has attraoted attention for gold, and some shafts have been slll1k 
from 10 to 20 feet. It is exposed conspicuously in the left bank of the Splitrock oreek, a short distance ahove 
its mouth. A gray and greenish schist appears at the surface on S. W. 7.4 N. w. 74 section 19, towDship 47, 
range 21, in the form of angular blocks, in many places, hut does not afford favorable exposure for examination. 
Large surfaces that are apparently of the bedding, dip north 25° west. They are wrinkled and irregular with 
cavities, with some vitreous and smoky quartz. The rock appears micaceous and talcose. 

Pucku'ulige (Potsrlmn) Conglomerate. A coarse and pyritiferous quartzose con

glomerate forms conspicuous outcrops on section 1, township 48, range 16, at the 

shore of St. Louis river, which represents the fragmental base of the Keweenawan 

format.ion. rfhis also appears further north along the banks of the creek that 

unites with the St. Louis on section 1. It lies in depressions in the old slates, 

being thicker in some places than in others. This rock also is 111 outcrop on the 

S. E. :i section 2, township 48, range 16, on the St. Louis. Its total thickness is 

nearly 100 feet. 

Owing to the importance of determining well the stratigraphic position of 

this conglomerate, it has been examined several times, and comparison has been 

made on a broad scale, with the known stratigraphy of the Keweenawan in the 

western portion of the laJre Superior valley.* One result of this study is t.he 

assignment of this conglomerate to the base of the Potsdam, below the Manitou 

igneous rocks.t Its pebbles are chiefly derived from quartz veins in the under

lying slates, and from the quartzytes and graywackes of the same formation. 

Upwardly the material becomes much finer, constituting a white sandstone, and 

even a light-colored shale. It changes then to a red shale, and at a somewhat 

higher stratigraphic horizon it is charged with eruptive materials, making a char

acteristic Manitou conglomerate. There is no marked change in the dip, but, so 

far as observed, the strata are conformable from the lower conglomerate into the 

other.t There are reasons, however, to infer that great physical disturbances 

took place in the immediate neigborhood during the accumulation of this frag

mental series-indeed that the eruptive epoch of the Manitou division of the 

Keweenawan began, and perhaps culminat.ed and declined before all the sand

st.ones next overlying were formed, t.hose sandst.ones themselves being probably 

closely linked with t.he waning st.ages of t.he Keweenawan. This quest.ion is more 

fully presented in t.he chapter devoted to the Duluth plate (No. 88).§ The Igneous 

rock, which rises into quit.e conspicuous hills a little eastward from this out.crop 

(at Short. Line Park), which is apparently a part. of t.he gabbro range seen at. Du

luth, was probably of prior date, but no debris from it can be found in this 

'C1'1wial Points in the 8t1'atig1'aphy oj the Lake 8uperior Region. N. H. WINCHELL, Am. Geol. 1895, vol. xvi, p. 150. 
t The Manitou igneous roeks are those of the upper division of the Keweenawan. Compare the Duluth plate, chapter x=i. 
t Owing to the rapidity and depth of the river and the precipitous nature of the cliff at the exac t transition, no close 

inspection has been made of the actual transition. 
§ See also A meTiean Geologist, vol. xvi, p. 78, 1895. 
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coarse conglomerate, probably because of the more destructible nature of this rock 

compared to the quartz pebbles that went to make it. But somewhat higher in 

the series of these fragmentals abundant eruptive materials are disseminated, 

and even red, crumbling eruptive conglomerates were formed, comparable to those 

seen at the mouth of the Manitou river and elsewhere on the north shore of lake 

Superior. This change indicates that active eruption was going on in the im

mediate vicinity-eruptions of the Keweenawan epoch. This alternation of the 

nature of the sediments is continued further, imparting a red color to the shales 

and sandstones, until the dying out of the eruptive activity. The advent of this 

Keweenawan (Manitou) epoch of eruption is recorded not only in the sudden 

change in the character of the sediments in the St. Louis valley, but also in the 

basic dikes that cut the gabbro hills at Short Line Park. This formation being 

mainly outside of Carlton county, it will be found explained in the description 

of plate 88, the Duluth plate. 

Detailed description. The conglomerate seen on section 1, township 48, range] 6, is hard, pyritiferous 
and pebbly with coarse quartz pebbles, of which it chiefly consists. It dips, with the red beds overlying, about 
100 east of south by compass. Some of the pebbles are two or three inches across. Some are of milky quartz 
and some are translucent. Some are black or gray. In some places nearly one-half is directly referable to 
the underlying slate formation; indeed there is nothing in it but can be so referred. Just above the junction of 
the two creeks there is a blind vein of calcite, about two inches thick, running north and south in this con
glomerate. The conglomerate extends a few rods along the creek, both branches, and before it disappears, 
which it does by rising in an incline along the left bank in accordance with the dip, it shows about eight feet of 
bedding, and within a distance of about two rods the Thomson slate formation appears in the bed of the creek 
and soon forms a considerable exposure along the left bank. The slates stand nearly perpendicular as the 
weathering separates the cleavage planes, and the strike east and west as at Thomson. At this place the 
appearances indicate that the conglomerate lies in depressions in the old slate surface. 

The following sections illustrate the manner of superposition of the conglomerate on the slates. The 
sections extend from "Bridge No.2" down stream to the point of final disappearance of the coarse conglomerate. 
(Plate B.) 

This quartz conglomerate, in its upper parts, includes lenticular spots of shaly sandrock and of red 
conglomerate. At the bank of the St. Louis this conglomerate forms the low shore, and its upper surface is 
washed by high water, dipping into the river at an angle of 80 • It then stops abruptly, by a fault, and the shore 
is occupied by a red and spotted green shale, of which the dip is more toward the south. Where the conglom
erate is broken off it is highly pyritiferous, and cemented into a compact rock, and at the very fracture the 
whole is changed and vitrified, making a firm greenish quartzyte. In the bluffs on the opposite shore may be 
seen four separate faults crossing the red shale and sandstone beds from the top to the bottom. This is just 
opposite the point of faulting of the conglomerate on the left bank. (Plate A.) After the abrupt disappearance 
of the conglomerate, the left bank, in ascending the stream, is found to be occupied by a low exposure of layers of 
this green and red shah~ belonging to some higher portion of the section, while in the right bank opposite is a bluff 
with an average exposure of 10 feet of rock consisting of red shale and shaly rock with varying dip. All at once 
the coarse conglomerate rises again, but not so suddenly as it disappeared, and forms the shore to the place where 
the slate formation is found underlying it unconformably. Where the conglomerate reappears it seems not to be 
faulted, but bent and somewhat broken upward, the shale beds above also being somewhat bent and compressed, 
though p1aintaining a green color where in contact with the conglomerate. The change of level is about two feet, 
and it is expressed on the opposite shore by undulations in the strata. It is about forty rods above this point 
that the slates first appear under the conglomerate. 

The lower portion of the conglomerate is coarser, though containing about the same materials as the last, 
with the exception of layers of sandrock. The white quartz pebbles are sometimes six inches or more in diameter. 
Some are of gray, coarse grit, and some are pieces of the underlying slate, showing this slate must have been 
about as it is prior to the deposit of the conglomerate. On the other hand it is to be noticed that a roughly 
slaty manner of disintegration passes upward into the conglomerate from the slates where the weather has 
a?ted ?n the two at .that horizon the pebbles and cement falling off in slabs or lumps that are elongated in the 
dll'ectlOn of the slatmess of the slates and parallel with them, as if the cause that operated to produce the slati
ness had taken effect since the deposition of the conglomerate, and had r~sulted in a similar, imperfect 

·f, 
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coarse conglomerate, probably because of the more destructible nature of this rock 

compared to the quartz pebbles that went to l1Jake it. But sOl'newhat higher in 

the series of these fragmentals abundant eruptive materials are disseminated, 

and even red, erumbling eruptive conglomerates were formed, comparable to those 

seen at the 1110uth of the Manitou river and elsewhere on the north shore of lake 

Superior. This change indicates that active eruption was going on in the nn

mediate vicinity-eruptions of the Keweenawan epoch. This alternation of the 

nature of the sediments is continued further, imparting a red color to the shales 

and sandstones, until the dying out of the eruptive activity. The advent of this 

Ke'weenawan (Manitou) epoch of eruption is recorded not only in the sudden 

change in the character of the sedim81its in the St. Louis valley, but also in the 

basic dikes that cut the gabbro hills at Short Line ParlL This formation being 

mainly outside of Carlton county, it will be found explained in the description 

of plate 88, the Duluth plate. 

Detailed clesc?'iption. The conglomerate seen on section 1, township 48, range] 6, is hard, pyritiferous 
and pebbly with coarse quartz pebbles, of which it chiefly consists. It dips, with the red beds overlying, about 
10° east of south oy compass. Some of the pebbles are two or three inches across. Some are of milky quartz 
and some are translucent. Some are black or gray. In some places nearly one-half is dir(lctly referable to 
the underlying slate formation; indeed there is nothing in it but can be so referred. Just above the junction of 
the two creeks there is a blind vein of calcite, about two inches thick, running north and south in this con
glomerate. The conglomerate extends a few rods along the creek, both branches, and before it disappears, 
which it does by rising in an incline along the left bank in accordance with the dip, it shows about eight feet of 
bedding, and within a distance of about two rods the Thomson slate formation appears in the bed of the creek 
and soon forms a considerable exposure along the left bank. The slates stand nearly perpendicular as the 
weathering separates the cleavage planes, and the strike east and west as at Thomson. At this place the 
appearances indicate that the conglomerate lies in depressions in the olel slate surface. 

The following sections illustrate the manner of superposition of the conglomerate on the slates. The 
sections extend from "Bridge No.2" down stream to the point of final disappearance of the coarse conglomerate. 
(Plate B.) 

This quartz conglomerate, in its upper parts, includes lenticular spots of shaly sandrock and of red 
conglomerate. At the oank of the St. Louis this conglomerate forms the low shore, and its upper surface is 
washed by high water, dipping into the river at an angle of 8°. It then stops abruptly, by a fault, and the shore 
is occupied by a red and spotted green shale, of which the dip is more toward the south. Where the conglom
erate is broken off it is highly pyritiferous, and cemented into a compact rock, and at the very fracture the 
whole is changed and vitrified, making a firm greenish quartzyte. In the bluffs on the opposite shore may be 
seen four separate faults crossing the red shale and sandstone beds from the top to the bottom. This is just 
opposite the point of faulting of the conglomerate on the left bank. (Plate A.) After the abrupt disappearance 
of the conglomerate, the left bank, in ascending the stream, is found to be occupied by a low exposure of layers of 
this green and red shal(). belonging to some higher portion of the section, while in the right bank opposite is a bluff 
with an average exposure of 10 feet of rock consisting of red shale and shaly rock with varying dip. All at once 
the coarse conglomerate rises again, but not so suddenly as it disappeared, and forms the shore to the place where 
the slate formation is found underlying it unconformably. Where the conglomerate reappears it seems not to be 
faulted, but bent and somewhat broken upward, the shale beds above also being somewhat bent and compressed, 
though maintaining a green color where in contact with the conglomerate. The change of level is about two feet, 
and it is expressed on the opposite shore oy undulations in the strata. It is about forty rods above this point 
that the slates first appear under the conglomerate. 

The lower portion of the conglomerate is coarser, though containing about the same materials as the last, 
with the exception of layers of sandrock. The white quartz pebbles are sometimes six inches or more in diameter. 
Some are of gray, coarse grit, and some are pieces of the underlying slate, showing this slate must have been 
about as it is prior to the deposit of the conglomerate. On the other hand it is to be noticed that a roughly 
slaty manner of disintegration passes upward into the conglomerate from the slates where the weather has 
a?ted .on the two at .that horizon the pebbles and cement falling off in slabs or lumps that are elongated in the 
dIrectIOn of the slatmess .of the slates an~ .parallel with them, as if the cause that operated to produce the slati
ness had taken effect Sll1ce the deposltlOll of the conglomerate, and had l'(lsulted in a similar, imperfect 
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structure in the overlying rock. In some places a layer of green shale lies between the conglomerate and tho 
slates. It is a foot thick. 'rhe coarse, pebbly quartzose conglomerate has an estimated thickness of IOU feet. 

Pebbles from the soft, red and crumbling conglomerato that overlies this, eunsist almost wholly of eruptive 
basic materials. This upper conglomerate is well exposed at the mouth of the creek entering the St. Louis 
river S. W. 7.4 section 1, township 48, range 16. These pebbles seem to show that this cODglo~erate is later in 
date than the traps, amygdaloids and porphyries of a part of the Keweenawan. Yet some of these pebbles are 
110t from the eruptive Keweenawan, and came apparently from the Animikie, and one is 3. piece of iron pyrite 
which itse~f embraces grains of 1'ounded quW'·tz wnd /nt(jments of J!yriilj'eTo/(S (j1'ii <J uite similar to the l'yrite 
found in such abundance in the underlying quartzose conglomerate, whieh itself contains nu Keweenawan 
pebbles. Such a piece of pyrite has no knuwn source whieh can he invoked here, except from the vyrite-llearing 
quartzose conglomerate underlying, which appears in the valley a short distance higher up the St. Louis. '1'he 
strong contrast in the pebbles from these two conglomerates, and ospeeial1y the ocr;urrence of this pehlJle of 
siliceous pyrite in the upper one, points to the existence at this plaee of two conglomerates separated by an 
epoch of great dynamic and volcanic disturbance such that the older strata were ruptured and their debris was 
mingled in the younger. In short, the lower conglomerate is the bottom of a great 'Juartzyte or sandstune for
mation (Potsdam) in the midst of the accumulation of which the Manitou division of the Keweenawan eruption 
took place, changing the character of the later fragmentals by the admixture of a large percentage of eruptive 
debris, this admixture occurring at irregular intervals, and finally ceasing entirely. The calcite vein already 
mentioned, as well as the compact, hardened condition of the older conglomerate, and the fact that the slaty 
structure of the underlying slates produces a roughly similar slaty disintegration extending for sume distance 
upward into it, not only point to the production of the slatiness since the formation 01' the cunglommate, hut 
exclude the rock exhibiting such characters from a date later than the Keweenawan eruptions, for none of these 
characters have been seen elsewhere in the lake Superior basin in any clastic rock younger than the Keweena
wan eruptives.* 

The late I{eweeurtuJ({n OJ" lYIau/to1l erupt i I'I'S. Although there is no known expos

ure of these rocks in Carlton county (unless the diabase dikes be considerecllVIanitou) 

there is little doubt that they underlie a considerable area in the southeastern part 

of the county. They occur near the southern boundary, in Pine county, section 25, 

township 45, range 17, and in Wisconsin about a mile southeastward from the south

eastern corner of the county, or, more precisely, southeast corner of section 6, town

ship 45, range 15. The formation is mentioned here in order to complete the 

geological sequence, these eruptives separating the foregoing conglomerate and light 

sandstone from what followed by a pronouneed physical change whieh causes the 

later sandstones to assume a red color. 

The western sandstone. This designation was applied by Irving to all the sand

stones westward from Keweenaw point to the St. Louis river, which he supposed to 

be non-conformable upon the Keweenawan; and in the Keweenawan he IJlaced a lot 

of red sandstones, succeeding to the traps, which, with the traps, he believed had 

been upheaved and eroded extensively before the deposition of the western sand

stones. Using this term, we cannot adopt Irving's idea of their stratigraphic rela

tions. As already stated, the conglomerate and the light-colored siliceous sandstones 

immediately succeeding to it, in the St. Louis valley, are earlier than the later traps, 

but the red sandstones and conglomerates, involving by far the larger amount of 

the sandstones of the St. Lonisvalley, are more recent than the same traps, and 

followed the traps immediately,-indeed are interbedded with the traps, as will be 

seen by consulting the description of the deep well at Short Line park, Duluth plate. 

*The slaty cleavage noted by Sweet at the falls of Black river, Douglas county, Wis., is not a parallel case, since it is 
ascribable to local tilting and faulting, and it, even, is of date earlier than the close of the Keweenawan agItatlOn. Geo1. WIS., 
vol. iii, pp. 340-347. 
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structure in the overlying rock. In some places a layer of green shale lies hetween the conglomeratc and tho 
slates. It is a foot thick. 'rhe coarse, pebbly quartzose conglomerate has an estimated thickness of IOU feeL 

Pebbles from the soft, red and crumbling conglomerate that overlies this, consist almost wholly of eruptiv() 
basic materials. This upper conglomerate is well exposed at the mouth of the creek entm'ing the St. Louis 
river S. W. U section 1, township 48, range 16. These pebbles seem to show that this conglomerate is later in 
date than the traps, amygdaloids and porphyries of a l)art of the Keweenawan. Yet wme of these pebbles are 
110t from the eruptive Keweenawan, and came apparently from thc Animikie, and one is a. piece of iron pyrite 
which itseZf embr·(tces grains of rounded quW'·tz and fI'Cluments of J!:Ijl'itlj'e'i'{m~ U1"il (J uite similar to the pyrite 
found in such abundance in the underlying quartzose conglomerate, which itself contains no Kewe.enawan 
pebbles. Such a piece of pyrite has no known source whi<..:h call be invoked here, except froll tIw lJyritc-1Jearing 
quartzose conglomerate underlying, which appears in the valley a short distance higlwl' up the St. Louis. 'rhe 
strong contrast in the pebbles from these two conglomerates, nnd especially the oceurrence of this pebble of 
siliceous pyrite in the upper one, points to the existence at this place of t.wo <..:onglumc,rates separated by an 
epoch of great dynamic and volcanic disturbance such that the older strata were ruptured and their debris was 
mingled in the yonnger. In short, the lower eonglomeratc is the iJottom of a great 'luartzyte or sandstone for
mation (Potsdam) in the midst of the accumulation of which the Manitou division of the Keweenawan eruptioll 
took place, changing the character of the later fragmentals by the admixture of a large percentage of eruptive 
debris, this admixtUl'e occnrring at irregnlar intervalfl, and finally ceasing entirely. The calcite vein already 
mentioned, as well as the compact, hardened condition of the older conglomerate, and the fact that the slaty 
strnctnre of the underlying slates produces a roughly similar slaty disintegration extending for some distance 
upward into it, not only point to the prodnction of the slatiness since the formation of the conglomerate, hut 
exclude the rock exhibiting such characters from a date later than the Keweenawan el'lllJtiolls, for none of these 
characters have been seen elsewhere in the lake Superior basin in any clastic rock younger than the Keweena
wan eruptives.* 

The lrtie I{e1Dee}W1NI1I OJ' NIanito1l crupti OI'S. Although t.here is no knovvn expo:)

ure of t.hese rocks in Carlt.on count.y (unless t.he diabase dikes be consideredlVIanit.ou) 

there is little doubt. that. t.hey underlie a considerable area in t.he sout.heast.ern part. 

of t.he count.y. They occur llear t.he southern boundary, in Pine county, section 25, 

township 45, range 17, and in Wisconsin about. a mile southeastward from the sout.h

east.ern corner of t.he count.y, or, more precisely, southeast COl'ner of sectioll 6, t.own

ship 45, range 15. The format.ion is ment.ioned here in order t.o complet.e the 

geological sequence, these erupt.ives separating the foregoing conglomerate anc1light 

sandst.one from what. followed by a pronounced physical change which causes t.he 

lat.er sandst.ones to assume a red color. 

The western sandstone. This designation was applied by Irving t.o all the sand

st.ones westward from Keweenaw point. t.o t.he St.. Louis river, which he supposed to 

be non-conformable upon the Keweenawan; and in the Keweenawan he placed a lot 

of red sandst.ones, succeeding t.o t.he t.raps, which, with t.he t.raps, he believed had 

been upheaved and eroded ext.ensively before t.he deposit.ion of the western sand

st.ones. Using this t.enn, we cannot. adopt. Irving's idea of t.heir st.rat.igraphic rela

t.ions. As already stated, t.he conglomerat.e and the light.-colored siliceous sandstones 

immediat.ely succeeding t.o it., in t.he St. Louis valley, are earlier t.han t.he lat.er traps, 

but. t.he red sandstones and conglomerates, involving by far t.he larger amount. of 

the sandstones of t.he St. Louis valley, are more recent t.han the same traps, and 

followed t.he t.raps immediat.ely,~indeed are interbedded with the t.raps, as will be 

seen by consulting t.he descript.ion of the deep well at. Short Line park: Dulut.h plate. 

* The slaty cleavage noted by Sweet at the falls of Black river, Douglas cou:,ty, Wis., is not a parall~l case, since it is 
ascribable to local tilting and faulting, and it, even, is of date earlier than the close of the Keweenawan agItatIOn. Geol. WIS., 
vol. iii, pp. 340-347. 
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They are, therefore, strictly a part of Irving's Keweenawan. They are at the same 

time, in fact, inseparably united with Irving's western sandstones and really consti

tute his western sandstone as described by him, and are, hence, nearly on the horizon 

of the Hinckley sandstone, into which they graduate upwardly, all of which he 

considered Upper Cambrian. In other words the erosion interval, supposed by him 

to exist between two sandstones, one pre-Cambrian and the other Upper Cambria,n, 

disappears entirely, and the two sandstones are shown to be one and the same, and later 

than the traps, though at the bottom interbedded and variously affected by the late 

Keweenawan eruptives. The term western sandstone is, therefore, a geographic 

designation for a limited portion of that great formation which Dr. Douglass Hough

ton styled Lake Superior sandstone. 
These beds outl:rop in the valley of the St. Louis in sections 1, 2 and 12, township 48, range 16, on the 

south bluff of the river, where they are rapidly being eaten into, in consequence of the southeasterly dip, by the 
current of the river. They thus maintain a perpendicular bluff as the undermined masses successively fall off. 
Viewed from the left bank they are seen to be faulted at four places, presenting the aspect seen in the figure, 
plate A. They were struck at the bottom of the deep well at Wrenshall, at a depth of 355 feet, about 80 feet 
above the level of lake Superior. It is seen again in the loop of the Blackhoof river, in township 47, range 17, 
and near Barnum, on the sonth sides of Bear and Cub lakes, and in the southern banks of Moose lake. West
ward from here an isolated remnant of the Hinckley beds has been mentioned in the valley of Kettle river. 

The most of this rock is red, but the further toward the southwest it is examined the more white and 
siliceous it becomes, while at Fond du Lac (a short distance east of the Carlton county line, in the St. Louis 
valley) some of its upper layers are quite light colored. 

Hinckley sanclstoJlP. The sandstones that succeed the Manitou eruptive epoch 
are very thick. They are interbedded with nmch red shale, and they gradually become 
light colored. During their accumulation there was a progressive subsidence of the 
land in the region of lake Superior, bringing the later, light-colored sandstones over 
more and more extended areas, of the older rocks. It was by this means that the 

Archman schists in the western part of Carlton county were covered by this sand
stone. If a continued vertical section of this sandstone could be measured, includ
ing all its strata, the thickness would probably be not far from a thousand feet, and 
in Wisconsin it has 1een estimated at several thousand feet. These clastic strata are 
all certainly thicker on the south side of lake Superior. 

rrhey present but slight exposures in Carlton county and it may be still a question 
whether the outcrop here referred to is not instead of the age of the Cretaceous. 

Details oj obsel'1,ation. On the right bank of Kettle river, a quarter of a mile below the centre of seetion 
16, township, 46, range 20, is a basal conglomerate of a light-colored sandstone. The total exposure amounts to 
only about 10 feet vertical, and of that thickness the whole cannot be seen at anyone spot. The underlying 
rock is the Keewatin, like that seen at the mouth of Otter brook. The great majority of the included pebbles 
are of the Keewatin adjacent. They are not much rounded, but seem to have been buried nearly in sittt. Other 
pebbles are of white quartz, also angular. In some places is a dark red or brown-red color apparent in the 
conglomerate, and in places it varies to a white sandstone. In the drift overlying, which is gray and quite 
gravelly, are many kidney iron ore pieces, evidently from the Cretaceous, but these do not appear so far as 
noticed, in the sandstone. It is evident that the Cretaceous, as well as the Archffian, contributed to the forma
tion of the drift sheet of the region. Other traces of the Cretaceous in Carlton county are mentioned in con
nection with the description of the drift. 

The Drij't. 

The drift of the county had a compound origin, and af~er first deposition it 
was modified by the action of lake Superior in the southeastern part of the county, 
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They are, therefore, strictly a part of Irving's Keweenawan. They are at the same 

time, in fact, inseparably united with Irving's western sandstones and really consti

tute his western sandstone as described by him, and are, hence, nearly on the horizon 

of the Hinckley sandstone, into which they graduate upwardly, all of which he 

considered Upper Cambrian. In other words the erosion interval, supposed by him 

to exist between two sandstones, one pre-Cambrian and the other Upper Cambri::Ln, 

disappears entirely, and the two sandstones are shown to be one and the same, and later 

than the traps, though at the bottom interbedded and variously affected by the late 

Keweenawan eruptives. The term western sandstone is, therefore, a geographic 

designation for a limited portion of that great formation which Dr. Douglass Hough

ton styled Lake Superior sandstone. 
These beds outl:rop in the valley of the St. Louis in sections 1, 2 and 12, township 48, range 16, on the 

south bluff of the river, where they are rapidly being eaten into, in consequence of the southeasterly dip, by the 
current of the river. They thus maintain a perpendicular bluff as the undermined masses successively fall off. 
Viewed from th(' left bank they are seen to be faulted at four places, presenting the aspect seen in the figure, 
plate A. They were struck at the bottom of the deep well at Wrenshall, at a depth of 355 feet, about 80 feet 
above the level of lake Superior. It is seen again in the loop of the Blackhoof river, in township 47, range 17, 
and near Barnum, on the south sides of Bear and Cub lakes, and in the southern banks of Moose lake. West
ward from here an isolated remnant of the Hinckley beds has been mentioned in the valley of Kettle river. 

The most of this rock is red, but the further toward the southwest it is examined the more white and 
siliceous it becomes, while at Fond du Lac (a short distance east of the Carlton county line, in the St. Louis 
valley) some of its upper layers are quite light colored. 

Hinckley sanclstollP. The sandstones that succeed the Manitou eruptive epoch 

are very thick. They are interbedded with much red shale, and they gradually become 

light ~olored. During their accumulation there was a progressive subsidence of the 

land in the region of lake Superior, bringing the later, light-colored sandstones over 

more and more extended areas, of the older rocks. It was by this means that the 

ArchCBan schist;;; in the western part of Carlton county were covered by this sand

stone. If a continued vertical section of this sandstone could be measured, includ

ing all its strata, the thi~kness would probably be not far from a thousand feet, and 

in Wisconsin it has ueen estimated at several thousand feet. These clastic strata are 
all certainly thicker on the south side of lake Superior. 

They present but slight exposures in Carlton county and it may be still a question 

whether the outcrop here referred to is not instead of the age of the Cretaceous. 
Details oj ob~er1'ation. On the right bank of Kettle river, a quarter of a mile below the centre of seetion 

16, township, 46, range 20, is a basal conglomerate of a light-colored sandstone. The total exposure amounts to 
only about 10 feet vertical, and of that thickness the whole cannot be seen at anyone spot. The underlying 
rock is the Keewatin, like that seen at the mouth of Otter brook. The great majority of the included pebbles 
are of the Keewatin adjacent. They are not much rounded, but seem to have been buried nearly in sit~L Other 
pebbles are of white quartz, also angular. In some places is a dark red or brown-red color apparent in the 
conglomerate, and in place~ it varies .to a wh~te sandstone. In the drift overlying, which is gray and quite 
gravelly, are many kIdney Iron ore pIeces, eVIdently from the Cretaceous, but these do not appear so far as 
noticed, in the sandstone. It is evident that the Cretaceous, as well as the Archffian, contributed to the forma
tion of the drift sheet of the r('gion. Other traces of the Cretaceous in Carlton county are mentioned in con
nection with the description of the drift. 

The Drift. 

The drift of the county had a compound origin, and after first deposition it 

was modified by the action of lake Superior in the southeaste;n part of the county, 
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when that lake stood about 500 feet higher than it does now. There seems to have 

been a northwestern and an eastern source. Characters that point in both directions 

are found throughout the county. It is probable that the ice-lobe that occupied the 

basin of lake Superior operated, at the last, later than the ice-sheet that moved in 

general from the north or northwest. There is no very evident morainic belt that 

marks any local halting place for the great early glacier, although as it waned it is 

probable that its union with the lake Superior ice-lobe aR the latter began to take 

individual shape and motion, was marked by a greater accumulation of drift than 

was elsewhere deposited. Such a medial moraine may be expressed by the hilly tract 

of drift that extends across the western part of the Fond du Lac Indian reservation 

southward as far as Mahtowa. In general, however, the western half of the county 

is so smooth that it seems unlikely t,hat any morainic belt can be safely located there. 

The only exception to this statement is found in the western part of towm;hip 46, 

range 21, where a morainic belt about a mile wide runs north and south across the 

western portion of the town, extending into Aitkin county. But even this may be 

an interlobate moraine, since boulders of gabbro which must have been carried from 

the east are found along the Kettle river about six miles further east. The distribu

tion of gabbro boulders, however, is not an unexceptionable guide to the limitation of 

the lake Superior ice-lobe except within the immediate vicinity of the gabbro out

crops, for such boulders are found in the drift as far south as Minneapolis, where 

they must have been carried by the main glacier. Judging from the fact that large 

numbers of gabbro boulders are found further north, and beyond the limits of 

Carlton county, it is safe to conclude that the lake Superior ice-lobe, having in the 

mam a westward movement, at least along its northwestern border, must have 

covered the most of Carlton county, and in its retirement it left a remarkable and 

interesting series of records. 

Glacial marles in CC/.1·lton C01tnty. 

Half a mile northeast of Otter Creek station, on graywacke and argillyte, 
Same place, another knob, short heavy gouges, 
Same knob, long, isolated heavy cuts, 
Same knob, heavy cuts, but rather few, 
Same knob, most abundant, 

- (True meridian) N. 55° W. 
S. 45° W. 
N. 60° W. 
N. 45° W. 
N. 60° W. 

[These are all on a slaty knob whose surface slopes N. about 20° E., the inclina-
tion being 30° from the horizon.] 

Thomson, 15-20 rods southeast of the depot, -
Thomson, 3-6 rods east of the last, 
Thomson, 10 rods west of the dam, 

N. 80° W. 
N. 52°-55° W. 

N. 70° W. 
Near St. Paul and Duluth .railroad, Va mile west of the St. Louis river, mostly 

intersected by the next. 
Near St. Paul and Duluth railroad, 
About 15 rods west of the last, mostly, 

with others equally distinct crossing on the same 
surface, 

Carlton, on the street leading to Thomson, -
One mile west of Carlton, near Northern Pacific railroad, 
Last railroad cut, 1% miles southeast from Carlton, 

N. 70° W. 
(True meridian) N. 55°-60° W & 80° W. 

N. 80° W. 

S. 60° W., S. 35° W., S. 10° W., S. 20° E., and S. 30° E. 
- (True meridian) N. 80° W. 

S. 50°-65° W. 
" N.65°W.&N.45°W. 
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when that lake stood about 500 feet higher than it does now. There seems to have 

been a northwestern and an eastern source. Characters that point in both directions 

are found throughout the county. It is probable that the ice-lobe that occupied the 

basin of lake Superior operated, at the last, later than the ice-sheet that moved in 

general from the north or northwest. There is no very evident morainic belt that 

marks any local halting place for the great early glacier, although as it waned it is 

probable that its union with the lake Superior ice-lobe aR the latter hegan to take 

individual shape and motion, was marked by a greater accumulation of drift than 

was elsewhere deposited. Such a mec1ialmoraine may be expressed by the hilly tract 

of drift that extends across the western part of the Fond du Lac Indian reservation 

southward as far as Mahtowa. In general, however, the western half of the county 

is so smooth that it seems unlikely t,hat any morainic belt can be safely located there. 

The only exception to this statement is found in the western part of township 46, 

range 21, where a morainic belt about a mile wide nms north and south across the 

western portion of the town, extending into Aitkin county. But even this may be 

an interlobate moraine, since boulders of gabbro which must have been carried from 

the east are found along the Kettle river about six miles further east. The distrihu

tion of gabbro boulders, however, is not an unexceptionable guide to the limitation of 

the lake Superior ice-lobe except within the immediate vicinity of the gabbro out

crops, for such boulders are found in the drift as far south as Minneapolis, where 

they must have been carried by the main glacier. Judging from the fac.t that large 

numbers of gabbro boulders are found further north, and beyond the limits of 

Carlton county, it is safe to conclude that the lake Superior ice-lobe, having in the 

mam a westward movement, at least along its northwestern border, must have 

covered the most of Carlton county, and in its retirement it left a remarkable and 

interesting series of records. 

Glacial marles in Carlton c01mty. 

Half a mile northeast of Otter Creek station, on graywacke and argillyte, 
Same place, another knob, short heavy gouges, 
Same knob, long, isolated heavy cuts, 
Same knob, heavy cuts, but rather few, 
Same knob, most abundant, 

- (True meridian) N. fi5° W. 
S. 45° W. 
N. 60° W. 
N. 45° W. 
N. 60° W. 

[These are all on a slaty knob whose surface slopes N. about 20° E., the inclina-
tion being 30° from the horizon.] 

Thomson, 15-20 rods southeast of the depot, -
Thomson, 3-6 rods east of the last, 
Thomson, 10 rods west of the dam, 

N. 80° W. 
N. 52°-55° W. 

N. 70° W. 
Near St. Paul and Duluth .railroad, Va mile west of the St. Louis river, mostly 

intersected by the next. 
Near St. Paul and Duluth railroad, 
About 15 rods west of the last, mostly, 

with others equally distinct crossing on the same 
surface, 

Carlton, on the street leading to Thomson, -
One mile west of Carlton, near Northern Pacific railroad, 
Last railroad cut, 1% miles southeast from Carlton, 

N. 70° W. 
(True meridian) N. 55°-60° W & 800 W. 

N. 800 W. 

S. 60° W., S. 35° W., S. 10° W., S. 20° E., and S. 30° E. 
- (True meridian) N. 80° W. 

S. 50°-65° W. 
" N.65°W.&N.45°W. 
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Two rods southeast from the last, numerous, (True meridian) N. 45° W. 
S. 80° W. Again, two rods further southeast, abundant, 

intersected by S. 15° W., S., and S. 45° E., each of these courses being repre
sented by only two or three glacial gouges. 

About three rods further southeast, many very clear striffi, 
At 25 feet further southeast, -

dueW. 
S. 85° W' 

and partly S. 80° W. and due W. 
The same westward striation is also shown on this southwest side of the cut in 

other places within two rods southeastward. 
On the northeast side, at the crest of the cut, about 10 rods southeast from the last, 

plentiful, N. 80° W. 
Crossed by short gouges S., S. 20° E., and S. 45° E. 
These cross-markings are two to six inches long and numerous. 

About 25 feet northwest from the last the well-preserved main striation is 
crossed by a few short glacial marks, 

" W. to S. 85° W' 
" S. 20° E .& S. 45° E' 

Top of the hill (most eastern) cut by railroad, 11/2 miles southeast from Carlton, 
Rnife Falls, on graywacke, 

S. 28° W. 
N.N.W. 

N ear the centre of section 8, township 48, range 16, in the valley of the St. 

Louis, the slates exhibit interesting strim. The direction of coarse marks is south 

28° west, but there are small a,reas near that have both a northerly and southerly 

direction, and also a more westerly bearing, ,as if the abrading force had a ZIgzag 

movement, and an interrupted application. There are also heavy glacial marks 

that pass west-northwest, on the same surfaces that are coarsely striated a few 

degrees west of south, and north and south. 

One large groove in particular, running southwest, has a slight curvature, and 

is isolated. It is over two inches wide, and cut as by a rounded gouge to the depth 

1/ 
j , 
I~ 

GLACIAL GOUGE5 

FIG, 1. 

of about an inch, tapering and running to 

nothing at each end, its length being 3£ feet. 

The stone that made it must have had at once 

a forward and rotating motion, since there are 

subordinate transverse strim that cease on the 

northwest side, and others that begin on the 

southeast side, thus giving the whole groove a 

slight curvature. Another groove, similar to 

this, exhibits still plainer the same kind of 
shifting of the boulder, but in the opposite direction. Thus although the real 

aggregate motion was in the direction of the strim, yet the groove actually cut 

varies frOln ibn some places about 15°. The surface here described is illustrated by 

the figure above. Two large grooves are alongside, and toward the west they 

coalesce, one being cut probably a little later than the other. 

The earliest outlet ((l the '(lke Superior basin. It may be assumed safely that the 

drainage from this ice-lobe was tow::ud the south. As long as it passed beyond the 

rim of the basin in which it lay, its waters were carried away-by several valleys to 

the Mississippi, viz.: by the Brule, the St. Croix, the Kettle and the Prairie rivers. 

When it was shrunken 80 that it lay wholly within that rim a lake rose round its 
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Two rods southeast from the last, numerous, 
Again, two rods further southeast, abunda.nt, 

(True meridian) N. 45° W. 
S. 80° W. 

intersected by S. 15° W., S., and S. 45° E., each of these courses being repre
sented by only two or three glacial gouges. 

About three rods further southeast, many very clear striffi, 
At 25 feet further southeast, -

and partly S. 80° W. and due W. 
The same westward striation is also shown on this southwest side of the cut in 

other places wit.hin two rods southeastward. 
On the northeast side, at the crest of the cut, about 10 rods southeast from the last, 

plentiful, 
Crossed by short gouges S., S. 20° E., and S. 45° E. 
ThE'se cross-markings are two to six inches long and numerous. 

A.bout 25 feet northwest from the last the well-preserved main striation is 
crossed by a few short glacial marks, 

Top of the hill (most eastern) cut by railroad, 11/2 miles southeast from Carlton, 
RnifE' Falls, on graywacke, 

dueW. 
S. 85° W· 

N. 80° W. 

" W. to S. 85° W· 
" S. 20° E .& S. 45° E' 

S. 28° W. 
N.N.W. 

N ear the centre of section 8, township 48, range 16, in the valley of the St. 

Louis, the slates exhibit interesting striffi. The direction of coarse marks is south 

28° west, but there are small a,reas near that have both a northerly and southerly 

direction, and also a more westerly bearing, .as if the abrading force had a ZIgzag 

movement, and an interrupted application. There are also heavy glacial marks 

that pass west-northwest, on the same surfaces that are coarsely striated a few 

degrees west of south, and north and south. 

One large groove in particular, running southwest, has a slight curvature, and 

is isolated. It is over two inches wide, and cut as by a rounded gouge to the depth 

GLACIAl. GOUGE5 

of about an inch, tapering and running to 

nothing at each end, its length being 3f feet. 

The stone that made it must have had at once 

a forward and rotating motion, since there are 

subordinate transverse striffi that cease on the 

northwest side, and others that begin on the 

southeast side, thus giving the whole groove a 

slight curvature. Another groove, similar to 

FIG. 1. this, exhibits still plainer the same kind of 

shifting of the boulder, but in the opposite direction. Thus although the real 

aggregate motion was in the direction of the striffi, yet the groove actually cut 

varies from ibn some places about 15°. The surface here described is illustrated by 

the figure above. Two large grooves are alongside, and toward the west they 

coalesce, one being cut probably a little later than the other. 

The PCt7'liest outlet 4 the 10ke Sitperio}> basin. It may be assumed safely that the 

drainage from this ice-lobe was toward the south. As long as it passed beyond the 

rim of the basin in which it lay, its waters were carried away by several valleys to 

the Mississippi, viz.: by the Brule, the St. Croix, the Kettle and the Prairie rivers. 

vVhen it was shrunken so that it lay wholly within that rim a lake rose round its 
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margin and found its discharge at the lowest pass. As the ice withdrew further and 

further the lake increased, and if lower passes over the rim were uneovered this lake 

immediately was drained to the level of such lower passes. In the course of thi8 

process the ice-lobe appears to have been for a time nearly stationary in its 

retreat, having its margin crossing the centre of Carlton county. It then formed 

the morainic belt represented on the plate of the county, which passes through 

townships 46,47, 48 and 49, ranges 18 and 19 west. At this time the drainage of the 

western portion of the ice was through the Moose valley to the Kettle river. There 

is an ancient channel, more or less boulder-paved, through which the St. Paul and 

Duluth railroad has been built, extending from Carlton to a short distance south of 

Moose lake, where the sand plains about Sturgeon lake commence. The glacial 

stream which filled this valley here unloaded its debris. For some time the waters 

of the St. Louis valley were prevented, by the lake Superior ice-lobe and its 

terminal moraine, from following the present course of the St. Louis river below 

Carlton. As the ice retired this drainage course was somewhat augmented and indi

vidualized, but it shifted its position from the small valley at present occupied by 

the upper waters of the Moose river (at Mahtowa) to a position southeastward 'from 

Mahtowa, where it remained sufficiently long to make a very pronounced and 

characteristic channel in the still slowly accumulating drift deposits. This channel, 

as represented on the plate, crosses the morainic deposits diagonally and unites with 

the Moose valley at Barnum .. Its highest point, over which the infant Superior had 

its first discharge, is 523 feet above the present level of lake Superior. This outlet 

was occupied until the next lower outlet was opened, a period of time probably com

paratively short. The small lake that was thus drained was a marginal one and the 

ice-lobe had its western limit quite near. That is to say, since the next lower outlet 

must have been still obstructed, viz.: that existing in township 46, range 18, the iee 

margin must have passed obliquely aeross the eoullty, and the small lake was an 

elongated one, eovering not more than 30 square miles. It included the central and 

northeastern part of township 48, range 17, the eastern part of township 49, range 

17, and probably some of the western part of township 49, range 16. The region 

drained by the St. Louis, whether ice-covered or not, found its discharge by this 

old channel, through this narrow lake. (Plate C.) 

As soon as the second "waste wier" was uncovered this lake was immediately 

drained entirely. For a period whose length there is no means of measuring the 

St. Louis flowed to the Mississippi by way of the Otter creek valley and the Black

hoof, reaching this lower outlet by entering first another lake whose size was destined 

to grow to considerable dimensions. This later lake covered the N emadji valley, 

extending northward so as to include the St. Louis valley, at least that portion of it 
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margin and found its discharge at the lowest pass. As the ice withdrew further and 

further the lake increased, and if lower passes over the rim were uncovered this lake 

immediately was drained to the level of such lower pa,sses. In the course of this 

process the ice-lobe appears to have been for a time neady stationary in its 

retreat, having its margin crossing the centre of Cm'lton county. It then formed 

the morainic belt represented on the plate of the county, which passes through 

townships 46,47,48 and 49, ranges 18 and 19 west. At this time the drainage of the 

western portion of the ice wa.s through the Moose valley to the Kettle river. There 

is an ancient channel, more or less boulder-paved, through which the St. Paul and 

Duluth railroad has been built, extending from Carlton to a short distance south of 

Moose lake, where the sand plains about Sturgeon lake commence. The glaeial 

stream which filled this valley here unloaded its debris. For some time the waters 

of the St. Louis valley were prevented, by the lake Superior ice-lobe and its 

terminal moraine, from following the present course of the St. Louis river helow 

Carlton. As the ice retired this drainage course was somewhat augmented and indi

vidualized, but it shifted its position from the small valley at present occupied by 

the upper waters of the Moose river (at Mahtowa) to a position southeastward 'from 

Mahtowa, where it remained sufficiently long to make a very pronounced and 

characteristic channel in the still slowly accumulating drift deposits. This channel, 

as represented on the plate, crosses the morainic deposits diagonally and unites with 

the Moose valley at Barnum. Its highest point, over which the infant Superior had 

its first discharge, is 523 feet above the present level of lake Superior. This outlet 

was occupied until the next lower outlet was opened, a period of time probably com

paratively short. The small lake that was thus drained was a marginal one and the 

ice-lobe had its western limit quite near. That is to say, since the next lower outlet 

must have been still obstructed, viz.: that existing in township 46, range 18, the iee 

margin must have passed obliquely across the county, and the small lake was an 

elongated one, covering not more than 30 square miles. It included the central and 

northeastern part of township 48, range 17, the eastern part of township 49, range 

17, and probably some of the western part of township 49, range 16. The region 

drained by the St. Louis, whether ice-covered or not, found its discharge by this 

old channel, through this narrow lake. (Plate C.) 

As soon as the second "waste wier" was uncovered this lake was immediately 

drained entirely. For a period whose length there is no means of measuring the 

St. Louis flowed to the Mississippi by way of the Otter creek valley and the Black

hoof, reaching this lower outlet by entering first another lake whose size was destined 

to grow to considerable dimensions. This later lake covered the N emadji valley, 

extending northward so as to include the St. Louis valley, at least that portion of it 
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that lies eastward from the east line of Carlton county. Its exact northern boundary 

in Ca~·lton county has not been determined. In the vicinity of Carlton and north

wanl and southeastward there is a confusion of beaches and plateaux which it has 

not been possible to individualize by detailed study. Some of them belong to the old 

St. Louis, some to the earliest lake, and some to the N emadji lake.* The outlet of 

glacial lake N emadji is quite marked. It passes through sections 16 and 17 town

ship 48, range 18, where a boulder-paved swamp extends from the headwaters of 

Portage river to those of the N emadji. Brush-lined sloughs on section 17 indicate 

that water :flows both into the N emadji and into the Portage. This valley is com" 

parable to that which connects lakes Traverse and Big Stone, the ancient drainage 

course of lake Agassiz, at the westem side of Minnesota. It lies about 100 feet 

below the upland, at the farm of L. C. Nighsonger, S. W. 1: section 18, township 46, 

range 18, and there it shows a boulder-strewn bench which rises about 15 feet aFove 

the bottom. It is not likely that this represents a terrace, but is caused by an 

unusually stony spot in the till through which the channel was formed. The chan

nel throughout is about a quarter of a mile wide at the bottom, and the boulder

pavement is frequently covered with muck. 

During the prevalence of the N emadji lake the many streams that enter the 

west end of lake Superior were carrying into it a large amount of sediment. This 

process continued with very little change while the outlet was through the Bois' 

Brule valley to the St. Croix. This sediment was derived from the freshly laid sheet 

of drift that covered the country round about. The till that underlies the N emadji 

valley is red, and was derived very largely from the rocks of the Keweenawan toward 

the east, but the sediment that lies on it, forming a laminated clay to the depth of 

5 to 50 feet, came more generally from the west. On the weathered surface this 

lacustrine clay is red, much like the red till, but at Wrenshall, on the Northern 

Pacific railroad southeast from Carlton, its color changes to gray at a depth of a few 

feet, and the bricks that are there made from it are of a light cream color. In that 

particular it is so much like the gray or "blue" clays of the westem part of the state, 

which have a large ingredient of Cretaceous debris, that they seem to have had, in 

part at least, a common source. It has been inferred, therefore, that probably the 

Cretaceous formerly extended over the region and has been destroyed by the severity 

* 1>11'. Upham has often mentioned the "Western Superior Glacial lake," having its outlet at a still lower level by the Bois 
Brule and upper St. Oroix rivers through western Wisconsin, but as these outlets are higher they drained lakes having an earlier 
date, which should receive, according to the current practice of Pleistocene geologists, dist,inguishing names. The earlier one 
may appropriately be called the 8t. LOlti8 glacial lake, and the later Nemadji. Of these two outlets the lower one is the more 
distinct. It is a curious coincidence that its point of passing across the divide in township 46, range 18, has the same elevation as 
given (GeoL Nat RisL Sur. 1>linn., voL ii, final report, p. 642) by Mr. Upham for the ontlet at the Bois Brule. As, however, this 
heach line is Imown to ascend toward the east at the rate of at least three inches per mile, the distance separating these outlets being 
ahout forts: miles, it is reasonahle to place that outlet, when it drained lake Superior, at least 10 feet lower than the Nemadji 
outlet, and lt may have 1Jeen considerably more. No accurate levelling has been done to ascertain the elevation of the Nemadji 
outlet. It is only by a series of general aneroids and eye-sketching that its altitude is made 1,070 feet. 

" Near Holyoke, which is about 30 miles west of the outlet at the head of the Bois Brule and St. Oroix rivers, the successive 
lake levels, indicated by the beach ridges ohserved, and provisionally referred to the Western Superior lake, are about 520,500 and 
455 feet above lake Superior, corresponding well with the slight.ly inclined planes of the Duluth and Mt. Josephine shores, and 
mdicatmg the lowest wate.r snrface of ahout 455 feet at the outlet." UPHAM. Twenty-second Annual Repo,·t, p. 59. 
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that lies eastward from the east line of Carlton county. Its exact northern boundary 

in Ca!'lton county has not been determined. In the vicinity of Carlton and north

ward and southeastward there is a confusion of beaches and plateaux which it has 

not been l)Ossible to individualize by detailed study. Some of them belong to the old 

St. Louis, some to the earliest lake, and some to the Nemadji lake.* The outlet of 

glacial lake Nemadji is quite marked. It passes through sections 16 and 17 town

ship 48, range 18, where a boulder-paved swamp extends from the headwaters of 

Portage river to those of the N emadji. Brush-lined sloughs on section 17 indicate 

that water flows both into the N emadji and into the Portage. This valley is com" 

parable to that which connects lakes Traverse and Big Stone, the ancient drainage 

course of lake Agassiz, at the western side of Minnesota. It lies about 100 feet 

below the upland, at the farm of L. C. Nighsonger, S. W. 1 section 18, township 46, 

range 18, and there it shows a boulder-strewn bench which rises about 15 feet ab"ove 

the bottom. It is not likely that this represents a terrace, but is caused by an 

unusually stony spot in the till through which the channel was formed. The chan

nel throughout is about a quarter of a mile wide at the bottom, and the boulder

pavement is frequently covered with muck. 

During the prevalence of the Nemadji lake the many streams that enter the 

west end of lake Superior were carrying into it a large amount of sediment. This 

process continued with very little change while the outlet was through the Bois 

Brule valley to the St. Croix. This sediment was derived from the freshly laid sheet 

of drift that covered the country round about. The till that underlies the N emadji 

valley is red, and was derived very largely from the rocks of the Keweenawan toward 

the east, but the sediment that lies on it, forming a laminated clay to the depth of 

5 to 50 feet, came more generally from the west. On the weathered surface this 

lacustrine clay is red, much like the red till, but at Wrenshall, on the Northern 

Pacific railroad southeast from Carlton, its color changes to gray at a depth of a few 

feet, and the bricks that are there made from it are of a light cream color. In that 

particular it is so much like the gray or "blue" clays of the western part of the state, 

which have a large ingredient of Cretaceous debris, that they seem to have had, in 

part at least, a C0l111TIOn source. It has been inferred, therefore, that probably the 

Cretaceous formerly extended over the region and has been destroyed by the severity 

* Mr. Upham has oft.en mentioned the "Western Superior Glacial lake," having its outlet at a still lower level by the Bois 
Brule and upper St. Croix rivers through western Wiseonsin, but as these outlets are higher they drained lakes having an earlier 
date, which should receive, according to the current practice of Pleistocene geologists, distinguishing names. The earlier one 
may appropriately be called the 8t. L01tiS glacial lake, and the later Nemrtdji. Of these two outlets the lower one is the more 
distinct,. It. is a curious eoincidence that its point of passing aeross the divide in township 46, range 18, has the same elevation as 
given (Geol. Nat Hist. Sur. Minn., vol. ii, final report, p. 642) by Mr. Upham for t,he outlet at the Bois Brule. As, however, this 
beach line is known to aseend toward the east at the rate of at least three inches per mile, the distance separating these outlets being 
about, forty miles, it is reasonable to place that outlet, when it drained lake Superior, at least 10 feet lower than the Nemadji 
outlet, and It may have l)een considerably more. No accurate levelling has been done to ascertain the elevation of the Nemadji 
outlet. It is only by a series of general aneroids and eye·sketching that its altitude is made 1,070 feet. 

"Near Holyoke, which is about 30 miles west of the outlet at the head of the Bois Brule and St. Croix rivers, the successive 
lake levels, indieated by the beach ridges observed, and provisionally referred to the Western Superior lake, are about 520, 500 and 
:155 !eet above lake Superior, corresponding well with the slightly inclined planes of the Duluth and Mt,. Josephine shores, and 
mdicatmg the lowest water surface of about 455 feet at the out.let." UPRA1L Twenl,y-3econd 4nnual RepoTt, p. 59. 
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of the glacial cLbrasion. rrhis is not the only indiccLtion of fonner Cretaceous strata 

in Carlton county. In the nooks of the Thomson slrLtes, as cut by the railroad near 

the St. Louis river, occurs a fine blue clay lying below a foot or two of fine laminated 

red clay; and ::Lt some drift bluffs on the St. Louis, north from Carlton county, a blue 

stratified clay lies below lamincLted red clay. In the we8tern part of the county, 

furthermore, Cret::Lceous debris, in the form of the well-known limonitic Cl'l18ts and 

kidney iron ore balls, is quite common along the Kettle river. 

Detailed descriptions. B)'irk claJj at TYTcnshall. In the vicinity of Wrenshall are five hrick-making 
establishments, viz: M. J. Rushfeldt, .Jaggar &; Hanft, Fred Habhaggar, The Kelly Brick and rrile company and 
the Duluth Brick and Tile company. The clay, which is essentially the sam'e at all these estahli.shment.s, has, 
at the pit of the Kelly Brick and Tile company, a thickness of about ,±O feet, of which the lowest.:30 feet are 
blue and t.he rest red, or brownish yellow. According to Mr. Kelly the well which was here s11nk to the sand
stone, :3.50 feet from the surface, passed only through gravel and sand after penetrating the laminated clay. 
This, however, is exceptional, if not improbable. Water rises to within 85 feet of the surface. 

The surface of the laminated clay, for the depth of a few feet, is more or less broken up and mingled with 
pebbles, due probably to the action of the retiring beach line of the lake and floating ice. This is the condition 
of this clay sometimes to the depth of 10 or 12 feet. Such change makes it a "pebbly clay," and this may have 
been the cause of some other "pebbly clays" of other regions; at any rate this pebbly condition fades out down
ward gTadatim as the clay loses its stratification upwardly. 

On the very surface, moreover, are other signs of beach action, such as gravel, coarse and fine, and a sandy 
gravel that in one place extends downward for six or eight feet below the upper level of the clay. 

In the clay are rare stones, one of which was seen two and a half feet across. They are usually rounded, 
and were probably dropped by icebergs or by floes while the clay was being formed.* Such stones might be carried 
from the beach at the present time from the vicinity of Duluth, and therefore do not here prove glacial condi
tions. If, however, they are found near the line of junction of the laminated clay with the till, they might 
have been deposited there by the glacier as its margin retreated. 

The change from gray or blue below to brown or yellowish-red above is apparently an effect of weathering, 
the water that caused the change passing along some of the more sandy lamime, producing red bands in the blue 
and often broad rusty belts, or concretionary forms, some of the last being two and three feet in diameter, and oval 
or globular. Such hardened and stained parts simulate logs and woody fibre, representing annual growths about 
a central pith. They usually accompany the stratification, but sometimes they swell out into the more clayey 
strata and produce a banded coloration that crosses the lamimB so as to confuse the structure, and even to cause 
it to appear to take a different direction suddenly in a manner of "false bedding." On close inspection, however, 
it can be seen that this is little more than a coloration due to creeping of iron stain into the clay, and that the 
real stratification lamime ran on through it without deflection. In some cases, still, the staining process has 
caused a hardening coincident with the staining bands. This then is also followed, on washed surfaces, by a 
projection of the oxidized hardened forms beyond the other less changed parts, which adds to the deceptive 
appearance. Even here the lines of the original strata are traceable diagonally through the hardened portion, 
proving there was no original irregularity in the sedimentation. 

This laminated clay, when blue, makes cream-colored brick. But the top is changed chemically so as to 
make a red brick. In the upper 10 or 15 feet the lime is separated from the iron and is seen in the form of 
limy concretions (plate 0), while the iron is a peroxide, producing the general ochery and cherry-red stains. The 
protoxide condition of the iron below 10 or 15 feet seems to ally this clay to that blue clay seen at Minneapolis 
and Chaska, which has been attributed to the intermixture of Cretaceous elements, this being another 
indication that Cretaceous strata once covered this region. 

This clay extends generally under the flat region. It is about 300 feet above the flat on which Superior 
city is located. The Wrenshall station is 1,044 feet above tide, and when Nemadji lake outflowed by way of 
Moose lake the water at Wrenshall had a depth of about 25 feet. 

The strata in this clay are sometimes disturbed and crumpled, somewhat like the brick clay seen above 
Minneapolis in the Mississippi valley,t and at Coon creek in Anoka county. This crumpling has been attributed 
to later glacial action, but it is not supposed that glaciers returned over the Nemadji valley after the formation 
of this clay. There may have been, however, such fluctuations in the Nemadji glacier that after the laminated 
clay was formed it was crowded and crumpled over wide belts but not entirely disrupted and destroyed. 

Kames. There are several long, narrow, drift ridges largely composed of gravel, in the county. One runs 
through sections 22 and 23, township 48, range 18, in a direction about southeast; one on section 26, township 49, 
range 17, bears nearly south; those on sections 8 and 9, township 47, range 17, run about southwest. There are a 

* Similar phenomena are seen in the lacustrine clay about. the west end of lake Erie, as described by the writer 25 years ago 
in the Ohio reports. 

+ Volume ii, of this report, p. 300, fig. 22. 
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been the cause of some other "pebbly clays" of other regions; at any rate this pebbly condition fades out down
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gravel that in one place extends downward for six or eight feet below the upper level of the clay. 
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a central pith. They usually accompany the stratification, but sometimes they swell out into the more clayey 
strata and produce a banded coloration that crosses the lamime so as to confuse the structure, and even to cause 
it to appear to take a different direction suddenly in a manner of "false bedding." On close inspection, however, 
it can be seen that this is little more than a coloration due to creeping of iron stain into the clay, and that the 
real stratification laminm ran on through it without deflection. In some cases, still, the staining process has 
caused a hardening coincident with the staining bands. This then is also followed, on washed surfaces, by a 
projection of the oxidized hardened forms beyond the other less changed parts, which adds to the deceptive 
appearance. Even here the lines of the original strata are traceable diagonally through the hardened portion, 
proving there was no original irregularity in the sedimentation. 

This laminated clay, when blue, makes cream-colored brick. But the top is changed chemically so as to 
make a red brick. In the upper 10 or 15 feet the lime is separated from the iron and is seen in the form of 
limy concretions (plate C), while the iron is a peroxide, producing the general ochery and cherry-red stains. The 
protoxide condition of the iron below 10 or 15 feet seems to ally this clay to that blue clay seen at Minneapolis 
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city is located. The Wrenshall station is 1,044 feet above tide, and when Nemadji lake outflowed by way of 
Moose lake the water at Wrenshall had a depth of about 25 feet. 

The strata in this clay are sometimes disturbed and crumpled, somewhat like the brick clay seen above 
Minneapolis in the Mississippi valley,t and at Coon creek in Anoka county. This crumpling has been attributed 
to later glacial action, but it is not supposed that glaciers returned over the N emadji valley after the formation 
of this clay. There may have been, however, such fluctuations in the Nemadji glacier that after the laminated 
clay was formed it was crowded and crumpled over wide belts but not entirely disrupted and destroyed. 

Kames. There are several long, narrow, drift ridges largely composed of gravel, in the county. One runs 
through sections 22 and 23, township 48, range 18, in a direction about southeast; one on section 26, township 49, 
range 17, bears nearly south; those on sections 8 and 9, township 47, range 17, run about southwest. There are a 

* Similar phenomena are seen in the laeustrine clay about, the west end of lake Erie, as described by the writer 25 years ago 
in the Ohio reports. 

+ Volume ii, of this report, p. 500, fig. 22. 
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number of ridges of similar charaCter running southwestwardly in the western part of the Nemadji valley, 
and they appear to mark the points of exit of large glacial streams from the Superior basin into the valley south-
westward, when the ice covered the most of the Nemadji valley. . 

There are several interesting localities that should receive further examination and study, viz.: 
Sections 1 and 2, township 47, range 18, when the northeastern end of the abandoned channel has been 

filled with sand and gravel probably by the later stream following the Blackhoof valley: the kame, plateau and 
channels between Carlton and Cloquet, sections 23, 25, 26 and 27, township 48, range 18; the numerous sand and 
gravel ridges in sections 2, 3, 8, 9 and 10, township 48, range 17; the rounded hills whose hight is about 1,200 
feet, on sections 7, 17 and 18, township 48, range 16; and on section 12, township 48, range 17; the gravel banks 
lodged on the west side of the rocks in section 10, township 48, range 17; and on the east side of the rocks near 
the Northern Pacific railroad, in section 7, township 48, range 16; the channel through township 47, range 18, 
with its east end dammed by sand and gravel, from the later streams on section 12, township 47, range 18; the 
evidence of post-glacial wash all along the valley from Carlton to Moose lake; the banks of the Blackhoof and 
Nemadji rivers from section 9, township 47, range 17, to the state boundary and eastward; the terrace and other 
features and the channel bank east of the Blackhoof through section 31, township 48, range 17, and sections 6, 
7 and 18, township 47, range 17. 

Springs are numerous throughout the county except in the flat lands of the western part. They are found 
in the banks of nearly every stream, and often upon the lake shores and at the foot of gravel hills. A few are so 
large as to form streams at once several feet in width. Such are: 

(1) Near the northwest corner of section 26, township 49, range 17. 
(2) Near the northwest corner of section 30, township 48, range 17. 
(3) On sections 14, 15 and 21, township 48, range 16. 
(4) On section 83, township 46, range 17. 
(5) On section 12, township 47, range 18. 
(6) On N. W. Xt: N. W. Xt: section 27, township 46, range 18. 
(7) On N. E. Xt: S. W'~4' section 22, township 46, range 18. 

And doubtless many exist that have not been discovered. 
A small sulphur spring, leaving a white deposit on the rocks and giving off sulphuretted hydrogen, was 

noticed near the water in the north bank of the St. Louis river, in a crevice of the sandstone rocks near the east 
line of section 1, township 48, range 16. The sulphur of this spring was thought to be derived from the 
decomposition of some of the abundant pyrite in the conglomerates near by. 

Chalybeate springs are quite common. They are often derived from the drainage through the gravel of 
the water of some muskeg. This is well shown in the banks of Rusty brook, a small tributary of Hasty brook, 
on section 5, township 49, range 20. A short distance south of this spring is an extensive muskeg separated 
from the brook by a low, sandy ridge. The water of the brook has a most repulsive appearance, flowing over its 
abundant ocherous deposits. It has a strong inky taste, and has attracted many visitors in the hope of finding 
iron O1"e. The organic acids derived from the muskeg cause the precipitation from the water of the iron it 
contains, and it appears as sesquioxide at the springs based on it as a reservoir. In some localities quite exten
sive deposits of ochre or "paint rock," and of bog ore are thus formed. 

Economic resources. Several attem.pts have been made to make roofing slate 

of the slates in the valley of the St. Louis river, but thus far they have not been 

fTuitful. The material is rather hard and brittle, and too much intersected by 

seams. It may be, however, that some more pliable portions may be used. There 

is a large exposure of softer slate on the left bank of the St Louis river, about half a 

mile above the crossing of the Duluth and Winnipeg railroad, and in general where 

the quartzose conglomerate lies on these slates they are more soft, but in general 
also 11'lOre sectile and suitable for pencils. 

The clay which covers the N emadji basin is excellent for brick, of which it 

makes a light, cream-colored article, which is constantly becoming known for its 

excellence, and is sent to distant points. This country is covered, fortunately, with 

a forest of sufficient volume to supply the needed fuel for many years. This forest 

has already supplied a large amount of white pine, and contains still much more. 

Brick have also been made at Barnum by Mr. Wm. Oliver and others. 
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In this county there has been considerable "prospecting" for gold and silver. 

The numerous veins of pyritiferous quartz bave tempted many to expense in shallow 

shafting. Some of these localities ~tre as follows: 

N. E. :4 N. E. ~:4 section ::\6, township 49, range 16. 
Section 6, township 48, range 16. 
Section 16, township 48, range 16. 
Section 32, township 46, range 20 (west hank of the river). 
Section 4, township 45, range 20 (east bank of the river). 
Sections 4, 5 and 8, township 47, range 18. 
N. W. ::4 section 2, township 48, range 16. 
Section 10, township 48, range 16 (on the islands). 
N. W. Xi. section 16, township 46, range 20. 

The vein of graphite, reported by Schooleraft at the end of the Knife falls port

age, remains undeveloped. Yet there has been some excavation on a graphitic 

quartzose vein near the river, on the east side, on N. E. 1 N. E. ! section 31, lot 1, 

township 49, range 16. This mineral is quite common in small quantities, often 

associated with calcite. At the working on section 31, the vein in which graphite is 

found is about 12 inches "vide, and the excavation is about 20 feet deep. '1'he vein 

itself is of quartz, cutting the slates, and has much disseminated plumbaginous 

matter, but has no promise of economic value. 

Nuggets of metallic copper. In the digging of the well of Dr. Thomas, at Moose 

Lake, a piece of copper was found that is said to have weighed about 50 pounds. 

According to Frank Cole, formerly engineer of tbe St. Paul and Duluth railroad, 

many pieces of native copper were found in the drift in grading the railroad from 

Carlton to Cloquet, the aggregate being nearly or quite a ton. There were many 

hundred pieces. It lay in the clay, or at the foot of the clay bluffs where the grade 

approaches them at about three miles north from Carlton, and among gravel and 

stones that constitute the paved surface over which the St. Louis river formerly ran, 

all the way from Carlton. 

At Otter Creek Station, according to Mr. H. M. Waldorf, a pIece weighing sev

eral hundred pounds was found in the gravel pit. 

For general agriculture the county is almost unknown, but it is capa,ble of 

extended cultivation. There are a few good farms, and the county is destined to 

have many more. About Mahtowa, and southeastward from Barnnm, are some 

attractive farming locations. 
Note. Mr. S. J. Basye is authority for the following: He exhihited a red, hard cupriferous conglomerate 

mass which he stated was obtained on section 30, township 46, range 18. According to his description it occurs 
in a ravine, largely under water, extending 12 or 16 feet. It rises into a small bluff further east, but has not 
been seen by any memher of the survey. The pebbles in this conglomerate are quartz-porphyry, felsyte or 

fine granite. 
Note of rock 01dcrops in Pine c01mty. Since the report on Pine county was published (vol. ii), several 

localities have been noted of rock outcrops not mentioned in that report, but visited by Mr. Ayres, viz.: 
Section 29, township 44, range 21, in the N. W. :~4, near the north line of the section, a red granitic rock 

occurs. It is but slightly exposed on a gentle eastward slope, with numerous boulders of the same material. 
Section 30, township 44, range 21, S. E. jf of the S. E. jf, a similar rock appears having a slight exposure. 

CARLTON COUNTY. 23 
Gold. Copper.] 

In this county there has been considerable "prospecting" for gold and silver. 

The numerous veins of pyritiferous quartz have tempted many to expense in shallow 

shafting. Some of these localities are as follows: 

N. E. 74 N. E. )4 section ;:)6, township 49, range 16. 
Section 6, township 48, range 16. 
Section 16, township 48, range 16. 
Section 32, township 46, range 20 (west hank of the river). 
Section 4, township 45, range 20 (east bank of the river). 
Sections 4, 5 and 8, township 47, range 18. 
N. w. )4 section 2, township 48, range 16. 
Section 10, township 48, range 16 (on the isIn.nds). 
N. W. 7.i section 16, township 46, range 20. 

The vein of graphite, reported by Schooleraft at the end of the Knife falls port

age, remains undeveloped. Yet there has been some excavation on a graphitic 

quartzose vein neeLr the river, on the east side, on N. E. -l N. E. -l seetion 31, lot 1, 

township 49, range 16. This mineral is quite common in small quantities, often 

associated with caleite. At the working on section 31, the vein in which graphite is 

found is about 12 inches wide, and the excavation is about 20 feet deep. '1'he vein 

itself is of quartz, cutting the slates, and has much disseminated plumbaginous 

matter, but has no promise of economic value. 

Nuggets ~f metallic copper. In the digging of the well of Dr. Thomas, at Moose 

Lake, a piece of copper was found that is said to have weighed about 50 pounds. 

According to Frank Cole, formerly engineer of the St. Paul and Duluth railroad, 

many pieces of native copper were found in the drift in grading the railroad from 

Carlton to Cloquet, the aggregate being nearly or quite a ton. There were many 

hundred pieces. It lay in the clay, or at the foot of the clay bluffs where the grade 

approaches them at about three miles north from Carlton, and among gravel and 

stones that constitute the paved surface over which the St. Louis river formerly ran, 

all the way from Carlton. 

At Otter Creek Station, according to Mr. H. M. "\iV aldorf, a piece weighing sev

eral hundred pounds was found in the gravel pit. 

For general agriculture the county is almost unknown, but it is capable of 

extended cultivation. There are a few good farms, and the county is destined to 

have many more. About Mahtowa, and southeastward from Barnum, are some 

attractive farming locations. 
Note. Mr. S. J. Basye is authority for the following: He exhihited a red, hard cupriferous conglomerate 

mass which he stated was obtained on section 30, township 46, range 18. According to his description it occurs 
in a ravine, largely under water, extending 12 or 16 feet. It rises into a small bluff further east, hut has not 
been seen by any member of the survey. The pebbles in this conglomerate are quartz-porphyry, felsyte or 

fine granite. 
Note of rock O1~tcrops in Pine C01mty. Since the report on Pine county was published (vol. ii), several 

localities have been noted of rock outcrops not mentioned in that report, but visited by Mr. Ayres, viz.: 
Section 29, township 44, range 21, in the N. w. :-4, near the north line of the section, a red granitic rock 

occurs. It is but slightly exposed on a gentle eastward slope, with numerous boulders of the same material. 
Section 30, township 44, range 21, S. E. }if of the S. E. }if, a similar rock appears having a slight exposure. 



24 THE GEOLOGY OF MINNESOTA. 
[Rock samples. 

In the northeastern corner of section 25, township 45, range 17, along the valley of a creek flowing west
ward, and also forming outcrops on the north and south sides of the creek, is a greenish diabasic rock, somewhat 
porphyritie, possessing some of the lithologieal features of the rocks at Duluth and eastward, and at the dalles 
of the St. Croix at Taylor's Falls. In the vicinity are numerous angular blocks of buff sandstone which also 
probably underlies the immediate vicinity. 

On Pine river, S. E. ~4 S. E. ;l:,t: section 20, township 44, range 21, sandstone occurs in outcrop. It is mostly 
below the level of high water, the strata being horizontal and thin-bedded. 

On a braneh of ~Willow river, section 1, township 44, range 19, the Hinekley sandstone extends half a mile, 
rising ten feet along the river. 

Bock samples collected in Carlton county. Nos. 443-510; 1607-1614; 1969-1975; 

1977-1979; 2079-2091. 

Bel'ies of _A. H. EytJllCll1. Nos. 264, 265. 

Series of J. E. 8pw'J'. No. 187. 
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Cl-IAP'TE R II. 

rrHE GEOLOGY 0111 AFrKIN UOUWry. 

By W ARl~EN UPHAM. 

Sif'uation and area. Aitkin county (plate 57) lies in the northeastern part of 

the interior of Minnesota, about midway between lake Itasca and the west end of 

lake Superior. The Mississippi river flows through its northern and western portion, 

and the town of Aitkin, which is the county seat and most important centre of 

population, is situated near the south bank of this river, lying on both sides of its 

tributary, the Mud river, at a distance of five miles east from the west boundary of 

the county. 

Measured by straight lines, the distances from Aitkin in three directions to the 

chief commercial cities of Minnesota and its borders are the following: to Saint 

Paul and Minneapolis, slightly east of south, about 110 miles; to Duluth and West 

Superior, slightly north of east, eighty miles; and to Moorhead and Fargo, a little 

to the north of west, 150 miles. 

Excepting a deficiency of three townships which mostly lie in the southern part 

of the large lake called Mille Lacs and belong to the county of that name, Aitkin 

county forms a rectangle. Its length from south to north is ten townships (43 to :,)2 

north from the parallel forming the south line of Wisconsin), or sixty miles. Its 

width south of the Mississippi is six ranges (22 to 27 west from the fifth principal 

meridian), or thirty-six miles. North of this river, where the third guide meridian 

is the west boundary, the townships of range 27 lack about two miles, and that part 

of the county has a width of about thirty-four miles. 

The area of Aitkin county is 1,994.97 square miles, or 1,276,782.38 acres, of which 

111,090.48 acres are covered by water. 

SURFAOE FEATURES. 

Natural drainage. This county lies chiefly within the drainage basin of the 

uppe:r Mississippi river. Outside that basin an area of about 300 square miles, on 

the southeast, is drained by streams flowing to the Kettle river and by the upper 

part of the Snake river, which are tributaries of the St. Croix and thereby send 

their waters into the Mississippi; and, at the southwest, a land area a few miles wide 

adjoining Mille Lacs is tributary to that lake and to Rum river. 
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26 THE GEOLOGY OF MINNESOTA. 
[Natural drainage. 

From the west the Mississippi receives in Aitkin county, in their order from 

northeast to southwest, the Willow li.ver, the White Elk brook, 'and-the Little 

Willow li.ver. The drainage areas of the two latter are comprised wholly in this 

county; but the Willow river basin extends considerably beyond the county lines on 

the north and west, and includes among its farthest sources many lakes and lakelets 

in Cass county. The Hill and Moose rivers are tributaries of the Willow and supply 

to it large portions of its annual log-drives. From the east and south the affiuents 

of the Mississippi in this cOlmty are the Swan river, whose basin lies mostly in Itasca 

county; Sandy river, flowing through Sandy lake, which also receives the waters of 

the Prairie river and of its branches, the W est Savanna (or Sa vanne) and Tamarack 

rivers, the sources of the Prairie and the Tamarack being in St. Louis and Carlton 

counties; the Rice river, and Sisabagama or Missagony creek, each lying wholly in 

Aitkin county; and the Mud river and Cedar creek, together draining a region of 

many lakes and receiving their head streams from Crow Wing county. 

The Mississippi here flows in a general south and southwest direction, but has 

almost countless meandering curves that carry it alternately a half mile, more or less, 

to each side of the central course. Its low alluvial belt of fine silt formed by depo

sition from the river floods is thus crossed many times by the stream, and the basal 

portions of some of its curves have been brought very close together by the erosion 

of the river banks. Such curves, usually called "ox-bows," require the steamboat 

and log-drives to pass in some places around a distance of one to two miles, where a 

c.anoe or light boat with its contents is quic.kly transferred by a portage across the 

intervening neck of land, which occasionally is only a few rods wide. At ordinary 

stages of low water, and far more during the highest floods, the current is continually 

wearing away the upstream side of the portage isthmus, until at last the base of the 

river's loop is cut entirely across. The stream then takes the slightly more inclined 

and straighter course where the portage formerly was, and the ends of the old chan-

11el loop become gradually filled up with alluvial silt. 

Lakes. Numerous long and narrow, often horseshoe-shaped lakes, formed in 

the manner described by the foregoing paragraph, lie in abandoned' parts of the 

ancient channels of the Mississippi. For these lakes of the alluvial land adjoining 

the river the name "logans" has been in common use in Aitkin county and along 

other parts of the upper Mississippi during the twenty-five years or more since the 

region was first invaded by lumbermen. In New England such lakes are called 

"moats," and this term is recommended by Prof. N. S. Shaler for general use by 
geologists in describing lakes of this class. '* 

Examples of these lakes are the Berry logan, on the south side of the Missis-

*?, .s .. Ge?l. .survey, Tenth Annual Report, for 1888-'89, pp. 276-278, with a map of typical "ox-bow cut-oil's" or moats of the 
lower MiSSISSIPPI rIver. . 
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sippi two miles northwest of Aitkin; the Horseshoe logan, in the S. E. i of sec. 6 and 

the N. E. -i of sec. 7, T. 47-26, on the northwest side of the Mississippi about four 

miles from Aitkin on the road to Willow river and Sandy lake; the Rice River logan, 

crossed by the north line of sec. 4 of this township, lying east of the Mississippi and 

close north of the mouth of Rice river, formerly used as a reservoir for logs; and the 

Big logan, as it is known to lumbermen, west of the Mississippi in the east part of 

sec. 21, T. 48-26, two and a half miles north of the la,st. 

About a mile west from the mouth of the Rice river, a portage named from 

that stream crosses an extremely narrow isthmus, now only about one rod in width at 

the top of the steep banks of the Mississippi, where at no distant time a new logan will 

doubtless be formed, being left on the south side of the shortened river course. Two 

other very short portages are made across the necks of ox-bow peninsulas about a 

mile south and a like distance east of Mr. L. G. Seavey's ranch, which is situated on 

the Willow river at the bridge of the Aitkin and Sandy Lake road, the former being 

known as the Willow River portage, and the latter as the Sioux portage. Probably 

ere long in each of these places the river will leave the looped parts of its channel 

to become logans. 

Among the drift-enclosed lakes of Minnesota,* the next to the largest, exceeded 

only by Red lake, is Mille Lacs, having an area of about 200 square miles, of which 

the northern half, approximately, is comprised in Aitkin county. The extreme 

fluctuation of the level of this lake is four or five feet. A careful measurement on 

the township plats shows that the entire area enclosed within the watershed of 

Mille Lacs is 400 square miles, very nearly, and that the lake itself occupies almost 

exactly half of this area. The farthest rainfall draining into the lake is only five or 

six miles distant from its shores, and for an extent of several miles along the 

middle part of its north side the width of the land whose waters are tributary to 

the lake is no more than one to one and a half miles. Perhaps no other lake in 

the United States, having so large size and situated like this at the head of an 

important river, bears so large a proportion to its drainage basin. 

The depth of Mille Lacs, according to soundings by Mr. F. B. Sumner, assistant 

with Prof. H. F. N achtrieb and Dr. Albert Schneider in their investigations of 

thR lacustrine fauna of this district during the year 1892, and by Mr. Robbins, a 

former Indian agent now living near the southwest shore, appears to range mainly 

from twenty to fifty feet, and its maximum is reported to be eighty-four feet. Near 

the shores the water is very shallow. In many places a man may wade out a 

quarter of a mile, and probably the average depth at a mile from the shore is no 

more than twenty or twenty-five feet. 

* For a classification of the lakes of Minnesota, see vol. i, p. 130. 
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During storms and any time of high winds ralsmg considerable waves, the 

Wl'Lter of this lake, to a distance varying mostly from fifty to a hundred rods or 

farther off shore is roiled and turbid with very fine sand and mud held in sus

l)ension, while at a greater distance out in the lake the water is seen to be still 

clear, with a very noticeable contrast of color between the turbid and clear portions. 

To this roiled condition of the shallow water I attribute the remarkable and 

frequent mortality which causes many fish, mostly species of pike or pickerel, 

l)erch, and tullibee, to die and float ashore. These ill-fated individuals, of whom 

hundreds may sometimes be counted along a few miles of the lake beach, I suppose 

to have become bewildered in the sandy and muddy water and to have remained 

so long in it that death resulted from injury to their delicate gills or from a 

film gathering there and producing suffocation. 

The southel'l1 half of Mille Lacs comprises about a dozen islands, mostly near 

the shore. Several of them consist chiefly of wave-washed boulders, but others 

of larger size have a soil of till or boulder-clay and are wooded. Two stand far 

out in the lake, three or four miles from the nearest shore and from each other, 

namely, Prisoner's island on the east, so called from some tradition of Hennepin's 

enforced stay here in the year 1680 with the Sioux Indians, and Spirit island, 

on the west. The latter, smne thirty feet high, is the highest island in the lake. It 

is rel)Orted to consist of an outcrop of the bed rock and to receive its name from 

the superstitious dread or awe with which it is regarded by the Chippewas or 

Ojibways who vanquished and drove away the Sioux, and now occupy the reser

vation bordering the south part of the lake in Mille Lacs county. 

Of the 220 other lakes and lakelets shown by the gov81'nment plats of Aitkin" 

county, Sandy lake (figure 2) is the first in size .and also is the most interesting 

in the geologic and topographic features of its shores, long projecting peninsulas, 

and several islands, composed of the glacial and modified drift, and in its associa

tions with the history of discovery and early exploration in this region, when, for 

nearly a hundred and fifty years, the Canadian voyageurs, fur traders and pioneer 

missionaries were its only white travelers and inhabitants. After passing from 

Montreal along the Great Lakes to the head of lake Superiox, the voyageurs ascended 

the St, Louis river about fifty miles to its most western bend, where it is less than 

twenty-five miles distant from the Mississippi at the mouth of Sandy lake and 

nver. This intervening tract was crossed by ascending the East Savanna river 

to its sources in a large swamI)y meadow or savanna throucrh which for the final , 0 , 

mile or more, an artificial canal was made, portaging thence about three. miles 

to the West Savanna river in sec. 7, T. 50-22, and descending the latter stream 

to Prairie liver, Sandy lake and the Mississippi. Along this route, d~ll'ing more 
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than a century, supplies were brought for the trading posts of the Hudson's Bay 

Company on the upper Mississippi and throughout a very large area farther north

wes~; and the returning canoes, coming back over the same route, were laden with 

rich furs destined for Montreal and the more distant markets of England and conti

nental Europe. Cellar holes are still pointed out on the narrow tract of gravel 

and sand between the Mississippi and the last quarter of a mile of the Sandy river, 

FIG. 2. SANDY LAKE AND ITS VICINITY. 

marking the sites of former trading posts of the Hudson's Bay, Northwestern, and 

Al11.erican fur companies. The only permanent lodges of Indians remaining in 

Aitkin county are twenty or more in this vicinity, within the distance of a mile 

southeastward to the mouth of Sandy lake. 
A dam on the Sandy river nearly midway between its mouth and this lake is 

now being built by the United States government, as a part of the reservoir system 

of the upper Mississippi for increasing the flow along the lower portion of the river 

during its low stages. According to the surveys for this work, the drainage basin of 

Sandy lake has an area of 385 square miles; and the area of the lake at its ordinary 

low stage is 8.9P' square miles,. or approximately 5,700 acres, its ratio to the drainage 

area being 1.43,* nearly. The dam will have a vertical storage capacity of fifteen 

feet, but only two-thirds of this will be used, as it is not intended to flow the lake 

at any time more than ten feet from its lowest stage. Above this flowage level, the 

* According to my measurement on township plats. 
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than a century, supplies were brought for the trading posts of the Hudson's Bay 

Company on the upper Mississil)pi and throughout a very large area farther north

wes~; and the returning canoes, coming back over the same route, were laden with 

rich furs destined for Montreal and the more distant markets of England and conti

nental Europe. Cellar holes are still pointed out on the narrow tract of gravel 

and sand between the Mississippi and the last quarter of a mile of the Sandy river, 
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FIG. 2. SANDY LAKE AND ITS VICINITY. 

marking the sites of former trading posts of the Hudson's Bay, Northwestern, and 

American fur companies. The only permanent lodges of Indians remaining in 

Aitkin county are twenty or more in this vicinity, within the distance of a mile 

southeastward to the mouth of Sandy lake. 
A dam on the Sandy river nearly midway between its mouth and this lake is 

now being built by the United States government, as a part of the reservoir system 

of the upper Mississippi for increasing the flow along the lower portion of the river 

during its low stages. According to the surveys for this work, the drainage basin of 
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low stage is 8.91"* square miles, or approximately 5,700 acres, its ratio to the drainage 
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dam will shut out the highest floods of the Mississippi, which rarely have risen, as 

in the spring of lSSS, to a hight of fourteen feet. Levelling by the United States 
engineers determines the hight of the Mississippi here as 1,210 feet above the sea, 
and of Sandy lake about five inches more, each being taken at the extTeme stage of 
low water. The depth of Sandy lake has not been ascertained by sounding, but is 
thought to range from ten to twenty-five feet in the central and wider portions. 

Rice ri"l'er receives the outflow of nine lakes ranging from one to four miles in length, namely, Rice 
lake so named for its crops of wild rice (Zizemia aglwtica); Long and Dam lakes, the latter name ref~n'ing 
to the low, ice-formed ridges of gravel and sand on its shores, especially at its mouth; Portage lake, a few 
miles east of Kimberly, bordered by picturesque morainic hills; and Manomin (meaning wild rice) lake, with 
four others, in T. 48-25. 

Clear and Rabbit lakes, exceptionally beautiful, with very clear water and enclosed by high shores, the 
latter haying several peninsulas and one or more islands, lie in the southwest part of T.46-25. Rabbit lake and 
five or six pretty lakes and lakelets in the north part of T. 4&--26, including Ten lake (so named from its being 
mainly in sec. 10), Sisabagama, Nordin, and Nord lakes, are tributary, either by outlet streams or by outflow 
throllgh swamps or through the porous drift deposits, to the Sisabagama or Missagony creek. 

"l\ext in order westward, the Mud river receives tributary waters from nearly half a hundred lakes and 
lakelets. Its most remote sources are a series of lakes, through several of which it flows, in T. 45-28, Crow Wing 
county. In its further course, lying in this county, the Mud river flows through Farm Island lake, about three 
miles long and two miles wide; Pine, Hickory, and Spirit lakes, situated in a closely connected series joined to 
each other and to Farm Island lake by short tracts of stream having a gentle current and only very slight fall; 
and Elm Island, Mud, Diamond and Hanging Kettle lakes, ranging, except the third, which is the smallest, from 
one and a half miles to one mile in length, joined-like the foregoing, in another series of only slightly decreasing 
hight. Rice lake, in sec. 2, Hazelton, and Bass lake, in sec. 10, T. 46-27, outflow by short streams to the Mud 
river. The former of these, like numerous other lakes throughout this region, is named from its wild rice, and 
the latter from its black bass fishing, in which its reputation surpasses the dozens of other lakes of this 
county in which the same fish abounds. Lone lake, lying a half mile south of Elm Island and Mud lakes and 
about forty-fiYG feet higher, bordered on the north and east by a level sand and gravel plain ten to fifteen feet 
above its surface, has no visible outlet; but it probably supplies the water of large chalybeate springs which 
issue close south of the road, near the riddle of the south side of Mud lake. The maximum depth of Lone 
lake, in its narrows, is reported to be sixty feet. 

Cedar lake, about four riles long, and of remarkably irregular outlines, named from the red cedars 
which in scanty numbers are found on its hilly shores and islands, presents very attractive fishing. It outflows 
to the II'Iississippi by the Cedar creek, whose head stream in Deerwood township, Crow Wing county, flows from 
Hamlet and Portage lakes. -

The t\vo most considerable lakes in Aitkin county tributary to Mille Lacs are Hazelton or Echo lake and 
Round lake, in the southwest part of Hazelton township, each nearly two riles long and surrounded by mostly 
high shores. Eagle island, in Hazelton lake, on which a pair of eagles have nested during several recent years, 
is separated from the northwest shore, there a projecting low gravel and sand ridge of modern ice accumulation, 
by only a very narrow strait. Soundings of these lakes by Mr. F. B. Sumner, gave for Hazelton lake a 
maximum depth of thirty-six feet, and for Round lake ninety-one feet; the latter being found deeper than any 
other one of many lakes sounded in southwestern Aitkin county. The outlet from Hazelton and Round lakes 
to J'vIille Lacs flows through Borden lake in Crow ''ling county, which, according to Mr. Sumner, has several 
islands and a maximum depth of forty-two feet. 

The southeastern quarter or third part of Aitkin county has few lakes, the most worthy of mention being 
the long and narrow northeastwardly trending Pine lakes, in the east edge of the most southeastern township 
of this county. 

~orthwest of the J'vIississippi seyeral notable lakes lie in this district, as Blind lake, about two miles long 
in the north part of the fractional T. 48--27, mainly enclosed by a large swamp, and having no outlet as is 
implied br its name; Esquagemaw, or Little ''lilloII', and 'vVaukenabo lakes, outflowing respectively by the west 
and east forks of the Little Willow river; Round lake; White Elk or Guide lake, at the head of the White Elk 
l)r.o0k; Sho"l-el lake, tributary by a very short outlet to the Willow river and Hill or Poquodenaw lake, four 
mIles long and averaging a third of a mile wide, outflowing by the Hill river into the ·Willow. East from the 
meridian of Waukenabo and Poquodenaw lakes to the Mississippi is a prevailingiy swampy tract of four or five 
townships which have few or no lakes. 

\Vh,:n this county shall have become generally occupied by farms, which quite surely within the next 
century. WIll dIsplace the forest alld open wide views across extensive cultivated and pastured flelds, its plentiful 
lakes WIll be much prized for their utility and for their elements of beauty and diversity in the landscape. 

Top og l'CIp li y. The greater part of Aitkin county has a nearly level or only 
moderately undulating or rolling surface; but some portions are occupied by morainic 
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dam will shut out the highest floods of the Mississippi, which rarely have risen, as 

in the Sl)ring of lSSS, to a hight of fourteen feet. Levelling by the United States 
engineers determines the hight of the Mississippi here as 1,210 feet above the sea, 
and of Sandy lake about five inches more, each being taken at the extreme stage of 
low water. The depth of Sandy lake has not been ascertained by sounding, but is 
thought to range hom ten to twenty-five feet in the central and wider portions. 

Rice ri\'er recei,es the outflow of nine lakes ranging from one to four miles in length, namely, Rice 
lake, so named for its crops of wild rice (Zizemia. nq'untica); Long and Dam lakes, the latter name ref~rring 
to the 10"', ice,formed ridges of gravel and sand on its shores, especially at its mouth; Portage lake, a few 
miles east of Kimberly, bordered by IJicturesque morainic hills; and Manomin (meaning wild rice) lake, with 
four others, in T. 48-25. 

Clear and Rabbit lakes, eXCelJtionally beautiful, with very clear water and enclosed by high shores, the 
latter haying several peninsulas and one or more islands, lie in the southwest part of T.46-25. Rabbit lake and 
five or six pretty lakes and lakelets in the north part of T. 4&-26, including Ten lake (so named from its being 
mainly in sec. 10), Sisabagama, Nordin, and Nord lakes, are tributary, either by outlet streams or by outflow 
through swamps or through the porous drift deposits, to the Sisabagama or Missagony creek. 

Next in order westward, the Mud river receives tributary waters from nearly half a hundred lakes and 
lakelets. Its most remote sources are a series of lakes, through several of which it flows, in T. 45-28, Crow Wing 
county. In its further course, lying in this county, the Mud river flows through Farm Island lake, about three 
miles long and two miles wide; Pine, Hickory, and Spirit lakes, situated in a closely connected series joined to 
each other and to Farm Island lake by short tracts of stream having a gentle current and only very slight fall; 
and Elm Island, II'Iud, Diamond and Hanging Kettle lakes, ranging, except the third, which is the smallest, from 
one and a half miles to one mile in length, j oined'like the foregoing, in another series of only slightly decreasing 
hight. Rice lake, in sec. 2, Hazelton, and Bass lake, in sec. 10, T. 46-27, outflow by short streams to the Mud 
riYer. The former of these, like numerous other lakes throughout this region, is named from its wild rice, and 
the latter from its black bass fishing, in which its reputation surpasses the dozens of other lakes of this 
county in which the same :fish abounds. Lone lake, lying a half mile south of Elm Island and Mud lakes and 
about fortr-fivB feet higher, bordered on the north and east by a level sand and gravel plain ten to fifteen feet 
aboye its surface, has no visible outlet; but it probably supplies the water of large chalybeate springs which 
issue close south of the road, near the middle of the south side of Mud lake. The maximum depth of Lone 
lake, in its narro,,'s, is reported to be sixty feet. 

Cedar lake, about four miles long, and of remarkably irregular outlines, named from the red cedars 
which in scanty numbers are found on its hilly shores and islands, presents very attractive fishing. It outflows 
to the J:VIississippi by the Cedar creek, whose head stream in Deerwood township, Crow Wing county, flows from 
Hamlet and Portage lakes. 

The two most considerable lakes in Aitkin county tributary to Mille Lacs are Hazelton or Echo lake and 
Round lakB, in the southwest part of Hazelton township, each nearly two miles long and surrounded by mostly 
high shores. Eagle island, in Hazelton lake, on "'hich a pair of eagles have nested during several recent years, 
is separated from the northwest shore, there a projecting low gravel and sand ridge of modern ice accumulation, 
by only a very narrow strait. Soundings of these lakes by ]\lIT. F. B. Sumner, gave for Hazelton lake a 
maximum depth of thirty-six feet, and for Round lake ninety,one feet; the latter being found deeper than any 
other one of man~' lakes sounded in southwestern Aitkin county. The outlet from Hazelton and Round lakes 
to Mille Lacs flo,,'s through Borden lake in Crow Wing county, which, according to Mr. Sumner, has several 
islands and a maximum depth of forty, two feet. 

The southeastern quarter or third part of Aitkin county has few lakes, the most worthy of mention being 
the long and narrow northeast,,'ardly trending Pine lakes, in the east edge of the most southeastern township 
of this count)' . 

.::\orth,,'est of the JliIississippi seyeral notable lakes lie in this district, as Blind lake, about two miles long 
in the north part of the fractional T. 48-27, mainly enclosed by a large swamp, and having no outlet as is 
implied by its name; Esquagema\Y, or Little Willow, and vVaukenabo lakes, outflowing respectively by the west 
and east forks of the Little Willow river; Round lake; White Elk or Guide lake, at the head of the White Elk 
brook; Shoyel lake, tributary by a very short outlet to the vVillow river and Hill or Poquodenaw lake, four 
mlles long and ayeraging a third of a mile wide, outflowing by the Hill river into the vVillow. East from the 
meridian of Waukenabo and Poquodenaw lakes to the Mississippi is a prevailingly swampy tract of four or five 
townships which haw few or no lakes. 

"Vhen this county shall have become generally occupied by farms, which quite surely within the next 
century. will displace the forest and open wide views across extensive cultivated and pastured fields, its plentiful 
lakes mll be much prized for their utility and for their elements of beauty and diversity in the landscape. 

Topogmpll.IJ. The greater part of Aitkin county has a nearly level or only 
IDoderately undulating or rolling surface; but SOIDe portions are occupied by morainic 
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drift hills which usually are twenty-five to seventy-five feet high and rarely rise 

100 to 250 feet above the adjoining streams and lakes. The least altitudes in 

this area are on the southeast and west, where the Snake river, branches of the 

Kettle river, and the Mississippi, cross the county boundaries; and the highest 

point is the Poquodenaw "mountain," as it is commonly called, in allusion to 

which the Hill river and lake receive their names, situated in sec. 25, T. 52-26, 

not quite five miles south of the north line of the county. From the lowest lands 

on the streams mentioned, about 1,150 feet at the southeast, and 1,185 feet at the 

west, above the sea, to the top of Poquodenaw, estimated 1,525 feet above the same 

level, there is a vertical range of less than 400 feet. 

Along the northern and eastern shores of Mille Lacs no tracts higher than 

twenty to thirty feet above the lake are visible. A few miles distant from this 

lake, its watershed, gently undulating and often swampy on the east and north

east, but in part formed of hilly morainic drift on the northwest, rises 50 to 100 

feet above the lake or 1,300 to 1,350 feet above the sea. From this watershed 

the country tributary to the St. Croix river has a slight general slope toward the 

southeast, sinking along the water courses to about 1,150 feet above the sea on 

the southern and eastern lines of Aitkin county. Toward the north, in the drain

age area of the Mississippi, a rather hilly contour extends nearly to Aitkin. 

Northeastward from the Mille Lacs watershed, a somewhat hilly belt extends 

past Kimberly and Portage lake to Sandy lake and thence northerly along the east 

side of the Mississippi to Bald bluff and Hobo lake in T. 52-23, a few miles south 

of the mouth of Swan river and the north line of Aitkin county. Farther east, 

the watershed dividing the Mississippi basin from that of the Kettle river and from 

the East Savanna and Floodwood rivers has no conspicuous elevations, and consists 

in many places of swamps. Its average hight is about 1,300 feet above the sea, being 

no more than 100 feet above the Mississippi, from which it is ten to twenty-five miles 

distant, except where it extends into Carlton and St. Louis counties in passing 

around the headwaters of the Prairie river. 

The Mississippi has accomplished little erosion along all its course in this county; 

but instead, having begun to flow in the lowest depression of the drift-covered sur

face at the close of the Ice age, generally bordered by very gentle slopes on each 

side it has covered the bottom of this broad and shallow valley with a level , 
plain of alluvium, usually a half mile to one mile wide. 

Northwestward the original surface of the drift, ascending very slowly from 

the alluvial belt, is often so flat or somewhat depressed on considerable tracts that 

they have become mantled by shallow, peaty swamps. Ten to twenty miles from the 

Mississippi, however, morainic hills are again found, mostly low and seldom com-
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Northeastward from the Mille Lacs watershed, a somewhat hilly belt extends 

past Kimberly and Portage lake to Sandy lake and thence northerly along the east 

side of the Mississippi to Bald bluff and Hobo lake in T. 52-23, a few miles south 

of the mouth of Swan river and the north line of Aitkin county. Farther east, 

the watershed dividing the Mississippi basin from that of the Kettle river and from 

the East Savanna and Floodwood rivers has no conspicuous elevations, and consists 

in many places of swamps. Its average hight is about 1,300 feet above the sea, being 

no more than 100 feet above the Mississippi, from which it is ten to twenty-five miles 

distant, except where it extends into Carlton and St. Louis counties in passing 

around the headwaters of the Prairie river. 

The Mississippi has accomplished little erosion along all its course in this county; 

but instead, having begun to flow in the lowest depression of the drift-covered sur

face at the close of the Ice age, generally bordered by very gentle slopes on each 

side it has covered the bottom of this broad and shallow valley with a level , 
plain of alluvium, usually a half mile to one mile wide. 

Northwestward the original surface of the drift, ascending very slowly from 

the alluvial belt, is often so flat or somewhat depressed on considerable tracts that 

they have become mantled by shallow, peaty swamps. Ten to twenty miles from the 

Mississippi, however, morainic hills are again found, mostly low and seldom com-
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manding any extensive V81W III this wholly wooded region, but culminating at the 

north in the Poquodenaw hill or "mountain." Though this hill has an elevation 

only about 250 feet above the lakes and rivers near its base, it is conspicuously 

hio'her than the low hills and undulations of its neighborhood, and overlooks a 
b 

wide and beautiful prospect of far-stretching forest, dotted here and there with 

lakes and with yeTY rare cleared and cultivated spots adjoining the lumbermen's 

camps. 
EleL'utions, Northern Pacific railroad. 

From profiles in the office of S. D. Mason, engineer, and Richard Relf, assistant engineer, St. Paul. 

Tamarack (formerly Sicotte's) station, 
Hay river, bed, 1,228; grade, 
Summit, natural surface, 
Hay river, second crossing, bed, 1,222; grade, 
Sandy river, bed, 1,219; grade, 
McGregor, 
Portage lake, grade, 
Summit, natural surface, 
Kimberly, 
Rice river, bed, 1,200; \Yater, 1,21:3: grade, 
Summit, natural surface, 
Rossburg, 
Sisabagama creek, jJed, 1,206; grade, 
Summit, natural surface, 
Mud river, bed, 1,191; water, 1,19:3; grade, 
Aitkin, 
Outlet of Pickerel lake, bed, 1,2)8; lake, 1,210: grade, 
Little Bass, Dogfish, and Clear lakes, IJassed in next mile west, 
Summit, natural surface, 
Cedar creek, bed, 1,199; water, 1,200; grade, 
Cedar lake, water at ordinary low stage, 
Cedar lake station, -

MIles from 
Duluth.* 

61.6 
65.7 
66.3 
67.5 
68.8 
70.7 
75.9 
77.4 
79.6 
80.0 
84.3 
85.4 
87.0 
88.8 
91.3 
91.(, 
9:3.2 
93.5-94.0 
93.7 
95.1 
95.1 
96.3 

Dltlutl" l11issi.>~ippi Rh'er & NOl thern railroad. (Great N01,thern.) 

From profile in the office of the Swan River Logging Company. 

Swan River Logging CO.'s mills and landing, 
Swan river, near its mouth, water, 1,226; grade, 
Summit level, cutting 5 feet; grade, 
Swan river, second crossing, water, 1,252; grade, 
Swan Ri,er station, crossing the Duluth & Winnipeg railroad, 

Miles from 
Swan RlVer Mills. 

0.0 
0.4 
2.1-3.0 
3.5 
6.7 

Dul1dh c\: TITinllipeg 1·ail}'oClcl. (Great Northe1'11.) 

From profile in the office of Alex. Stewart, engineer, Duluth. 

Feet above 
the sea. 
1,271 
1,238 
1,244 
1,232 
1,228 
1,228 
1,220 
1,266 
1,237 
1,226 
1,254 
1,222 
1,214 
1,241 
1,205 
1,208 
1,215 

1,206-1,204 
1,224 
1,212 
1,201 
1,222 

Feet above 
the sea. 
1,242 
1,241 
1,271 
1,261 
1,293 

In. the northeastern c.ornel: of. Aitkin county this raIlroad, passing diagonally across sec. 1, T. 52-22, has 
an elenhon of 1.'260 ~eet, thIS bemg m a large swamp, partly bearing tamarack and spruce, and partly an open 
bog, through whlCh dItches have been cut to carry off the surplus water in spring to the Floodwood river. 

Mississippi 1'iuel', Sanely lake, (lncZ JJ1ille Lacs. 

From levelling by U. S. engineers, under the direction of Maj. C. J. Allen, 
the foregoing railroad surveys. 

Mouth of Split Hand creek, ordinary low stage, 
Mouth of Swan river, ordinary low stage, -

St. Paul; and from 

Feet above 
the sea. 
1,236 
1,226 

~Distanc'es are by the new line of thIS '1' 1 tl h TIT S' ., the St P 1 & D:tl h . Tal 10a( , passmg lrong "est upenor to Caliton, bemg 4.5 mIles greater than by 
. an t ut rmlroad line, ,ymch was formerly usetll}y tills company. 
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manding any extensive V81W III this wholly wooded region, but culminating at the 

north in the Poquodenaw hill or "mountain." Though this hill has an elevation 

only about 250 feet above the lakes and rivers near its base, it is conspicuously 

hio'her than the lOll' hills and undulations of its neighborhood, and overlooks a 
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wide and beautiful prospect of far-stretching forest, dotted here and there with 

lakes and with very rare cleared and cultivated spots adjoining the lumbermen's 

camps. 
EleL'utz:ons, N01·tllern Pacific railroad. 

From profiles in the office of S. D. Mason, engineer, and Richard Relf, assistant engineer, St. Paul. 

Tamarack (formerly Sicotte's) station, 
Hay river, bed, 1,228; grade, 
Summit, natural surface, 
Hay river, second crossing, bed, 1,222; grade, 
Sandy river, bed, 1,219; grade, 
McGregor, 
Portage lake, grade, 
Summit, natural surface, 
Kim bel' ly, 
Rice river, bed, 1,200; water, 1,21:3: grade, 
Summit, natural surface, 
Rossburg, 
Sisabagama creek, 1Jed, 1,2IJ6; grade, 
Summit, natural surface, 
Mud river, bed, 1,191; water, 1,19:3; grade, 
Aitkin, 
Outlet of Pickerel lake, bed, 1,2)8: lake, 1,210: grade, 
Little Bass, Dogfish, and Clear lakes, IJassed in next mile west, 
Summit, natural surface, 
Cedar creek, bed, 1,199; water, 1,200; grade, 
Cedar lake, water at ordinary low stage, 
Cedar lake station, -

MIles from 
Duluth.' 

61.6 
65.7 
66.3 
67.5 
68.8 
70.7 
75.9 
77.4 
79.6 
80.0 
84.3 
85.4 
87.0 
88.8 
91.3 
91.(, 
93.2 
93.5-94.0 
93.7 
95.1 
95.1 
96.3 

Dillutl" l11isli."ippi Rirer &: No} thun l'ailroacl. (Great NOTthern.) 

From profile in the office of the Swan River Logging Company. 

Swan River Logging Co.'s mills and landing, 
SII'an river, near its mouth, water, 1,226; grade, 
Summit level, cutting 5 feet; grade, 
Swan river, second crossing, water, 1,252; grade, 
Swan RileI' station, crossing the Duluth & Winnipeg railroad, 

Miles from 
Swan R,ver Mills. 

0,0 
0.4 
2.1-3.0 
3.5 
6.7 

Dul1dh & TTTillllipeg 1·aill'oacl. (Great Northe1'11.) 

From profile in the office of Alex. Stewart, engineer, Duluth. 

Feet above 
the sea. 
1,271 
1,238 
1,244 
1,232 
1,228 
1,228 
1,220 
1,266 
1,237 
1,226 
1,254 
1,222 
1,214 
1,241 
1,205 
1,208 
1,215 

1,206-1,204 
1,224 
1,212 
1,201 
1,222 

Feet above 
the sea. 
1,242 
1,241 
1,271 
1,261 
1,293 

In. the northeastern corner of Aitkin county this raIlroad, passing diagonally across sec. 1, T. 52-22, has 
an eleYahon of 1.'260 ~eet, this being in a large swamp, partly bearing tamarack and spruce, and partly an open 
bog, through whIch dItches have been cut to carry off the surplus water in spring to the Floodwood river. 

l11ississippi 1'ivel', Sanely lake, ancl ~JJ1ille Lacs. 

From levelling by U. S. engineers, under the direction of Maj. C. J. Allen, 
the foregoing railroad surveys. 

Mouth of Split Hand creek, ordinary low stage, 
Mouth of Swan river, ordinary low stage, -

St. Paul; and from 

Feet above 
the sea. 

1,236 
1,226 

'Distanc'es are by the new line of th '1' 1 1 W" .' the St P 1 & D:tl h . IS Tall 0:1( , pa"mg t Hough est Supenor to Callion, bemg 4.5 mIles greater than by 
. au t ut raIlroad line, ,ymch was formerly llsetll}y tills company. 
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Mouth of Sandy river, low and high water, 
Sandy lake lowest stage, 
Level of proposed reservoir flowage of Sandy lake, 
Top of Sandy lake dam, 
Mississippi river at Aitkin, low and high water, 
Mouth of Pine river, ordinary low stage, 
Mille Lacs, ordinary stage, 1,251; extreme low and high water, 

Other lakes in Aitkin county. 

Approximate estimates of the elevations of other lakes in this county are as follows: 

Tributary to the Willow river
Hill or Poquodenaw lake, 
Shovel lake, 

Tributary to the White Elk creek
White Elk or Guide lake, 

Tributary to Little Willow river
Esquagemaw and ,Vaukenabo lakes, 

Tributary to the Rice river
Rice lake, 
Dam lake, 
Long lake, 
Portage lake, 
Lake Manomin, 

Tributary to Mud river-
Farm Island, Pine, Hickory and Spirit lakes, 
Elm Island, Mud, Diamond and Hanging Kettle lakes, 
Lone lake, 

Tributary to Cedar creek
Cedar lake, 

Tributary to Mille Lacs
Round lake, 
Hazelton or Echo lake, 

Tributary to Pine and Kettle rivers-
Pine lakes, in the southeast corner of the county, 
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Feet above 
the sea. 

1,210-1,224 
1,210.4 
1,220 
1,225 

1,190-1,200 
1,177 

1,249-1,254 

Feet above 
the sea. 

1,260 
1,300 

1,290 

1,250 

1,230 
1,240 
1,250 
1,216 
1,210 

1,255-1,250 
1,210-1,205 

1,250 

1,201 

1,260 
1,265 

1,140 

Estimates of the average hights of the townships of Aitkin county, based on the contour lines of plate 
57, are as follows: T. 52-22,1,265 feet above the sea; T.51-22, 1,285; T. 50-22, 1,285; T. 49-22,1,275; T. 48-22, 1,280; 
T. 47-22, 1,310; T. 46-22 (Beaver), 1,275; T. 45-22, 1,250; T. 44--22, 1,240; T. 43-22, 1,220; T. 52-23, 1,275; T.51-23, 
1,300; T. 50-23, 1,275; T. 49-23, 1,250; T. 48-23,1,250; T. 47-23, 1,275; T. 46-23, 1,300; T. 45-23, 1,310; T. 44--2.3, 1,260; 
T. 43--23, 1,220; T. 52-24, 1,270; T. 51-24, 1,265; T. 50-24, 1,260; T. 49-24, 1,255; T. 48-24, 1,260; T. 47-24, 1,250; 
T. 46-24, 1,275; T. 45-24, 1,320; T.44--24, 1,310; T. 43-24, 1,275: T. 52-25, 1,290; T. 51-25,1,270; T. 50-25, 1,275; 
T. 49-25, 1,240; T. 48-25, 1,235; T. 47-25 (Kimberly), 1,270; T. 46-25, 1,285; T. 45-25, 1,290; T. 44-25, 1,290; T. 52-26, 
1,325; T. 51-26, 1,290; T. 50-26, 1,300: T. 49-26, 1,280; T. 48-26, 1,230; T. 47-26, 1,240; T. 46-26 (north half of Nord
land), 1,260; T. 45-26 (south half of Nordland), 1,255; T. 44-26 (wholly in Mille Lacs), 1,251; T. 52-27, 1,360; 
T. 51-27,1,375; T. 50-27, 1,:350; T.49-27, 1,310; T. 48-27, 1,250; T. 47-27 (Aitkin), 1,220; T. 46-27, 1,265; T. 45-27 
(Hazelton), 1,280; and T. 44--27 (mostly in Mille Lacs, with land in portions of sees. 4 to 7, forming the southwest 
corner of Hazelton township), 1,252. 

From these estimates the mean elevation of the county is found to be 1,273 

feet, but perhaps it may better be stated in round numbers as 1,275 feet, above 

mean sea level. 

Soil and timber. If, with the plentiful lakes and streams of Aitkin county, we 

exclude also, as uncultivatable, its frequent swamps and bogs, covering perhaps a 

quarter 01' third of its whole land area, nearly all the remaining surface possesses a 

rich and durable soil, well adapted for agriculture. Since the Northern Pacific rail

road was built through this county in 1871, an experience of more than twenty years 

in farming has shown that all crops and all farm stock properly belonging to this 

latitude can be successfully raised here. Up to the present time the leading busi-
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ness interests have been those of lumber production, but in the near future the 

fertile lands of all portions of this county will undoubtedly attract a large immigra

tion of permanent settlers who will clear farms, build good roads, and found villages 

and schools in every township. 
The areas of till have everywhere a very productive dark soil, a foot or more 

in depth, in which the proportion of boulders and gravel is usually not so great as 

to hinder plowing. This soil is readily permeable to rains, and in dry seasons 

gradually yields its moisture to growing crops, so that they are rarely or never 

harmed by the moderate droughts which oceasionally oceur in· summer. Gentle 

slopes and good natural drainage generally permit early sowing and planting, and 

the season of growth between the latest frosts of spring and the first in autum is 

usually about four months, permitting a great variety of farm crops to be well 

matured and ripened. Only small parts of the till areas, consisting of morainic 

ridges and hills, have too abundant boulders and too steep slopes to be available for 

cultivation; and these tracts, when eleared, are suitable for pasturage. Hay is a 

natural product of the distriet, for portions of many of the streams are bordered by 

moist lands, from a few rods to a half-mile in width, bearing a luxuriant growth 

of tall meadow grasses which make one to two tons or more of hay per acre. All 

other parts of the county are more or less wooded, and it has no tracts of open dry 

prairie. Many of the swamps now enelosed by higher ground are capable of drain

age by ditches and will then rank as the most valuable farming land. 

Somewhat less desirable generally than the foregoing are the tracts of sand and 

gravel called modified drift, whieh here usually have a blaek soil several inches deep, 

yielding well during a few years of eultivation, but afterward requiring fertilization 

to prevent exhaustion. No very large areas of these deposits exist in Aitkin county, 

whieh eonsists more largely of till than most other parts of the country traversed 

by the Northern Pacific railroad between Carlton and the vicinity of Frazee and 

Detroit in southwestern Becker eounty, a distance of about 175 miles. 

The species of trees most valued are the white and Norway pines. The latter, 

though almost universally known by this name, does not occur in Norway nor in 

Europe, and should be more properly called the red pine, from its reddish OT tan

colored bark. These trees here seldom form extensive tracts of forest l1l1mixed with , 
other species; and probably no more than a quarter part of the country originally 

bOTe merchantable pine, previous to its being stripped by lumbering. Where the 

white pine grows in abundance and of large size, it is an unfailing sign that the soil 

is till, but far the greater part of the till areas are mainly or solely occupied by a 

hardwood forest of many deciduous species, and these also often or generally are 

intermingled with the white pine. Apparently the most clayey till tends to bear only 
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hardwood, while rather gravelly and sandy till invites the growth of white pine, and 

extremely s~Lndy till, which sometimes forms portions of the moraine belts and even 

of the general sheet of glacial drift in this region, bears both white and Norway pines 

in varying proportions. Coming to a change of soil from the till to the modified 

drift, the white pines are usually found to be limited to the forme1", perhaps growing 

intermingled with hardwood if the land is very clayey or with the Norway or red 

pine if there is less clay. On the sand and gravel areas of the modified drift, 

especially where they are somewhat rolling or hilly, the red pine has its best devel

opment, occasionally forming stately groves. A third and smaller species of this 

genus, the Banksian or jack pine, which is valued for fuel and is coming to be 

used for frame timber but not for board-sawing, grows almost exclusively on these 

tracts of sand and gravel, either mixed with the red pine or alone. 

The alluvial lands bordering the Mississippi bear only very rare pines, but three 

other coniferous and evergreen trees, namely, the spruce, balsam fir, and arbor-vitffi, 

the latter commonly called "white cedar," are occasionally found on such small 

portions of these lands as are swampy, and they often are plentiful, with tamarack, 

in the frequent swamps through all the county. None of these is utilized in any 

considerable degree as sawn lumber, but the arbor-vitffi cOlnmands a good price 

for use as posts and telegraph poles. Nearly all the alluvium has a dry surface, 

excepting when it is overflowed by the river floods due to snow-melting and rains 

in spring, and bears a magnificent dense forest which consists chiefly of white and 

red elms, basswood, sugar and silver or soft maples, and white and black ash. 

On the higher tracts of till the forest comprises, besides the foregoing, the 

common poplar or aspen, the large-toothed and balsam poplars, canoe birch, 

white, bur and black oaks, ironwood, the wild plmn, and black cherry. The com

mon poplar and canoe birch are much used by immigrants for the construction 

of log houses. Among the rarer species of trees are the cottonwood, sometimes 

found along the Mississippi, and the red cedar, which occurs on the islands and 

shores of Farm Island and Cedar lakes. 

An undergrowth of many ~hrubs and small trees is found throughout the woods 

of this region, including the common and beaked hazel-nuts, dwarfed bur and black 

oaks, bird cherry and choke cherry, two species of mountain ash, J uneberry, rasp

berry, prickly and smooth gooseberries, black currant, and several species of cornel 

or dogwood, of honeysuckle, and of viburnum or arrow-wood, one of the last 

being the bush cranberry. Prickly ash and the frost grape are sOHlewhat frequent 

about Mille Lacs and northward to Sandy lake, but there attain approximately 

their northeastern limits. Blueberries of the dwarf or low species abound in all 

. parts of the county, growing often in exceptional profusion where the pine woods 

have been cut and the refuse tops and branches burned. 
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GEOLOGICAL STRUCTURE. 

Only three rock outcrops have been found within Aitkin county, one being 

quartyzte, and the other two, situated close together, exposures of a dike of diabase. 

The quartzyte, which may underlie a large area of the drift, seems referable to 

the Taconic era; but Archrnan rocks probably occupy a considerable tract in the 

southeastern part of this county, extending thence east and south into Pine and 

Kanabec counties. These very ancient rocks are undoubtedly in some places, 

and perhaps very generally, overlain by a slight thickness of Cretaceous beds, 

and above all the drift is spread as a universal mantle. Descriptions of the several 

geologic fOl'mations are presented in the ensuing pages in the order of their age, 

beginning with the oldest. 
GmnUe. Between the Snake river and Gowan's brook, in the south edge of Aitkin county, the glacial 

drift in the S. E. M sec. 34 T. 43-23, has in some places very plentiful blocks of a fine-grained, gray granite, 
containing black mica. This ArchlBan formation is doubtless the bed-rock there at a little depth below the 
surface. Within a mile southwestward, and thence for nearly three miles down the Snake river, past its upper 
and lower falls in northern Kanabec county, ArchlBan granites, schists and gneiss have many and extensive 
outcrops. 

Quctrtzyte. This rock forms a slightly projecting point of the northwestern shore of Dam lake, near the 
centre of the W. ?,f sec. 35, Kimberly, T. 47-25, about three miles south from Kimberly station and eleven miles 
east of Aitkin. Its outcrop has a length of about 250 feet along the shore and varies in width from fifteen to 
fifty or sixty feet, rising to a hight of four or five feet above the lake. Through all its extent the rock is_much 
fractured into separate boulder-like masses from one or two feet up to ten or rarely twelve feet in diameter, 
lying in close contact with only very scanty foreign drift boulders of granitic, trappean and other crystalline 
rocks such as abound in the drift of all this district and even in the immediate vicinity of the outcrop. 
Boulders of the guartzyte, however, are very rare in the drift, and the great abundance of its masses at this 
locality shows unquestionably that it is here the bed-rock, although no compact ledge is seen. The shattered 
condition of its whole observable extent seems probably attributable to preglacial :weathering of the rock at 
and near this place to form low cliffs with many boulders due to gradual disintegration along crevices and 
joint planes. During the Glacial period some, or perhaps all, of these quartzyte masses may have been 
transported short distances, but the very small proportion of boulders of other rocks mingled with the quartzyte 
indicates that its blocks are in or near their preglacial position. 

In its original condition this rock was a sandstone of well-rounded white quartz grains mostly from a 
thirtieth to a tenth of an inch in diameter. The spaces between the grains have become filled with similar 
white quartz, and the rock is now a very compact light gray quartzyte, varying rarely in superficial portions 
to a partially reddish color where iron peroxide coats the sand grains and stains the interstitial quartz. Some 
of the grains, ranging from less than one per cent. up to twenty or twenty-five per cent. have a lavender color, 
in which respect, and in its general lithologic aspect, this rock resembles certain portions of the Pokegama 
quartzyte, the formation most intimately associated with the extensive deposits of iron ore along the Mesabi 
range. The nearest part of that quartzyte belt lies at a distance of nearly fifty miles to the north, outcropping 
at the Pokegama falls of the Mississippi and stretching thence east-northeastward. 

Apparently the most probable hypothesis that we can assume in attempting to correlate this Aitkin 
county quartzyte with the stratigraphic sequence of rock formations ascertained elsewhere in all the sur
rounding country, is to suppose it to be a part of some area, very probably a belt having a general east-northeast 
to west-southwest extension of the Pokegama formation, which is regarded as the basal member of the Taconic 
series. There may be, according to this hypothesis, a wide and shallow synclinal trough of the quartzyte with 
its northern arm resting on the southern slope of the Giant's range, and its southern rim represented by the 
locality here described. The dip and strike of the strata, however, were not determinable in this place, since 
no distinct lines of bedding were observed in any of these quartzyte masses; and their irreO'ular forms, although 
evidently due to joint structure, indicate that the formation here is not traversed by an"'y regular systems of 
parallel and intersecting joints. 

Mostly the shores of Dam lake are gravelly, with few or no boulders, but nearly all of the surrounding 
land is till. Back from the quartzyte outcrop the surface is somewhat uneven till, rising from five to ten or 
twenty feet above the lah:e within an eighth of a mile, well covered by a moderately large, dense growth of 
hardwood forest. 

Diabase. ~bout three miles southwest from the exposure of the quartzyte, two outcrops of nearly black, 
rather ~oarse-graIDed, very hard and tough diabase occur in the S. W. M sec. 9, T. 46-25, within- about a fourth 
of a nnle west from the south end of Long lake and some twenty or twenty-five feet above it. A foot trail 
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white quartz, and the rock is now a very compact light gray quartzyte, varying rarely in superficial portions 
to a partially reddish color where iron peroxide coats the sand grains and stains the interstitial quartz. Some 
of the grains, ranging from less than one per cent. up to twenty or twenty-five per cent. have a lavender color, 
in which respect, and in its general lithologiC aspect, this rock resembles certain portions of the Pokegama 
quartzyte, the formation most intimately associated with the extensive deposits of iron ore along the Mesabi 
range. The nearest part of that quartzyte belt lies at a distance of nearly fifty miles to the north, outcropping 
at the Pokegama falls of the Mississippi and stretching thence east-northeastward. 

Apparently the most probable hypothesis that we can assume in attempting to correlate this Aitkin 
county quartzyte with the stratigraphic sequence of rock formations ascertained elsewhere in all the sur
rounding country, is to suppose it to be a part of some area, very probably a belt having a general east-northeast 
to west-southwest extension of the Pokegama formation, which is regarded as the basal member of the Taconic 
series. There may be, according to this hypothesis, a wide and shallow synclinal trough of the quartzyte with 
its northern arm resting on the southern slope of the Giant's range, and its southern rim represented by the 
local!t~ here. described. ?he dip and strike of the strata, however, were not determinable in this place, since 
no. dlstmct hnes o~ beddmg were observed in any of these q uartzyte masses; and their irregular forms, although 
eVIdently due to ]omt structure, indicate that the formation here is not traversed by any regular systems of 
parallel and intersecting joints . 

. M~stly the shores of Dam lake are gravelly, with few or no boulders, but nearly all of the surrounding 
land 18 till. Back from the quartzyte outcrop the surface is somewhat uneven till, rising from five to ten or 
twenty feet above the lah:e within an eighth of a mile, well covered by a moderately large, dense growth of 
hardwood forest. 

Diabase. ~bout three miles southwest from the exposure of the quartzyte, two outcrops of nearly black, 
rather ~oarse-gramed, very hard and tough diabase occur in the S. W. M sec. 9, T. 46-25, within- about a fourth 
of a IDlle west from the south end of Long lake and some twenty or twenty-five feet above it. A foot trail 
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leading from Rabbit lake northeasterly to Dam lake passes over the western and larger outcrop, which has a 
smooth and somewhat flat extent of about 100 feet from southwest to northeast, with a maximum width of 
thirty feet, rising only one to two feet above the general surface of the glacial drift. This trap rock shows no 
traces of flow or shear structure, nor any noteworthy variation in the degree of coarseness of its crystalline 
texture, throughout its visible area. It belongs doubtless to the celltral portion of a dike of ulldetermined bllt 
probably not very great width, whose borders and contact with the country rock on each side, presumably 
quartzyte, are hidden by the drift. 

The course of the dike is probably from southwest to northeast, for a second exposure of the same rock 
's found at a distance of about twenty rods farther northeast, divided from the foregoing by a slight depression 
of five feet in which there is a grove of several large poplars. The length of this outcrop is about thirty feet, 
also trending northeastward, and its width fifteen feet. It is partly smooth and even with the adjacent drift 
surface, some two or three feet above the hollow at the poplar grove; hut it also has some fractured spots, on 
which lie a few boulders or angular masses of the diabase, three to five feet in diameter. 

Both outcrops are cut in many directions by numerous joints, nearly vertical or steeply inclined, among 
which no prevailing system is observable. Slight weathering of these rock surfaces has removed their glacial 
striation; but the diabase appears to have been more durable to resist decay than the enclosing strata of the 
country rock, for which reason the dike remains with a greater hight and projects through the drift sheet . 
.\. wooded hill of the drift rises within a distance of about a quarter of a mile northeastward to a hight of forty 
feet or more above the trap outcrops, which lie in a tract having only hushes and scattering small trees. An 
examination for a considerable distance around failed to discover other rock exposures, but very probably some 
of small extent will be found if the land should be cleared for cultivation or pasturage. 

Mr. Carl E. Taylor, who guided me to these diabase outcrops and to other localities of interest in this 
southern part of the county, writes under date of October 9, 1894, that he has found another outcrop of the 
same, or closely similar rOL!k in the east edge of the S.E. !4 of this sec. 9, T. 46-25, some ten rods from the 
eastern shore of Long lake, having an exposure of about ten feet vertically, with a brook flowing along its 
south side and emptying into the lake. 

The time of the volcanic or more deeply seated plutonic intrusion of the trap rock here cannot be 
definitely stated. Quite probably it may have been contemporaneous with the intrusive laccolitic sills of 
diabase in the Animikie and Keweenawan sedimentary formations on the northwest coast of lake Superior. 
Dr. A. C. Lawson concludes that those trap sheets and dikes, mostly similar to the diabase in Aitkin county, 
are of some undetermined age subsequent to the Keweenawan period, which was in the later part of the 
Taconic era.* They may belong, however, to a very late stage of this era, before its great upper series of detrital 
and volcanic rocks was completed. 

Cretaceous beds. Although no outcrops of Cretaceous strata have been found 
III Aitkin county, it seenlS highly probable that shales of this age remain in many 
places, perhaps upon the greater part of this area, beneath the drift. Fifteen 

years ago Prof. N. H. Winchell wrote: 
A line drawn from the west end of Hunter's Island,' on the Canadian boundary line, southward to 

Minneapolis, and thence southeastwardly through Rochester to the Iowa state line, would in general, separate 
that part of the state in which the Cretaceous is not known to exist from that in which it does. It is not here 

. intended to convey the idea that the whole state west of this line is spread over with the Cretaceous, because 
there are many places where the drift lies directly on the Silurian or earlier rocks; but throughout this part of 
the state the Cretaceous exists at least in patches, and perhaps once existed continuously·t 

This opinion has been well confirmed, and notably by Mr. H. V. Winchell's recent discoveries of Creta
ceous shales at several places thirty-five to forty-five miles northeast of Aitkin county, along the elevated 
Mesabi range.! The Cretaceous marine submergence of this region appears thus to have extended eastward, 
at least to the present site of lake Superior. A large part of the clay of the glacial drift here was doubtless 
derived by erosion from Cretaceous shales, and their calcareous matter supplied to the drift may principally 
account for its small amount held in solution by wells and springs in this county, making their water somewhat 
"hard" and unfit for use in washing with soap. 

Glacial and mod(jied drift. 

The average thickness of the drift in this county is probably between 100 and 

150 feet, this estimate being based on its ascertained thickness in other parts of the 

state. Wells here obtain ample supplies of water at depths seldom exceeding 

* Bullet,in No.8 of tills Survey. The aspect of samples brought by Mr. Upham is more like that of an Archffian greenstone 
t)J.an a Keweenawan diabase.-N. H. W. 

+ Bulletins of the Minnesota Academy of N atul'al Sciences, vol. i, p. 348. 
tAmerican Geologist, vol. xii, pp. 220-223, Oct., 1893. 
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leading from Rabbit lake northeasterly to Dam lake passes over the western and larger outcrop, which has a 
smooth and somewhat flat extent of about 100 feet from southwest to northeast, with a maximum width of 
thirty feet, rising only one to two feet above the general surface of the glacial drift. This trap rock shows no 
traces of flow or shear structure, nor any noteworthy variation in the degree of coarseness of its crystalline 
texture, throughout its visible area. It belongs doubtless to the central portion of a dike of undetermined bu t 
probably not very great width, whose borders and contact with the country rock on each side, presumably 
quartzyte, are hidden by the drift. 

The course of the dike is probably from southwest to northeast, for a second exposure of the same rock 
's found at a distance of about twenty rods farther northeast, divided from the foregoing by a slight depression 
of five feet in which there is a grove of several large poplars. The length of this outcrop is about thirty feet, 
also trending northeastward, and its width fifteen feet. It is partly smooth and even with the adjacent drift 
surface, some two or three feet above the hollow at the poplar grove; hut it also has some fractured spots, on 
which lie a few boulders or angular masses of the diabase, three to five feet in diameter. 

Both outcrops are cut in many directions by numerous joints, nearly vertical or steeply inclined, among 
which no prevailing system is observable. Slight weathering of these rock surfaces has removed their glacia-l 
striation; but the diabase appears to have been more durable to resist decay than the enclosing strata of the 
country rock, for which reason the dike rcmains with a greater hight and projects through the drift sheet. 
A wooded hill of the drift rises within a distance of about a quarter of a mile northeastward to a hight of forty 
feet or more above the trap outcrops, which lie in a tract having only bushes and scattering small trees. An 
examination for a considerable distance around failed to discover other rock exposures, hut very probably some 
of small extent will be found if the land should be cleared for cultivation or pasturage. 

Mr. Carl E. Taylor, who guided me to these diabase outcrops and to other localities of interest in this 
southern part of the county, writes under date of October 9, 1894, that he has found another outcrop of the 
same, or closely similar rOL!k in the clast edge of the S. E. !4 of this sec. 9, T. 46-25, some ten rods from the 
eastern shore of Long lake, having an exposure of about ten feet vertically, with a brook flowing along its 
south side and emptying into the lake. 

The time of the volcanic or more deeply seated plutonic intrusion of the trap rock here cannot be 
definitely stated. Quite probably it may have been contelllPoraneous with the intrusive laccolitic sills of 
diabase in the Animikie and Keweenawan sedilllentary formations on the northwest coast of lake Superior. 
Dr. A. C. Lawson concludes that those trap sheets and dikes, lllOStly similar to the diabase in Aitkin county, 
are of some undetermined age subsequent to the Keweenawan period, which was in the later part of the 
Taconic era.* They may belong, however, to a very late stage of this era, before its great upper series of detrital 
and volcanic rocks was completed. 

Cretaceous beds. Although no outcrops of Cretaceous strata have been found 

111 Aitkin county, it seems highly probable that shales of this age remain in many 

places, perhaps upon the greater part of this area, beneath the drift. Fifteen 

years ago Prof. N. H. Winchell wrote: 
A line drawn from the west end of Hunter's Island,· on the Canadian boundary line, southward to 

Minneapolis, and thence southeastwardly through Rochester to the Iowa state line, would in general, separate 
that part of the state in which the Cretaceous is not known to exist frolll that in which it does. It is not here 
intended to convey the idea that the whole state west of this line is spread oyer with the Cretaceous, because 
there are many places where the drift lies directly on the Silurian or earlier rocks; but throughout this part of 
the state the Cretaceous exists at least in patches, and perhaps once existed continuously·t 

This opinion has been well confirmed, and notably by Mr. H. V. Winchell's recent discoveries of Creta
ceous shales at several places thirty-five to forty-five miles northeast of Aitkin county, along the elevated 
Mesabi range.t The Cretaceous lllarine submergence of this region appears thus to have extended eastward, 
at least to the present site of lake Superior. A large part of the clay of the glacial drift here was doubtless 
derived by erosion from Cretaceous shales, and their calcareous lllatter supplied to the drift may principally 
account for its small a.rnount held in solution by wells and springs in this county, making their water somewhat 
"hard" and unfit for use in washing with soap. 

Glacial and m.od(fied cZ1'Ift. 

The average thickness of the drift in this county is probably between 100 and 

150 feet, this estimate being based on its ascertained thickness in other parts of the 

state. Wells here obtain ample supplies of water at depths seldom exceeding 

* Bullet-in No.8 of this Survey. The aspect of samples brought by Mr. Upham is more like that of an Archrean greenstone 
than a Keweenawan diabase.-N. H. W. 

+ Bulletins of the Minnesota Academy of Natural Seiences, vol. i, p. 348. 
tAmerican Geologist, vol. xii, pp. 220-223, Oct., 1893. 
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twenty or thirty feet, and not one has passed through the drift. Its least thick

nesses are on the tract having a few outcrops of the bed-rocks three to six miles 

south and southwest of Kimberly and in the southeast part of the county, where 

Archffian rocks rise nearly or quite to the surface. 
The boulders and gravel of the drift represent a great variety of rocks which are 

known in outcrops toward the north, northeast, and east-northeast. Granite ?oul

del's are nearly everywhere the most abundant, including usually two-thirds or a 

larger share of all above one foot in diall1.eter; gneiss, crystalline schists, gabbro, 

diabase, and other tTappean rocks are frequent; but quartzyte, sandstone, and lime

stone are very Tare. 
No glacial striffi were found on the few rock outcrops seen; but the prevailing 

currents of the ice-sheet on this area are known by the directions of transportation 

of the drift to have been from the north and northeast. The northwestern drift 

which overspreads the western and southwestern half of Minnesota, containing a 

considerable proportion of magnesian limestone boulders from fotmations known in 

the vicinity of Winnipeg, reached its eastern limit son'lewhat west of this county. 
The largest one of the few limestone boulders observed was found by Benjamin Lamere in plowing on his 

farm near Hickory postoffice, in sec. 26, T. 46-27. This mass, about three feet in diameter, is a bluish gray, very 
compact and hard, much jointed magnesian limestone. It contains pyrite in sparsely disseminated, minute 
grains, and in a few places nodules chiefiy consisting of pyrite fill cavities a half-inch or more in diameter, from 
which the limestone had been dissolved away. The source of this and of the other limestone boulders found 
very scantly in this county may have been the limestone bands of small extent which are found in the Keewatin 
series near Ogishke Muncie lake.* 

The exceedingly small ingredient of limestone in the drift appears insufficient, as before noted, to produce 
even the slight degree of hardness of the water of this district, which, therefore, seems attributable to erosion 
of Cretaceous beds. This conclusion is suggested also by the following analysis of the water of Mille Lacs by 
Prof. James A. Dodge, for this survey.t 

Analysis of the residue from evaporation of the wate1' of :Mille Lacs. 

Silica, 
Carbonate of lime, 
Sulphate of lime, 
Carbonate of magnesia, 
Oxide of iron, 
Carbonate of potash, 
Carbonate of soda, 
Chloride of sodium, 
Organic matter, 

Grains per Gallon. 
.2499 

3.1355 
.1051 

3.1589 
.1389 
.3346 

1.2241 
.08]7 

2.4458 

Percentage. 
3,85 

28.07 
.95 

28.62 
1.26 
3.03 

11.09 
.74 

22.40 

Total residue, 10.8745 100.00 

Professor Dodge adds: "In regard to the above figures, it is to be noted that the amount of solid residue 
taken as a whole is not great, compared with that from many waters in this state; that the amounts of lime and 
magnesia (existing in the water as bicarbonates) are but moderate; that sulphates and chlorides are almost 
wanting; and that the water is alkalhte, by virtue of the presence of the carbonate of potash and soda. Upon 
concentration of this water in a platinum dish a ready and decided test is obtained by litmus and turmeric· 
papers. Further, it was found that nitrates and phosphates are absent. No special examination of the organic 
matter was made." 

Till. Unstratified glacial drift, called till, which was laid down directly by the 

ice-sheet without modification by water transportation, assorting, and deposition in 

• Sixteenth Annual Report, p. 95. Rock sample 1369. Anot.her outcrop of the same is known in Mor~iso~ county. + Tenth Annual Report., p. 205. 

38 THE GEOLOGY OF MINNESOTA. 
[Analysis Mille Lacs water. 

twenty or thirty feet, and not one has passed through the drift. Its least thick

nesses are on the tract having a few outcrops of the bed-rocks three to six miles 

south and southwest of Kimberly and in the southeast part of the county, where 

Archffian rocks rise nearly or quite to the surface. 

The boulders and gravel of the drift represent a great variety of rocks which are 

known in outcrops toward the north, northeast, and east-northeast. Granite boul

ders are nearly everywhere the most abundant, including usually two-thirds or a 

larger share of all above one foot in diameter; gneiss, crystalline schists, gabbro, 

diabase, aml other trappean rocks are frequent; but quartzyte, sandstone, and lime

stone are very rare. 
No glacial striffi were found on the few rock outcrops seen; but the prevailing 

currents of the ice-sheet on this area are known by the directions of transportation 

of the drift to have been from the north and northeast. The northwestern drift 

which overspreads the western and southwestern half of Minnesota, containing a 

considerable l)rOportion of magnesian limestone boulders from formations known in 

the vicinity of \iVinnipeg, reached its eastern limit somewhat west of this county. 
The largest one of the few limestone boulders observed was found by Benjamin Lamere in plowing on his 

farm near Hickory postoffice, in sec. 26, T. 46--27. This mass, about three feet in diameter, is a bluish gray, very 
compact and hard, much jointed magnesian limestone. It contains pyrite in sparsely disseminated, minute 
grains, and in a few places nodules chiefly consisting of pyrite fill cavities a half-inch or more in diameter, from 
which the limestone had been dissolved away. The source of this and of the other limestone boulders found 
very scantly in this county may have been the limestone bands of small extent which are found in the Keewatin 
series near Ogishke Muncie lake.* 

The exceedingly small ingredient of limestone in the drift appears insufficient, as before noted, to produce 
even the slight degree of hardness of the water of this district, which, therefore, seems attributable to erosion 
of Cretaceous beds. This conclusion is suggested also by the following analysis of the water of Mille Lacs by 
Prof. James A. Dodge, for this survey.t 

.clnalysis of the r'esidue from evaporation of the water of 1I1ille Lacs. 

Silica, 
Carbonate of lime, 
Sulphate of lime, 
Carbonate of magnesia, 
Oxide of iron, 
Carbonate of IJotash, 
Carbonate of soda. 
Chloride of sodium, 
Organic matter, 

Grains per Gallon. 
.2499 

3.1355 
.1051 

:3.1589 
.1:389 
.:3:346 

1.2241 
.08]7 

2.4458 

Percentage. 
3.85 

28.07 
.95 

28.62 
1.26 
3.0:3 

11.09 
.74 

22.40 

Total residue, 10.8745 100.00 

Professor Dodge adds: "In regard to the above figures, it is to be noted that the amount of solid residue 
taken as a whole is not great, compared with that from many waters in this state; that the amounts of lime and 
magnesia (existing in the water as bicarbonates) are bnt moderate; that sulphates and chlorides are almost 
wanting; and that the water is alkaline, by virtue of the presence of the carbonate of potash and soda. Upon 
concentration of this water in a platinum dish a ready and decided test is obtained by litmus and turmeric 
papers. Further, it was found that nitrates and phosphates are absent. No special examination of the organic 
matter was made." 

Till. Unstratified glacial drift, called till, which was laid down directly by the 

ice-sheet without modification by water transportation, assorting, and deposition in 

• Sixte(~nth Annual Report. p. 95. Rock sample. 1369. Another outcrop of the same is known in Morrison connty. 
tTenth Annual Report, p. 205. 
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beds, occupies probably two-thirds or at least the larger part of this county. In this 

part of the state the boulders are so plentiful that they are sprinkled numerously 

on its surface, yet usually not more than the farmer needs to use, for the foundations 

of buildings and for his cellar and well. They are seldom abundant enough to 

make walls for the fields, as in New England. 

The till is prevailingly dark and somewhat bluish-gray ~tt considerable depths; 

but it is changed by weathering at the surface and downward cmnmonly five 01' 

ten feet to a yellowish-gray, due to the complete oxidation and hydration of its 

small ingredient of iron, which at still greater depths is m08tly in protoxide and 

anhydrous conditions. In Beaver (1'.46-22) the till has mainly a reddish tint, which 

doubtless also characterizes it generally throughout the southeastern part of the 

county, due to the red sandstones and shales of Fond du Lac and the lake Superior 

basin, and the red volcanic and sedimentary rocks of the 8ame region. Thence 

eastward to Duluth and Superior, the red color of the till i8 found to gradually 

increase in intensity, until the proportion of hematite in the drift about the west 

end of lake Superior is apparently several times greater than in Beaver township. 

Previous pages of this chapter have noted the fertility of the soil upon the till 

areas, and their usually moderately undulating contour and gentle slopes, which 

afford excellent drainage and add to their desirability as choice farming lands. They 

are wooded and have therefore not been so early selected for homesteads or purchase 

as the prairie lands farther south and west in this state, but they appear to be 

of fully equal value; and it is to be remarked that for the farmer beginning with 

little capital their timber supplies his buildings and his fuel, and may often be 

made a source of revenue while the gradual process of clearing his land goes on. 

Tenninal moraines. Aitkin county is crossed by two belts of knolly and hilly till, 

with far more abundant boulders than are found on its smooth tracts before described. 

These belts were accumulated along the border of the ice-sheet during the stages of 

halt or slight readvance interrupting its general retreat at the close of the Glacial 

period. Throughout the greater part of the duration of the ice-sheet, its currents 

upon this area probably flowed approximately from north to south; but when the ice 

became thin under its final surface melting or ablation, the movements of its 

marginal portion were deflected perpendicularly toward its boundary. Wherever 

the vicissitudes of the wavering climate caused the waning border to remain nearly 

stationary during several years the outflow of the ice to its melting steep frontal 

slope brought and deposited much drift which had been englacial and had become 

superglacial, being exposed on the surface of the departing ice-sheet. As these 

marginal accumulations of drift record the position of the terminal line of the ice

sheet when they were formed, the name terminal moraines has been usually applied 
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beds, occupies probably two-thirds or at least the larger part of this county. In this 

part of the state the boulders are so plentiful that they are sprinkled numerously 

on its surface, yet usually not more than the farmer needs to use, for the foundations 

of buildings and for his cellar and well. They are seldom abundant enough to 

make walls for the fields, as in New England. 

The till is prevailingly dark and somewhat bluish-gray lett considerable depths; 

but it is changed by weathering at the surface and downward C0111l11Only five or 

ten feet to a yellowish-gray, due to the complete oxidation and hydration of its 

small ingredient of iron, which at still greater depths is mostly in protoxide and 

anhydrous conditions. In Beaver (T. 46-22) the till has mainly a reddish tint, which 

doubtless also characterizes it generally throughout the southeastern part of the 

county, due to the red sandstones and shales of Fond du Lac and the lake Superior 

basin, and the red volcanic and sedimentary rocks of the same region. Thence 

eastward to Duluth and Superior, the red color of the till is found to gradually 

increase in intensity, until the prop01'tion of hematite in the drift about the west 

end of lake Superior is apparently several times greater than in Beaver township. 

Previous pages of this chapter have noted the fertility of the soil upon the till 

areas, and their usually moderately undulating contour and gentle slopes, which 

afford excellent drainage and add to their desirability as choice fanning lands. They 

are wooded and have therefore not been so early selected for homesteads or purchase 

as the prairie lands farther south and west in this state, but they appear to be 

of fully equal value; and it is to be remarked that for the fanner beginning with 

little capital their timber supplies his buildings and his fuel, and may often be 

made a source of revenue while the gradual process of clearing his land goes on. 

Terminal moraines. Aitkin county is crossed by two belts of knolly and hilly till, 

with far more abundant boulders than are found on its smooth tracts before described. 

These belts were accumulated along the border of the ice-sheet during the stages of 

halt or slight read vance interrupting its general retreat at the close of the Glacial 

period. Throughout the greater part of the duration of the ice-sheet, its currents 

upon this area probably flowed approximately from north to south; but when the ice 

became thin under its final surface melting or ablation, the movements of its 

marginal portion were deflected perpendicularly toward its houndary. Wherever 

the vicissitudes of the wavering climate caused the waning border to remain nearly 

stationary during several years the outflow of the ice to its melting steep frontal 

slope brought and deposited much drift which had been englacial and had become 

superglacial, being exposed on the surface of the departing ice-sheet. As t,hese 

marginal accumulations of drift record the position of the terminal line of the ice

sheet when they were formed, the name terminal moraines has been usually applied 
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to them, but they also may very properly be called retreatal or recessional moraines. 

A belt of morainic drift, chiefly till with many boulders, in hills and irregular 

ridges 50 to 100 feet above the intervening hollows and frequent lakelets, enters this 

district from Crow Wing county bordering the northwest side of Mille Lacs. Thence 

it extends with a width of five to ten miles northward to Cedar lake and to the lakes 

surrounding Deerwood in Crow Wing county, having in this part an unusual expan

sion and probably marking a northwestwardly re-entrant angle of the ice border. 

In sec. 30 and the edges of adjoining sections in Hazelton (T. 45-27), comprising 

the area bounded by Round, Hazelton and Birch lakes, the hills of this moraine are 

developed in typical profusion and irregularity, attaining hights of 100 feet or more 

above these lakes. They are similarly prominent west and north of Farm Island, 

Pine and Hickory lakes, being eSlJecially well seen from the west Mille Lacs road one 

to two mileR north of Hickory postoffice. About the southern part of Cedar lake 

these morainic hills abound and reach elevations 100 to 150 feet above this lake or 

1,300 to 1,350 feet above the sea. 

PasRing from Farm Island and Cedar lakes eastward, the moraine has a width 

of about five miles, comprising the northern two-thirds of T. 46-27, nearly the same 

part of the northern t,ownshi}J of Nordland (T. 46-26), the southern edge of the next 

township on the north and considerable portions of T. 46-25 and of Kimberly 

(T. 47-25). In the southern part of this hilly morainic belt lie Hanging Kettle, 

Diamond and Mud lakes, the northern part of Elm Island lake, and Cranberry, 

Ral)bit, Long and Dam lakes. At the northeast corner of Kimberly the moraine 

has a fine c1evelolJment in many bouldery hills upon a width of two or three 

miles next northwest and north of Portage lake, being there crossed by the Northern 
Pacific railroad. 

If my correlation is correct, the vicinity of Portage lake belongs to a second 

re-entrant angle, with its apex pointing northeastward, from which the moraine, 

mostly less conspicuouR, turns hack and IJasses by the east side of Dam lake, forms 

high hill:) south of Sugar lake, and thence approximately coincides with the eastern 

watershed of Mille Lacs, until in the southern edge of Aitkin county it curves 

around to an east anc1northeast course, passing into Pine county as the hilly belt 

enclosing the Pine lakes. The series of low drift hills thus traced is provisionally 

regarded, in the clescrilltions of its portions in Crow Wing and Pine counties (volume 

II), as the continuation of the Fergus Falls moraine, which is the eighth in the series 

of eleven moraines recognized and mapped in their geographic and chronologie 

succession, crossing the southem and westem part of this state. 

In northwestern Pine county this moraine is well developed from the Pine lakes 

northeast to the Kettle riYer; and farther northeastward I believe that it is repre-
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ridges 50 to 100 feet above the intervening hollows and frequent lakelets, enters this 

district from Crow vVing county bordering the northwest side of Mille Lacs. Thence 

it extends with a width of five to ten miles northward to Cedar lake and to the-lakes 

surrounding Deerwood in Crow 'iVing county, having in this part an unusual expan

sion and probably marking a northwestwardly re-entrant angle of the ice border. 

In sec. 30 and the edges of adjoining sections in Hazelton (T. 45-27), comprising 

the area bounded by Round, Hazelton and Birch lakes, the hills of this moraine are 

developed in typical profusion and irregularity, attaining hights of 100 feet or more 

aboye these lakes. They are similarly prominent west and north of Farm Island, 

Pine and Hickory lakes, being especially well seen from the west Mille Lacs road one 

to two mileR north of Hickory postoffice. About the southern part of Cedar lake 

these morainic hills abound and reach elevations 100 to 150 feet above this lake or 

1,300 to 1,350 feet above the sea. 

Pas Ring from Farm Island and Cedar lakes eastward, the moraine has a width 

of about fiye miles, comprising the northern two-thirds of T. 46-27, nearly the same 

part of the northern townshi}J of Nordland (T. 46-26), the southern edge of the next 

township on the north and considerable portions of T. 46-25 and of Kimberly 

(T. 47-25). In the southern part of this hilly morainic belt lie Hanging Kettle, 

Diamond and Mud lakes, the northern part of Elm Island lake, and Cranberry, 

Ral)bit, Long and Dam lakes. At the northeast corner of Kimberly the moraine 

has a fine development in many bouldery hills upon a width of two or three 

miles next northwest and north of Portage lake, being there crossed by the Northern 
Pacific railroad. 

If my correlation is correct, the vicinity of Portage lake belongs to a second 

re-entrant angle, with its apex pointing northeastward, from which the moraine, 

mostly less conspicuouR, turns hack and passes by the east side of Dam lake, forms 

high hills south of Sugar lake, and thence approximately coincides with the eastern 

watershed of Mille Lacs, until in the southern edge of Aitkin county it curves 

around to an east and northeast comse, passing into Pine county as the hilly belt 

enclosing the Pine lakes. The series of low drift hills thus traced is provisionally 

regarded, in the descril)tions of its portions in Crow Wing and Pine counties (volume 

II), as the continuation of the Fergus Falls moraine, which is the eighth in the series 

of eleven moraines recognized and mapped in their geographic and chronologic 

succes,sion, crossing the southern and western part of this state. 

In northwestern Pine county this moraine is well developed from the Pine lakes 

northeast to the Kettle riYer; and farther northeastward I believe that it is repre-
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sented by a belt of somewhat hilly drift extending along the east side of the Moose 

Horn river in southern Carlton county, through T. 46-19, and into Mahtowa (T. 47-18); 

but thence probably it turns back from a re-entrant angle of the ice front and runs 

southward through T. 46-18, and eastward past Oak and Net lakes in the north edge 

of Pine county, to cross the state line nearly on the watershed between the N emadji 

and St. Croix basins. A tract of moderately hilly till which I observed one to three 

miles east of Barnum, and its extension southward by Bear, Hanging Horns, Moose 

Horn, Long and Moose lakes, belong to this looped morainic belt; and another 

portion, consisting partially of till with a somewhat rolling surface, but in larger 

part of low kame-like accumulations of sand and gravel, is crossed by the Great 

Northern railway in its first three miles southwest of Holyoke. 

Such correlation of these morainic tracts seems to be harmonious with the 

course of the outer moraines in northwestern Wisconsin west and north of the 

driftless area, as mapped by Chamberlin.* It also accords well with the directions 

of glacial strirn found very abundant and distinct on the plentiful rock outcrops 

in the vicinity of Carlton, Thomson, Duluth, and Two Harbors, which run prevail

ingly west-southwestward, but in very many places also display wide deflections to 

the southwest and south and to the west and even north-northwest. The divergent 

and variable glacial currents by which these strirn were made doubtless belonged 

to the time of recession of the ice-border across that district. We thus learn that 

the rapidly wasting ice, in its departure from the western end of the lake Superior 

basin, had a definitely lobate front similar to the looped course assigned to this 

moraine in Aitkin, Carlton, and Pine counties. Between the times of formation 

of the eighth and ninth or Fergus Falls and Leaf Hills moraines, as these names 

are here used, the area of these extraordinary divergent and often intersecting 
strirn was uncovered by the glacial retreat. 

It is further to be remarked that, if the courses of the two moraines of Aitkin 

county are rightly traced eastward, as noted in the foregoing and following 

pages, the earliest outlet from the Western Superior glacial lake, held for a time 

by the barrier of the waning ice-sheet still occupying the central and eastern 

part of that lake basin, probably flowed across the divide between the head streams 

of the Bois Brule and St. Croix rivers, where a remarkable eroded channel is found 

as described in the chapter on Pine county.t The indentation of the ice-front 

north of the Wisconsin driftless area at the time of formation of the first or Alta

mont moraine points decisively to the melting backward of a great re-entrant angle 

in the ice boundary upon the country between Duluth and Ashland, including 

the place of the Bois Brule-St. Croix outlet, at a time previous to the melting of 

"U. S. Geol. Survey, Third An. Rep., for 1881-'82, plates xxviii and xxxv. 
+ Vol. ii, pp. 642, 643. 
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··U. S. Geol. Survey, Third An. Rep., for 1881-'82, plates xxviii and xxxv. 
t Vol. ii, pp. 642, 643. 
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the ice Ul)on the district reaching west from that outlet to Aitkin county. The 

correlations given here and in the second volume of the final report imply the 

probable beginning of the vVestern Superior ice-dammed lake between the times 

of formation of the seventh and eighth or Dovre and Fergus Falls moraines. But 

after the accumulation of the latter and before the time of the next or Leaf Hills 

moraine, the ice-melting in the western portion of the lake Superior basin and 

thence west to the Mississippi river was very rapid, so that the greater part of 

Aitkin county, the whole of Carlton county, and the country from Duluth north 

to GTancl, Wild Rice, and Island lakes, and from Two Harbors north to Highland 

station, were uncovered from the departing ice-sheet. According to the probable 

duration of lake Agassiz, estimated to have been only about 1,000 years,* in which 

the stage between the Fergus Falls and Leaf Hills moraines was a small fraction, 

this retreat of the ice from Aitkin and Carlton counties and the west end of lake 

SU1Jerior appears to have occupied no more than a century, or perhaps only half 

a century. 
The next halt or rNidvance of the ice-border was at the belt of prevailingly 

knolly and ridged and in part prominently hilly drift, which extends through 

northern Aitkin county. This belt is proJJably the representative of the ninth or 

Leaf Hills mOTaine which in Otter Tail county is partially united with the Fergus 

Falls moraine, the two together making the conspicuous Leaf hills (or "mountains," 

as they are commonly called), 100 to 350 feet in hight above the surrounding 

country. Entering this county from the west twenty to thirty miles north of 

Aitkin, low mOTainic chift hills, mostly twenty-five to fifty or seventy-five feet 

above the frequent lakelets, swamps, and streams, extend from the vicinity of 

vVhite Elk or Guide lake northward across the Moose river to Shovel lake and 

the Tapic1s of the Willow river, which flows over very abundant boulders along a 

distance of two or three miles next below Shovel lake. Northeastward, drift of sim

ilar contour forms the tract, about three miles wide, between the Moose arid Little 

Hill rivers. Close east of the Hill river and south of Hill or Poquodenaw lake, 

an exceptionally massive portion of this moraine rises in a hill of irregular 

outlines and slopes, called Poquodenaw mountain, which occupies sec. 25 and the 

north half of sec. 36, T. 52-26, with its summit about 265 to 275 feet above the 

Hill lake and river, or 1,525 feet above the sea, being the highest point in Aitkin 

county. Thence the moraine has a low and inconspicuous development east

northeasterly to the Mississippi river; but near the east bank of the river, about 

a mile north of this county, it again forms a high hill, known to lumbermen 

and log-drivers as the" Grub Pile," in the southeast part of sec. 25, T. 53-24, rising 
about 200 feet above the river. 

* GeoL and Nat. Rist. Survey of Oanada, An. Rep., new series, vol. iv, for 1888-'89, pp. 50, 51E. 
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* GeoL and Nat. Hist. Survey of Oanada, An. Rep., new series, vol. iv, for 1888-'89, pp. 50, olE. 
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From this hill, as the apex of a re-entrant angle of the ice-sheet, the moraine 

turns back and extends nearly twenty miles southward to Sandy lake. Along 

the first six miles of this course it is mainly covered by level or only moderately 

undulating stratified drift, but in the south edge of T. 52-23 it rises very promi

nently in Bald bluff, close east of the Mississippi, and in a series of irregular hills 

continuing thence eastward through the south part of sees. 33 and 34 of this town

ship and the north edge of secs.4 and 3, T. 51-23. The crests of these hills are 

1~0 to 200 feet or more above the Mississippi, and afford a wide view, the Poquo

denaw hill being visible about fifteen miles distant on the west, and the hills of 

the tenth or Itasca moraine, bordering Pokegama lake, twenty miles away at 

the northwest. Morainic hills 75 to 150 feet high stretch from Bald bluff southward 

along the east side of the Mississippi to Sandy lake. Thence this belt, lower and 

less distinct, consisting partly of kame-like deposits of modified drift and partly 

of till, curving southeastward, makes the shores and islands of Sandy lake and 

bounds the northeastern arm of Rice lake, beyond which it passes eastward by 

Round and Big Island lakes and through T. 49-22, where its low swells, hillocks, 

and ridges project only twenty to forty feet above the many tamarack swamps. 

Eastward from Aitkin county this moraine is narrowly and scantily developed 

in the northwest corner of Carlton county, but becomes more prominent and 

broader in the vicinity of Prairie lake, beyond which, as I am informed by Mr . 

• T. E. Spurr, its hills and ridges occupy a width of' five to six miles along the 

south side of the St. Louis river to Stony Brook and Nagonab. Curving north

ward beyond the St. Louis, it borders both sides of the Cloquet river for several 

miles, passing northwest of Grand lake. 

Gravelly knolls and plateaus. Associated with the till in the moraines, a con

siderable part often consists of irregularly stratified gravel and sand in knolls and 

short, irregular ridges, which sometimes become kames. On the general till expanse 

between the morainic belts, such stratified deposits are also found somewhat 

frequently in many parts of Minnesota, but are rare in Aitkin county. In both 

situations they are attributable to deposition by small streams descending from the 

melting surface of the ice-sheet, being accumulated in the short canon-like gorges 

which were melted into the ice-border at their mouths. The slackening of the 

- steep and rapid descent of the streams there emerging upon the land in front of 

the ice caused them to deposit the coarser part of their load of gravel, sand, and 

clay, which was left in these hillocks and ridges when their enclosing ice-walls 

melted away. 

Plateaus of gravel and sand, deposited similarly as above, but filling broader 

indentations of the retreating ice-front, have a considerable development in the 
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vicinity of Sandy lake. On the northwest shore of this lake, a mile south of the 

dam, more than half of the pebbles in the gravel of a plateau there rising fifty feet 

above the lake consist of reddish metamorphic and trappean rocks like formations 

known to outcrop 50 to 150 miles northeastward. The reddish sandstones which 

form portions of the Keweenawan series along the north shore of lake Superior are 

sparingly represented in this gravel. 

Low sand and gravel plains. Moderately undulating or nearly level tracts of 

sand and gravel, spread on the land in front of the retreating ice-sheet by streams 

which had gathered this modified drift from the melting ice surface, are found in 

several places, occupying areas a few miles in extent, in the western half of Aitkin 

county. One of these tracts, enclosed within the most southern and eastern part of 

the circuitous course of the Mud river, has a diameter of nearly five miles, compris

ing secs. 27 to 33 and large parts of secs. 20, 21 and 26, in the northern township of 

N 0rdland (T. 46-26), and the whole or parts of sees. 4 to 7 in its southern township 

(T. 45-26). This plain is about sixty feet above Elm Island lake and the Mud river 

at its northern side, and fifteen to twenty feet above Lone lake, which lies in a deep 

depression, one and a half miles long and mostly two-thirds of a mile wide, that 

indents the adjoining flat sand and gravel deposit. When these beds were spread 

out, the place of the lake and river on the north were occupied by the receding ice

sheet rising above the plain with a steep frontal slope, and the place of Lone lake 

was filled by a remnant of the ice, left in the capriciously irregular process of its 

melting to stand first as a peninsula and afterward as an island, around which a 

flooded river, flowing in the summers from the rapidly dissolving ice and from its 

heavy rainfall, brought and laid down the sand and gravel plain. The whole tract 

has a slight inclination, averaging two or three feet per mile, to the south and east; 

but much of its expanse southward is covered thinly by a mostly unwooded marsh. 

'fhe avenue of discharge of tl;1.8 water beyond this area was across the swamp, two 
to three miles wide, which divides it from Mille Lacs. 

Another tract of similar modified drift, or perhaps a westward extension of the 

foregoing, has a length of two miles and width of one and a half miles upon the 

area partially enclosed by Rice, Hickory and Farm Island lakes, above which its 

hight is live to ten feet. The surface of both these areas is about five to fifteen feet 
above Mille Lacs, or 1,255 to 1,265 feet above the sea. 

The road from Aitkin to Poquodenaw lake crosses a belt of nearly flat, low 

sand and gravel, bearing jack pines, through which the Willow river flows in the 

central and northeast part of T. 51-26. The width of this plain on the road is 

about two miles, and it extends several miles along the Willow river, widening east

ward to the Moose river in Ts. 51 and 52-25, but largely covered there by hay 
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meadows along the streams and farther northeast, in T. 52-24, by tamarack and 

cedar swamps. 

Such modified drift also borders the lower course of the Swan river, in the north 

part of T. 52-23, and northward, varying in hight from fifteen to forty feet above 

the stream. 

Thence southward and eastward, through the northeastern quarter of Aitkin 

county, sand and gravel in low swells and plateaus and in gently undulating areas, 

interspersed with swamps, occupy much of the country, extending south by Sandy 

lake to Mc Gregor and the Hice river, and continuing east beyond this district to the 

Floodwood and St. Louis rivers and thence north in a very broad expanse to the 

Mesabi iron range. 

Lignite in the mocUjiecl drift. On the site of the Sandy lake dam an excavation 

about ten feet square, made in the summer of 1893, encountered in the modified 

drift, at a level a few feet below the river bed, a gravel layer enclosing abundant 

water-worn and partially rounded lumps of lignite. These masses vary in size from 

one or two inches to six inches or more in length, and are mostly flattened in paral

lelism with their bedding planes. It was estimated by Mr. Archibald Johnson, in 

charge of the construction of the dam, that about two bushels of lignite pebbles 

were thrown out from this small excavation. They are of quality similar to the 

lignite coal found in thin layer,s enclosed in Cretaceous shales near Hichmond, Ft. 

Ridgely, and Hedwood Falls in Minnesota, and to the thicker Cretaceous lignite beds 

which are mined on the Souris or Mouse river and west of Bismarck in North Dakota. 

Small fragments of lignite are found very rarely in the till of all the western two

thirds of Minnesota, including Aitkin county; and gravel layers in wells near Aitkin 

occasionally contain smoothly rounded pebbles of very compact, nearly black, car

bonaceous shale, somewhat resembling graphite. Occurring so plentifully at Sandy 

lake, this lignite gravel must have been derived from the erosion of some layer of 

lignite in Cretaceous shales not far distant northward or northeastward. Indeed, 

it suggests that perhaps such strata form a nucleus or central mass under the 

morainic drift of some of the hills on the east side of the Mississippi from Sandy 

lake north to the Bald bluff. 

These observations agree with the discovery of Cretaceous beds on the high 

Mesabi iron range, noted on a previous page of this chapter, in leading to the belief 

that deposits of that age lie next beneath the drift in many parts of this region. 

Concerning this hypothesis, held previous to our learning of the lignite gravel at 

Sandy lake, Mr. H. V. Winchell has written as follows: 
The area at present occupied by Cretaceous is unknown, the mantle of glacial drift covering the under

lying rocks to the depth of one hundred feet or more a few miles south of the Mesabi range. There is in St. 
Louis county an extensive swamp occupying a fiat tract of land, running for nearly fifty miles in an east-west 
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Such modified drift also borders the lower course of the Swan river, in the north 

part of T. 52-23, and northward, varying in hight from fifteen to forty feet above 

the stream. 

Thence southward and eastward, through the northeastern quarter of Aitkin 

county, sand and gravel in low swells and plateaus and in gently undulating areas, 

interspersed with swamps, occupy much of the country, extending south by Sandy 

lake to Mc Gregor and the Hice river, and continuing east beyond this district to the 

Floodwood and St. Louis rivers and thence north in a very broad expanse to the 

Mesabi iron range. 

Lignite in the mocZified dl'lft. On the site of the Sandy lake dam an excavation 

about ten feet square, made in the summer of 1893, encountered in the modified 

drift, at a level a few feet below the river bed, a gravel layer enclosing abundant 

water-worn and partially rounded lumps of lignite. These masses vary in size from 

one or two inches to six inches or more in length, and are mostly flattened in paral

lelism with their bedding planes. It was estimated by Mr. Archibald Johnson, in 

charge of the construction of the dam, that about two bushels of lignite pebbles 

were thrown out from this small excavation. They are of quality similar to the 

lignite coal found in thin layers enclosed in Cretaceous shales near Hichmond, Ft. 

Hidgely, and Hedwood Falls in Minnesota, and to the thicker Cretaceous lignite beds 

which are mined on the Souris or Mouse river and west of Bismarck in North Dakota. 

Small fragments of lignite are found very rarely in the till of all the western two

thirds of Minnesota, including Aitkin county; and gravel layers in wells near Aitkin 

occasionally contain smoothly rounded pebbles of very compact, nearly black, car

bonaceous shale, somewhat resembling graphite. Occurring so plentifully at Sandy 

lake, this lignite gravel must have been derived from the erosion of some layer of 

lignite in Cretaceous shales not far distant northward or northeastward. Indeed, 

it suggests that perhaps such strata form a nucleus or central mass under the 

morainic drift of some of the hills on the east side of the Mississippi from Sandy 

lake north to the Bald bluff. 

These observations agree with the discovery of Cretaceous beds on the high 

Mesabi iron range, noted on a previous page of this chapter, in leading to the belief 

that deposits of that age lie next beneath the drift in many parts of this region. 

Concerning this hypothesis, held previous to our learning of the lignite gravel at 

Sandy lake, Mr. H. V. Winchell has written as follows: 
The area at present occupied by Cretaceous is unknown, the mantle of glacial drift covering the under

lying rocks to the depth of one hundred feet or more a few miles south of the Mesabi range. There is in St. 
Louis county an extensive swamp occupying a flat tract of land, running for nearly fifty miles in an east-west 
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direction between the Duluth &; Iron Range railroad and the Mississippi river. The discovery of Cretaceous 
sediments on the northern edge of this basin suggests the possibility of a considerable thickness of the same 
sediments in its central portion. From what is known of the geology of the area north of the Mesabi range it 
is safe to assert that the most l)romising field for the discovery of workable brown coal deposits in Minnesota is 

under this same great swamp.-' 

Only very scanty Cretaceous shale gravel is found in the till and in nearly 

all the modified drift of this region. The greater part of the Cretaceous beds 

here, however, may be too soft to yield pebbles, the product of their glacial ero

sion being principally an indistinguishable part of the fine rock flour or clay in 

the till. The lignite fragments at Sandy lake are not sufficient, according to the 

opinion of the writer, to indicate the existence of workable layers of lignite; for 

they more probably came from thin seams like those known elsewhere in Minne

sota, which are 1110Stly about one foot or less in thickness and nowhere exceed 

three or four feet, heing inadequate for profitable mining. Little or no encour

agement can be given to prospeeting in this thickly drift-covered region with the 

hope of finding valuable beds of this brown coal. 

Lol,·p Aitki11. A glacial lake, which may be. named lake Aitkin, existed during 

a geologically very short time in the broad and shallow depression of the Mississippi 

valley in western Aitkin county, as is shown by a little beach ridge of gravel and 

sand which extends along a distance of one mile in the village of Aitkin and west

ward. The hight of this ridge varies from one to four or five feet above the adjoin

ing surface of till on its southern or landward side, and is slightly greater above its 

northern or lakeward base; and its width is twenty-five to fifty feet, with an arched, 

wave-like form and rounded crest, from which there is a steeper descent on the 

southern than on the northern slope (figure 3). So regular and typical outlines, 

FIG. D. 8EOTION OF THE AITKIN BEACH. 

HorIzontal scale, 40 feet to an 111oh; vertical scale, 20 feet to an inch. 

however, are not found through the whole of the distance noted. A section made 

for a north to south street a few rods west of William Hay's house shows the ridge 

to be composed of anticlinally interbedded sand and gravel, in which the largest 

l)ebbles are three to six inches in diameter. In form and material it is precisely like 

the beach ridges marking successive stages in the gradual lowering of the glacial 

lake Agas::Iiz in the hasin of the Red River of the North, some of which are no larger 

along the greater part of their course, though traceable continuously many miles on 
the prairies of the Lake Agassiz area. 

The most eastern observed part of this very small ridge is close west of the Mud 
---

, Am. Geologi,t, vol. xiI, p. 22,3, Oct., 1893. 
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river between the railroad bridge and the Congregational church. Thence it runs 

northwest and west, passing just north of the intersection of Ash street and Third 

and Fourth streets, to the Methodist church and the school house. In the west edge 

of the village the houses of S. W. Stevenson and William Hay are built on the beach. 

It continues west-southwesterly to the Cedar Lake road and the railroad, which it 

crosses nearly a mile west of Aitkin depot. Excavations of the beach sand for 

masons' use have been made there by the roadside. Its further course westward upon 

bushy and wooded land has not been traced, nor its similar extent east of Aitkin; 

but four miles west of Aitkin a small portion of this shore line, marked by a beach 

ridge, was seen on a farm in the S. E. ! of sec. 30, Aitkin, extending thirty rods 

or more from east to west a short distance north of the Northern Pacific railroad and 

about a quarter of a mile west of Cedar creek. In both these portions the beach 

crest is 1,210 to 1,212 feet above the sea, and the lake level indicated is 1,205 

to 1,208 feet. 

Drawing on the maps of Aitkin and Crow Wing counties the approximate 

extent of this lake, I find that it probably attained a length of eighteen or twenty 

miles, terminating northeastward near the mouth of the Willow river, and that it 

was mainly from three to five miles wide. If no allowance is made for the sub

sequent deposition of alluvium in the valley, the maximum depth of lake Aitkin 

did not exceed fifteen feet. In the vicinity of Rabbit lake in eastern Crow Wing 

county north of Deerwood, morainic drift about 1,275 feet above the sea closely 

borders the Mississippi. There the margin of the ice-sheet receding northwest

ward was probably, during a, few years, a partial barrier of this lake, whose outflow 

was in some channel about seventy-five feet below the top of the contiguous 

moraine and twenty feet above the present river. Till generally forms the surface 

south of the Aitkin beach; but on its lakeward side the land is lacustrine and 

alluvial fine silt or clay, more or less sandy. 

Formerly higher levels of JJfille Lacs. The north side of Mille Lacs exhibits 

shore lines in many places at hights five to ten or fifteen feet above the present 

highest stages of the lake, which are four or five feet above its lowest known 

level due to droughts. The old higher shores are partly marked by small beach 

ridges, of which, in two localities where they were carefully observed and mapped 

because they are the sites of aboriginal mounds, descriptive notes are given on 

the final pages of this chapter. 

A more massive wave-built beach ridge, mostly well wooded, divides Mille Lacs 

from a marsh or swamp and other low land on the north along a distance of five 

or six miles, from near Get-Up point eastward past the mouths of Reddick 

and Marmon creeks to the west part of T. 45-25. The western half of this ridge, 
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for a length of about three miles, has a hight of ten to twelve feet above the lake 

and a width of six to ten rods, with gentle slopes, and consists of beach sand 

and fine gravel containing no boulders. The road from Aitkin to Malmo and 

Opstead runs along its top. Farther east this ridge, still consisting mostly or 

entirely of sand and gravel without boulders, and having not much greater width 

than westward, rises steeply fifteen to twenty feet above the adjoining gently 

sloping present lake beach on which the road lies. Its crest in the highest places 

is about twenty-five feet above the lake. The formation of the whole ridge seems 

referable to wave action during storms, eroding the till shores both east and 

west of the ridge, and washing the sand and gravel thence derived along the shore, 

building it outward from each end, but most from the east, to form this beach 

embankment. 

~.-~?~,~., .~ N ... ~ .. _ .. ~ MILLE LACS S. 
~~ .... --=~.~.::." ' ... ~ 

FIG .•. SECTION OF THE MILLE LACS BEACH. 
Horizontal scale, 100 feet to an inch; vertical scale, 50 feet to an inch. 

The level of the lake indicated for the higher eastern part of the embank

ment appear~ to be nearly fifteen feet above its present mean level. Storm waves 

then, in the deeper lake, imlJeded much less than now by friction on the bottom 

near the shore, doubtless rolled in from this broad expanse of water with sufficient 

power to build a beach ten or twelve feet high. Along this eastern part of the 

ridge a secondary lake level, intermediate between the earliest and the present, 

is recorded in some places by a minor beach crest, about ten feet above the lake, 

upon the southern face of the great embankment, as shown in figure 4. The aver

age stage of water thus known, some five to seven feet above the present, prob

ably endured longer than the fir~t and higher stage, for it built the western low 

but broad part of this ridge, though the lake was shallower than before and its 

waves less efficient, and it is very clearly marked in the vicinity of the two groups 
of artificial mounds. 

It will be de~irable, for comparison with these observations, to search along 

the southern shores of Mille Lacs for similar traces of formerly higher lake levels. 

If they exi::;t there at cOTl'esponding hights, the explanation of them all will be 

that ero:::;ion by the outflowing Rum river has lowered its channel successively 

from the higher to the lower and present stages of the lake. Very probably no 

such ancient shore lines will be found on the south side' and if this be the case, , 
the alJ}Jarent high stages of the lake at the north must be attributed to a differ-

ential uplifting of this region, raising the northern shore faster than the southern, 

in the same way as the basin of the glacial lake Agassiz was uplifted during the 
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departure of the ice-sheet. The highest and earliest beaches of lake Agassiz ascend 

about one foot per mile along a distance of 350 miles from south to north, between 

lake. Traverse at its outlet and Riding mountain in Manitoba. A similar and 

contemporaneous differential movement of the earth's crust beneath Mille Lacs 

and Aitkin county would account for the early northern shores successively about 
fifteen and seven feet above that of to-day. 

Ridges pushed up by ice on lake shores. Besides the ridges thus far described, 

the shore of Mille Lacs in other places, where it is bordered by slowly rising 

slopes of till,· has a conspicuous ridge of sand, gravel, and boulders, immediately 

adjoining the water's edge or separated from the lake only by a low and very 

narrow strip of sand and gravel. This predominant type of the ridge accumula

tion now taking place is well exhibited along an extent of a half mile at and 

near Nichols postoffice. An embankment there pushed up by winter ice during 

the many centuries since the lake has held its present level, with much addition 

.of wave-washed sand and gravel, occupies a width of four or five rods, rising in 

rounded slopes and crest eight to ten feet above the stage of high water. The 

frequent, or in some portions plentiful, boulders of this ridge prov~ that the deeply 

frozen ice of the lake pushed boulders from its bed and at last thrust them high 

on the shore when the breaking up of the ice in spring permitted its blocks to 

be crushed and heaped together by violent storms. 

Similar but smaller sandy and gravelly ridges enclosing boulders, often very 

steep on their lakeward side, and narrow, as two or three rods wide, with hights of 

three to six or eight feet, are found on the shores of numerous other lakes in Aitkin 

county. One of these ridges borders Dam lake on the side of its outlet; another, 

with a road running a half-mile or more along its top, is on the south shore of 

Hazelton or Echo lake; and others are on the east and west sides of Round lake, and 

on the west side of Farm Island lake. 

Alluvium. Since the departure of the ice-sheet, the streams have in many places 
eroded their channels ten to twenty or thirty feet below the original surface of the 

drift, either through long distances or more commonly only cutting down some 

obstructing narrow ridge or swell of the undulating and rolling drift sheet. 'raking 

their courses along the lowest avenues of drainage, the creeks and rivers were at 

first temporarily dammed here and there to form shallow lakes, which in many 

instances they very soon drained by their erosion of the drift barriers. On some of 

the streams, however, as most notably the Mud river, the ratio between the size of 

the rivers and the erosion which they must perform to drain their lakes will allow 

. them to endure yet a long time. Into these lakes much alluvium, supplied from the 

erosion of the tributary valleys, is being carried by the infiowing streams, and less 

is spread along the interlacustrine parts of their courses. 
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three to six or eight feet, are found on the shores of numerous other lakes in Aitkin 

county. One of these ridges borders Dam lake on the side of its outlet; another, 
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eroded their channels ten to twenty or thirty feet below the original surface of the 

drift, either through long distances or more commonly only cutting down some 
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The Willow river and the much larger Mississippi, nowhere in this county 

flowing tilrough lakes, have formed extensive tracts of very fertile alluvial land, 

bearing a luxuriant forest. The tract of very fine clayey silt through which ,the 

Mississippi pursues its meandering way varies mostly from a half-mile to one mile 

in width. It is rarely interrupted, as at a few places between Sandy lake and Aitkin, 

by transverse higher areas where till adjoins the stream and makes shoals and 

rapids by the obstruction of its boulders in the river bed. 

MATERIAL RESOURCES. 

The chief resources of Aitkin county are its timber, its capabilities for agri

culture, and its water-power. Thickly drift-covered, it possesses no rock outcrops 

adapted for quarrying, and warrants no expectation for the discovery of geologic 

deposits of economic value, excepting that probably stratified clay beds suitable for 

brick-making will be found in some places. 
The original forest wealth of this region is being rapidly exhausted. During the winter of 1892-'93 the 

estimated cut of pine timber on the Mississippi and its tributaries above Miimeapolis, according to the records 
of the surveyor general, was 677,836,540 feet, of which the following portions were wholly or partly in 
Aitkin county.* 

Little Willow river, 
Willow river, 
Aitkin and vicinity, 
Rice river, 
Sandy lake and river, 
Tamarack river, 

Pine timber cut cho'ing the winter of 1892-'93. 

Prairie river (tributary to Sandy lake) 

Feet. 
5,000,000 

55,000,000 
3,370,730 

11,353,260 
7,549,570 

19,692,750 
4,621,750 

With a continuation of' the recent rates of cutting, no more than ten or twenty years will elapse until all 
or very nearly all of the available pine in this county will have been used. But a very large supply of other 
valuable timber will remain, as poplar for the manufacture of paper, and maple, oak, birch, and ash, for 
furniture, carriage-making and a great variety of uses, including building, for which, however, pine is preferred. 
In clearing the land of its woods to provide fields for cultivation and pasturage, the farmer will often be able 
to make the timber do more than pay for the cost of its cutting and the removal of its stumps. 

A foregoing part of this chapter has noticed the general excellence of the soil of the boulder-clay or till 
which covers the greater part of this county. The alluvial lands bordering the Mississippi are stillmore fertile 
and are wholly free from boulders and gravel; but they mostly lie within the reach of the highest river floods, 
which come, on an average, perhaps once in ten years, being due usually to coincidence of heavy rainfalls, with 
rapid melting of deep snows at the end of the winter. Large fields of the river alluvium within a few miles 
northeast of Aitkin, on the road to Willow river and Sandy lake, bear magnificent grass, oats, potatoes and 
corn. A considerable number of farms have also been cleared and are profitably cultivated on the higher till 
lands in the vicinity of Aitkin and Cedar lake, and thence southward to Mille Lacs. The success of these 
farmers in producing the staple crops mentioned, and in stock-raising, dairying and fruit-raising, justify the 
belief that this county is to become a thickly settled and prosperous agriCUltural district. 

As a resort for sportsmen, both in summer and winter, Aitkin county has many attractions, which will be 
slowly decreased by its agricultural development, but in some measure will endure through many decades of 
years. The plentiful lakes contain abundant bass, pickerel, perch, and other fish. Partridges, rabbits, the 
mink, muskrat, and fox, the black bear, red deer, and moose, are common or frequent. Occasionally in the 
winter, timber wolves, hunting in packs, are dangerous to lone travellers; but their numbers are gradually 
diminishing. Another vanishing denizen of this region is the caribou or American reindeer whose southern 
limit is found in cool bogs 'about the sources of the Little Willow river. ' 

Excepting perhaps the Mississippi, all the large streams of this county have valuable sites for the 
utilization of their water-power. No mills employing water-power, however, have been built, but large steam 
saw mills are operated at Aitkin and at the Swan River Logging Company's landing close to the mouth'of 

* The lJ-lississippi Valley Lumberman (MinneapoliS), June 30,1893. 

50 THE GEOLOGY OF MINNESOTA. 
[Resources. 

The Willow river and the much larger Mississippi, nowhere in this county 

flowing through lakes, have formed extensive tracts of very fertile alluvial land, 

bearing a luxmiant forest. The tract of very fine clayey silt through which the 

Mississippi pursues its meandering way varies mostly from a half-mile to one mile 

in width. It is rarely interrupted, as at a few places between Sandy lake and Aitkin, 

by transverse higher areas where till adjoins the stream and makes shoals and 

rapids by the obstruction of its boulders in the river bed. 

MATERIAL RESOURCES. 

The chief resources of Aitkin county are its timber, its capabilities for agri

culture, and its water-power. Thiekly drift-covered, it possesses no roek outerops 

adapted for quarrying, and warrants no expeetation for the discovery of geologie 

deposits of economie value, exeepting that probably stratified day beds suitable for 

briek-making will be found in some plaees. 
The original forest wealth of this region is being rapidly exhausted. During the winter of 1892-'93 the 

estimated cut of pine timber on the Mississippi and its tributaries above Minneapolis, according to the records 
of the surveyor general, was 677,836,540 feet, of which the following portions were wholly or partly in 

Aitkin county.* 

Little Willow river, 
Willow river, 
Aitkin and vicinity, 
Rice river, 
Sandy la.ke and river, 
Tamarack river, 

Pine timbe1> Cilt cl1l1>ing the winter of 1892-'93. 

Prairie river (tributary to Sandy lake) 

Feet. 
5,000,000 

55,000,000 
3,370,730 

11,353,260 
7,549,570 

19,692,750 
4,621,750 

With a continuation of the recent rates of cutting, no more than ten or twenty years will elapse until all 
or very nearly all of the available pine in this county will have been used. But a very large supply of other 
valuable timber will remain, as poplar for the manufacture of paper, and maple, oak, birch, and ash, for 
furniture, carriage-making and a great variety of uses, including building, for which, however, pine is preferred. 
In clearing the land of its woods to provide fields for cultivation and pasturage, the farmer will often be able 
to make the timber do more than pay for the cost of its cutting and the removal of its stumps. 

A foregoing part of this chapter has noticed the general excellence of the soil of the boulder-clay or till 
which covers the greater part of this county. The alluvial lands bordering the Mississippi are still more fertile 
and are wholly free from boulders and gravel; but they mostly lie within the reach of the highest river floods, 
which come, on an average, perhaps once in ten years, being due usually to coincidence of heavy rainfalls, with 
rapid melting of deep snows at the end of the winter. Large fields of the river alluvium within a few miles 
northeast of Aitkin, on the road to Willow river and Sandy lake, bear magnificent grass, oats, potatoes and 
corn. A considerable number of farms have also been cleared and are profitably cultivated on the higher till 
lands in the vicinity of Aitkin and Cedar lake, aud thence southward to Mille Lacs. The success of these 
farmers in producing the staple crops mentioned, and in stock-raising, dairying and fruit-raising, justify the 
belief that this county is to become a thickly settled and prosperous agricultural district. 

As a resort for sportsmen, both in summer and winter, Aitkin county has many attractions, which will be 
slowly decreased by its agricultural development, but in some measure will endure through many decades of 
years. The plentiful lakes contain abundant bass, pickerel, perch, and other fish. Partridges, rabbits, the 
mink, muskrat, and fox, the black bear, red deer, and moose, are common or frequent. Occasionally in the 
winter, timber wolves, hunting in packs, are dangerous to lone travellers; but their numbers are gradually 
diminishing. Another vanishing denizen of this region is the caribou or American reindeer whose southern 
limit is found in cool bogs about the sources of the Little Willow river. ' 

Excepting perhaps the Mississippi, all the large streams of this county have valuable sites for the 
utilization of their water-power. No mills employing water-power, however, have been built, but large steam 
saw mills are operated at Aitkin and at the Swan River Logging Company's landing close to the mouth· of 

* The :lYIississippi Valley Lumberman (Minneapolis), June 30, 1893. 
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Swan river, and smaller portable mills have worked temporarily at numerous other localities. Dams are built 
on several streams to provide reservoirs for giving a sufficient flow of water in the later part of the log-driving 
season which usually reaches into the summer. When required by the needs of the increasing population, 
water-power mills will doubtless occupy some of these sites for grinding grain, sawing lumber, and various 
manufactures. 

DaTJ~s used f01' lumbering. 

The following are notes of the locations and amount of head, or fall of water, of the dams used to 
facilitate log-driving in Aitkin county, for which on the west side of the Mississippi I am indebted to Martin 
M. Watson of Aitkin, and on its east side chiefly to F. B. Oluff and .Joseph W. Wakefield of Aitkin. 

Little Willow river, four da.ms: the lower dam in the S. W. 7:.t sec. 30, '1'. 48-26, six feet; the middle 
dam, near the centre of sec. 8, in the same township, seven feet; the Esquagemaw dam, on the West fork, close 
below the mouth of Little Willow or Esquagemaw lake, which it flows, five feet; and the Waukenabo dam 
on the East fork or Waukenabo brook, or about a half mile below the la.ke of this name, three feet. 

Willow river: the Shovel lake dam, in the north edge of sec. 3, T. 51-27, situated at the head of thG 
boulder-strawn rapids, about two miles long, which take their name from this lake, has a head of six feet and 
raises Shovel lake five feet above its former low water stage. This is the lowest of seven dams on the Willow 
river and its North and South forks, the others being in Oass county. 

Moose river, six dams: the Moose lake dam, near the centre of sec. 27, T. 51-26, five feet, flowing Moose 
lake; the McAllister dam, in the west edge of sec. 29 in the same township, seven feet; the McKinney dam, in 
the S. E. 7:.t sec. 23, T. 51-27, eight feet, flowing McKinney lake; the Third Guide dam, in the N. E. 7:.t sec. 28, 
flowing the little Third Guide lakes; and the two following, which are in Oass county, namely, the Oedar dam, 
in the northeast corner of sec. 35, T. 140-25, five feet, and the Reservoir or Poplar dam in the S. w. 74 s@c. 2, 
T. 139-25, six feet. 

Hill river and its tributaries, four dams: the Poquodenaw dam at the mouth of Hill or Poquodenaw lake, 
seven feet; the Morrison brook dam, about a mile from the mouth of this brook, six feet; the Lower dam on the 
West branch or Little Hill river, in or near the southwest corner of sec. 33, T. 52--26, eleven feet; and the Upper 
dam of this stream, in the south edge of the southwest part of sec. 36, T. 53-27 (Itasca county), about 
flve feet. 

Mud river, two dams: the Lower or Simpson dam, three miles south of Aitkin, five or six feet, flowing the 
Hanging Kettle, Diamond and Mud lakes; and the Spirit lake dam, in the N. E. 74 sec. 35, '1'. 46-27, five feet, 
flowing Spirit, Hickory, Pine and Farm Island lakes. 

Sandy river, two dams: one about a mile north of McGregor, four feet; and the United States government 
dam, now being built to raise this lake ten feet, as described on page 29. 

Tamarack river, four dams, three being in Oarlton county: the lowest in the east edge of Aitkin county, 
about five feet, now out of repair; the second, about a quarter of a mile east of Wright and close south of the 
railroad, four feet, flowing Tamarack lake; the third, at Oromwell, two feet, flowing Islandlalm; and the fourth, 
probably about four feet, flowing the lake in secs. 17 and 18, T. 48-20. 

Prairie river, three dams, only the first and lowest being in Aitkin county: one raising the stream along 
the course of a short rapid in the south part of T.50-22, about four feet; the second, two miles below Prairie 
lake, four feet, at the foot of which the channel of the river is said to have exposures of the bed rock; and the 
third, about a quarter of a mile from the mouth of Prairie lake, which it flows, five feet. Hasty brook, 
tributary to Prairie lake on its south side, has two dams, the lower of five feet, and the upper of seven feet, the 
latter forming a reservoir on a tract that previously was a large meadow or swamp. 

West Savanna river, three dams: the Sanders dam, in the N. W. 7:.t sec. 25, T. 50-23, about two miles 
above the junction of this stream with the Prairie river, four or five feet; the Wakefield dam, in the southeast 
corner of sec. 13, near the east line of this township, five feet; and the upper dam, in the southwest part of 
sec. 6, T. 50-22, six feet, flowing the Savanne lake. Above these, a low "cut-away" dam raises the Rice lakes in 
secs. 36 and 35, T. 51-23, about two feet. 

Abor'iginal ear-thwoTks. 

Two very interesting groups of aboriginal mounds are situated close to the northern shore of Mille Lacs, 
one being at Nichols postoffice, a mile east from the west line of Aitkin county, and the other at E. A. Bushey's 
store, twelve miles distant from Nichols in a straight line a little to the north of east. Looking in a general 
view upon the outlines of Mille Lacs, we may consider its area as four-sided, its northwestern and northeastern 
corners respectively being near these ancient village sites. 

The accompanying sketch map (flgure 5) shows the arrangement, relative size and hight of twenty 
mounds lying between the house of Mr. A. R. Nichols, postmaster, and the present Mille Lacs shore. The 
house stands upon and two or three feet above a former shore of the lake, which is marked by a slight 
terrace of sand and gravel, seven or eight feet above the present highest stage of water. Between this old 
shore and the prominent lake ridge now being accumulated of sand and gravel with occasional boulders, which 
has been described on page 49, there are two very small beaches, marked by sand ridges, fifteen to twenty-five 
or thirty feet wide and rising only about two feet above the flat, somewhat clayey land on which they lie. The 
crest of the northern one of these is about six feet, and that of the southern one four to five feet above high 
water in the lake. Five mounds, varying from two to five feet in hight, are found in a nearly straight series, 
extending about a dozen rods, on the upper one of these little beach ridges. All of these mounds are round, 
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Swan river, and smaller portable mills have worked temporarily at numerous other localities. Dams are built 
on several streams to provide reservoirs for giving a sufficient flow of water in the later part of the log-dri ving 
season which usually reaches into the summer. When required by the needs of the increasing population, 
water-power mills will doubtless occupy some of these sites for grinding grain, sawing lumber, and various 
manufactures. 

Dams 1~secl faT' lnmbeT'ing. 

The following are notes of the locations and amount of head, or fall of water, of the dams used to 
facilitate log-driving in Aitkin county, for which on the west side of the Mississippi I am indebted to Martin 
M. Watson of Aitkin, and on its east side chiefly to F. B. Oluff and .Joseph W. Wakefield of Aitkin. 

Little Willow river, four da.ms: the lower dam in the S. W. 7:.t sec. 30, '1'. 48-26, six feet; the middle 
da.m, near the centre of sec. 8, in the same township, seven feet; the Esquagemaw dam, on the West fork, close 
below the mouth of Little Willow or Esquagemaw lake which it flows five feet· and the Waukenabo dam 
on the East fork or Waukenabo brook, or about a half mile below the lal{e' of this n;me, three feet. 

Willow river: the Shovel lake dam, in the north edge of sec. 3, T. 51-27, situated at the head of the 
boulder-strown rapids, about two miles long, which take their name from this lake, has a head of six feet and 
raises Shovel lake five feet above its former low water stage. This is the lowest of seven dams on the Willow 
river and its North and South forks, the others being in Oass county. 

Moose river, six dams: the Moose lake dam, near the centre of sec. 27, T. 51-26, five feet, flowing Moose 
lake; the McAllister dam, in the west edge of sec. 29 in the same township, seven feet; the McKinney dam, in 
the S. E. 7:.t sec. 23, T. 51-27, eight feet, flowing McKinney lake; the Third Guide dam, in the N. E. 7:.t sec. 28, 
flowing the little Third Guide lakes; and the two following, which are in Oass county, namely, the Oedar dam, 
in the northeast corner of sec. 35, T. 140-25, five feet, and the Reservoir or Poplar dam in the S. W. :li s,"c. 2, 
T. 139-25, six feet. 

Hill river and its tributaries, four dams: the Poquodenaw dam at the mouth of Hill or Poquodenaw lake, 
seven feet; the Morrison brook dam, about a mile from the mouth of this brook, six feet; the Lower dam on the 
West branch or Little Hill river, in or near the southwest corner of sec. 33, T. 52--26, eleven feet; and the Upper 
dam of this stream, in the south edge of the southwest part of sec. 36, T. 53-27 (Itasca county), about 
five feet. 

Mud river, two dams: the Lower or Simpson dam, three miles south of Aitkin, five or six feet, flowing the 
Hanging Kettle, Diamond and Mud lakes; and the Spirit lake dam, in the N. E. 74 sec. 35, T. 46-27, five feet, 
flowing Spirit, Hickory, Pine and Farm Island lakes. 

Sandy river, two dams: one about a mile north of McGregor, four feet; and the United States government 
dam, now being built to raise this lake ten feet, as described on page 29. 

Tamarack river, four dams, three being in Oarlton county: the lowest in the east edge of Aitkin county, 
about five feet, now out of repair; the second, about a quarter of a mile east of Wright and close south of the 
railroad, four feet, flowing Tamarack lake; the third, at Oromwell, two feet, flowing Island lal{e; and the fourth, 
probably about foul' feet, flowing the lake in secs. 17 and 18, T. 48-20. 

Prairie river, three dams, only the first and lowest being in Aitkin county: one raising the stream along 
the course of a short rapid in the south part of T.50-22, about four feet; the second, two miles below Prairie 
lake, four feet, at the foot of which the channel of the river is said to have exposures of the bed rock; and the 
third, about a quarter of a mile from the mouth of Prairie lake, which it flows, five feet. Hasty brook, 
tributary to Prairie lake on its south side, has two dams, the lower of five feet, and the upper of seven feet, the 
latter forming a reservoir on a tract that previously was a la.rge meadow or swamp. 

West Savanna river, three dams: the Sanders dam, in the N. W. 7:.t sec. 25, T. 50-23, about two miles 
above the junction of this stream with the Prairie river, four or five feet; the "\Vakefield dam, in the southeast 
corner of sec. 13, near the east line of this township, five feet; and the upper dam, in the southwest part of 
sec. 6, T. 50-22, six feet, flowing the Savanne lake. Above these, a low "cut-away" dam raises the Rice lakes in 
secs. 36 and 35, T. 51-23, about two feet. 

Abor'iginal earthw01>ks. 

Two very interesting groups of aboriginal mounds are situated close to the northern shore of Mille Lacs, 
one being at Nichols postoffice, a mile east from the west line of Aitkin county, and the other at E. A. Bushey's 
store, twelve miles distant from Nichols in a straight line a little to the north of east. Looking in a general 
view upon the outlines of Mille Lacs, we may consider its area as four-sided, its northwestern and northeastern 
corners respectively being near these ancient village sites. 

The accompanying sketch map (figure 5) shows the arrangement, relative size and hight of twenty 
mounds lying between the house of Mr. A. R. Nichols, postmaster, and the present Mille Lacs shore. The 
house stands upon and two or three feet above a former shore of the lake, which is marked by a slight 
terrace of sand and gravel, seven or eight feet above the present highest stage of water. Between this old 
shore and the prominent lake ridge now being accumulated of sand and gravel with occasional boulders, which 
has been described on page 49, there are two very small beaches, marked by sand ridges, fifteen to twenty-five 
or thirty feet wide and rising only about two feet above the fiat, somewhat clayey land on which they lie. The 
crest of the northern one of these is about six feet, and that of the southern one four to five feet above high 
water in the lake. Five mounds, varying from two to five feet in hight, are found in a nearly straight series, 
extending about a dozen rods, on the upper one of these little beach ridges. All of these mounds are round, 
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excepting the most eastern and highest, which is prolonged in a lower portion toward the west. Twelve 
mounds are situated on the lower sand beach, forming a very straight series along a distance of nearly thirty 
rods. Beyond each series of mOllnds the beaches continue westward, having in some portions an irregularly 
uneven contour with elevations and depressions of one or two feet, due to the dune-producing action of winds. 
These surface inequalities of natural origin are smaller and less noticeable than the artificial mounds, among 
which little or no wind channeling is observed. 

The mounds of the second series, like those of the first, are mostly built to a hight of about two feet 
above the beach crest, with a diameter of fifteen or twenty feet; but one, the fourth from the west end, is nearly 
four feet high. Several of the mounds in the eastern half of this series are elongated, having about twice as 
great length as width. In the depression on the south, two small round mounds lie near the oblong mounds of 
the beach ridge. About ten rods southeast from these and south from the east end of the longer series, a round 
mound rises to a hight of two feet upon the crest of the large modern beach ridge. 

In Mr. Nichols' garden, which comprises most of the mounds of this group, numerous fragments of 
Indian pottery have been found; and they occur more plentifully in one of his cultivated fields, a quarter of a 
mile distant to the nottheast and near the lake shore. 

Another group of several arti6cial mounds near this northwestern angle of Mille Lacs is situated about 
two miles southwest of Nichols postoffice and a third of a mile back from the lake, being near the midd~e of 
the west half of sec. 12, Garrison (T. 44--28). The largest of these mounds, about ten feet high, was partially 
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FIG. 5. ABORIGINAL MOUNl)S AND BEACH RIDGES IN SECS. 5 AND 6, T. 44--27, AT NICHOLS POSTOFFICE. 
Scale, about 160 feet to an inch. 

The mounds are about two feet high, excepting three, whose hights in feet are designated by figures. 

excavated by the late Mr. O. E. Garrison and others, and was found to contain human bones. One other 
mound of that group, nearly as large, has not been opened. No other aboriainal earthworks are known in the 
vicinity of these groups. b 

Passing along the northeastern shore of Mille Lacs, on the road from Aitkin to Malmo and Opstead 
post~~ces, th~ tr~veller. see~ at the store of Mr. E. ~. Bushey, :vhich is in the northwest corner of sec. 32, 
~. 4.)-~5, and :n.hls cleared field of a few acres, extendmg some thuty rods to the east and southeast, a group of 
eIghteen abongmal mounds, of which a sketch map is given in figure 6. More than half of these mounds are 
fro~ two to ~mostly) three feet high; a half dozen have hights of four or five feet, and only one is larger, having 
a hlght of mne or ten feet above its base, with its crest twenty feet above the lake. All of these are round 
and dome-shaped: with diameters varying, in proportion to their hights, from fifteen or twenty feet to fifty feet; 
e.xcept that the hlghes~ mound has another about three feet in hight adjoining and united with its northeast 
SIde. The tract. on WhICh t~ey lie is stratified gravel and sand, rising to a hight of ten to twelve feet above the 
lake. It has a nch black SOlI, and was cultivated as a cornfield at the date of my visit in June, 1893. 
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excepting the most eastern and highest, which is prolonged in a lower portion toward the west. Twelve 
mounds are situated on the lower sand beach, forming a very straight series along a distance of nearly thirty 
rods. Beyond each series of mounds the beaches continue westward, having in some portions an irregularly 
uneven contour with elevations and depressions of one or two feet, due to the dune-producing action of winds. 
These surface inequalities of natural origin are smaller and less noticeable than the artificial mounds, among 
which little or no wind channeling is observed. 

The mounds of the second series, like those of the first, are mostly built to a hight of about two feet 
above the beach crest, with a diameter of fifteen or twenty feet; but one, the fourth from the west end, is nearly 
four feet high. Several of the mounds in the eastern half of this series are elongated, having about twice as 
great length as width. In the depression on the south, two small round mounds lie near the oblong mounds of 
the beach ridge. About ten rods southeast from these and south from the east end of the longer series, a round 
mound rises to a hight of two feet upon the crest of the large modern beach ridge. 

In Mr. Nichols' garden, which comprises most of the mounds of this group, numerous fragments of 
Indian pottery have been found; and they occur more plentifully in one of his cultivated fields, a quarter of a 
mile distant to the northeast and near the lake shore. 

Another group of several arti6cial mounds near this northwestern angle of Mille Lacs is situated about 
two miles southwest of Nichols postoffice and a third of a mile back from the lake, being near the middle of 
the west half of sec. 12, Garrison (T.44--28). The largest of these mounds, about ten feet high, was partially 

FIG. 5. ABORIGINAL MOUNDS AND BEACH RIDGES IN SECS. 5 AND 6, T. 44--27, AT NICHOLS POST OFFICE. 
Scale., about 160 feet to an inch. 

The mounds are about two feet high, excepting three, whose hights in feet are designated by figures. 

excavated by the late Mr. O. E. Garrison and others, and was found to contain human bones. One other 
mound of that group, nearly as large, has not been opened. No other aborio-inal earthworks are known in the 
vicinity of these groups. b 

Passing along the northeastern shore of Mille Lacs, on the road from Aitkin to Malmo and Opstead 
postoffices, the traveller sees at the store of Mr. E. A. Bushey, which is in the northwest corner of sec. 32 
~. 45-25, and ~n.his cleared field of .a few acres, extending some thirty rods to the east and southeast, a group of 
eIghteen abongmal mounds, of whICh a sketch map is given in figure 6. More than half of these mounds are 
fro~ two to ~mostly) three feet high; a half dozen have hights of four or five feet, and only one is larger, having 
a hight of nme or ten feet above its base, with its crest twenty feet above the lake. All of these are round 
and dome-shaped: with diameters varying, in proportion to their hights, from fifteen or twenty feet to fifty feet; 
e:,cept that the highes~ mound has another about three feet in hight adjoining and united with its northeast 
SIde. The tract.on whICh t~ey lie is stratified gravel and sand, rising to a hight of ten to twelve feet above the 
lake. It has a nch black SOlI, and was cultivated as a cornfield at the date of my visit in June, 1893. 
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An arrangemen~ in three series, nearly parallel with each other and with the lake shore, each comprising 
four or five mounds, IS observable. Between the lake and the nearest one of these series, three small beach 
ridges of sand, similar to those at Nichols postoffice, are well defined across the entire clearing. On the beach 
farthest (eight t~ ten rods) from the lake, three mounds are situated, and the highest and most northern of 
these is the site of Mr. Bushey's stable. This beach ridge and its parallel companion, which lies about two 
rods nearer the lake, each rise only two feet above the intervening hollow and above the land on the side away 
from the lake. Between the second of these ridges and the one nearest the shore, on which latter Mr. Bushey's 
store and a mound close north of it are situated, there is a continuous long hollow five feet below these beach 
crests, which, like that of the first beach, are each ten feet, very closely, above the lake level. Intervening 
between the last beach and the present shore is a gently declining belt of sand and fine gravel on which the 
road lies. None of these mounds have been excavated. 

Nearly thirty miles northeast from these Mille Lacs village sites, two similar groups of mounds lie on the 
southeast side of the Sandy river near its entrance into the most southern ann of Sandy lake (see the figure on 
page 29). One of these groups, comprising several mounds three to six feet high, is at the river's mouth in the 
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FIG. 6. ABORIGINAL MOUNDS AND BEACH RIDGES IN THE N. W. %: SEC. 32, T. 45-25, AT E. A. BUSHEY'S STORE. 

Scale, about 160 feet to an inch. 

The mounds are two or (mostly) three feet high, excepting several whose bights in feet are designated by fignres. 

southwest corner of sec. 17, T. 49-23. The other, marking the place of a larger village, includes about twenty 
mounds, which vary from three to ten feet in hight. It is distant one and a half miles southwest from the 
foregoing, and extends about a quarter of a mile along the river's east bank next below its exit from the rice 
lake which is crossed by the west line of sec. 30 of this township. 

The people who built the mounds were doubtless of the same great race with the present Indian tribes. 
Their numbers. appear to have been similarly few, and they probably were but little more advanced in agricul
ture. Like the modern tribes of this district, they evidently obtained a considerable part of their sustenance by 
fishing in the lakes and rivers on whose shores they lived. 

In the neighborhood of the outlet of Sandy lake, which flows deviously about three miles to accomplish 
its one mile of distance between the lake and the Mississippi river, a few Indians still remain, holding this 
IQcalityof the old trading posts as their latest place of abode and ownership in Aitkin county. There is little 
trace of any earthworks to show that this site was occupied by the mound-building people, though its natural 
beauty and advantages for fishing and hunting must have been as attractive then as now. Numerous arrow and 
lance points of stone, and several of copper, besides curved bands of copper which probably were worn as orna
ments, have been found here on or near the surface by Mr. William L. Wakefield, the merchant and postmaster, 
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An arrangemen~ in three series, nearly parallel with each other and with the lake shore, each comprising 
four or five mounds, IS observable. Between the lake and the nearest one of these series, three small beach 
ridges of sand, similar to those at Nichols postoffice, are well defined across the entire clearing. On the b(;aeh 
farthest (eight to ten rods) from the lake, three mounds are situated, and the highest and most northern of 
these is the site of Mr. Bushey's stable. This beach ridge and its parallel companion, which lies about two 
rods nearer the lake, each rise only two feet above the intervening hollow and above tho land on tho side away 
from the lake. Between the second of these ridges and the one nearest the shore, on which latter Mr. Bushey's 
store and a mound close north of it are situated, there is a continuous long hollow five feet bolow these bea'eh 
crests, which, like that of the first beach, are each ten feet, very closely, above the lake level. Intervening 
between the last beach and the present shore is a gently declining belt of sand and fine gravel on which the 
road lies. None of these mounds have been excavated. 

Nearly thirty miles northeast from these Mille Lacs village sites, two similar groups of mounds lie on the 
southeast side of the Sandy river near its entrance into the most southern arm of Sandy lake (soe the figure on 
page 29). One of these groups, comprising several mounds three to six feet high, is at the river's mouth in the 
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FIG. 6. ABORIGINAL MOUNDS AND BEACH RIDGES IN THE N. W. 7.i SEC. 32, T. 45-25, AT E. A. BUSHEY'S STORE. 

Scale, about 160 feet to an inch. 

The mounds are two or (mostly) thrcc feet high, excepting several whose hights in feet are designated by figures. 

southwest corner of sec. 17, T. 49-23. The other, marking the place of a larger village, includes abont twenty 
mounds, which vary from three to ten feet in hight. It is distant one and a half miles southwest from the 
foregoing, and extends about a quarter of a mile along the river's east bank next below its exit from the rice 
lake which is crossed by the west line of sec. 30 of this township. 

The people who built the mounds were doubtless of the same great race with the present Indian tribes. 
Their numbers appear to have been similarly few, and they probably were but little more advanced in agricul
tUre. Like the modern tribes of this district, they evidently obtained a considerable part of their sustenance by 
fishing in the lakes and rivers on whose shores they lived. 

In the neighborhood of the outlet of Sandy lake, which flows deviously about three miles to accomplish 
its one mile of distance between the lake and the Mississippi river, a few Indians still remain, holding this 
locality of the old trading posts as their latest place of abode and ownership in Aitkin county. There is little 
trace of any earthworks to show that this site was occupied by the mound-building people, though its natural 
beauty and advantages for fishing and hunting must have been as attractive then as now. Numerous arrow and 
lance points of stone, and several of copper, besides curved bands of copper which probably were worn as orna
ments, have been found here on or near the surface by Mr. William L. Wakefield, the merchant and postmaster, 
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who also showed me a copper spear-head, nine inches long, which was found in the mud beneath the river bed 
during the excavation for the dam (page 29). This implement (figure 7) somewhat resembles a bayonet blade, 

FIG. 7. COPPER SPEAR-HEAD FOUND AT SANDY LAKE. 

Abon t one-third of the full size. 

and like that, its base is convolute, as if for fitting it upon a wooden shaft. All these copper implements and 
ornaments appear to have been worked out by the Indians from native copper of the lake Superior region, which 
may have been either mined there by them or found here in the glacial or modified drift. 
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CE[APTER III. 

THE GEOLOGY OF OASS OOUNTY AND OF rrI-IE PART OF OROvV WING 

OOUNTY NORTHvVESrr OF THE MISSISSIPPI RIVER 

By WARREN UPHAM. 

Sl:tuation and area. The district here described (plate 58) comprises the greater 

part of Cass county and that part of Crow vYing county which was taken from Cass 

and annexed to Crow Wing in 1887. The northwestern fraction of Cass county, 

including twelve townships, or about 432 square miles, in ranges 32 to 35, north of 

Hubbard county, is described and mapped with that county, in the next chapter. 

The most southern limit of this district is a few miles north of the geographic 

centre of Minnesota. Its extent from south to north is eighty-two miles, and from 

east to west forty-eight miles. 

The Northern Pacific railroad passes through its southern edge, past the 

stations of Baxter, Gull River, Sylvan Lake, Pillager, and Wheelock. N one of these 

stations has now any considerable village, since that of Gull River, formerly the 

location of the large saw-mills of the Gull River Lumber Company, has been chiefly 

removed, with the mills, to Brainerd. The only place in the entire district which 

can at present be designated as a village is the Leech Lake Indian Agency, which 

has, besides a schoo], church, and other government buildings, some forty or fifty 

houses of Chippewa Indians. 

Brainerd, situated on the east side of the Mississippi river, just outside the 

boundary of this district, is distant 138 miles by railroad north-northwest from St. 

Paul, and about 118 miles by railroad, or very closely 100 miles in a direct line,west

southwesterly from Duluth. The part of Crow Wing county on that side of the 

Mississippi has been mapped and described in chapter xxii of volume ii; but a few 

notes of Brainerd and its vicinity, supplementary to that chapter, are presented in 

the following page(3. 
The present area of Cass county is about 2,832 square miles. Its portion shown 

on plate 58 is 2,400 square miles very nearly; with which are also mapped about 610 

square miles of nrow Wing county, making the area included by this plate approxi-
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mately 3,010 square miles. Of this area nearly a fifth part, or some 600 square 

miles, is occupied by lakes and rIvers. 

SURFAOE FEATURES. 

Ncdlll'lil dmin(lge. The Mississippi river forms a large part of the northern 

boundary of Cass county, flowing through Cass lake and lake Winnibigoshish. 

After its farther course to the east, south and southwest, thrQugh the south part of 

Itasca county and through Aitkin county, the Mississippi again bounds this district 

on the southeast side, there flowing through Crow Wing county; and its large tribu

tary, the Crow Wing river, is the southern boundary of Cass county. These two 

main streams receive the drainage of this whole district, by many smaller rivers, 

creeks, and brooks. 
Leech Lake river, bringing the outflow of the lake of this name, is the princi-

pal tributary of the Mississippi from northern Cass county. Into this lake, the 

largest in the group of many lakes feeding the upper Mississippi, several small 

streams flow, namely, the Steamboat and Kabecona rivers, from the west; the 

Shingobi creek, and three or four smaller brooks, from the south; and the Boy river, 

the largest affluent of Leech lake, from the east, coming, however, through a region 

of many lakes on the south and southeast. 

The remainder of Cass county and the northwestern part of Crow Wing county 

are drained into the Mississippi chiefly by the Pine and ClOW Wing rivers. Pine 

river, about forty miles long, flows through Pine Mountain lake, lake Hattie, Nor

way lake, Whitefish, Rush, Cross, and Pine lakes. Its principal tributaries are the 

South branch, coming in from the west about two miles south of Norway lake; 

Daggett brook, receiving the waters of numerous lakes, and flowing into Cross lake; 

and the Little Pine river, which joins the main stream about three miles from 

its mouth. 

Crow vVing river receives, as small tributaries from the southwest part of Cass 

county, Farnham brook, Swan creek, Mosquito brook, and Pillager creek;* and the 

Gull river, about thirty-five miles long, flows through lake Sibley, Mayo lake, and the 

Upper and Lower Gull lakes, joining the Crow Wing river three miles above its con

fluence with the Mississippi, which is at the most southern point of this district. 

Lakes. Excepting about a dozen townships in the southwestern part of Cass 

county, lying in ranges 30 to 32, this whole district is very abundantly sprinkled with 

lakes anc1lakelets, which vary from a length or diameter of a quarter of a mile, or 

less, upward to Leech lake, which is the third in size among the lakes lying wholly 

in Minnesota. 

. . * Th" terms bTook and creck have the same mnaning and nearly equal frequence of usage in this wooded region' but in the 
prmrle part of tho state only t.he second term is in common use. ' 
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The maximum length of Leech lake* is twenty-four miles, and its greatest 

width twelve miles, with an area of about 165 square miles, bounded by a very 

irregular outline of many arms and bays, and containing several islands. Accord

ing to soundings by Dr. James R. Walker, formerly the agent of the Leech Lake 

reservation, this lake in the central portions of its main body attains depths of fifty 

to sixty feet; in the broad bay extending to the outlet its depth is twenty-five to 

forty feet; in the bay north of Otter Tail point, twenty to thirty feet; in Duck bay, 

about twenty feet; in the West bay, somewhat southeast of its centre, 100 feet; and 

in the southeastern part of the Agency bay, seventy-two feet. The dam built by 

the United States government to make Leech lake a part of the reservoir system of 

the upper Mississippi raises its surface usually two or three feet above its former 

hight, and its maximum capacity is about six feet above the former low water stage. 

Lake Winnibigoshish,t the largest of the lakes through which the Mississippi 

flows on and near the northern border of Cass county, is about eleven miles long by 

six to eight miles wide. It has no islands, but is shallow, with a maximum depth 

probably not exceeding twenty or twenty-five feet. 

Cass lake,t about six miles long and three to five miles wide, with several 

islands, is also mostly shallow, its maximum soundings being reported to be twenty

two feet. A short river-like thoroughfare leads southward from this lake into Pike 

bay,§ three miles in diameter, which has probably a somewhat greater depth. 
'l'wo tracts characterized by exceptionally abundant lakes are found in the central and southern parts of 

this district. The first of these tracts, mainly tributary by the Boy river to Leech lake, has an extent of about 
thirty miles from west to east and northeast. It is divided from Leech lake by the greater part of the hilly drift 
belt of the Itasca moraine, five to ten miles wide, within whose southern borders a large number of the more 
southern of these lakes are enclosed. Ten Mile lake, the head of the Boy river, is the largest in this tract, its 
length being nearly six miles, with a mean width of one to two miles. Next southeastward is the Fourteen Mile 
lake, about three miles long, and, like the preceding, of very irregular form, through which flows the Boy river, 
or Fourteen Mile creek, as the outlet of this" lake is named from its being crossed by the road at that distance 
from the Leech Lake Agency. Between one and four miles farther eastward, this stream flows through the 
Little Whitefish and Whitefish lakes, as Mr. James B. Curo, living near them, informs me that they are called by 
the Indians. Thence the Boy river flows through two lakes, respectively two miles and one mile long, in the 
southwestern and central parts of T.140--29. Woman lake (a translation of its aboriginal name), lying next"in 
the course of the river, has a length of about five miles and a maximum width of two miles, with very irregular 
form. Beyond this the stream continues through Girl lake, Rice, Upper Boy and Boy lakes, the last, which is 
the largest, being about :five miles long and a half mile to one and a half miles wide. 

Rice lake, in this series, receives the largest tributary of the Boy river, bringing the outflow, in descending 
order, of Waupatoos, Wabado, and Little Boy lakes, which lie in the southern and central portions of T.140-28. 
The first and second of these lakes, connected by a broad thoroughfare, were formerly of the same hight with 
Little Boy lake and joined with it by a second thoroughfare; but now the two are raised about three feet above 
the third by a dam near the bridge of the Mississippi & Northern railroad. Girl and Woman lakes are also 

* A translation of its Ojibway name, in allusion to its plentiful leeches. 
+ Meaning cli7'ly wate,' (Fifteenth Annual Report, p. 459), like the cognate name of lake Winnipeg in Manitoba: On aCColmt 

of the shallowness of lake Winnibigoshish, the large waves of storms stir up the mud and sand of the lake bed, rOlling the wa~er 
upward to the surface upon nearly or quite all its area. Pronounced by the Indians, and per~~ps more.properlyt~ be spelled, like 
lake Winnebago in Wisconsin which is accented on the next to the last syllable, with the addItIOn of shtsh, expressIve of contempt, 
~e name being thus Winnebigoshish. Lieut. Pike, in 1806, found this lake to be called" Winegie'.' a~d ",,?:in~l?eque." . B~ltrami, 
m 1823, mapped it as "Winnipec'" and Schoolcraft in 1820 and 1832, gave the same spelling, also Wmmpek. Hmce then tIme the 
name of this lake seems to have 'grown to its pres~nt form, which is nearly represented by "Winibigoshish" of Nicollet's report 
and map, in 1836. ' 

tNamed for Gov. Lewis Cass, commander of the U. S. expedition which ascended the Mississippi to this lake, in 1820. 
~Named for Lieut. Z. M. Pike, who led an expedition to Leech and Cass lakes during the winter of 1805-'06. For notes of 

the early explorations in this district by Pike, Cass, Beltrami. Schoolcraft, and Nicollet see vol. i, pp. 25-78. 
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t Named for Gov. Lewis Oass, commander of the U. S. expedition which ascended the Mississippi to this lake, in 1820. 
§ Named for Lieut. Z. M. Pike, who led an expedition to Leech and Oass lakes during the winter of 1805-'06. For notes of 
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made reservoirs by another dam, with nine feet head, on the ~Boy river close below its crossing by this railroad, 
which is used for the tranSl)Ortation of logs from this river south to Cross lake on the Pine river. 

The more southern portion of this tract of lakes is tributary to the Pine river by its North branch, which 
in successive parts of its course is known as Pine Lake brook, Twenty-four Mile creek, and Norway brook. Its 
highest sources are the two little Jack Pine lakes in the southwest part of T.140-31. Thence it runs through 
Pine Mountain lake, three miles long and averaging about a mile wide, Rice lake, two nameless lakes next 
eastward in the southern edge of T. 139-30, lake Hattie, and Norway lake. Between the last two of these lakes, 
it receives Ada brook, bringing the outfiow ·of Ada and Hand lakes, respectively two miles and one and a 
half miles long, and of several others of smaller size. 

Nearly connected at the north with the eastern portion of the foregoing tract of many lakes, the second 
tract reaches from north to south and south-southwest across this district. Its northern part includes Mud lake 
on the Leech Lake river, and numerous lakes, ranging upward to two miles in length, outfiowing by the Bear and 
Vermilion rivers; and farther east, in the southwestern corner of Itasca county, it reaches to Sugar and Pokegama 
lakes and others close to the Mississippi river above Pokegama falls. Continuing to the south, this tract com-. 
prises, on the Willow river, Big B,ice lake, three miles long and nearly two miles wide, shallow and bearing along 
its shores much wild rice, one of the chief food resources of the Indians. Thunder lake, lying southwest of the 
last, about three miles long, naturally tributary to the Boy river, has been turned by a dam four feet high across 
its former outlet, and by a very short ditch connecting it with Little Thunder lake, so that the outfiow of both 
these lakes now runs into the Big Rice lake and Willow river, increasing the supply of water in that stream dur
ing the season of log-driving. Lake Laura, on the former outlet, because of this loss of its infiowing stream, is 
now drying up. 

Farther to the south, the central portion of this tract has a large number of lakes whose surplus waters 
are carried to the Mississippi by the Pine river and its tributaries. In this stretch of about twenty-five miles 
are lakes George and Washburn, Crooked lake, Mitchell, Eagle, Fox, Daggett, and Pine lakes, outfiowing by 
Daggett brook; Cross, Rush, \Vhitefish, Trout, and Lower Hay lakes, all of which, as also Daggett and Pine lakes, 
are made reservoirs by the Pine river dam, at the mouth of Cross lake, built by the United States government, 
having a maximum head of nineteen feet; and Long and Pelican lakes, tributary by Pelican creek, from which 
the last of these lakes, about five miles in diameter, is separated by a low beach ridge of gravel and sand, through 
which its waters seep into the creek. 

Southeast of Pelican lake are about a dozen others which occupy bowl-like hollows, without outlets, in the 
nearly level surrounding sand and gravel plain. Of these the largest is lake Edward, about two and a half 
miles in diameter. The origin of the hollows containing these lakes, with their bottoms twenty-five to fifty feet 
below the general level, will be considered in treating of this modified drift. 

The most southwestern portion of this tract comprises Long, Round, and Hubert lakes, and the Upper and 
Lower Gull lakes, the last, which is the largest, being nine miles long and one to three miles wide, besides a 
score of smaller lakes, all outfiowing by the Gull river, either with visible outlets or by percolation through the 
enclosing porous gravel and sand. 

Topography. Two belts of prominently hilly morainic drift cross this district, 

rising in knobs, hills, and massive irregular ridges to hights 75 to 200 feet above 

the average of the adjoining country. The other parts of the district, compris

ing nine-tenths of its area, vary from a moderately rolling contour, with the 

highest tracts or crests of swells twenty-five to fifty feet, or sometimes more, 

above the depressions, to nearly fiat expanses where no portions rise more than 

five to ten feet above the lowest, excepting that frequent hollows, from a quarter 

of a mile or less to five miles or more in length, are occupied by lakes. In the 

nearly level areas, which consist usually of stratified gravel and sand, the sur-

face of the lakes is commonly ten to twenty feet below these modified drift plains, 

and their depths range from five or ten feet to fifty feet, or rarely more. 

A mostly rather narrow and partially interrupted series of drift hills, cor

related with the Leaf Hills moraine, extends north-northeasterly from the vicinity 

of Pillager for a distance of forty miles to the eastern part of T. 139-28, where 

it is intersected by the Mississippi & Northern railroad. Northwest of Sylvan Lake 

station, and along the west side of Gull lake, the hills of this morainic belt occupy 
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which is used for the tranSlJOrtation of logs from this river south to Cross lake on the Pine river. 

The more southern portion of this tract of lakes is tributary to the Pine river by its North branch, which 
in successive parts of its course is known as Pine Lake brook, Twenty-four Mile creek, and Norway i)rook. Its 
highest sources are the two little Jack Pine lakes in the southwest part of T.140-31. Thence it runs through 
Pine Mountain lake, three miles long and averaging about a mile wide, Rice lake, two nameless lakes next 
eastward in the southern edge of T. 139-30, lake Hattie, and Norway lake. Between the last two of these lakes, 
it receives Ada brook, bringing the outflow of Ada and Hand lakes, respectively two miles and one and a 
half miles long, and of several others of smaller size. 

Nearly connected at the north with the eastern portion of the foregoing tract of many lakes, the second 
tract reaches from north to south and south-southwest across this district. Its northern part includes Mud lake 
on the Leech Lake river, and numerous lakes, ranging upward to two miles in length, outflowing by the Bear and 
Vermilion rivers; and farther east, in the southwestern corner of Itasca county, it reaches to Sugar and Pokegama 
lakes and others close to the Mississippi river above Pokegama falls. Continuing to the south, this tract com
prises, on the \"lillow river, Big B,ice lake, three miles long and nearly two miles wide, shallow and bearing along 
its shores much wild rice, one of the chief food resources of the Indians. Thunder lake, lying southwest of the 
last, about three miles long, naturally tributary to the Boy river, has been turned by a dam four feet high across 
its former outlet, and by a very short ditch connecting it with Little Thunder lake, so that the outflow of both 
these lalms now runs into the Big Rice lake and Willow river, increasing the supply of water in that stream dur
ing the season of log-driving. Lake Laura, on the former outlet, because of this loss of its inflowing stream, is 
now drying up. 

Farther to the south, the central portion of this tract has a large number of lakes whose surplus waters 
are carried to the Mississippi by the Pine river and its tributaries. In this stretch of about twenty-five miles 
are lakes George and Washburn, Crooked lake, Mitchell, Eagle, Fox, Daggett, and Pine lakes, outflowing by 
Daggett brook; Cross, Rush, \"lhitefish, Trout, and Lower Hay lakes, all of which, as also Daggett and Pine lakes, 
are made reservoirs by the Pine river dam, at the mouth of Cross lake, built by the United States government, 
having a maximum head of nineteen feet; and Long and Pelican lakes, tributary by Pelican creek, from which 
the last of these lakes, about five miles in diameter, is separated by a low beach ridge of gravel and sand, through 
which its waters seep into the creek. 

Southeast of Pelican lake are about a dozen others which occupy bowl-like hollows, without outlets, in the 
nearly level surrounding sand and gravel plain. Of these the largest is lake Edward, about two and a half 
miles in diameter. The origin of the hollows containing these lakes, with their bottoms twenty-five to fifty feet 
below the general level, will be considered in treating of this modified drift. 

The most southwestern portion of this tract comprises Long, Round, and Hubert lakes, and the Upper and 
Lower Gull lakes, the last, which is the largest, being nine miles long and one to three miles wide, besides a 
score of smaller lakes, all outflowing by the Gull river, either with visible outlets or by percolation through the 
enclosing porous gravel and sand. 

Topograph?J. Two belts of prominently hilly morainic drift cross this district, 

rising in knobs, hills, and massive irregular ridges to hights 75 to 200 feet above 

the average of the adjoining country. The other parts of the district, compris

ing nine-tenths of its area, vary from a moderately rolling contour, with the 

highest tracts or crests of swells twenty-five to fifty feet, or sometimes more, 

above the depressions, to nearly flat expanses where no portions rise more than 

five to ten feet above the lowest, excepting that frequent hollows, from a quarter 

of a mile or less to five miles or more in length, are occupied by lakes. In the 

nearly level areas, which consist usually of stratified Cl'ravel and sand the sur-b , 

face of the lakes is commonly ten to twenty feet below these modified drift plains, 

and their depths range from five or ten feet to fifty feet, or rarely more. 

A mostly rather narrow and partially interrupted series of drift hills, cor

related with the Leaf Hills moraine, extends north-northeasterly from the vicinity 

of Pillager for a distance of forty miles to the eastern part of T. 139-28, where 

it is intersected by the Mississippi & Northern railroad. Northwest of Sylvan Lake 

station, and along the west side of Gull lake, the hills of this morainic belt occupy 
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a width of one to two miles and rise 75 to 150 feet above these lakes. rrhrough 

a distance of six or eight miles thence northward the moraine is intenupted, this 

being the southern part of its extent across a wide expanse of modified drift. 

N ext the moraine is found typically developed in very bouldery low hills from 

the northeast corner of T. 136-29, northeastward, with a width of about a mile, 

to the south side of Whitefish lake. North of this lake it expands to a width of 

three or four miles, and holds this width onward, passing along the north sides 

of lakes George and Washburn, where it is especially conspicuous, to the head

waters of the Moose river, and thence continuing northeasterly to the Poquodenaw 

lake and mountain in northwestern Aitkin county. In the northeast part of 

T. 138-28, crests of this moraine rise to 1,450 or 1,475 feet, being the highest land 

in Crow Wing county close to its north boundary. 

The other and more northern morainic belt, named the Itasca moraine from 

its prominence adjacent to the southern arms of lake Itasca, and upon a width 

of about ten miles southward, stretches across this district from west to east, 

generally forming a watershed between streams flowing to the north and south. 

It is intersected, however, by the Boy river and by the head stream of the Willow 

river. This belt forms the southwestern and southern shores of Leech lake, and 

its hills and broad, very uneven ridges occupy a width of ten to twelve lniles 

thence southward. The road from Leech Lake Agency to Brainerd crosses the 

highest part of this moraine in a majestic white pine forest at an altitude of 

1,500 feet above the sea, or about 200 feet above Leech lake. On the southwest. 

Ten Mile and Fourteen Mile lakes lie about 125 feet below this highest point of 

the road. From other high portions of this road a far-reaching view of the mostly 

lower but very unevenly hilly westward course of the moraine is obtained; while 

eastward some of the hills rise probably to 1,550 feet, being the highest land in 

Cass county. Fourteen Mile, Ten Mile, Woman, Wabado, and Little Boy lakes 

are situated in the southern part of this moraine, being mostly surrounded by its 

irregularly grouped knolls, ridges, and hills. 

East of the Boy river this belt is less conspicuously and continuously devel-

. oped. Its course is deflected to the northeast and then southward and eastward, 

making a re-entrant angle between the Bear and Vermilion rivers, where its hills 

rise about 200 feet above the marshy' lowland that borders Mud lake. Ten to 

fifteen miles southeast and east from'these hills, the Itasca moraine is well exhib

ited southwest, west, and north of Pokegama lake in Itasca county. 

The northern third of this district, north of the Itasca moraine, is approxi

mately level, the hights of Cass, Winnibigoshish, and Leech lakes being very 

nearly the same; but adjoining the north shores of Leech lake the highest swells 
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a width of one to two miles and rise 75 to 150 feet above these lakes. Through 

a distance of six or eight miles thence northward the moraine is interrupted, this 

being the southern part of its extent across a wide expanse of modified drift. 

N ext the moraine is found typically developed in very bouldery low hills from 

the northeast corner of T. 136-29, northeastward, with a width of about a mile, 

to the south side of Whitefish lake. North of this lake it expands to a width of 

three or four miles, and holds this width onward, passing along the north sides 

of lakes George and Washburn, where it is especially conspicuous, to the head

waters of the Moose river, and thence continuing northeasterly to the Poquodenaw 

lake and mountain in northwestern Aitkin county. In the northeast part of 

T. 138-28, crests of this moraine rise to 1,450 or 1,475 feet, being the highest land 

in Crow Wing county close to its north boundary. 

The other and more northern morainic belt, named the Itasca moraine from 

its prominence adjacent to the southern arms of lake Itasca, and upon a width 

of about ten miles southward, stretches across this district from west to east, 

generally forming a watershed between streams flowing to the north and south. 

It is intersected, however, by the Boy river and by the head stream of the Willow 

river. This belt forms the southwestern and southern shores of Leech lake, and 

its hills and broad, very uneven ridges occupy a width of ten to twelve miles 

thence southward. The road from Leech Lake Agency to Brainerd crosses the 

highest part of this moraine in a majestic white pine forest at an altitude of 

1,500 feet above the sea, or about 200 feet above Leech lake. On the southwest. 

Ten Mile and Fourteen Mile lakes lie about 125 feet below this highest point of 

the road. From other high portions of this road a far-reaching view of the mostly 

lower but very unevenly hilly westward course of the moraine is obtained; while 

eastward some of the hills rise probably to 1,550 feet, being the highest land in 

Cass county. Fourteen Mile, Ten Mile, Woman, vVabado, and Little Boy lakes 

are situated in the southern part of this moraine, being mostly surrounded by its 

irregularly grouped knolls, ridges, and hills. 

East of the Boy river this belt is less conspicuously and continuously devel

oped. Its course is deflected to the northeast and then southward and eastward, 

making a re-entrant angle between the Bear and Vermilion rivers, where its hills 

rise about 200 feet above the marshy' lowland that borders Mud lake. Ten to 

fifteen miles southeast and east from' these hills, the Itasca moraine is well exhib

ited southwest west and north of Poke2'ama lake in Itasca county. , , ~ 

The northern third of this district, north of the Itasca moraine, is approxi

mately level, the hights of Cass, Winnibigoshish, and Leech lakes being very 

nearly the same; but adjoining the north shores of Leech lake the highest swells 
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and maSSIve drift ridges rIse 75 to 100 feet. The average altitude of this part 

IS 1,300 to 1,350 feet above the sea, being about 100 feet above that of the 

southern third or quarter of the district, from Whitefish and Cross lakes southward 

to the Mississippi and Brainerd and southwest to the Crow Wing rIver. 

Elel'Cltions, NU1·thel'n Pacific TedlToad. 

From profiles in the office of S. D. Mason, engineer, and Richard Relf, assistant engineer, St. Paul. 

Brainerd, 138 miles from St. Paul, 
Mississippi river, bed, 1,144; extreme low water (1874), 1,150; extreme high 

water (1866), 1,167; grade, 
Depression, grade, 
Baxter, 
Summit, natural surface, 
Gull river, bed, 1,165; water, 1,170; grade, 
Gull River station, 
Summit, natural surface, 
Sylvan Lake station, 
Pillager creek, bed, 1,172; water, 1,175; grade, 
Pillager, 
Wheelock, 
Crow Wing river, bed, 1,205; water, low stage, 1,208; grade, 
Motley, 

Bl'rtiJlenl & N01·the1''ll JYHnnesoia 1'm7way. 

Miles from 
Duluth.~ 

118.5 

119.0 
119.6 
122.5 
124.4 
126.0 
126.3 
128.2 
128.5 
131.3 
132.0 
137.0 
140.0 
140.5 

Feet above 
the sea. 
1,209 

1,211 
1,196 
1,205 
1,212 
1,191 
1,191 
1,210 
1,207 
1,195 
1,203 
1,214 
1,225 
1,227 

From profile in the office of the Gull River Lumber Company, Minneapolis. For the portion of the 
branch of this railroad northwest of Gull lake, as operated for lumbering purposes during the year 1893, no 
profile is preserved. Distances are noted from the mill of this company, on the southeast side of the Mississippi 
about one and a half miles northeast of Brainerd. 

At the mill, railroad grade, 
Mississippi river, held by a dam one-third mile southwest, low and 

high water, 1,170-1,176; grade, 
Siding on the west side; grade, 
Summit, cutting 5 feet; grade, 
Depression, grade, 
Summit, natural surface and grade the same, 

Miles from mill 
near Brainerd. 

0.0 

0.2--0.4 
1.5 
1.9 
2.9 
3.5 

A nearly level grade, mostly 1,220 to 1,21:3, extends along the next seven miles. 
Lake Hubert water, 1,199: grade along its northern shore, 

On the branch extending westward from lake Hubert, used for transportation of logs 
during 1893 (track laid in 1892 and taken up in 1894)

Nearly level grade, 
Depression, filling 5 feet; grade, 
Summit, natural surface and grade the same, 
Leech lake road, 
Depression, natural marsh surfaee, 1,198; grade, 
Summit, cutting 9 feet; grade, 
Depression, natural marsh surface, 1,196; grade, 
Cut in drift, US feet deep; grade, 
Gull lake, thoroughfare extending northward from the main lake at the 

10.8-11.0 

11.2-11.8 
12.2 
12.6 
13.0 
14.3 
14.6 
15.0 
15.3 

same level, water, 1,196; grade, 15.7-16.1 
On the main line of this railway, built in 1894, extending northward from lake Hubert-

Depression, grade, 12.2-12.4 
Summit, grade, 12.9 
Outlet of the Cullen lakes water 1196' grade 13.7 
Outlet of the Twin lakes, low and high' water,' 1,194--1,199; grade, 14.7 

A very irregularly knolly surface reaches from the first of these 
streams along a distance of three miles northward. 

Feet above 
the sea. 
1,189 

1,186 
1,223 
1,233 
1,209 
1,223 

1,205 

1,220-1,224 
1,213 
1,238 
1,237 
1,202 
1,223 
1,200 
1,212 

1,202 

1,209 
1,232 
1,209 
1,216 

the St pDi~t~nDce8Iatrhe bylthe new line of this railroad, passing through West Superior to Carlton, being 4.5 miles greater than by 
. au u ural road hne, which was formerly w,ed by this company. 
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and maSSIve drift ridges rIse 75 to 100 feet. The average altitude of this part 

IS 1,300 to 1,350 feet above the sea, being about 100 feet above that of the 

southern third or quarter of the district, from Whitefish and Cross lakes southward 

to the Mississippi and Brainerd and southwest to the Crow Wing rIver. 

Elel'Cltions, NU1·thel'n Pacific ndlroad. 

From profiles in the office of S. D. Mason, engineer, and Richard Relf, assistant engineer, St. Paul. 

Brainerd, 138 miles from St. Paul, 
Mississippi river, bed, 1,144; extreme low water (1874),1,150; extreme high 

water (1866), 1,167; grade, 
Depression, grade, 
Baxter, 
Summit, natural surface, 
Gull river, bed, 1,165; water, 1,170; grade, 
Gull River station, 
Summit, natural surface, 
Sylvan Lake station, 
Pillager creek, bed, 1,172; water, 1,175; grade, 
Pillager, 
Wheelock, 
Crow Wing river, bed, 1,205; water, low stage, 1,208; grade, 
Motley, 

B)'([iJlenZ & N01·ther'll lIIinnesoia rm7way. 

Miles from 
Duluth.~ 

118.5 

119.0 
119.6 
122.5 
124.4 
126.0 
126.3 
128.2 
128.5 
131.3 
132.0 
137.0 
140.0 
140.5 

Feet above 
the sea. 
1,209 

1,211 
1,196 
1,205 
1,212 
1,191 
1,191 
1,210 
1,207 
1,195 
1,203 
1,214 
1,225 
1,227 

From profile in the office of the Gull River LumlJer Company, Minneapolis. For the portion of the 
branch of thi8 railroad northwest of Gull lake, as operated for lumbering purposes during the year 1893, no 
profile is preserved. Distances are noted from the mill of this company, on the southeast side of the Mississippi 
about one and a half miles northeast of Brainerd. 

At the mill, railroad grade, 
Mississippi river, held by a darn one-third mile southwest, low and 

high water, 1,170-1,176; grade, 
Siding on the west side; grade, 
Summit, cutting 5 feet; grade, 
Depression, grade, 
Summit, natural surface and grade the same, 

Miles from mill 
near Brainerd. 

0.0 

0.2--0.4 
1.5 
1.9 
2.9 
3.5 

A nearly level grade, mostly 1,220 to 1,21:3, extends along the next seven miles. 
Lake Hubert water, 1,199: grade along its northern shore, 

On the branch extending westward from lake Hubert, used for transportation of logs 
during 1893 (track laid in 1892 and taken up in 1894)

Nearly level grade, 
Depression, filling 5 feet; grade, 
Summit, natural surface and grade the same, 
Leech lake road, 
Depression, natural marsh surface, 1,198; grade, 
Summit, cutting 9 feet; grade, 
Depression, natural marsh surrace, 1,196; grade, 
Cut in drift, H) feet deep; grade, 
Gull lake, thoroughfare extending northward from the main lake at the 

10.8-11.0 

11.2--11.8 
12.2 
12.6 
13.0 
14.3 
14.6 
15.0 
15.3 

same level, water, 1,196; grade, 15.7-16.1 
On the main line of this railway, built in 1894, extending northward from lake Hubert-

Depression, grade, 12.2-12.4 
Summit, grade, 12.9 
Outlet of the Cullen lakes water 1196' grade 13.7 
Outlet of the Twin lakes, low and high' water,' 1,194--1,199; grade, 14.7 

A very irregularly knolly surface reaches from the first of these 
streams along a distance of three miles northward. 

Feet above 
the sea. 
1,189 

1,186 
1,223 
1,233 
1,209 
1,223 

1,205 

1,220-1,224 
1,213 
1,238 
1,237 
1,202 
1,223 
1,200 
1,212 

1,202 

1,209 
1,232 
1,209 
1,216 

the St p~~~tknDceslatrhe bylthe 'd'~:V linehiof this railroad, passing through West Superior to Carlton, being 4.5 miles greater than by 
• 11 ural roa line, w eh was formerly uoed by this company. 
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Summit, grade, 
Summit, grade, again at the same hight, 
Depression, grade, 
Hay creek, bed, 1,257; grade, 
Summit, natural surface and grade, 
Pine river, water, 1,271; grade, 
Summit, grade (2 feet above the natUl'al surface), 
Norway creek (North fork of Pine river), water, 1,275; grade, 
At Pine River postoffice, grade, 
Summit, natural surface and grade, 
Depression, grade, 
Summit, natural surface and grade, 
Twenty-four Mile creek, close below Pine Mountain lake, bed, 1,:318; grade, 
Summit, natural surface and grade, 
Summit';'natural surface and grade, 
Boy river, the outlet of Fourteen Mile or Birch lake, bed, 1,:~7:3; grade, 
Summit, cutting 6 feet; grade, 
Depression at east end of Ten Mile lake, water, 1,:378; grade, 

Mississippi &' Northern r-ailroad. 

Miles from mill 
near Brainerd. 

18.5 
20.4 
21.6-21.8 
22.6 
24.1 
25.9 
27.1 
27.6 
28.:3 
3:3.0 
34.5 
:35.7 
36.2 
:39.4-:39.6 
44.6 
45.3 
47.:3 
49.0 

From profile in the office of E. T. Abbott, engineer, Minneapolis. 

Cross lake, stage of maximum capacity of the dam, 1,2:36.5; highest stage 
to which the lake is expected to be raised, 1,2:31; water surface at usual 
stage of flowage, 

South end of railroad, at place of unloading logs into Cross lake, 
Summit, cutting 7 feet; grade, 
Trout Lake creek, bed, 1,2:30; water, 1,23:3; grade, 
Nearly level grade, 
Top of steep ascent from south, 
Junction of Norway Lake branch, 

On this branch-
Summit, cutting 2 feet; grade, 
Little Norway lake, head of the east branch of Norway brook, 
Grade here, end of this branch, 

On the main line north ward
Summit, cutting 5 feet; grade, 
Branch of Stony creek, in the east edge of sec. 36, T. 140-28, close east of 

Grass lake, water, 1,:321; grade, 
An irregular surface of morainic drift, with frequent knolls 20 to 30 feet 

above the intervening hollows, reaches thence to the Little Boy lake and 
Boy river. 
Depression, natural surface, 1,:310; grade, 
Deep cut of glacial drift, natural sUl'face, 1,353; grade, 
Little Boy lake, water, 1,309; grade, 
Boy river, bed, 1,317; water (raised by a dam which flows Girl and Woman 

lakes), 1,:324; grade, 

Miles 

0.0 
0.0 
1.5 
2.6 
4.:3-5.0 
7.3 

10.2 

11.0 
13.4 
1:3.4 

10.8 

15.5 

17.7 
18.2 
18.9 

23.0 

61 

Feet above 
the SBa. 

1,285 
1,285 
1,257 
1,271 
1,288 
1,279 
1,290 
1,284 
1,299 
1,350 
1,326 , 
1,354 
1,338 
1,353 
1,392 
1,:389 
1,4:30 
1,391 

Feet above 
the sea. 

1,227 
1,253 
1,264 
1,238 

1,:318-1,322 
1,426 
1,470 

1,481 
1,400 
1,404 

1,494 

1,326 

1,315 
1,332 
1,312 

1,327 

Sur-v'ey by the areat N01,theTn railway company for a proposecl ntilway line fT01n JJIilaca to Brainercl, 
Leech lake and Fosston. 

From profile in the office of N. D. Miller, engineer, St. Paul. 

Northern Pacific railroad, about a half mile east of Brainerd, 
Proposed railway grade bene~th the Northern Pacific track, 
Mississippi river, bed, 1,149; water,1,155; grade, 
Cut 50 feet deep, proposed grade, 
Gilbert lake, water, 
Narrows of Long lake, bed, 1,163; water, 
Summit, natural surface and proposed grade, 
Cullen lake, bed, 1,180; water, 
Norway creek, bed, 1,275; water, 
Narrows of Ten Mile lake, bed, 1,354; water, 

Very knollyand hilly morainic drift reaches from Ten Mile lake to Leech 
lake and onward to Benedict creek. 

6 

Miles from 
Milaca. 

50.6 
50.6 
51.6 
51.8 
52.2 
57.1-57.3 
58.1 
64.8 
77.6 
98,,1-98.6 

Feet above 
the sea. 
1,206 
1,185 
1,176 
1,180 
1,172 
1,198 
1,224 
1,198 
1,277 
1,378 
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Miles from mill 
near Brainerd. 

Feet above 

Summit, grade, 
Summit, grade, again at the same hight, 
Depression, grade, 
Hay creek, bed, 1,257; grade, 
Summit, natural surface and grade, 
Pine river, water, 1,271; grade, 
Summit, grade (2 feet above the natural surface), 
Norway creek (North fork of Pine river), water, 1,275; grade, 
At Pine River postoffice, grade, 
Summit, natural surface and grade, 
Depression, grade, 
Summit, natural surface and grade, 
Twenty-four Mile creek, close below Pine Mountain lake, Led, 1,318; grade, 
Summit, natural surface and grade, 
Summit~natural surface and grade, 
Boy river, the outlet of Fourteen Mile or Birch lake, bed, 1,:~73; grade, 
Summit, cutting 6 feet; grade, 
Depression at east end of Ten Mile lake, water, 1,378; grade, 

~JJIississippi &: Northern railroad. 

18.5 
20.4 
21.6-21.8 
22.6 
24.1 
25.9 
27.1 
27.6 
28.3 
33.0 
34.5 
35.7 
36.2 
39.4-39.6 
44.6 
45.:3 
47.3 
49.0 

From profile in the office of E. T. Abbott, engineer, Minneapolis. 

Cross lake, stage of maximum capacity of the dam, 1,236.5; highest stage 
to which the lake is expected to be raised, 1,231; water surface at usual 
stage of flowage, 

South end of railroad, at place of unloading logs into Cross lake, 
Summit, cutting 7 feet; grade, 
Trout Lake creek, bed, 1,230; water, 1,233; grade, 
Nearly level grade, 
Top of steep ascent from south, 
Junction of Norway Lake branch, 

On this branch-
Summit, cutting 2 feet; grade, 
Little Norway lake, head of the east branch of Norway brook, 
Grade here, end of this branch, 

On the main line northward
Summit, cutting 5 feet; grade, 
Branch of Stony creek, in the east edge of sec. 36, 'r. H0-28, close east of 

Grass lake, water, 1,321; grade, 
An irregular surface of morainic drift, with freg uent knolls 20 to 30 feet 

above the intervening hollows, reaches thence to the Little Boy lake and 
Boy river. 
Depression, natural surface, 1,310; grade, 
Deep cut of glacial drift, natural surface, 1,353; grade, 
Little Boy lake, water, 1,309; grade, 
Boy river, bed, 1,317; water (raised by a dam which flows Girl and Woman 

lakes), 1,324; grade, 

Miles 

0.0 
0.0 
1.5 
2.6 
4.3-5.0 
7.3 

10.2 

11.0 
13.4 
13.4 

10.8 

15.5 

17.7 
18.2 
18.9 

23.0 

the sea. 
1,285 
1,285 
1,257 
1,271 
1,288 
1,279 
1,290 
1,284 
1,299 
1,350 
1,326 
1,3fi4 
1,338 
1,353 
1,392 
1,389 
1,430 
1,391 

Feet above 
the sea. 

1,227 
1,253 
1,264 
1,238 

1,318-1,322 
1,426 
1,470 

1,481 
1,400 
1,404 

1,494 

1,326 

1,315 
1,332 
1,312 

1,327 

Survey by the areat Northern railway company J07' a proposed railway l'ineJrom lYlilaca to Brainerd, 
Leech lake and Fosston. 

From profile in the office of N. D. Miller, engineer, St. Paul. 

Northern Pacific railroad, abc;mt a half mile east of Brainerd, 
Proposed railway grade beneath the Northern Pacific track, 
Mississippi river, bed, 1,149; water, 1,155; grade, 
Cut 50 feet deep, proposed grade, 
Gilbert lake, water, 
Narrows of Long lake, bed, 1,163; water, 
Summit, natural surface and proposed grade, 
Cullen lake, bed, 1,180; water, 
Norway creek, bed, 1,275; water, 
Narrows of Ten Mile lake, bed, 1,354; water, 

Very knollyand hilly morainic drift reaches from Ten Mile lake to Leech 
lake and onward to Benedict creek. 

6 

Miles from 
Milaca. 

50.6 
50.6 
.51.6 
51.8 
52.2 
57.1-57.3 
58.1 
64.8 
77.6 
98.&-98.6 

Feet above 
the sea. 
1,206 
1,185 
1,176 
1,180 
1,172 
1,198 
1,224 
1,198 
1,277 
1,378 
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Arm of Leech lake, bed, 1,272; water, 
Summit, cutting 28 feet, to proposed grade, 
Benedict creek, bed, 1,292; water, 

Thence a smooth surface, largely tamarack swamp, extends forward. 
Kabecona river (outlet of Kabecona lake), bed, 1,295; water, 
Summit, cutting 11 feet to proposed grade, 
Kabecona river (flowing into Kabecona lake), bed, 1,301; water, 
Kabecona lake, about 

Miles from 
Milaca. 
103.7-104.1 
109.1 
112.2 

115.4 
117.9 
119.0 
115-119 

lVlississippi ,anel Cmw }Ving 1'il,eTS, anel othe1' sir-eams anel lakes. 

[Elevations. 

Feet above 
the sea. 

1,294 
1,380 
1,295 

1,297 
1,335 
1,303 
1,302 

Determined mostly by United States engineers, in surveys for the system of reservoirs on the headwaters of the 
Mississippi; partly by railway surveys; and, in the case of lake Itasca, by J. V. Brower, commissioner of the 
Itasca State Park (to whose published altitude seven feet are here added, as required by the corrected 
elevation of the Great Northern railway at Park Rapids). 

Lake Itasca, 
Lake Pemidji, 
Cass lake, ordinary stages, 
Mississippi river at the mouth of Horn river, 
Horn lake, 
Lake Winnibigoshish, also Little Winnibigoshish lake, formerly 
Lake Winnibigoshish, as raised by dam of reservoir system, 

This dam is constructed with capacity to raise the lake to 1,304 feet; but it is not expected 
that it will be raised higher than 1,300 feet. 

~Feet above 
the sea. 
1,464 
1,355 

1,300-1,302 
1,298 
1,309 

1,290-1,293 
1,298 

Mississippi river at head and foot of small rapids three miles below Little Winnibigoshish lake, 1,288-1,287 
Mouth of Leech Lake river, 1,279 
Mississippi river at White Oak point, 1,276 
At Mouth of Vermilion river, 1,273 
Vermilion lake (previous to the construction of its dam, which raises this lake about six 

feet higher), 
Mississippi river at mouth of outlet of Pokegama lake, formerly 
Pokegama lake, formerly 
Same, as raised by dam of reservoir system, 
Head of Pokegama falls, formerly 
Same, as raised by dam flowing Pokegama lake, 
Foot of Pokegama falls, 900 feet from the last, 
Head of Grand rapids, 3Yz miles below Pokegama falls, 
Foot of Grand rapids, ~{ mile from the last, at the head of navigation of the upper 

1,278 
1,270 
1,271 
1,275 
1,269 
1,275 
1,254 
1,253 

Mississippi, 1,248 
Mouth of Split Hand river, 1,236 
Mississippi river at Aitkin, low and high water, 1,190-1,200 
Mouth of Pine river, 1,177 
Head and foot of Big Eddy rapids, as formerly, ~/~ mile long, 1,170-1,167 
Head and foot of Island rapids, as formerly, 3,000 feet long, 1,164-1,162 
French rapids, lowest stage of water, as formerly, between 3 and 4 miles above Brainerd, 4,000 

feet long, about 1159-1154 
~th!LQ}l)J~_River lumber company, about 1~-§ miles north of Brainerd, flowing the' . ~/ 

river back, over French and Island rapids, to the head of Big Eddy rapids, low and high [/ . 
water, 1170-1176 

lYIississippi river at Brainerd, low and high water, 1:150-1:167 
Mouth of Crow Wing river, low and high water, ~ 1,145-1,163 

Chain of lakes along the head stream of the Crow Wing river
Crow Wing or Eleventh lake, 
Tenth lake, 
Ninth lake, 
Prairie or Eighth lake, 
Seventh lake, 
Sixth lake, 
Fifth lake, 
Crow Wing river at Motley low water 
Junction with the lYIississi;pi river, lo~v and high water, 
Leech lake: formerly 1,~93-1,295; as now usually raised by the dam of the reservoir system, 
Th~ maXllllUm capaCity of this dam is 1,299.5 feet; but it is not expected that the lake will 

be rmsed above 1,298.5 feet. 

1,390 
1,387 
1,386 
1,385 
i,382 
1,379 
1,378 
1,208 

1,145-] ,163 
1,297 

62 THE GEOLOGY OF MINNESOTA. 

Arm of Leech lake, bed, 1,272; water, 
Summit, cutting 28 feet, to proposed grade, 
Benedict creek, bed, 1,292; water, 

Thence a smooth surface, largely tamarack swamp, extends forward. 
Kabecona river (outlet of Kabecona lake), bed, 1,295; water, 
Summit, cutting 11 feet to proposed grade, 
Kabecona river (flowing into Kabecona lake), bed, 1,301; water, 
Kabecona lake, about 

Miles from 
Milaca. 
103.7-104.1 
109.'1 
112.2 

115.4 
117.9 
119.0 
115-119 

~Mississipp'i and erm{) TVing ri1,eTS, and other str'eams and lakes. 

[Elevations. 

Feet above 
the sea. 

1,294 
1,380 
1,295 

1,297 
1,335 
1,303 
1,302 

Determined mostly by United States engineers, in surveys for the system of reservoirs on the headwaters of the 
Mississippi; partly by railway surveys; and, in the case of lake Itasca, by J. V. Brower, commissioner of the 
Itasca State Park (to whose published altitude seven feet are here added, as required by the corrected 
elevation of the Great Northern railway at Park Rapids). 

Lake Itasca, 
Lake Pemidji, 
Cass lake, ordinary stages, 
Mississippi river at the mouth of Horn river, 
Horn lake, 
Lake Winnibigoshish, also Little Winnibigoshish lake, formerly 
Lake Winnibigoshish, as raised by darn of reservoir system, 

This dam is constructed with capacity to raise the lake to 1,304 feet; but it is not expected 
that it will be raised higher than 1,300 feet. 

€> Feet above 
the sea. 
1,464 
1,355 

1,300-1,302 
1,298 
1,309 

1,290-1,293 
1,298 

Mississippi river at head and foot of small rapids three miles below Little Winnibigoshish lake, 1,288-1,287 
Mouth of Leech Lake river, 1,279 
Mississippi river at White Oak point, 1,276 
At Mouth of Vermilion river, 1,273 
Vermilion lake (previous to the construction of its dam, which raises this lake about six 

feet higher), 
Mississippi river at mouth of outlet of Pokegama lake, formerly 
Pokegama lake, formerly 
Same, as raised by dam of reservoir system, 
Head of Poke gam a falls, formerly 
Same, as raised by dam flowing Pokegama lake, 
Foot of Pokegama falls, 900 feet from the last, 
Head of Grand rapids, 372' miles below Pokegama falls, 
Foot of Grand rapids, ~{ mile from the last, at the head of navigation of the upper 

1,278 
1,270 
1,271 
1,275 
1,269 
1,275 
1,254 
1,253 

Mississippi, 1,248 
Mouth of Split Hand river, 1,236 
Mississippi river at Aitkin, low and high water, 1,190-1,200 
Mouth of Pine river, 1,177 
Head and foot of Big Eddy rapids, as formerly, ~/~ mile long, 1,170-1,167 
Head and foot of Island rapids, as formerly, 3,000 feet long, 1,164-1,162 
French rapids, lowest stage of water, as formerly, between 3 and 4 miles above Brainerd, 4,000 

feet long, about 1159-1154 
:Q.am~the_Q}}11.River lumber company, about 1!-'2' miles north of Brainerd, flowing the' /' 

river back, over French and Island rapids, to the head of Big Eddy rapids, low and high i/' 
water, 1170-1176 

Mississippi river at Brainerd, low and high water, 1:150-1:167 
Mouth of Crow Wing river, low and high water, - 1,145-1,163 

Chain of lakes along the head stream of the Crow Wing river
Crow vYing or Eleventh lake, 
Tenth lake, 
Ninth lake, 
Prairie or Eighth lake, 
Seventh lake, 
Sixth lake, 
Fifth lake, 
Crow Wing river at Motley, low water, 
Junction with the Mississippi river, low and high water, 
Leech lake: formerly 1,~93-1,295; as now usually raised by the dam of the reservoir system, 
Th~ maXImum capacity of this dam is 1,299.5 feet; but it is not expected that the lake will 

be rmsed above 1,298.5 feet. 

1,390 
1,387 
1,386 
1,385 
i,382 
1,379 
1,378 
1,208 

1,145-] ,163 
1,297 
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Mud lake, on the Leech Lake river, 

Feet above 
the sea. 

Portage lake, _ 
Hight of land on the trail from Leech and Portage lakes to lake Winnibigoshish, 
Steamboat and Duck lakes, northwest of Leech lake, about _ _ _ 
Kabecona lake, about 
Lake Benedict, formerly 1,295; as now raised by the Leech Lake dam, 
Ten Mile lake, 
Hight of land, summit of the Itasca moraine, on the road leading south from Leech Lake 

Agency to Brainerd, in the S. W. ?i of sec. 19, T. 141-30, about 1~ miles northeast of Ten 
Mile lake, -

1,280-1,283 
1,299 
1,324 
1,297 
1,302 
1,297 
1,378 

Fourteen Mile creek, or Boy river, on this road at the mouth of Fourteen Mile lake, and hav-
ing the same level, - - - _ _ _ _ _ _ _ 

1,500 

North branch of Pine river at the crossing of this road, nearly at the same hight as Pine 
Mountain lake, - - - _ _ _ _ _ _ _ 

1,375 

South branch of Pine river at the crossing of this road, 
Hay creek, at crossing of this road, 
South branch of Hay creek, at crossing of this road, 
Lower Hay lake, formerly 

This lake is now raised by the Pine river dam to 1,227 feet. 
Whitefish lake, formerly 

1,323 
1,274 
1,238 
1,243 
1,225 

Same, as now raised by the Pine river dam at the outlet of Cross lake 
Highest level to which it is expected that Cross, Whitefish, Trout, 'and other lakes may be 

1.224 
1,227 

raised by this dam, 
Stage of maximum capacity of the Pine river dam, -
Pelican lake, -
Horseshoe lake, Mission, Silver, and Bass lakes, and lake Edward, east and southeast of Pel-

1,231 
1,237 
1,211 

ican lake, 1,210-1,200 
Lakes Sibley and Mayo, about 
Upper Gull lake, Gull lake, and lake Kilpatrick, held at the same level by a dam, 
Lower, Middle, and Upper Cullen lakes, held at the same level by a dam, 
Sylvan lake, 
Round lake, -
Lake Hubert, 
Long Lake, -
Red Sand lake, secs. 35 and 36, T. 134--29, 
Gilbert lake, 2 miles north of Brainerd, -
Boy lake, about 
Upper Boy lake, or lake Ingadonah, about 
Rice lake, on the Boy river, and Little Boy lake, 
Wabado and Waupatoos lakes, 
Girl and Woman lakes, 
Little Norway lake, secs. 27 and 28, T. 139-28, 
Big Rice lake, Willow river, estimated, 
Little Thunder lake and Thunder lake held at the same level by a dam, estimated, 
Lake Laura, estimated, 
Lakes George and Washburn, estimated, 
Crooked lake, estimated, 
Mitchell, Eagle, Kego, and Fox lakes, T. 138-27, about -
Lakes Emily, Mary, and Ruth, Little Pine river, southeast part of T. 138-26, about 

. Pine lake, on the Pine river, mostly in sec. 33, T.137-27, about 
Mouth of Pelican creek, about 
Mouth of Little Pine river, about 
Moose lake, secs. 10 and 15, T. 136-31, estimated, 
Spider lake, west line of T. 137-31, estimated, 

1,205 
1,196 
1,200 
1,201 

1,195-1,196 
1,199 

1,198-1,200 
1,201 
1,172 
1,300 
1,308 
1,309 
1,312 
1,324 
1,400 
1,325 
1,335 
1,325 
1,350 
1,325 

1,260-1,300 
1,275-1,300 

1,200 
1,195 
1,185 
1,350 
1,350 

The range of altitude in this entire district is about 400 feet, from its lowest land, at the junction of the 
Crow Wing river with the Mississippi, which at the lowest stage of water is 1,145 feet above the sea, to the 
highest summits of the Itasca moraine south of Leech lake about 1,550 feet. 

Average altitudes of various portions of this district, above the sea level, are estimated as follows: the 
northeastern part of Cass county in ranges 25 to 29, from lake Wi nnibi gosh ish and the Mississippi river to the 
s.outh line of the 142d row of townships, coincident approximately with the south side of Leech lake and 

,including about half of the area of this lake, with a total land and water area of about 665 square miles, 
approximately 1,320 feet; the remaining ranges 30 and 31 in the northwest part of this district, from the north 
line of Cass county, crossing Cass lake, to the same southern limit of the south line of T. 142, comprising 
an area of eight government townships or about 288 square miles, with the western half of Leech lake in its 
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Mud lake, on the Leech Lake river, 
Feet above 

the sea. 

Portage lake, _ 

Hight of land on the trail from Leech and Portage lakes to lake Winnibigoshish, 
Steamboat and Duck lakes, northwest of Leech lake, about _ _ _ 
Kabeconalake,about 
Lake Benedict, formerly 1,295; as now raised by the Leech Lake dam, 
Ten Mile lake, 

Hight of land, summit of the Itasca moraine, on the road leading south from Leech Lake 
Agency to Brainerd, in the S. W. ?i of sec. 19, T. 141-30, about 1~ miles northeast of Ten 

1,280-1,283 
1,299 
1,324 
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1,378 

Mile lake, -

Fourteen Mile creek, or Boy river, on this road at the mouth of Fourteen Mile lake, and hav-
ing the same level, - _ _ _ _ _ _ _ _ _ 

1,500 

North branch of Pine river at the crossing of this road, nearly at the same hight as Pine 
Mountain lake, - - _ _ _ _ _ _ _ _ 

1,375 

South branch of Pine river at the crossing of this road, 
Hay creek, at crossing of this road, 
South branch of Hay creek, at crossing of this road, 
Lower Hay lake, formerly 

This lake is now raised by the Pine river dam to 1,227 feet. 
Whitefish lake, formerly 
Same, as now raised by the Pine river dam at the outlet of Cross lake, 

1,323 
1,274 
1,238 
1,243 
1,225 

1.224 
1,227 

Highest level to which it is expected that Cross, Whitefish, Trout, and other lakes may be 
raised by this dam, 

Stage of maximum capacity of the Pine river dam, _ 
Pelican lake, -
Horseshoe lake, Mission, Silver, and Bass lakes, and lake Edward, east and southeast of Pel-

1,231 
1,237 
1,211 

ican lake, 1,210-1,200 
Lakes Sibley and Mayo, about 
Upper Gull lake, Gull lake, and lake Kilpatrick, held at the same level by a dam, 
Lower, Middle, and Upper Cullen lakes, held at the same level by a dam, 
Sylvan lake, 
Round lake, -
Lake Hubert, 
Long Lake, -
Red Sand lake, secs. 35 and 36, T. 134--29, 
Gilbert lake, 2 miles north of Brainerd, -
Boy lake, about 
Upper Boy lake, or lake Ingadonah, about 
Rice lake, on the Boy river, and Little Boy lake, 
Wabado and Waupatoos lakes, 
Girl and Woman lakes, 
Little Norway lake, secs. 27 and 28, T. 139-28, 
Big Rice lake, Willow river, estimated, 
Little Thunder lake and Thunder lake held at the same level by a dam, estimated, 
Lake Laura, estimated, 
Lakes George and Washburn, estimated, 
Crooked lake, estimated, 
Mitchell, Eagle, Kego, and Fox lakes, T. 138-27, about -
Lakes Emily, Mary, and Ruth, Little Pine river, southeast part of T. 138-26, about 

. Pine lake, on the Pine river, mostly in sec. 33, T.137-27, about 
Mouth of Pelican creek, about 
Mouth of Little Pine river, about 
Moose lake, secs. 10 and 15, T. 136-31, estimated, 
Spider lake, west line of T. 137-31, estimated, 

1,205 
1,196 
1,200 
1,201 

1,195-1,196 
1,199 

1,198-1,200 
1,201 
1,172 
1,300 
1,308 
1,309 
1,312 
1,324 
1,400 
1,.325 
1,335 
1,325 
1,350 
1,325 

1,260-1,300 
1,275-1,300 
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1,195 
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1,350 

The range of altitude in this entire district is about 400 feet, from its lowest land, at the junction of the 
Crow Wing river with the Mississippi, which at the lowest stage of water is 1,145 feet above the sea, to the 
highest summits of the Itasca moraine south of Leech lake about 1,550 feet. 

Average altitudes of various portions of this district, above the sea level, are estimated as follows: the 
northeastern part of Cass county in ranges 25 to 29, from lake Winnibigoshish and the Mississippi river to the 
south line of the 142d row of townships, coincident approximately with the south side of Leech lake and 

'including about half of the area of this lake, with a total land and water area of about 665 square miles, 
approximately 1,320 feet; the remaining ranges 30 and 31 in the northwest part of this district, from the north 
line of Cass county, crossing Cass lake, to the same southern limit of the south line of T. 142, comprising 
an area of eight government townships or about 288 square miles, with the western half of Leech lake in its 
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southern portion, approximately 1,325 feet; next on the south, the belt formed by Ts. 141,140 and 139, com
prising an area of twenty-one townships or about 75~ square ~ile~, in w~ich are the greater part of .the .Ita.sca 
moraine and the northeastern part of the Leaf HIlls morame m then development through thIS dIstnct; 
besides considerable tracts of the ordinary moderately undulating or nearly fiat glacial and modified drift, 
approximately 1,390 feet; the northwestern part of Crow Wing county, extending from its north boundary, 
adioinincr the belt last noted' south to the Mississippi river, about 610 square miles, approximately 1,265 feet; 
~nd the bsouthern part of Ca~s county, between Crow Wing and Wadena counties, and reaching south to the 
Crow Wing river, about 690 square miles, approximately 1,300 feet. 

The mean elevation of the part of Crow Wing county mapped and described in this chapter, as already 
noted, is about 1,265 feet; and the mean elevation of Cass county, so far as it is here mapped and described, 
is about 1,3.35 feet. The northwestern twelve townships, or about 432 square miles, of Cass county, which lie 
north of Hubbard county and are included with that county for mapping and description, have a mean 
elevation of about 1,425 feet. With this portion of its area, the whole of Cass COUlity has a mean hight of 
1,350 feet, very nearly. 

Sod aneZ timber. N early the entire area of this district belongs to the great 

forest region of northern Minnesota. Its only tracts of prairie are very small, 

oecUlTing on the modified drift plains which adjoin the Mississippi and Crow 

Wing rivers on the southern boundary of the distTict. 

Aeross the southel'll half of this aTea are laTge expanses of the gravel and 

sanel deposits which constitute the greater paTt of om modified dTift, and, in less 

extensive plains, the same formation also borders the Big Rice lake and covers 

much of the country thence nOTthward to lake Winnibigoshish and westward 

along the Mississippi to Cass lake. These plains are not generally quite fiat, 

but more commonly unelulate in long slopes and bToadly rounded swells, with 

crests five to twenty feet above the depTessions. In many places, too, the same 

class of drift, with frequently an inereased propOTtion of gravel and large water

worn cobbles, forms low knolls and irregulaT Tidges or small plateaus, twenty-five 

to fifty feet in hight above the general level. All these modified drift deposits 

have a more fertile soil than would be found in regions where limestone is 

absent from the drift gravel and sand. Often large tracts of the nearly level 

plains have a Tieh dal'k soil six inches to a foot deel), which in cultivation bears 

good crops. Other pOTtions of the ulOdified drift, including most of its knolly 

and l'ic1gy land, have a less pToductive soil, and are worth more for the growth 

of firewood and timber than for agriculture. 

Tracts of till, or intermingled clay, sand, gravel, and boulders, form mo~e 

than half of the district. These include the greater paTt of its mOTainic belts, 

where the very uneven contOlu and abundance of boulders aTe commonly sufficient 

to forbid the use of the land for cultivation, though it may well be cleaTed for 

pastmage. The hilly moraines may be estimated to include however no mOTe , , 
than a third of the till areas; and the remaining portions, with moderately 

undulating or rolling smface, comprising probably two-fifths of the district, are 

very valuable agricultmal lands, needing to be cleared of theiT timbeT to make 

farms, but having a soil unsmpassed in fertility, excellent conditions of drainage, 

and adaptation to all the crops of this latitude. 
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southern portion, approximately 1,325 feet; next on the south, the belt formed by Ts. 141,140 and 139, Com
prising an area of twenty-one townships or about 75~ square :uile~, in w~ich are the greater part of .the .Ita.sca 
moraine and the northeastern part of the Leaf HIlls mOl'allle III then development through thIS dlstnct; 
besides considerable tracts of the ordinary moderately undulating or nearly fiat glacial and modified drift, 
approximately 1,390 feet; the northwestern part of Orow Wing county, extending from its north boundary, 
adjoining the belt last noted; south to the Mississippi river, about 610 square miles, approximately 1,265 feet; 
and the southern part of Oass county, between Orow Wing and Wadena counties, and reaching south to the 
Orow Wing river, about 690 square miles, approximately 1,300 feet. 

The mean elevation of the part of Orow Wing county mapped and described in this chapter, as already 
noted, is about 1,265 feet; and the mean elevation of Oass county, so far as it is here mapped and described, 
is about 1,335 feet. The northwestern twelve townships, or about 432 square miles, of Oass county, which lie 
north of Hubbard county and are included with that county for mapping and description, have a mean 
elevation of about 1,425 feet. With this portion of its area, the whole of Oass county has a mean hight of 
1,350 feet, very nearly. 

8o£l aneZ timber. Nearly the entire area of this district belongs to the great 

forest region of northern Minnesota. Its only tracts of prairie are very small, 

OCCUlTing on the modified drift plains which adjoin the Mississippi and Crow 

Wing rivers on the southern boundary of the district. 

Across the southern half of this area are large expanses of the gravel and 

sand deposits which constitute the greater part of our modified drift, and, in less 

extensive plains, the same formation also borders the Big Rice lake and covers 

much of the country thence northward to lake Winnibigoshish and westward 

along the Mississippi to Cass lake. These plains are not generally quite fiat, 

but more commonly undulate in long slopes and broadly rounded swells, with 

crests five to twenty feet above the depressions. In many places, too,the same 

class of drift, with frequently an increased proportion of gravel and large water

worn cobbles, forms low knolls and irregular ridges or SlTlall plateaus, twenty-five 

to fifty feet in hight above the general level. All these modified drift deposits 

have a more fertile soil than would be found in regions where linlestone is 

absent from the drift gravel and sand. Often large tracts of the nearly level 

plains have a rich dark soil six inches to a foot deep, which 111 cultivation bears 

good crops. Other portions of the modified drift, including most of its knolly 

and ridgy land, have a less productive soil, and are worth more for the growth 

of firewood and timber than for agriculture. 

Tracts of till, or intermingled clay, sand, gravel, and boulders, form more 

than half of the district. These include the greater part of its morainic belts, 

where the very uneven contour and abundance of boulders are cOlTlmonly sufficient 

to forbid the use of the land for cultivation, though it may well be cleared for 

pasturage. The hilly moraines may be estimated to include however no more , , 
than a third of the till areas; and the rernaining portions, with moderately 

undulating or rolling surface, comprising probably two-fifths of the district, are 

very valuable agricultural lands, needing to be cleared of their timber to make 

farms, but having a soil unsurpassed in fertility, excellent conditions of drainage, 

and adaptation to all the crops of this latitude. 
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The modified drift areas are generally wooded with jack pine and Norway or 

red pine. The second and much the more valuable one of these species occurs 

often in beautiful groves, with no undergrowth of shrubs, the reddish-brown trunks 

being limbless to hights of thirty to fifty feet. On areas of till the jack pine is rare 

or altogether absent, and the red pine grows intermingled with the white pine, or 

the latter species some~imes forms a thick forest growth alone. It is more fre

quently intermingled with deciduous trees; and these also form extensive tracts of 

woods with no evergreen species. The principal deciduous forest trees are the 

basswood, maples, species of ash, elms, oaks, ironwood, the canoe birch and yellow 

birch, cottonwood and poplars. Less frequent are the box-elder, wild black cherry, 

two species of mountain ash, the Juneberry, hackberry, butternut, and red cedar. 

In swamps and on higher moist lands are the tamarack, spruce, balsam fir, and 
arbor-vitrn, the last usually called white cedar. 

Several of our trees reach their northern limits in this district, including the 

river maple, box-elder, corky white elm, hackberry, butternut, swamp hickory or 

bitter-nut, white oak, swamp white oak (Quercus bicolor), black and red oaks, 

American hornbeam (Carpinus caroliniana), and the cottonwood. 

Among the shrubs and small trees of thickets, and of the forest undergrowth, are the prickly ash, stag
horn and smooth sumachs, the riverside or frost grape, the Virginian creeper, alder-leaved buckthorn, and the 
climbing bittersweet; the striped and mountain maples; the wild plum, pin or bird cherry, and choke cherry; 
the western Juneberry (called "Saskatoon" in Manitoba); wild gooseberries and currants; numerous species of 
cornel, honeysuckle, and arrow-wood or viburnum, the most important of tl!e latter being the cranberry-tree or 
bush cranberry; dwarf blueberries, very plentiful and much gathered for city markets; leather-wood; hazel-nuts 
of two species; the low birch (Betula pumila), the common alder, and several species of willow; the creeping 
juniper (Juniperus sabina, val'. procumbens), and the American yew or ground hemlock (Taxus baccata, val'. 
canadensis). A great variety of herbaceous plants, many of them bearing attractive flowers, is also found on 
marshy and boggy ground, in openings of the woodlands, on the sunny slopes of hills, on the scantily wooded 
and often grassy modified drift plains, and on river banks and lake shores. 

GEOLOGICAL STRUOTURE. 

Archean and Taconic 1"'ocks. Very few rock outcrops occur 111 this district, 

being known in only two localities. It is therefore difficult to state what are 

probably its bed rocks next underlying the glacial drift on nearly the whole of its 

area. The Archean granite and gneiss, and the associated rocks, of Taconic age, 

forming the Mesabi iron range, which outcrop at the falls of Prairie river, at 

PokegarnaJalls, and in other places not far east of the northern part of the district, 

doubtless continue westward beneath the drift to the Boy river, on which rock 

exposures have been reported by E. W. and G. H. Griffin, and by H. V. Winchell, all 

several years ago and probably referring to the same place. Mr. G. H. Griffin, from 

recollection of his surveys and cruising, thinks that a considerable ridge of rock, at 

least several rods in extent, is passed in descending the Boy river about one or two 

miles b-elow the mouth of Boy lake, in the north edge of T. 142-27; but the litho

logical character of this outcrop has not been ascertained. 
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The other locality of rock outcrops is in T. 134-32, the most southwestern 

township of Cass county, about eighty miles southwest of Pokegama falls, and 

nearly sixty miles south-southwest from Boy lake. The area of frequently outcrop

ing rock at this locality, consisting of Archean granite or syenyte with diabase 

dikes, reaches about a half mile from south to north, and has a width of twenty to 

forty rods. It is mostly in the E. i of the N. E. i of section 28, and extends north 

into the southeast part of the S. E. i of section 21, and perhaps also beyond the 

lines of these into the adjoining sections 22 and 27 on the east. These outcrops in 

their southern part have a hight one to three feet, and in their middle and northern 

part five to eight feet, above the general surface of moderately undulating drift, 

being twenty to forty feet above the Crow Wing river, which lies about three-fourths 

of a mile to the southwest. The only considerable elevation in this vicinity is a 

hill of glacial drift, extending a quarter of a mile from north to south, situated a 

short distance east of these ledges, in the west edge of the N. W. i of section 27. This 

rises forty to fifty feet above the rock exposures, and about seventy-five feet above 

the extensive marsh at its east side. Mainly the surface of this hill, as of the sur

rounding region, is sand and fine gravel, but boulders of granite up to five feet in 

diameter are found sparingly at its top and on its sides. 

The greater part of the rock exposed here is gray granite, rather fine-grained, 

containing both white and flesh-colored feldspar, and a greenish mineral, probably 

epidote, which last is sometimes most abundant in streaks or veins, up to two 

inches in width. Rarely two or three of these veins are seen within a foot, giving 

the rock a somewhat schistose structure. Mica is generally absent or very scanty, 

but it occurs to some extent in the central part of the area. 

Two wide dikes of dark, tough, massive diabase were noted here. One of 

these, near the south end of the area, is visible for an extent of twelve or fifteen 

rods, being fifty to sixty feet wide. The line of contact with the granite on the 

northeast side of this dike is very distinct and sharply defined along its exposure 

two or three rods in extent, bearing S. 50° E. At the second dike, near the north 

end of these exposures, both lines of contact with the enclosing granite are visible 

at many places along a distance of fully 200 feet, bearing S. 70° E., which is the 

course of a conspicuous system of joints in the granite. The width of this dike 

is thirty feet. From its northern side a branch of irregular COurse and varying 

from two feet to three inches in width, reaches forty feet northerly, as shown 

in figure 8. At one point seven or eight feet from the main dike an offshoot 

from this branch is seen extending several feet with a width from one inch to 

only an eighth of an inch. The aspect of this dark eruptive rock is nearly the 

same ill all portions; it1?line of contact, wherever exposed, is very sharply defined; 
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and the granite adjoining shows no notable difference from that fLt a greater 

. distance. Some portions of the granite here may be found valuable for quarrying. 

(Consult also sixth annual report, p. 46, for Prof. Winchell's observations on this 
rock.) 

FIG. 8. DIKE OF DIABASE IN GRANITE, SEC. 28, T. 134-32. 
Scale, 40 feet to an inch. 

In its peculiar lithologic character, as containing the green mineral thought 

to be epidote, the granite or syenyte of this locality shows a noteworthy resemblance 

to outcrops in two other localities, situated in Ward township, Todd county, and 

from this place respectively about fifteen and in Ashley, Stearns county, distant 

forty-five miles south-southwest.* Although there are no intervening outcrops, 

it seems to be a reasonable assumption that these exposures represent a continuous 

belt or broad area of this rock, evidently an originally deep-seated igneous for-

mation which is now exposed by denudation, and which, previous to the Cretaceous 

submergence of this region, formed the surface throughout this distance of nearly 
fifty miles. 

* Geology of Minnesota. vol. ii, pp. 452, 569. 
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Toward the north and northeast, the next exposures of granite, perhaps to 

be correlated with the foregoing as contemporaneous or nearly so, are those which 

are found forming the high long ridge called the Giant's range. The relations of 

that granite belt to the adjoining Archean and Taconic formations show that the 

intrusion of the Giant's range granite took place after the deposition of the 

Keewatin or upper division of the Archean, but before the deposition of the 

Animikie series or lower division of the Taconic system. Subsequent to that 

granite intrusion, deep and widely extended denudation, producing agreat uncon

fonuity between these systems, had laid bare the granite slopes of the Giant's 

range against which the iron-bearing Animikie strata were deposited. The thick

ness of overlying rock requisite to give the granitic texture of the outcrops 

on the Giant's range and in Cass, Todd, and Steaxns counties, was probably at 

least several hundred feet. This erosion interval may be regarded as the division 

between the Archean and Paleozoic eras, relegating the Giant's range granite and 

probably also the granite or syenyte of southwestern Cass county and of the two 

localities noted farther south to the closing stage of Archean time. 

Aside from the granitic belt which probably underlies the drift and Cretaceous 

beds from the northeastern to the southwestern limits of this district, we have 

very scanty means for conjecturing what Archean formations would be encountered 

by borings upon its larger southeastern and northwestern portions. The obser

vations of gabbro in Moran, northeastern Todd county,* and of crystalline schists, 

referable to the Keewatin series, in T. 130-30, Morrison county,t not far south of' 

the Crow Wing river, in connection with the extensive development of these -

rocks on the east in Carlton county and at Duluth and northward, lead to the 

belief that considerable areas of intrusive basic rocks, and probably larger areas 

of Keewatin schists and slates, would be found next below the Cretaceous in the 

southeastern part of this district, while between their north side and the granitic 

belt we should have the Animikie slates, iron-bearing rocks, and quartzyte. West

ward it is quite as probable that the granite would be found continuing to the 

limits of the district. 

CretaceOLtS beds. N ext beneath the glacial drift upon the greater part of this 

area are probably Cretaceous strata, chiefly shales, similar to those found sparingly 

outcropping in the valleys of the Mississippi and Sauk rivers in Morrison and Stearns 

counties. Wells sufficiently deep to pass through the drift to the Cretaceous have 

not been bored in this district, nor in closely adjoining portions of the state; but so 

many such sections have been found by wells in southern and western Minnesota, 

going various depths to a maximum exceeding 500 feet in Cretaceous shales and 

* Geology of Minnesota. Final Report, vol. ii, p. 568 (called dioryte); Twenty-first Annual Report, for 1892, pp. 114, 115. 
t Final Report, vol. ii, p. 601; Twenty-first Annual Report, p. ll3. 
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• Geology of Minnesota. Final Report, vol. ii, p. 568 (called ilioryte); Twenty-first Annual Report, for 1892, pp. 114, 115. 
+ Final Report, vol. ii, p. 601; Twenty-first Annual Report, p. 113. 
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beds of sandstone, before reaching granite, gneiss, or other rocks below, that we 

may reasonably infer the existence here of the same Cretaceous beds with similar 
thickness. 

The grand topographic features of the country in which the Mississippi h~Ls 

its sources, from lake Itasca east to Leech lake, seem suggestive of forms produced 

by preglacial stream erosion, probably in Cretaceous beds, now heavily mantled by 

the glacial and modified drift. Such, for example, I think to Imve been the origin 

of the wide, deep valleys occupied by the head stream of the Mississippi in its course 

north from lake Itasca and by the La Salle, Hennepin, and Schoolcraft rivers, its 

succes~ive tributaries from the south between lakes Itasca and Pemidji. Again, the 

deep basin of Leech lake, with its numerous arm-like bays, one of them having 

a maximum sounding of 100 feet, may be probably attributed to preglacial stream 

excavation by a river and its branches, other portions of the same valley being 

filled and concealed by the thick drift deposits. 
\ 

Fragments of lignite, doubtless derived by glacial erosion from thin layers of 

lignite in Cretaceous beds of the district or of the country northward, are 

occasionally found in the gravel of lake shores, as of Winnibigoshish and Leech 

lakes, and in the till, as in digging cellars and wells. 

Glacial and modified dnft. 

No deep wells penetrating to the formations underlying the drift have gIven 

measures of its thickness in this district; but it is probably a somewhat uniform 

mantle from 100 to 200 feet deep, as it is ascertained to be generally in other parts 

of the central and western two-thirds of Minnesota. The greatest thickness is 

doubtless attained along the courses of the moraines, whose hilly accumulations in 

some instances add 100 to 150 feet or more to the average drift sheet. If the knolls 

and hills of any part of the moraines here were levelled, however, upon the whole 

width that is more or less occupied by them, the amount so added above the surface 

on either side would range probably from ten to fifty feet. 

An estimate of the relative mass of the till, or true glacial drift, and of the 

modified drift, transported and deposited by water immediately after its release 

from the ice-sheet, although based on very meager data in respect to the thick

nesses of these formations, may be ventured as approximately in the ratio of 

three or four to one, for this district. Their ratio in area is nearly as three to 

two; but upon considerable portions of the tracts of modified drift it is thin and 

is underlain by a greater depth of till. Superficially, too, the Il10rainic belts 

contain more modified drift than would probably be seen in deep sections. Con

versely, however, the areas of till usually consist of the same deposit to great 
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depths, with only thin layers or seams, often water-bearing, of the modified drift 

gravel and sand. Both in area and in mass this division of the drift IS more 

largely represented here than in this state as a whol-e. 

Extending these estimates to embrace all of Minnesota, I think that its 

till and modified drift hold an areal ratio of twelve or fifteen to one; and that 

their respective volumes are as fifteen or twenty to one. But in and near the 

principal towns and cities, which are situated usually on rivers, and in riding 

along the railroads, which select valleys and plains so far as possible for their 

routes, the casual observer would infer a much larger relative amount of modified 

drift. If the mean thickness of all the drift in Minnesota is about 100 or 125 feet, 

as seems probable when its thick western development offsets its thinner deposits 

northeastward, we may estimate the part which consists of water-stratified gravel, 

sand, and clay, to average between five and ten feet. 
Till. In this district the boulders of the till have been transported prevailingly from north to south, 

in less proportion from northeast to southwest, and very scantily from northwest to southeast. They are 
mostly Archean granites, gneisses, and crystalline schists. Magnesian limestone boulders, such as abound in 
the drift generally through all the western half of this state, derived from limestone areas in Manitoba with 
outcrops near Winnipeg and northward, are rarely found in the drift of Cass and Crow Wing counties. They 
occur plentifully about Red lake, but are absent or very rare thirty to sixty miles farther southeast about Cass, 
Winnibigoshish and Leech lakes. 

Mr. William E. Seelye, of Brainerd, to whom I am indebted for many valuable notes of his observations 
as a land and timber examiner throughout this district, informs me that he found a mass of limestone about 
twenty-five by twenty by twelve feet in size, lying on a low ridge of the principal Leaf Hills moraine near 
the east side of the N. E. ~4 sec. 29, T. 137-28, about a mile south of Whitefish lake. The dip of this 
exceptionally large drift block was about 30° westward. Several other limestone slabs up to five or six feet 
in length were seen within a short distance southwest. ' 

The proportion of boulders and coarse gravel in the till here is greater than the average for the southern 
and western three-fourths of Minnesota, but notably less than for most of its portion northeastward. In 
proceeding from east to west across these counties and onward to the Red River valley, one observes, in the 
comparison of sections of the till, a gradual decrease of the boulders, gravel and sand, and a corresponding 
increase of the clay. This is due to the westwardly increasing proportion of the till which is derived from 
the erosion of Cretaceous bcds, chiefly shales. 

On the shores of all the larger lakes, wherever they consist of till, many boulders are left by the wave 
erosion of the finer portions of this deposit, and often these boulders are piled as a wall along the foot of the 
eroded slopes of till to the hight of five to eight feet above the water level. During the building of the 
Winnibigoshish and Leech lake dams, a steamboat was used to tow rafts of these boulders from distant parts 
of the lake shores to the sites of the dams for use in their construction. The largest boulders are rarely ten 
to fifteen feet in diameter; but more than ninety-nine per cent. of them are of smaller sizes. 

The deepest section of the till learned for this area or its borders is that of Mr. J. T. Frater's well, 
about a mile southeast of Brainerd, on the Mille Lacs road in the N. E. ~ sec. 6, Long Lake township. This 
well, which has a total depth of 112 feet, was in till, yellowish near the surface and dark bluish below, to 
the depth of 100 feet. Next were stratified sand and gravel, from which water rose to twenty-six feet below 
the surface. The till could be picked to the depth of only one or two inches by a heavy blow. 

Te1'l1t1'nrtl morai1les. An earlier part .of this chapter, treating of topography, 

has noted the width, extent, and contour of the two principal knolly and hilly belts 

of mominic drift which cross this district. The more southel'n and narrower 

belt extending from Pillager northeast and east into the northern part of Aitkin 

county, is regarded as contemporaneous and continuous with the Leaf Hills 

moraine. In Otter Tail county, where this moraine, blending with the Fergus Falls 

moraine, f01'ms the prominent Leaf hills, a later and subordinate morainic belt, 
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gravel and sand. Both in area and in mass this division of the drift is more 

la,rgely represented here than in this state as a wholB. 

Extending these estimates to embrace all of Minnesota, I think that its 

till and modified drift hold an areal ratio of twelve or fifteen to one; and that 

their respective volumes are as fifteen or twenty to one. But in and near the 

principal towns and cities, which are situated usually on rivers, and in riding 

along the railroads, which select valleys and plains so far as possible for their 

routes, the casual observer would infer a much larger relative amount of modified 

drift. If the mean thickness of all the drift in Minnesota is about 100 or 125 feet, 

as seems probable when its thick western development offsets its thinner deposits 

northeastward, we may estimate the part which consists of water-stratified gravel, 

sand, and clay, to average between five and ten feet. 
Till. In this district the boulders of the till have been transported prevailingly from north to south, 

in less proportion from northeast to southwest, and very scantily from northwest to southeast. They are 
mostly Archean granites, gneisses, and crystalline schists. Magnesian limestone boulders, such as abound in 
the drift generally through all the western half of this state, derived from limestone areas in Manitoba with 
outcrops near Winnipeg and northward, are rarely found in the drift of Cass and Crow Wing counties. They 
occur plentifully about Red lake, but are absent or very rare thirty to sixty miles farther southeast about Cass, 
Winnibigoshish and Leech lakes. 

Mr. William E. Seelye, of Brainerd, to whom I am indebted for many valuable notes of his observations 
as a land and timber examiner throughout this district, informs me that he found a mass of limestone about 
twenty-five by twenty by twelve feet in size, lying on a low ridge of the principal Leaf Hills moraine near 
the east side of the N. E. ~4 sec. 29, T. 137-28, about a mile south of Whitefish lake. The dip of this 
exceptionally large drift block was about 30° westward. Several other limestone slabs up to five or six feet 
in length were seen within a short distance southwest. -

The proportion of boulders and coarse gravel in the till here is greater than the average for the southern 
and western three-fourths of Minnesota, but notably less than for most of its portion northeastward. In 
proceeding from east to west across these counties and onward to the Red River valley, one observes, in the 
comparison of sections of the till, a gradual decrease of the boulders, gravel and sand, and a corresponding 
increase of the clay. This is due to the westwardly increasing proportion of the till which is derived from 
the erosion of Cretaceous bcds, chiefly shales. 

On the shores of all the larger lakes, wherever they consist of till, many boulders are left by the wave 
erosion of the finer portions of this deposit, and often these boulders are piled as a wall along the foot of the 
eroded slopes of till to the hight of five to eight feet above the water level. During the building of the 
Winnibigoshish and Leech lake darns, a steamboat was used to tow rafts of these boulders from distant parts 
of the lake shores to the sites of the dams for use in their construction. The largest boulders are rarely ten 
to fifteen feet in diameter; but more than ninety-nine per cent. of them are of smaller sizes. 

The deepest section of the till learned for this area or its borders is that of Mr. J. T. Frater's well, 
about a mile southeast of Brainerd, on the Mille Lacs road in the N. E. 34 sec. 6, Long Lake township. This 
well, which has a total depth of 112 feet, was in till, yellowish near the surface and dark bluish below, to 
the depth of 100 feet. Next were stratified sand and gravel, from which water rose to twenty-six feet below 
the surface. The till could be picked to the depth of only one or two inches by a heavy blow. 

Tenllirwl mOJ'ailles. An earlier part ,of this chapter, treating of topography, 

has noted the width, extent, and contour of the two principal knolly and hilly belts 

of morainic drift which cross this district. The more southern and narrower 

belt extending from Pillager northeast and east into the northern part of Aitkin 

connty, is regarded as contemporaneous and continuous with the Leaf Hills 

mOralllE'. In Otter Tail county, where this moraine, blending with the Fergus Falls 

morame, forms the prominent Leaf hills, a later and subordinate morainic belt, 
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hranching from that of the Leaf hills, at the northeastern end of their curVll1g 

course, extends thence northward by the east side of Rush ~md Pine lakes to unite 

again with the western and main division of the Leaf Hills moraine in southern 

Becker county, there forming the conspicuous Toad mountains. Likewise, in north

western Crow Wing county and southwestern Cass county, this moraine is twofold, 

its separate portions spreading, as in Otter Tail county, to a maximum distance of 

fifteen or eighteen miles apart. 

The eastern and older part of the Leaf Hills moraine, here aceumulated on 

the southeast side of this waning lobe of the iee-sheet, has been noted in its eourse 

from Pillager and the northwest side of Sylvan and Gull lakes to Whitefish lake, 

the north side of lake Washburn, and onward to the Moose river on the east line of 

Cass county and to the Poquodenaw mountain in Aitkin eounty. The western and 

later subordinate moraine, eorrelated with the foregoing as together equivalent with 

the Leaf Hills moraine, runs from Gull lake northwesterly as a belt of moderately 

rolling or in portions somewhat hilly till, several miles wide, to Moose and Spider 

lakes, and thence north by the west side of Pine Mountain lake to unite with the 

broad Itasca moraine on the south side of Ten Mile lake. 

N ext west of Pine Mountain lake this moraine oeeupies a width of about six 

miles and rises 50 to 125 feet above the lake, with very iTregular eontour, often in 

steep slopes and enclosing here and there frequent large hollows without outlets. On 

the road from Park Rapids to Haekensaek, it has a width of one and a half miles, 

lying in sections 20, 29, and 28, adjoining the west side of Jack Pine lake. Its 

material there is till, eontaining plentiful boulders and forming ridges fifteen to 

fifty feet above the enclosed hollows and lakelets. It is distinguished by being 

timbered with large white pines; whereas all the remainder of the eountry traversed 

by this road bears only jaek pines and occasionally Norway or red pines, its 

material being modified drift, mostly in plains but near to the moraine somewhat 

broken. 

The more northern and broader Itasca moraine has a magnifieent development 

in its eourse from west to east through Cass county, passing south of Kabeeona, 

Leech, Boy, and Mud lakes. On the road from Hackensack to Leeeh Lake Agency, 

the traveller passes first over about a mile of nearly level sand and gravel, bearing 

jack pines, beyond whieh the next three miles, to the shore of the eastern arm of 

Ten Mile lake, are~ typieally morainie till, in eountless small knolls, ridges, and hills, 

often enclosing hollows without outlet. The highest land here erossed is about 1,475 

feet above the sea or 100 feet above Fourteen Mile and Ten Mile lakes. As the timber , 
there is scanty, this high land affords an extensive outlook westward over the lower 

portions of the moraine about these lakes and northwesterly toward lake Kabecona. 
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Abundant boulders occur of all sizes up to five feet, and a few are larger, to ten 

feet or more in diameter. Continuing northward, similar morainic till, but with 

less broken contour, extends to a northern boundary about a mile south of the 

Agency. Portions of it are well wooded with .white pine, including its maximum 

hight of 1,500 feet a,bove the sea. Its northern slope, descending somewhat grad

ually . 200 feet in about six miles to the level of Leech lake, is interspersed with 

occasional sntalllakes which lie twenty-five to fifty feet below the road and average 

of the adjoining land. A prevailingly hilly surface, often with crests 50 to 100 feet 

above neighboring hollows and lakes, characterizes this morainic belt eastward by 

Woman, Wabado, and Little Boy lakes, and thence northeast by the headwaters of 

Bear and Vermilion rivers, to Sugar and Pokegama lakes and the Mississippi river 

in Itasca county. 

Kames, eskers, and plateaus. During the departure of the ice-sheet the streams 

. of its melting often deposited in their ice-walled channels thick accumulations of 

gravel and sand that had been washed away from the surface of the ice on which 

much drift, previously englacial, had become exposed by the gradual ablation. The 

boulders of this drift and much of its finer material remained qn many areas of the 

thinned ice-sheet and were allowed to fall loosely as the superficial part of the till. 

But otheJ portions, such as the rains, rills, and small and large streams of the 

dissolving ice-fields were able to transport, ranging from coarse gravel to the finest 

silt and clay, were borne avvay by the running waters. Flowing near their mouths 

in canons of ice, with slackening currents because of the change from steeply 

descending courses on the ice-sheet to the less inclined land surface, the streams 

there deposited between the enclosing ice-walls much bedded gravel and sand, which 

after the disappearance of the ice were left as knolls, mounds, and sometimes long 

ridges called kames. Along the morainic belts short streams often formed such 

lmolly and hillocky deposits over extensive tracts. They also occur, though less 

plentifully, in many other localities throughout the areas both of the ordinary 

moderately undulating or rolling till and of the nearly level modified drift. 

Closely allied with these short kames, and here included under this name, are 

more prolonged sand and gravel ridges which were built up a~ong the courses of the 

ice-walled streams for some distances above their mouths, probably growing in 

length from south to north as the front of the ice-sheet retreated. These longer 

modified drift ridges are now distinguished by some glacialists from the preceding 

under the name of eskers or osars, but the term kame is distinctively applied to these 

ridges by the reports of this survey, as it was earlier so used. Occasionally in this 

district a single kame extends a half mile to one mile or m.ore. Often knolls and 

very short ridges are associated with them; and the two structural classes of ll1odi-
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fied drift deposits, intermingled or in alternation, are sometimes traceable III a 

series several miles from south to north. 

The most noteworthy series of short knolls and kames observed in this district 

borders the Mississippi on its northwest side at Brainerd and for a distance of about 

three miles up the river, terminating in Ahrens hill. Where it is intersected by the 

Northern Pacific railroad, the width of this rolling gravelly belt is about a half 

mile; its crests are fifty to seventy-five feet above the river ~1lld ten to thirty feet 

above the hollows which separate the knolls and ridges; and from its western side a 

sand plain, nearly level with the mean hight of the kame belt or fifty feet above 

the tiver, extends westward. Following this belt northeasterly, it is found to be 

developed as a continuous kame of variable hight, mostly with steep slopes and 

rounded, sometimes narrow, crooked crest, in its most northern mile. An old road 

there runs along the crest, from the dam and bridge two miles above the city to the 

house of Mr. Charles Ahrens and over the top of the highest part, known as Ahrens 

hill, to its northern base. 

The material of this kame is interbedded coarse and fine gravel and sand, the 

largest cobbles, mostly well waterworn, being about a foot in diameter. Its hight 

above the Mississippi river on the east and lake Gilbert on the west ranges from 

sixty feet in its lowest portions to 175 feet at the culminating point, about a quarter 

of a mile north of Mr. Ahrens' house and forty feet above it. On the southern 

slope and gently declining western flank of this higher part of the ridge Mr. 

Ahrens cultivates several acres, obtaining good crops of the ordinary farm staples, 

besides strawberries, raspberries, and other small fruits and garden produce. 

Descending the rather steep northern slope of Ahrens hill, I noted three or four 

boulders, the two highest, close to the top, measuring each about two feet, and 

another halfway down about five feet in diameter. These boulders, doubtless 

brought by ice-rafts and now lying partly imbedded on the surface, were the only 

rock masses too large for transportation by stream currents seen on this kame 

or elsewhere along the kame and esker series of which it is a part. The northern 

end of the series is abrupt, so that, in the view from the north, Ahrens hill is seen 

to rise from an approximately level sand and gravel plain of great extent whose 

surface is sixty to seventy-five feet above the river and lake. 

Into the eastern part of Pine Mountain lake a narrow and low kame, five to 

fifteen feet above the water level, projects to a distance of about a half mile from 

the main shore. It is covered with Norway pines. 

Another noteworthy though low kame is reported by Mr. H. V. Winchell as 

observed by him during land examinations in the year 1883, extending from south 

to north, along the west side of lake Laura, through the west edge of sec. 6, 
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T. 140-26, and the east part of sees. 36 and 25, T. 141-27, thence curving to the 

northeast and east, with a total length of nearly four miles. This is mostly a 

narrow ridge of sand and fine gravel, rising ten to twenty-five feet above the 

lakes, swamps, and hay meadows on either side, and measuring usually three to 

six rods in width. A road used by the lumbermen in teaming hay extends some 

two miles along its top. 
When broad indentations or embayments of the retreating ice-front were 

formed at the mouths of the glacial rivers and their supply of modified drift was 

abundant, the deposits widened from the small and narrow kames and knolls to 

plateaus of stratified sand and gravel, varying in width up to one or two miles. 

An example of these accumulations is found on the east side of the Upper Gull 

lake, the surface of the plateau being fifty to sixty feet above the lake. Five to 

eight miles farther north, in the northeastern part of T. 136-29, a more extensive 

plateau, known as the Adams plain, fifty feet above lake Sibley on its southwest 

side, stretches thence to the northeast corner of the township, where it Qverlies 

the southwestern end of a prominently hilly belt of morainic till, with mallJ large 

and small boulders, that reaches northeast to Whitefish lake. The places of Upper 

Gull lake and lake Sibley were filled by unmelted portions of the waning and 

receding ice-border, while the sedimentation alongside was rapidly amassing the 
plateaus. 

JYloclijiecZ drift plains. Far the greater part of the modified drift was spread 

somewhat evenly on the land area close in front of the retreating ice, and forms 

nearly fiat plains or only slightly undulating or rolling tracts, with their swells usu

ally five to fifteen feet above the depressions, to which the descents are by long and 

gentle slopes. These plains cover large portions of Crow Wing and Cass counties. 

From the mouth of the Crow Wing river their expanse, forty to sixty feet above 

the Crow Wing and the Mississippi and ten to forty feet above the lakes which 

occupy its depressions, extends thirty miles, with a width of ten to fifteen miles, 

northeast and north to the Pine river and Cross and Whitefish lakes. Nearly 

intersected by the narrow Leaf Hills moraine, the same expanse, passing over low 

portions of this belt, continues northwestward twenty-five miles, with an average 

width of ten miles, to lakes Ada and Hattie, Ponto and Pine Mountain lakes, and 

to the mouths of Fourteen Mile lake and Jack Pine lake, at the heads, respectively, 
of the Boy and Pine rivers. 

Again, separated from the foregoing by an irregular north to south belt of 

till, which has numerous outliers within the general modified drift tracts, similar 

extensive sand and gravel plains stretch from south to north on the west border 

of Cass county, along the east side of the Crow Wing river to its sources in the. 

series of eleven lakes, lying mostly in Hubbard county, through which it flows. 
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Less extensive plains of modified drift, from a mile or less to ten or fifteen miles 

111 length, often with half or two-thirds as great width, are interspersed here and 

there with the till areas upon all the northern half of Cass county, excepting the 

Itasca moraine. These sand and gravel tracts adjoin the Big Rice lake, lake Laura, 

B~l and Mud lakes and Winnibigoshish and Cass lakes. They have less develop

ment around Leech lake, whose shores are prevailingly till. 
Most of the plans here described consist of gravel and sand to great depths, enclosing few or no layers of 

~ clay. The streams flowing away from the ice·sheet soon deposited these beds. The finer silt and clay, on the 
other hand, which must have been nearly equal in volume with these coarse beds, were borne forward down the 
valleys to the slower flowing lower courses of the rivers. These sediments in the Mississippi and Missouri 
valleys contributed to the loess, to the Port Hudson clays of the broad bottom·lands far south of the modified 
drift sand plains, and to the mud of the fast extending Mississippi delta. But in some places along the upper 
course of the Mississippi, exceptional deposits brought into the main valley by its tributaries, or other conditions 
of uneven sedimentation, led to the ponding back of the water or to its diversion into still lagoons outside the 
course of the river's current, whereby so tranquil conditions were provided that fine silt and clay beds, some· 
times of considerable thickness, were laid down. Such beds are revealed by deep well borings beneath the 
gravel and sand plain on which Brainerd is built. 

The well of the electric power house at the north end of the Brainerd street car line is 107 feet deep, 
passing through sand to a depth of seventeen feet from the surface; then, finer quicksand, eleven feet, with 
very abundant water in its lowest two feet; and stratified clay, containing no gravel nor boulders, seventy·nine 
feet; to sand at the bottom, from which water rose about seventy feet. The water brings in fine sand, which 
has caused much trouble by filling the pipe. 

A third of a mile southward from this locality, the clay bed at the Koop Brothers brickyard)s covered by 
twelve feet of sand, and has a thickness of seventy-three feet to the underlying sand. 

About two miles distant to the southwest, on the southern limit of the city of Brainerd, Mr. Adam Brown 
has a well forty-eight feet deep, which was bored in June, 1892. Its section in descending order was sand and 
fine gravel, twenty feet; quicksand, two feet; and dark gray clay, twenty-six feet (only one-third as thick as 
farther north); to sand, from which water rises with a powerful flow to the surface, but will rise when confined 
in the pipe only two or three feet higher. It is the only artesian well of this city and all the surrounding 
country. This well, cased with two-inch pipe, flows at the rate of twenty-five gallons per minute. The water at 
first brought.up much very fine sand, but soon flowed clear; and its rate of flow during the first year showed an 

. increase rather than diminution. It is of excellent quality for drinking and cooking, deposits no iron rust, and 
is less hard for use with soap in washing than the water of the ordinary shallow wells. Its temperature is 44. 0 

The surface at Mr. Brown's, on the northern verge of a ravine tributary to the Mississippi, represents approxi
mately the general level of the plain in its vicinity, but is indeed some five to eight feet lower; and it is prob
ably ten or fifteen feet below the plain at Brainerd depot, and somewhat more below the well and bdckyard 
previously noted. 

As originally deposited, the clay and overlying sand were continuous across the present channel of the 
Mississippi, which has since been cut by the river. The bed of this channel is somewhat above the underlying 
sand, which, therefore, has no discharge here for its water, excepting by this artesian well and perhaps by 
springs which may rise through crevices or joint planes of the clay. The ravine passing Mr. Brown's house and 
well has a small stream fed by many springs, one of the largest of which is about a half mile east. These, how
ever, probably flow from the overlying sand at its plane of junction with the clay. 

Kettle-holes and lake basins. In some places the sand plains of this district are 

indented or pitted by frequent hollows from a few rods to an eighth of a mile or 

more in diameter, round, oblong, or of irregular forms, sinking fifteen to twenty

five feet below the general level of the otherwise nearly fiat smface. These bowl

like depressions known as kettle-holes were observed in abundance on the line of the , , 
Brainerd & Northern railroad in secs. 28, 21, and 20, T. 135-28, on the central part 

of the area partially bounded by Long lake and lakes Edward and Hubert. They 

differ only in size from the large depressions of these plains, up to several miles in 

diameter, which extend below the plane of saturation and consequently are occu

pied by the many small and large lakes. Some of these lake basins sink fifty to 
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seventy-five feet or more below the general level, and their water surfaces are five 

to twenty feet below the same level. Among the lakes of this district which are 

wholly or in large part enclosed by modified drift plains, I learned the reputed maxi

mum depths of the following: Gull and Long lakes, each about eighty feet; lake 

Gilbert, forty feet; Pelican lake, fifty feet; and Cross and Whitefish lakes, about 

forty feet; Boom lake, at J. J. Howe's saw and planing-mills in the south edge of 

Brainerd, about thirty rods in its maximum diameter and said to be thirty feet 

deep, extending lower than the bed of the Mississippi river, with which it is con

nected by a little strait, is a very curious and interesting, although small, example of 

this class of lakes. 

Where lake basins are wholly or mainly surrounded by till areas, like Leech 

lake, they may be ascribed to irregularities in the deposition of the drift due to its 

being eroded here and heaped up there by the fluctuating action of the ice-sheet. 

In the case of the kettle-holes and lakes enclosed by stratified drift, however, we 

must suppose that the spaces thus left empty were filled by unmelted remnants of 

the del)arting ice-sheet while the deposition of the adjoining sand and gravel beds 

took place from sediment-laden floods. In the smallest kettle-holes insular ice 

masses of only a few rods diameter stood out first as peninsulas and finally were cut 

off from the receding glacial border; but for the occupation of the lake basins some 

of these ice masses were miles in extent. The adjoining deposition was very rapid 

and was ]Jractically completed in each instance before the ice mass occupying the 

hollow was melted. 

Cltrl ins of l(tl~e~. The lake basins which were left unfilled while deposition of 

the modified drift went on all around are occasionally arranged in series or chains. 

Such are Sylvan, Gull, and Upper Gull lakes, with lakes Mayo and Sibley, forming a 

series about nineteen miles long from south to north. Another series, through which 

the Pine river flows, comprises Cross, Rush, and Whitefish lakes, reaching, if we add 

also the Hay lakes, about ten miles from east to west. Again, the series or chain of 

Pine, Daggett, Eagle, Mitchell, Urooked, Lawrence, and Leavitt lakes, through which 

Daggett brook flows, extends fifteen miles from southwest to northeast. In a more 

general yiew, however, these three series nmy be very properly regarded as forming 

together a single chain of seventeen lakes, individually ranging f;om one to nine 

miles in length, and together reaching about fifty miles from south to north and 

northeast. These lakes are intimately related with the principal belt of the Leaf 

Hills moraine, ror they mostly lie close alongside it, but northeastward from White
fish lake are a few miles in front of it. 

During a stage of the glacial retreat uncovering the southeastern part of this 

district, many lakes, mostly enclosed partly Or wholly by modified drift, were formed, 
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until the ice rested or somewhat retLdvanced in its accumulation of this belt of hilly 

morainic drift. N ext, after a further retreat of five to ten miles northwestward, 

another stage attended by the formation of many lakes ensued, the more southern 

of which, from lakes Ada and Hattie to Pine Mountain lake and upon an extent of a 

half dozen miles thence northward, are entirely or partially enclosed by the stratified 

gravel and sand deposits. In this tract, however, a elea,rly consecutive order of the 
lakes is not discerned. 

Another very notable chain of lakes is found along the head stream of the 

Crow Wing river, and is continued northeasterly to Leech lake. This chain com

prises the Fifth to the Eleventh of the Crow Wing lakes, refLehing thirteen miles 

from southwest to northeast, the last being known preeminently by that name of 

the river of which it is the farthest source. These laJl:8s are bounded by areas of 

the modified drift wbich usually rises on each side with tenaee-like steepness to 

plains· forty to sixty feet above the lakes. Following the same course onward, 

we pass a large slough or marsh, then a land interval for one and a half miles, and 

then a succession of four lakes, the last two toward the northeast, respectively 

about two miles and one mile long, to the vVest bay of Leech bke, which in the 

continuation of the same line, has the extraordinary depth of 100 feet. 1'hese 

four lakes are comprised within the Itasca moraine, and are enclosed by eonfusedly 

grouped hilly deposits partly of till and partly of modified drift. 

Neither this chain of lakes, nor that beginning with Sylvan and Gull lakes, 

can be ascribed to stream erosion while the iee-sheet was retreating or during the 

subsequent time. So far as they are enclosed by stratified drift deposits, they 

must have been due to remnants of the departing ice filling these hollows; but it 

seems difficult to account for the successive existence of such ice masses along 

these definite south to north and northeast courses. No till is spread over the 

adjoining modified drift, and these lake chains therefore cannot be explained, 

as in Martin county,* by the partial filling of interglacial stream eourses with the 

drift of a later ice advance. They do not here mark avenues of drainage, unless 

they may in some degree represent preglaeial valleys not wholly obliterated and 

filled by the mantle of the drift. Instead, they evidently owe their contour chiefly 

to having been the sites of the latest remnants of the ice-border while it "was being 

rapidly withdrawn, with accompanying rapid sedimentation on each side. 

Icejormed ridges on lake shores. Ridges of sand and gravel four to six feet 

above the ordinary level of the lakes (whieh is commonly one to two feet below the 

highest stages), and having a width of about 100 feet, are sometimes seen dividing 

one lake from another. In numerous cases, a smaller and usually very shallow lake 

* Geology of Minnesota, vol. i, 1884, pp. 47~485. 
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01' a marsh has been thus separated from a larger lake basin. Such ridges on lakes 

enclosed by modified drift are seldom more than a quarter or third of a mile long, 

and they are mostly attributable quite as much to winds and wave-building as to 

ice-pushing. 
On shallow lakes having shores of till, ridges of similar size are perhaps equally 

frequent, being there made up largely of boulders. These low ridges have been 

formed principally by the expansion of the ice during each winter, pushing the 

boulders and other drift outward from the shallow lake bed to the shore. 
Alluvi-um. Since the close of the Glacial period, much stream channelling has taken place, and the 

resulting deposits of fine silt on the bottom lands of the rivers are alluvium, of scanty area and t~ickness in 
this district, to be distinguished, as different in origin and methods of transportation and deposition, from 
the stratified beds of the streams that flowed from the departing ice-sheet. The formation of the alluvium 
has been very slow in comparison with that of the modified drift. 

MATERIAL RESOUROES. 

The timber of this district, the fertility of its soil for agriculture, and the 

water-power of its streams, are its chief resources. It is well fitted, also, by its 

multitudes of lakes and streams and its extensive wooded areas, to be the resort of 

sportsmen and of the many who in their summer vacations seek rest in the country 

from the toil and care of the diverse and exacting occupations of the city. Deer, 

hares, partridges (grouse), ducks, trout, bass, and whitefish, here reward the skillful 

gunner and angler. 

Among all the species of fish in these lakes, the whitefish is probably the most 

valuable. It is abundant in deep cool lakes, which receive inflows of springs. The 

whitefish grows to a maximum weight of about ten pounds in Whitefish lake and 

many others, including a second and smaller lake of this name (translated from its 

Ojibway designation) on the Boy river in the south part of T. 140-30, and the higher 

Fourteen Mile and Ten Mile lakes of the same stream. 
Forestry. The cutting of pine timber (here about half white pine and half Norway or red pine) and its 

transportation to the Mississippi river for manufacturing into lumber, chiefly by the saw-mills of Brainerd, 
Little Falls, St. Cloud, and (in largest amount) Minneapolis, have constituted the principal industries of this 
district to the present time. The supplies of merchantable pine, however, are approaching exhaustion, and 
agriculture must be the principal resource of wealth in the future. Durmg the winter of 1892-93, according 
to the estimates in the surveyor general's office, the amount of pine timber cut and to be floated down on the 
Bear and Leech Lake rivers was 14,978,120 feet; on the Vermilion river, 11,991,350 feet; on the Pine river, 
122,536,700 feet; on the Little Pine river, 8,122,420 feet; and on the Crow Wing river, 49,148,350 feet. Besides 
these, the district supplied much timber to the headwaters of the Willow river, before noted in the chapter 
on Aitkin county, and directly to the Mississippi, on which, according to the same records, the cut of pine 
logs was 123,000,000 feet. These additions probably offset the portions received on the Crow Wing river from 
areas west and south of this district, so that its total supply of timber in this single winter was approximately 
206,000,000 feet, being nearly one-third of the entire product (677,836,540 feet) upon the upper Mississippi and 
all its tributaries above Minneapolis.* 

The Northern min company, successor to the Gull River lumber company, cut during this winter about 
75,000,000 feet of pine timber, of which some 10,000,000 feet were driven down the course by the Gull lakes 
and river and onward by the MississilJpi to Minneapolis. The remaining 65,000,000 of this company's timber 
were transported by railroad to their mill at Brainerd, partly to be sawn there and partly to be put in the 
Mississippi river and thence floated to the company's Minneapolis saw-mills. For bringing the logs to the 

" Jl1ISOI\\ip}Jl T'allcy LII1Iibennail (Minneapolis), ,JunE' 30,1893. 
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Brainerd mill, this company in 1892 constructed the Brainerd & Northern Minnesota railway, about forty miles 
long, to Munroe and Spider lake, with two branches respectively four and six miles long, extending westward 
and northeastward from Munroe. January 1st, 1893, the log-carrying by this railroad began, and in the next 
seven months the 65,000,000 feet of timber were brought to Brainerd. 'l'wo trains, of about twenty cars in 
each, made two trips daily in this work. During the winter this company employed several hundred men in 
cutting logs; about eighty men were employed in loading the logs on trains; and about 300 men in the steam 
saw-mill, planing-mill, and lumber yards, at Brainerd. These mills can produce 200,000 feet of sawn and 
planed lumber in a day's work of ten hours. During 1894 the railway west of lake Hubert was taken up; and a 
new line, about fifty miles long, was constructed by the same company, from lake Hubert north to the South 
arm of the West bay of Leech lake. 

Another railroad for lumbering purposes, built for the Oross Lake logging company and known as the 
Mississippi & Northern railroad, extends twenty-three miles from Oross lake north to the Boy river. This 
railroad, like the preceding, has several supply branches, one of which runs from it west to Little Norway lake. 
Logs from the upper waters of Boy river are floated down to Girl lake, from which they are loaded on trains 
and carried to Oross lake, whence they are floated down the Pine and Mississippi rivers to the Minneapolis 
saw-mills. 

Ag1'1:cttlture. Already a considerable number of farms, both on the tracts of 

modified drift and of till, have been cleared and under cultivation ten to twenty 

years. Some of these farms are at the lumber camps of the pineries, five to ten 

acres being cultivated by each proprietor or company doing a large business for the 

supply of provisions during the winters when many men are employed in cutting 

and hauling logs. The principal crops are wheat, barley, oats, corn, hay, potatoes, 

turnips, and other garden vegetables and small fruits, as strawberries, gooseberries, 

currants, and raspberries. 

Dairying and stock-raising are doubtless destined to become prominent branches 

of the farm i:ndustries of this region, although the winters are long, requiring cat

tle, horses, and sheep to be fed in the barn during about half the year. At present 

the natural meadows along the streams supply the greater part of the hay for 

wintering stock, including the large numbers of draft horses and oxen used for the 

operations of lumbering. This native hay often consists principally of the blue-joint 

grass (Deyeuxia or Calamagrostis canadensis), growing four to six feet high and 

yielding two tons per acre. On uplands the cultivated herd's-grass or timothy, red

top, and other species, yield well; and with the native blue-grass (Poa pratensis) and 

red and white clover, they make a durable pasture sward. 

Water-power. For the purpose of supplying an increased flow of the Mississippi 

river during the late summer and any other times of drought, in the interests of 

steamboat navigation below Saint Paul and subordinately of the flouring mills and 

saw-mills using the water-power of this river at Little Falls, Sauk Rapids, Saint 

Cloud, and Minneapolis, three large dams, namely the Winnibigoshish, Leech lake, 

and Pine river dams have been constructed in this district by the United States , 
government. These are portions of a reservoir system on the headwaters of the 

Mississippi, which also includes the Pokegama dam in Itasca county and the Sandy 

lake dam in Aitkin county. 
The Winnibigoshish dam, on the Mississippi river at the mouth of lake Winnibigoshish, when at. its usual 

stage of flowage, raises this lake eight feet above its former low water level, the area so flowed bemg about 
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Brainerd mill, this company in 1892 constructed the Brainerd & Northern Minnesota railway, about forty miles 
long, to Munroe and Spidel' lake, with two branches respectively four and six miles long, extending westward 
and northeastward from Munroe. January 1st, 189~, the log-calTying by this railroad began, and in the next 
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years. Some of these farms are at the lumber camps of the pineries, five to ten 
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yielding two tons per acre. On uplands the cultivated herd's-grass or timothy, red

top, and other species, yield well; and with the native blue-grass (Poa pratensis) and 

red and white clover, they make a durable pasture sward. 
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government. These are portions of a reservoir system on the headwaters of the 
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seventy-five square miles. At its maximum capacity, however, this dam may raise the water of lake Winnibigo
shish six feet higher, to a total head of fourteen feet, at which stage it would also raise Cass lake, with its Pike 
bay four feet ahove their stage of low water. The added area of flowage then would be about forty square miles, 
making the total maximum area of this reservoir about 115 square miles. 

Leech lake, covering about 165 square miles, is usually raised by the dam on its outlet, nearly one mile 
from its mouth, to a hight of three or four feet ahove its former lowest stage; but this head may be increased to 
six and a half feet. 

On the Pine river, the government dam, built at the mouth of Cross lake, usually holds this lake about 
nine feet, and Pine, Daggett, Rush, Whitefish, Trout, and Hay lakes from eight to two feet, above their former 
hights. Its maximum capacity of flowage, however, provided for in building the dam but not expected to be 
used, would raise all these lakes ten feet higher. 

Above this dam, the Pine river and its branches have several dams, built by the lumbermen to s~pply 
water in the log-driving season, by which Norway lalm, lakes Ada and Hattie, Pine Mountain lake, and others, 
are made reservoirs, their average head being probably about five feet. 

The Boy river, likewise, has several low dams for log-driving. Others are on the Bear and Vermilion 
rivers. The principal dam of the latter stream, flowing the Big Vermilion lake, is reported to have a head of six 
feet; below which a small dam of two feet is at the mouth of the Little Vermilion lake. 

On the "Willow river and its North and South forks, above the Shovel lake dam, which is in Aitkin county, 
this district has the following six dams for logging, as reported in ascending order by Mr. Martin M. Watson, of 
Aitkin: the Rico lake dam, in the S. W. ~;k of sec. 19, T. 141-25, having a head of six feet; the Poplar Knoll dam, in 
the north edge of the S. W. f1i of sec. 6, T. 141-25, with seven feet head; the Layton dam, in the northeast corner 
of sec. 31, T. 142-25, six feet; the Box dam, near the middle of the north half of sec. 28 in the same T. 142-25, 
just below the junction of the two forks, with head of nine feet; the North Fork dam, near the centre of sec. 1, 
this township, four and a half feet, flowing North Fork lake; and, on the South fork, the Watson dam, in the 
east edge of sec. 35 of the same township, having six feet head. 

At the mouth of Gull lake, a dam raises this and Upper Gull lake and lake Kilpatrick about four feet. 
Two other dams, each of four or five feet head, are reported on the Gull river between the Upper Gull lake and 
lake JYIayo, the upper one flowing la.kes JYIayo and Sibley. On the Cullen brook, tributary from the northeast 
to the Fish TraI) brook and Upper Gull lake, a dam of only three feet head flows the three Cullen lakes. Home 
brook, tributary from the southwest to lake Kilpatrick, is reported to have three dams for lumbering: the first, 
about three miles, by the course of the hrook, above its mouth, has six feet head; the next, two and a half 
miles farther, about four feet; and the highest, again two and a half miles above the foregoing, five feet. 

All these dams are constructed for Teservoir uses, and their valuable water

power lS at -present unemployed. It seems probable, however, that some of these 

sites will be occupied, in the not far distant future, by flouring mills, and, with the 

full development of manufactluing industries in the Northwest, perhaps also by 

woolen and cotton factories like those of tl~e Merrimac, Androscoggin, Mohawk, 

Genesee, and othm- New England amI New York rivers. The many lakes on the 

streams of this district, dammed to become reservoirs, will provide water-power of 

permanent and nearly uniform amount throughout the year, which is the most 

nece,ssary condition of its successful use for manufacturing. 

8PJ'IIl.IjS undl1'el1s. From the porous modified drift there issue many springs 

along the ravines and valleys of the principal streams and upon the banks of lakes. 

They show that the plane of saturation lies at no great depth beneath all the fiat 

or moderately undulating tracts of sand and gravel, where wells, penetrating to that 

plane, find a plentiful supply of water usually within fifteen to twenty-five feet 

below the surface. On till areas, though wells likewise generally obtain ample 

water supplies at similar moderate depths, they occasionally are obliged to go much 

deeper before reaching any water-bearing layer. The water, both of springs and 

wells, is of excellent quality, though" hard" for use with soap because of its dis-
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solved lime and magnesic carbonates. Only one artesian well, situated in BnLinerd 

and described on page 75, is obtained in this part of the state. 
Numerous large and cool springs, issuing on the northwest Rhore of the Mississippi, np81' iii., low water 

line within a quarter of a mile below the bridge [lnd d[lm a haH mile distant to the s()uthea,;t from the 
southwestern arm of lake Gilbert, probably come from this lake, flowing through the intervening ridge of very 
porous kame drift. 

Chalybeate springs are frequent, though not more so, prolmbly, than in most other parts of central 
and northern Minnesota. One of remarkable size and abundant iron-fust deposits is reported hy Mr. William 
E. Seelye as flowing into the south end of the southwestern arm of Leech lnke. At anuther locality, on the 
southern part of the Itasca moraine belt south of this lake, he found much hog iron ore depo':>ited along a very • 
springy small watercourse for an extent of at least a hundred rods. 
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CHAPTER IV. 

THE GEOLOGY OF HUBBARD OOUNTY AND NORTHWESTERN PORTION 

OF OASS OOUNTY. 

By J. E. TODD. 

Location and a rea. This county (plate 59) is located in the north central portion 

of the state. It is bounded on the south by Wadena county, on the west by Beckel', 

and on the east and north by Casso Its area includes sixteen government townships, 

585.4:0 square miles, or 374,657.12 acres. It is estimated that 62.57 square miles or 

40,045.25 acres are water. This is in the form of numerous lakes, none of which are 

of wide extent; some attain a length of five or six miles. It lies in close proximity 

to the head of the Mississippi river, lake Itasca almost touching its westel'l1 border. 

It includes some of the higher lands of the central portion of the state. 

Its settlements are few, and confined to the southern portion of the county. 

Park Rapids, a thriving town of about 500 inhabitants, is the county seat, located 

in the east edge of Fish Hook prairie on Fish Hook river, and the present ter

minus of a branch of the Great Northern railway. An older settlement, Manters

burg, now called Hubbard, is located at the south end of Manter's lake. The 

principal industry of the county is lumbering, the Crow Wing river being its 

principal natural outlet. 

The first explorer who crossed the county was Schoolcraft, who was sent by 

the general government to explore the sources of the Mississippi river. He ascended 

the Schoolcraft river and passed through the extreme northwestern corner of the 

county to lake Itasca. J. N. Nicollet, another government explorer, in 1836, passed 

through the extreme northel'l1 limit of the county in going from Leech lake to lake 

Itasca. Mr. O. E. Garrison, a surveyor of twenty years' acquaintance with the upper 

Mississippi region, was commissioned by the state geological survey to explore the 

sources of the Mississippi in 1880. He ascended the Crow Wing and Fish Hook 

rivers and took careful note of the topographic features, vegetation and location of 

the streams. In 1887, Mr. Warren Upham, of the state geological survey, touched 

the western border of the county in a trip to lake Itasca. An interesting account of 
his trip is given in the bulletin of the Minnesota Academy of Natural Sciences, vol. 
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iii, No.2. The report of Garrison's exploration is given in the ninth annual report 

of this survey. The writer has only had the opportunity of examining the county 

along the Great Northern railroad and the trails from Leech lake to White Earth 

and from Park Rapids to lake Itasca. Considerable additional information has been 

gathered from residents and lumbermen. 

SURFACE FEATURES. 

Topography. The general slope of the southwestern half of the county is 

toward the south; in the northern extremity toward the north, while small portions 

on the eastern border are inclined eastward toward Leech lake. Its general altitude 

varies from 1,400 feet above the sea on the south to 1,600 feet or more on the north

west. Its surface, except in the southwestern portion, is more broken than most of 

the state. It exhibits features common to the counties along the divide between 

the Mississippi and the Red river. West of Fish Hook river the surface is a sandy 

plain. North of a line entering the county near the southwest corner of T. 142-35, 

running southeast, passing north of Fish Hook lake and thence eastward toward 

Leech lake, the surface shows the usual features of a prominent moraine, the high 

stony knobs rising from 50 to 150 above the interspersed lakes and marshy basins. 

The width of this morainic strip has not been definitely determined and as has 

been suggested further on may not be strictly continuous. About the headwaters 

of the streams draining to the north the surface is less broken and lies in high 

sandy ridges trending north and south with valleys of erosion between them. 

The lakes for the most part are without outlets and usually have abrupt sides, 

are uniformly deep and are filled with pUTe water. Some of them present fine 

stretches of sandy beach, but usually their shores are marshy or walled with steep 

slopes of bare boulders. In the southeastern part of the county the surface resembles 

that in the extreme north, the valleys trending toward the southwest. A branch 

from the central morainic area extends from neal' Fish Hook lake in a southeast 

direction, probably to the northeast corner of Wadena county. Its hills are not so 

high as those already m~entioned. 

Lakes. While their general features have already been stated, we will briefly 

enumerate in detail some of the more important lakes. 

Little Man Trap lake, two miles in length, on the west side of T. 142-35, is the 

head of the principal branch of Crow Wing river. It derives its name from its 

very irregular form. Its relation to the steep hills makes it difficult to pass for one 

traversing the forest. Potato lake, lying mostly in the southeast corner of T. 141-35, 

is about five miles in length along itscUTve, its southern end is about a mile in width, its 

main portion extends northwest nearly three miles; on its northeastern side extends 

a curved channel resembling a hook. About two miles south of Potato lake is Fish 
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Hook lake. Both of these lakes ,,1re traversed by the channel of Fish Hook river, 

the longest bmnch of Crow Wing river. Manter's lake is a long narrow lake extend

ing about six miles north and south in rrs. 139, 140~34. It lies in a deep valley and 

connects at its south end with Shell river. Man 'Tmp lake is a very irregular lake 

surrounding the southeast cornel' of T. 142~34. It is about five miles in length east 

and west and probably has thirty or forty miles of shore. Another very irregular 

lake called Crooked lake, lies in the north half of T. 141~33. Its sinuous form is 

fully six miles in length but nowhere more than one-half mile in width. Sand lake 

lies about three miles east of Potato lake. It is named from the extent of sandy 

beach along its western border. It is surrounded by high hills and is seventy feet 

deep. Elbow lake is about six miles east of Park Rapids and has a length of six 

miles in the same direction. N ear its western end on the north side there springs a 

branch running two or three miles in a northwesterly direction. The grade of the 

Great N OTthern nLilway lies along its north side, while the old trail from Leech lake 

to vVhite Earth Agency runs along its south side. Saylor's lake is a large one of a 

cluster of lakes in T. 139~33. 
A very remarkable chain of lakes extends from about three miles east of Manter's lake in a quite direct 

line northeast to the west side of the southwestern point of Leech lake. The whole number of lakes of 
considerable size is about a dozen. They are sometimes named by numbers, a few have special names given 
them. The largest one which lies a little beyond the Emits of Hubbard county is marked on some maps ~s 
Kaginogamaug or Long lake, also Crow Wing lake, and the one next to Leech lake is called War Pool lake. 
These lakes lie in a river-like valley with abrupt sides from twenty to forty feet in hight. They are elongated in 
the direction of the valley. They are usually connected hy a distinct watercourse. They form the headwaters 
of Crow Wing river and are utilized for driving logs into that stream. Long lake, the Eleventh lake, is 1,390 and 
Fifth lake is 1,378 feet above the sea, the others grading regularly between. 

On the northern slope of the county there are three or four prominent lakes connected with the east 
branch of the Mississippi, known also as the Naiwa, Yellow Head, or Schoolcraft river. In T. 143-34 are three 
lakes from one to two miles in length. The eastern one, lake Sheridan, lies at the head of the valley draining 
into lake Kabekona. The one next west is called lake George or Norway; the third, lake Paine. The last two 
empty into Lizard river, a branch of the Schoolcraft. In the northeastern corner is lake Assawa, named by 
Schookraft lake Alice. It was from this lake that both Schoolcraft and Nicollet made portages to lake Itasca. 

Drainage. The principal stream draining' the county is Crow Wing river, which rises in the remarkable 
chain of lakes before mentioned. It leaves the lakes near the southwest corner of T. 140-33, and after passing 
through Saylor's lake, and othel'S associated with it in the township south, it receives the waters of Shell river 
just before it leaves the county. Shell ri \Tcr rises in ShelllakG in Becker county and crosses the extreme south
west corner of Hubbard at a point where it approaches the southwest corner of T. 139-34. It receives the 
headwaters of Fish Hook river, which stream is the longest one in the county. The latter rises in Littie Man 
Trap lake and after a very inegular course in Becker county it returns southeast to Hook, Potato or Arago 
lake, thence runs southward in a quite direct course, leaving the county near the northwest corner of T. 139-34, 
as before stated. Fish Hook river receives another important branch from the west called Straight river. It 
rises in Straight lake in Becker county and flows through the northern portion of '1'.139-35 and joins Fish Hook 
river above the outlet of Manter's lake. In the northernmost townships of the county there are three small 
streams flowing quite directly northward, which empty into the Mississippi by way of Schoolcraft river. 

GEOLOGIC FEATURES. 

There are no known exposures of bed rock in the county. The whole area is 

deeply covered with glacial drift. rrhere have been 'no deep excavations made, for 

the abundance of water at or near the surface and no supposition of mineral wealth 

have removed all incentives to such explorations. The nearest exposure of bed 

rock is the slate and dioryte near Motley, in the northeast corner of Todd county, 
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Hook lake. Both of these lakes ine traversed by the channel of Fish Hook river, 

the longest bmnch of Crow Wing river. Manter's lake is a long narrow lake extend

ing about six miles north and south in rrs. 139, 140~34. It lies in a deep valley and 

connects at its south end with Shell river. Man 'Trap lake is a very irregular lake 
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HUBBARD AND CASS COUNTIES. 85 
Glacial deposits. Till. Boulders.] 

thirty-six miles south. At a greater distance east bed rock has been found on Little 

Boy river. It seems not improbable tha,t the lower Paleozoie forrrmtion may underlie 

the county and possibly the lower Cretaceous may be struck in patches. 

The geological formations are naturally divided into glacial deposits and 

recent formations. 1'he former are represented by the till both of the plains and 

moraines, and the modified drift, ineluding the higher terraces. Alluvial and 

lacustrine deposits of limited extent constitute the recent formations. 

GlaC1:al deposits. These include all that were formed during the occupation 

of the region by the ice-sheet during the Glacial epoch and those fonned during its 

retreat by its direct action and by the action of the waters attending it. Scratched 

boulders and pebbles of foreign origin are the most obvious characteristics of this 

formation. These pebbles and boulders are usually of the toughest rocks, mostly 

crystalline, which have survived the tremendous grinding action of the glaciers. 

Till. This is the most abundant of the glacial deposits and forms the universal 

base and principal body of the glacial drift. It is an unstratified mixture of sand, 

clay, and boulders in different proportions in different localities. So far as has been 

observed in the county it has a uniformly ashy gray color sometimes stained with 

vegetable matter, and probably deep below the surface shows a darker hue, but not 

of the deep blue character which is usually found in the drift of the Minnesota 

valley. A few shallow cuts along the railroad were the only accessible exposures 

of this deposit. 

Boulders. The extreme scarcity of limestone pebbles and boulders is perhaps 

the most notable characteristic of the drift of this region. This characteristic is 

shared by the upper portion of the Mississippi basin. Dr. J. R. Walker, for many 

years Indian agent at Leech lake, informed me that in his traveling through the 

region he had found but one limestone boulder, and that in Leech Lake river near 

Mud lake. In my first passage across the county along the Leech lake trail to Park 

Rapids and thence to Itasca, not a boulder nor pebble of limestone was found, 

though constant search was made for them, until several were found on the beach 

at the north end of lake Itasca. Mr. Upham reports finding no limestone in his trip 

to lake Itasca. But on the other hand, Mr. Garrison reports his observation upon 

the pebbles in Fish Hook lake as being twenty-five per cent. limestone. He also 

calls attention to the incrustation of the rocks in Fish Hook ri ver. An examination 
of the freshly cut grade of the railroad east of Park Rapids diselosed three or four 

boulders of yellow limestone and numerous pebbles. They were of a soft, im.pure, 

yellowish dolomyte, not of the hard, tough variety seen along the Minnesota and 

James valleys. A possible explanation of this discrepancy of observations may be 

found in the dissolving of the limestone upon the surface by the action of decom

posing vegetation, while in fresh exposures or where streams have been active in 
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excavating, it has not been exposed long enough to such influences to disappear. 

The prevalent boulders of the region are a fine grained granite of whitish 

tint, though a pinkish tint is less common. Trap and eruptive rocks are not abun

dant, a fine green basalt is especially rare. A light green trap with white hard spots 

is more frequent; a light blue quartz porphyry was seen several times. A sandstone 

which is yellow on the outside and white on the inside is well marked and not very 

uncommon; sometimes banded pieces occur. It seems not improbable that the 

sandstone boulders may be remains of strata which contributed most of the abun

dant sand of the region to the drift. The black jasper or slate is not infrequently 

found. It sometimes shows a decomposition by weathering. Gneiss and hornblendic 

gneiss are common. A six-inch boulder of pegnlatyte, and a hornblendic granite, 

showing feldspar grains four inches in length, were noted. Specimens of gneiss 

with many quartz veins and boulders of quartz as if from such veins, remind one of 

those observed on the shores of the Lake of the Woods and the Big Fork river. 

lYloraines. Mr. Warren Upham, in several places has expressed himself with 

reference to the moraines in this region, in a manner similar to the following quo

tation, taken from his account of a visit to lake Itasca, bulletin of the Minnesota 

Academy of Natural Sciences, vol. iii, No.2: 
One of the most distinct morainic belts of this state, denominated Itasca moraine, extends with a width of 

five to ten miles from the south side of Pokegama and Leech lakes westward to Little Man Trap lake, to the 
southern arm of Itasca; thence following the hight of the land it bends northwest and north between Itasca and 
the source of the Red river and continues northward between the upper and lower Rice lakes to Clear 
Water lake, etc. 

He further states that the southern border of the Itasca moraine, where it was 

crossed, is a stony ridge which is eight miles south of the extremity of the eastern 

arm of lake Itasca. There is little doubt that the region as outlined by him is most 

prominently morainic. The heavily wooded character and roughness of the region 

have rendered it impossible to study it as would be necessary to decide the several 

questions which rise concerning it. From a study of Cass county, north of Hubbard, 

as well as the southern portion of Hubbard county and the region south of Leech 

lake along the trails, the writer is constrained to present a different interpretation of 

the morainic featmes of the county, leaving to more favored students to determine 

whieh view may be correct. The southern limit of the moraine is reached near the 

middle of the east side of T. 142-36. It also extends southeastward along the north 

side of Fish Hook lake to a subdued bouldery belt with numerous small depressed 

basins about three miles east of Park Rapids. The number and arra,ngement of the 

lakes and streams indicate that it probably extends past Saylor'S lake to the north

east corner of ,V-adena county. Between Park Rapids and Elbow lake its highest 

ridges attain an elevation of about fifty feet above Park Rapids. Mr. Joseph Sombs 

of Park Rapids, who has been acquainted with the region for years, informed me 
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that this broken country continued further southeast past the head of Pine river to 

the vicinity of Gull lake, in southern Cass county. The region in the southeastern 

part of the county, as traversed by the Leech lake trail, ii'l moderately undulating 

but would not be considered morainic. Mr. Sombi'l also informed me that the most 

noted and highest divide of the morainic region passes from the west ann of Leech 

lake to a little north of Long lake and thence runs nearly northwest through towns 

141-32; 142-33; and 143-34. He says that it touches the west end of lake Kabekona 

. and passes three miles south of its eastern end. rfhe direction and position of this 

second strip would correspond with the moraine found north of Ca,ss lake, which is 

known to extend west and southwest across the Mississippi, i'leveral miles east of 

lake Bemidji. There is also a strip further north and curving west and south along 

the west side of Schoolcraft river. It also would correspond, eastward, to the 

morainic strip along the south side of Leech lake. The second mentioned moraine 

was examined by the vVl'iter north of Long lake in the northern part of T. 141-32 

and found to be very rugged and grand in its development, with its high hills rising 

100 to 150 feet above the lake south. 

Stratified or modified dn/t. This constitutes much of the superficial portion of 

the glacial drift. It is usually distinguished from the till by its sandy character, 

and its being commonly found at lower levels. It has evidently been rearranged, if 

not at first deposited, by water. Garrison says: "The country along the north of the 

one (Shell river), and west of the other (tbe Fish Hook river) is radically different 

(from the regiOli to the south of Shell river)." 
The characteristic tree is still the black pine but there are also many small burr-oaks with aspen, birch, 

and iron wood with small prairies and openings. These openings have a character peculiar to themselves. As 
throughout the west the prairie oak openings were considered choice locations by the early emigrants, so here 
the black pine openings with the small prairies are the choice places. 

This peculiar tract of country commences near the west bank of Crow Wing river where it runs south 
through Ts. 139, 140-33, and extends northwest to the range of hills dividing the head of Otter Tailor Red river 
from the Shell. The Shell river forming its southern boundary, it extends to a line of hills bearing N. 80° W., 
and crossing the 10th standard parallel to the north of Fish Hook lake. 

This portion of the country is a quite level plain from fifteen to forty feet 

above the streams. The country in the southeastern townships is also quite sandy 

but more undulating and interspersed with basins and occasional patches of clay. 

The sandy modified drift stands as a broad terrace along the chain of lakes at 

the head of Crow Wing river and about forty feet above the water. It is also 

similarly developed along Elbow lake and Fish Hook river. The railroad cuts show 

that its upper portions are beautifully stratified sand, loam, and gravel. Away from 

the streams upon the terrace-like plains, fiat patches of clay occur as though 
deposited by water. This may be due to the re~i,rrangement of the masses of till 

protruding through the sand. 
The probable origin of the chain of lakes. Attention has already been called to 

the remarkable chain of lakes at the head of Crow Wing river. This feature 
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resembles the remarkable chains described by Mr. Upham in his geology of Martin 

county and similar cases are not infrequent in the vicinity of moraines. It appears 

evident that we have as a first condition for their formation a deep water-cut 

channel. Whether this be of preglacial character, as argued by Mr. Upham, or of 

subglacial origin, remains to be determined. The lakes are deep and seem part of a 

former connection between the west arm of Leech lake and the present valley of 

Crow Wing river. It is not difficult to imagine that, previous to the advance of the 

ice-sheet, a valley existed draining toward Leech lake. It may also be conceived 

that in some way the ice of the glacier should occupy this channel and so prevent 

its destruction. Such a supposition does not, however, exph1in how!l1 the movement 

of the ice-sheet this channel should not have been so distorted and broken or filled 

as to be unrecognizable. 

The other view conceives that the stream flowed underneath the ice somewhat 

as seen in the case of Muir glacier of Alaska and Humboldt glacier of Greenland. 

In case the movement of the ice should block or break the connection by which the 

water entered the channel, either from the upper surface of the ice or from under

neath the ice, the channel might become filled with ice, either by the freezing of 

the water in extTeme cold seasons or by the pressing of the ice into it from above. 

Should this take place shortly before the ice-sheet ceased its onward progress, in the 

stage of recession, the channel would be most deeply filled with ice and in the 

gradual melting away the englacial deposits would be arranged in a sandy plain 

before the ice should have entirely melted away. When at last the ice disappeared 

it would leave a cast of its f01'm, or of the deeply projecting blocks, as deep lake

beds, mOTe or less connected, such as we have already described. This view accounts 

for the repetitioll of these channels more or less parallel with Olle another and with 

all degrees of completeness, for it is conceivable that while waters escape in a general 

direction they may first escape through one channel and then through another. The 

older channels would be more distorted or broken into irreglliarly arranged lake beds 

by the subsequent movement of the ice, while the last one formed would probably 

keep its shape and position. Hence we look upon this chain of lakes as marking 

the former escape of water from underneath the deeper ice which rested upon Leech 

lake to the edge of the ice-sheet, when it rested along the line which we have traced 

as running from Fish Hook lake southeastward. A further discussion of this fea

ture will be found in the next section. * 
The prol)((1J1e r;ZuciuZ histoJ'yof the county. Before leaving this interesting sub

ject let us briefly sketch the probable history of. the formations enumerated. 

According to Mr. Upham the movement of the ice sheet over this region was mainly 

hed dn: r~~I;e. se"t~ t~ 1)8 ~lothin~ ,ill the pJ;C!'0111Cna of this old channel in~olllpatihie with the idea that it is an aban~ohed river
h 'fore th . I e~s fr~ of ha rIVLl t.hat ell amed an 1ce,dalllmed lake, whiCh covered Leech lake and the surroUndlllg country 

e e lCe la so a1 WIt. clrawn as to allow of a discharge through the Le,ech Lake river to the Mississippi river.-N. H. W. 
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water entered the ehannel, either from the upper surfaee of the iee or from under

neath the ice, the channel might become filled with ice, either by the freezing of 

the water in extreme cold seasons 01' by the pressing of the ice into it from above. 

Should this take place shortly before the ice-sheet eeased its onward progress, in the 

stage of recession, the channel would be most deeply filled with ice and in the 

gradual melting away the englacial deposits would be arranged in a sandy plain 

before the ice should have entirely melted away. When at last the ice disappeared 

it would leave a cast of its form, or of the deeply projecting blocks, as deep lake

beds, more or less connected, such as we have already described. This view accounts 

for the repetition of these ehannels more or less parallel with one another and with 

all degrees of completeness, for it is conceivable that while waters escape in a general 

direction they may first escape through one channel and then through another. The 

older channels would be more distorted or broken into irregll1arly arranged lake beds 

by the sL1bsequent movement of the ice, vvhile the last one formed would probably 

keep its shape and position. Hence we look upon this chain of lakes as marking 

the former escape of water from underneath the deeper ice which rested upon Leech 

lake to the edge of the ice-sheet, when it rested along the line which we have traced 

as running from Fish Hook lake southeastward. A further discussion of this fea

ture will be found in the next section. * 
T11C pro1)((ldc .r;luciol history of the county. Before leaving this interesting sub

ject let us briefly sketch the probable history of. the formations enumerated. 

According to Mr. Upham the movement of the ice sheet over this region was mainly 

1 1 d * rh~re seemB to 1)8 nothing in the phenomena of this olel channel incompatible with the idea that it is an abandoned river· 
b~f~rel\heOic~l edstenG:- 0'£ a rIVer t,hali drained an ic-.e-dulll111ecl lake, "vhich covered Leech lake and the surrounding country 

la so fal wlthclrawn as to allow of a eliseharge through the Leech Lake river to the Mississippi river.-N. H. W. 
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from the north and northeast. The county in the earlier portion of the Glacial 

epoch WaS deeply covered with perhaps two or three thousand feet of ice, at which 

time its edge was as far south as Minneapolis. After centuries of retreat the edge 

of the ice cI'ossed the county from the vicinity of Little Mml rI'rap lake to Fourteen 

Mile lake south of Leech lake, thus leaving the southern part of the county uncov

ered except by broad, shallow streams supplied from the melting of the ice. 

This condition of affairs prevailed for a long time, during which the pTOgress 

of the ice brought boulders and clay from the north and by its melting deposited 

them in the form of a vast ridge formed of a mixture of clay and sand, gravel and 

boulders, and a large mass of ice. ~When eventually the increase of warmth finally 

melted the ice more rapidly than it flowed southward, the edge of the ice retreated 

gradually from the county toward the north. The surface of this vast ridge accu

mulated, was a,t first probably not very uneven, but as the masses of buried ice 

gradually melted, there "yas left in their place lake basins, and smaller depressions, 

as we find them to-day. The waters escaping from the ice-sheet, and from these 

melting masses of ice, deposited the stratified drift which we have just described. 

~ The till is probably the mass of material accumulated underneath the ice-sheet 

during the time when it covered the whole country. 

According to the other view of the anangement of moraines, which we have 

presented, the movement of the ice upon this region was mainly from the east and 

northeast, possibly at times from south of east. As, according to the previous 

theory, the ice at one time deeply covered the whole state as far south as Minne

apolis, it moved in what nmy be called two great streams, one coming down the 

Red river and Minnesota river valleys into central Iowa; the other came from lake 

Superior westward and deployed against the east side of the former stream. When 

at their maximp~m they were virtually confluent, but as they melted away they 

gradually became separated one from the other, and at a certain stage the Leaf hills 

were formed between them. These lie to the west of Itasca, forming the great 

divide between the Mississippi and the Red rivers. As the ice gradually dwindled 

away in periods of rapid melting alternating with periods when the edge was 

comparatively stationary, there came a time when the edge of the ice crossed the 

county from the vicinity of Little Man rrrap lake to the northeast corner of ~Wadena 

county, leaving the southwestern portion of the county uncovered while the rest re

mained submerged, At this stage the Fish Hook river began its course, and the Crow 

Wing, after a considerable course underneath the ice, came forth in the northeast 

corner of T. 139-34. Manter's lake may have been a portion of a,n earlier drainage 

channel from the same quarter, through the line of Elbow lake, which may have 

branched underneath the ice, one branch coming from the north and the other from 
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the east. The ice lay along this line probably a comparatively short time, when it 

receded to a line extending northwest from the east end of Long lake in T. 141-32. 

It halted along that line until it accumulated the second mentioned, or Leechlake 

moraine, which occupies the northeastern portion of the county. At that time the 

upper portion of the Mississippi was probably uncovered as far east as lake Bemidji; 

the surplus waters escaping from the edge of the ice north, probably made their 

way over the divide into Clear Water lake or Sand river, into the Red river region, 

which was then occupied by lake Agassiz. It remains for the future students of this 

county to accumulate evidence which shall reveal the more minute and more inter

esting details of this remarkable history. 

Recent deposits. These are so limited and so readily inferred from their relations 

to the streams and lakes that no attempt has been made to represent them on 

the map. 

The lacustrine formations are represented by the accumulations of wash and 

vegetable material in the bottom of the numerous basins and lakes before mentioned. 

The different basins present the various stages in the process of filling; from those 

where the bottom is occupied by open water to those where a dry and grassy meadow 

fills the basin. The stages in the process may be sketched as follows: The first 

wash from the surrounding hills accumulates several feet of fine stratified material 

on the shores and bottoms of the lakes. Where there are considerable tributaries 

this process may go on quite rapidly and if the lake is shallow it soon becomes a 

marsh filled with various water-plants. This process of washing went on much 

more rapidly before the region was covered with forests. N ext, the tamaracks and 

mosses begin to encroach upon the open water on the shore. The addition of silty 

material decreases and layers of vegetation accumulate several feet in thickness. 

Later the mosses become dry eilOugh to support the grasses, which in time form the 

turf which destroys the moss. In the deeper portions of the basin at this stage it 

may have the character of a quagmire or quaking bog. Eventually the bottom of 

the basin everywhere becomes firm ground. In the large basins the action of the 

waves and ice interferes with the growth of vegetation and produces distinct beach 

deposits. Where the shore is gently sloping these are sandy and present the usual 

features of bars and spits. Where the sides are abrupt the rapid freezing of the 

lakes on the approach of winter tends to push the sandy beach into ridges by the 

expansive action of the ice. These, however, are apt to be washed down and rear

ranged as the lakes fill in early spring. The strong action of the ice upon the abrupt 

slopes where the boulders are more abundant pushes them into steeply sloping walls 

resembling the artificial riprapping of streams. 

The recent alluvial deposits are almost entirely confined to the immediate <' 
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vicinity of streams. The streanns cannot well be said to have bottoms or flood 

plains. Their banks are usually low a,nd marshy and their fluctuations of level 

are inconsiderable, because of the influence of forests. The terraces, particularly 

along the streams at a hight of a few feet, are in lllost cases, if not in all, to be 

referred to the Glacial epoch and will be considered under the next head. 

EOONOMIC FEA'l'URES. 

The results of the Glacial epoch have contributed to the resources of Hub

bard county, not only in the beautifully varied topography which rivals that of the 

far famed lake region in the north of England but has made it the natural home for 

game of all kinds. As the country is developed and railroads make it easy of access, 

it will be an important portion of the numerous similiar summer resorts for the 

tourists and sportsmen. At present the woods abound in deer and grouse, while the 

lakes flutter with geese and ducks, and swarm with fish of the most attractive kinds. 

Leech lake and lake Itasca may become centres of recreation, while the smaller 

lakes near will form important portions of the sportsmen's ground. 

TVells. As before stated, the whole country is abundantly supplied with whole

some water easily accessible. In the flat regions of stratified drift the water is 

abundant in wells at a few feet from the surface. The sections of some of these 

wells are reported as follows: 
At Park Rapids several wells were noted by Mr. Garrison and he gives the following as typical: 

12 feet sandy loam; 
4 inches sandy clay; 
1 foot gravel and sand interspersed with small rounded stones and coarser sand 

and water which was 3 feet deep. 
At Howard on section 20, T. 139-34, he found a well thirty six feet deep, showing only three feet of sandy 

gravel and loam, twenty-eight feet of sand and gravel, followed by quicksand bearing water. Other wells in 
the vicinit}': reached the bouldery clay at from thirty-two to forty-two feet. 

At Colgrove's, southeast quarter of section 12, T. 141-36, upon the terrace near Fish Hook river a well was 
driven forty feet; fifteen to twenty was pure sand and apparently below, hard clay with boulders. "\Vater in the 
early occupation of the country is usually obtained by sinking shallow wells in the edge of a lake or swamp. 

Vegetation. As already stated, the county is mostly covered \~~h forests, but 

in the southwestern cornel' are small prairies of limited extent, the largest of which 

is Fish Hook prairie. These prairies occupy the surface of ~tratified drift, and are 

the outliers of the more continuous prairie found in the western portion of Becker 

county and west of the Leaf hills. Of the forest, the black pine is the characteris

tic tree upon the dryer surface, while the aspen prevails upon the moist portions 

outside of the swamps. These two trees are arranged in patches alternating with 

one another in a very irregular manner. Instead of this distribution being the 

result of the "tension" or struggling for location it seems conuIlonly to be a conse

quence of difference in the subsoil. In an examination of the freshly cut grade of 

the railroad to Leech lake, this became very manifest. In looking along the grade, 

wherever water stood in pools after a recent rain, the aspen was the prevailing tree, 
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while in the sandy stretches where water had sunk into the ground, the jack pine 

was always present. Where these two elements were intermingled or one of them 

but thinly developed upon the surface, there was a mixture of the two trees and 

frequently interspersed with the red and white pines. 

Mr. Upham from his trip near Itasca reports the following: 
"Three species of pines occur plentifully about Itasca. The red pine, commonly but erroneously called 

Norway pine, constitutes perhaps three-fourths of the timber available for manufacturing lumber. This species 
occurs 75 to 100 feet in hight and one-half to two feet in diameter. In its most dense groves it is almost 
unmingled with other species of trees, and its reddish brown straight trunks rise from forty to sixty feet to the 
first limb and are so thickly studded with their canopy of boughs as almost to exclude the sunshine. These 
groves have little or no underbrush and seem prepared by nature for picnic grounds. (See figure 1, plate D.) 
The white pine attains a hight of 90 to 125 feet, and has a diameter of two, three to four feet. It is about a 
third as plentiful as the red pine and occurs on more clayey soil, either scattered, or in groves through whose 
tops every wind plays inimitable music. The jack pine (Pinus banksiana Lambert) occupies the sandy and 
gravelly land, very abundant on such tracts as in the Itascan district far eastward and northward. It has a 
small and tall straight trunk from sixty to eighty feet in hight and nine to eighteen inches in diameter at the base. 
(See figure 2, plate D.) This species is used for fuel; and the Indians split and prepare its long pliant roots 
named watab for sewing together strips of birch bark for their canoes. Among the other principal forest trees 
and shrubs are 'the red oak, l)oplar, and aspen very plentiful. The larger are the toothed poplar, balsam poplar, 
cotton wood, canoe birch, black, and burr oaks, white elm, white and black ash, red and sugar maple, moose 
wood, wild plum, bird or pan cherry, high bush cranberry, common and beak hazel, prickly ash, willow, and 
alder. In the swamps and frequently in the higher lands the tamarack, black spruce, and balsam_fir occur in 
abundance, often festooned with moss. 

Mr. Garrison reports from Fish Hook lake the additional species of sheep-berry, 

shad bush, cockspur thorn, iron wood, and black cherry. Characteristic views of the 

red and black pines are shown in figures 1 and 2, plate D, from localities closely 

adjoining this county. 

Grass, suitable for hay, outside of the praIrIeS, IS confined entirely to the 

swampy portions near streal11S and in lake basins, the latter being often remotely 

distributed through the region. 

lIVater-power. Mill sites may be found along the streams, principally on Fish 

Hook river. About a mile from Fish Hook lake is an abrupt fall descending about 

twenty feet in a distance of forty to fifty rods. Other rapids are found higher up 

the stream. The stream is utilized for water-power at Park Rapids. 
, li. 

NORTHWESTERN PORTION OF CASS COUNTY. 

Location (ineZ ((Tea. This area, which for convenience in mapping and explora

tion, has been assigned me, is equivalent approximately to fourteen government 

townships. It is that portion of Cass county lying west of the line which divid6s 

the ranges 31 and 32. His bounded on the north and west by Beltrami county, 

the Mississippi river forming the boundary; on the south by Hubbard county, 

around which it is arranged on the north and east sides with a small portion over

lapping the west side. This portion is wholly represented on the map of Hubbard 

county with the exception of narrow areas next the Mississippi which ~ill be found 
on the map of Beltrami county. 
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The expeditions noted under Hubbard county also traversed this region. 

Schoolcraft in his expedition to lake Ita,sca passed up the Mississippi to lake Bemidji 

and thence up Schoolcraft river, and on his return down the Mississippi to that lake. 

Nicollet and Garrison also passed down the Mississippi. The writer traversed a 

portion of the county north of lake Itasca and ascended the Mississippi from Cass 

lake to the mouth of the Schoolcraft, and the latter stream to a high point on sec. 

3, T. 144-34, where from a high treetop an extensive view was obtained of the valley 

southward, and down the southeastern valley toward lake Kabekona. 

SURFAOE FEATURES. 

Topogmphy. This area presents similar features to those already described in 

the northern portion of Hubbard county. It slopes in the western portion toward 

the north and in the eastern half toward the east and south. Its highest points 

are toward the southwest. It shows much less distinctly the usual topography 

of glaciated regions than the central portion of Hubbard county. Lakes are 

less numerous and are generally without the abrupt sides and irregular forms 

which characterize prominently morainic regions. On the other hand, its western 

half may be described as consisting of a gentle northward slope on the south 

furrowed by three or four broad valleys running in general due north, and a 

quite flat plain on the north, with a quite abrupt drop between. The impres

sion left from the examination of the northward valleys of the southern portion 

is that they are primarily due to preglacial erosion of the region; that the 

glacial drift having been spread over it as a blanket, reveals quite distinctly the 

main features of the preglacial topography. The eastern half, while in general 

showing similar features, has its valleys running to the east toward the western 

portion of Leech lake and ending in lake Kabekona. In the vicinity of the Missis

sippi along its easterly course there are quite extensive bottom lands; and east of the 

lower portion of Schoolcraft river the country is, much of it, level and low. While 

this may be given as a general description of the whole surface there are two strips 

of rougher land which may be traced as follows: One enters the county a few 

miles west of the mouth of Schoolcraft river and extends with a breadth of from 

four to five miles southward, west of lake Rahbahkona or Plantagenet and con

tinues in the same direction into T. 143-34 of Hubbard county. The hills of this 

system rise from 50 to 100 feet above the adjacent streams. Another strip crosses 

the Mississippi river in the central portion of T. 146-32 and forms the lower por

tion of Metowsa rapids, as marked on Garrison's map. This turns shortly south

ward, and passing through range 33, touches the west end of lake Kabekona 

and connects with the hills already mentioned north of Long lake of the Crow 

Wing series. M;r. Upham in his bulletin on altitudes (U. S. G. S. No. 72) says, from 
8 
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glacial drift having been spread over it as a blanket, reveals quite distinctly the 

main features of the preglacial topography. The eastern half, while in general 

showing similar features, has its valleys running to the east toward the western 

portion of Leech lake and ending in lake Kabekona. In the vicinity of the Missis
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tion of Metowsa rapids, as marked on Garrison's map. This turns shortly south
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near Schoolcraft river to Leech lake, there is a morainic contour along the proposed 

extension of the Fosston branch of the Great Northern railroad. 
ALTITUDES DETERMINED FROM RAILROAD LEVELS IN HUBBARD COUNTY AND NORTHWEST PORTION 

OF CABS COUNTY. 

On the Pa?'k Rapids Branch of the Gl'eat Northern Railway. 

Starting with Wadena which, according to the U. S. Geol. Survey Bulletin ~o. 7~, is 1,350 fe.et above t~e 
sea, we find in comparing it with the report furnished by Mr. Upham that he glVes It 1,34~, whlle the chlef 
engineer of the Great Northern railway has recently given it as 1,337. We take Mr. Uphams figures to be an 

average, which he has probably fully considered. 

Wadena, 
Leaf River station, 
Sebeka, 
Menahga, 
Shallow River station, 
Shallow river at Bridge, 1 mile south of station, 
Park Rapids, 
Straight river at the bridge, 3 miles south of Park Rapids, 1,403; Fish Hook river 

bridge >4 mile north of Park Rapids, mill pond, 
Elbow lake, crossed at its narrowest, 9% miles from Park Rapids, 
Crow Wing river, 8 miles from Elbow lake, 
Akeley, 
Leech lake, 

Other elevations furnished by Mr. Upham, probably derived from this survey, are: 
Crow Wing or Eleventh lake, 
Tenth lake, 
Ninth lake, 
Prairie or Eighth lake, 
Seventh lake, 
Sixth lake, 
Fifth lake, 

Extension of Fosston Branch Great Northern Railway. 

at the 

Miles from 
Carman. 

Fosston, 
Mississippi river, sec. 8, T. 145-35, water, 1,373; bottom land, 20 to 50 rods, 

hight, 1,375; proposed grade of bridge, 
Crow bed, hills rising east and west to 1,450-1460, 
Schoolcraft river, on or near section 3, T. 144--34, 
Summit, highest on this line of survey, 
Leech lake, water raised by dam, 

44 

77.1 
87.5 
89.9 
98.5 

121.2 

Feet above 
the sea. 
1,346 
1,323 
1,388 
1,405 
1,419 
1,380 
1,436 

1,425 
1,426 
1,389 
1,425 
1,295 

1,390 
1,387 
1,386 
1,385 
1,382 
1,379 
1,378 

Feet above 
the sea. 
1,288 

1,409 
1,381 
1,372 
1,576 
1,297 

Mr. Upham, in bulletin 72, remarks: roughly morainic contour with elevations 25 to 100 feet above the 
hollows, extends to Leech lake, a distance of 30 miles. 

Drainage and streams. The Mississippi river may perhaps be most appropriately described in connection 
with this area. Its source lies in Beltrami county and the questions of dispute concerning it will conveniently 
be postponed until that county is considered. Lake Itasca, which forms a portion of the boundary of Cass 
county, is an irregularly V-shaped lake with one arm extending south quite directly from its point to the north 
end about eight and a half miles in length. Its eastern arm extends southeast in a crooked manner about four 
miles measured along its crooks from its northern end. The lake is bounded with high drift hills, rising from 150 
to 200 feet above the lake. The shore along the west side of its southern arm is quite generally marshy and slopes 
gradually. The southeast arm is bounded by hills from 75 to 100 feet in hight rising abruptly from the water. 
The greatest depth, eighty feet, is found in the southeastern arm. A small island in the lake near the junction 
of the arms is named Schoolcraft island. The Mississippi river leaves the extreme north end of the lake on the 
west side and turns at first abruptly westward. The current is sluggish and the stream is from twelve to twenty 
feet in width, eighteen to twenty inches in depth, with soft muddy bottom and shore. (See figure 1, plate E.) 
Shortly after the stream becomes too shallow to float a canoe. About two miles from the lake the river enters a 
tamarack swamp where its deep and very sluggish channel is nearly closed up by large growth of wild rice. This 
swamp continues for about three miles, but the river meandering through it is more than twice that length. A 
short distance below the swamp, Mr. Garrison, whose description we are mainly following, found a jam of drift· 
wood which proved to be the head of falls or rapids, over compact ledges of boulders. The fall was found to be 
about twelve feet in as many rods. " This was but the first of a series of rapids continuing for about a half a 
mile, when the river enters another swamp of tamarack and spruce but without the usual meadow on the bank." 
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Mr. Upham, in bulletin 72, remarks: roughly morainic contour with elevations 25 to 100 feet above the 
hollows, extends to Leech lake, a distance of 30 miles. 

Drainage and streams. The Mississippi river may perhaps be most appropriately described in connection 
with this area. Its source lies in Beltrami county and the questions of dispute concerning it will conveniently 
be postponed until that county is considered. Lake Itasca, which forms a portion of the boundary of Cass 
county, is an irregularly V-shaped lake with one arm extending south quite directly from its point to the north 
end about eight and a half miles in length. Its eastern arm extends southeast in a crooked manner about four 
miles measured along its crooks from its northern end. The lake is bounded with high drift hills, rising from 150 
to 200 feet above the lake. The shore along the west side of its southern arm is quite generally marshy and slopes 
gradually. The southeast arm is bounded by hills from 75 to 100 feet in hight rising abruptly from the water. 
The greatest depth, eighty feet, is found in the southeastern arm. A small island in the lake near the junction 
of the arms is named Schoolcraft island. The Mississippi river leaves the extreme north end of the lake on the 
west side and turns at first abruptly westward. The current is sluggish and the stream is from twelve to twenty 
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Shortly after the stream becomes too shallow to float a canoe. About two miles from the lake the river enters a 
tamarack swamp where its deep and very sluggish channel is nearly closed up by large growth of wild rice. This 
swamp continues for about three miles, but the river meandering through it is more than twice that length. A 
short distance below the swamp, Mr. Garrison, whose description we are mainly following, found a jam of drift· 
wood which proved to be the head of falls or rapids, over compact ledges of boulders. The fall was found to be 
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mile, when the river enters another swamp of tamarack and spruce but without the usual meadow on the bank." 
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Below this again were jams of drift-wood and rapids for about two miles more, descending probably from fifty to 
sixty feet. The river then reaches a level in which it flows as a winding channel in a broad grassy swamp which 
continues with more or less interruption by the narrowing of the valley in a northward and eastward direction 
to mouth of La Salle river; thence northward to sec. 58, T. 146-35, where it turns abruptly sotlthward for two or 
three miles to the mouth of Hennepin river. It keeps, in general, an easterly course through similar wild 
rice marshes to the mouth of Schoolcraft river, which it joins at right anglos and takes the course of the 
latter northward. Soon after it passes through lake Irving and next through a short strait into lake 
Bemidji. The full name of this lake is Bemidji Gamaug which is nearly equivalent to Lew Tmven or Oross 
lake as Nicollet names it. This lake is about six miles in length and three miles in breadth, of quite regular 
outline; without islands, and from twelve to forty feet in depth. The MississiPIJi enters it with a considerable 
current and has formed around its entrance in the lake a semicircular bar of gravel upon which the water is 
from six to twenty-four inches in depth, and by which a wagon road, marked by stakes, crosses the lake. The 
river as it enters is about three rods in width and probably eight or ten feet in depth. The reason for the 
significant na:t;l1e, lake Bemidji (or lake that lies across) is that the river enters it at the south end and leaves it in 
easterly direction in the middle of the east side, so that in ascending the Mississippi the lake appears to lie with 
lts longer axis transverse to the course of the river. Much of this lake has grown up to scattering patches of 
bullrushes, especially on the east and north sides. After leaving the lake, the Mississippi is very shallow, not more 
than six inches in depth, though having a breadth of perhaps fifty yards. The banks of the river are low, not more 
than from four to eight feet above the water, usually with gentle slope. About three miles E',ast of the lake the 
river washes the base of an isolated hill fifty or sixty feet in hight, composed mostly of sand and clay. About 
six miles east of the lake the river turns quite sharply to the southeast. The bottom becomes more stony and is 
broken by rapids, necessitating portages; the low banks become higher, rising to a hight of thirty-nve to forty 
feet above the water. This series of rapids, ten or twelve in number, is called the Metoswa rapids. After keep
ing a southeast course for about eight miles it enters a large lake, named Pamitascodiac, about two and a half 
miles in length, which it crosses at its northern end. It enters the lake by a very winding passage through a 
dense growth of cane lake grass, and the outlet is through a dense growth of bullrush. This lake was formerly 
connected by a portage to Midge lake. Leaving this lake the Mississipl)i passes eastward and enters and crosses 
the south end of a lake about five miles in length, called lake Andrusia. On a'narrow land, separating lake An
dmsia from the west end of Oass lake, is a mission and Indian village, which has long been the principal settle
ment of Oass lake. 

La Salle river is a small stream about ten miles long, rising about three miles east of the north end of 
lake Itasca, flowing due north along the west side of towns in range 35. Hennepin river is of similar size 
and length, flowing through the eastern portion of the same townships and entering the Mississippi in sec. 35, 
T.146-35, nearly opposite to the entrance of the Little Mississippi from the north side. 'l'hese two streams 
scarcely deserve the name of rivers, being only small creeks. Schoolcraft or Yellow Head river, is about thirty 
miles in length, its longest branch rising a little northwest of Man Trap lake in Hubbard county. It receiYes, 
on the north boundary of that county, a branch from both the east and west and flows to the middle of the 
north line of T. 144-34, where it turns abruptly eastward through a range of hills rising from 75 to 100 feet 
above it, when it enters a broad valley which it follows northward to its junction with the Mississippi in sec. 28, 
T.146-33. Its course above its entrance into the last broad valley is nearly due north, and much of the way 
in a wide valley with marshes and grass. In passing through the range of hills its course is winding with 
frequent rapids difficult for the passage of canoes. 

Kabekona river rises in the northwest corner of T. 144-33, and flows in a crooked east,southeast valley 
into the west side of T. 143-32, when it turns abruptly south and three miles after enters the llorthwest end of 
lake Kabekona, from which it issues at the east end in a southeasterly direction, passing) through the east end 
of lake Benedict and shortly after empties into Leech lake. The west branch of this river, as it may be called, 
enters the west end of lake Kabekona. Another branch, a larger one, lying north of lake Kabekona enters it 
soon after the main stream leaves lake Kabekona. Another river over twenty miles in length, whose llame has 
not been determined, rises about four miles east of lake Marquette and flows southeast near Midge lake and 
thence a little west of south nearly to the middle of the south line of T. 144-32, when it turns abruptly eastward 
and after passing through Steamboat lake in that direction turns south into the northwest extremity of Leech 
lake. Another stream, Shingobe Minissibe, rises a little south of Long lake of the Orow Wing series in T.141-32, 
flows into Diver lake in the same township, then keeps a northeast direction to the southwest extremity of 
Leech lake. 

Lakes. The lakes of this region resemble in general those described in Hubbard county; being bounded 
by drift deposits and usually attended by marshes. They are generally, however, shallower and broader and 
with less abrupt sides than most of those in Hubbard county. None of them are arranged in series like those at 
the head of Orow Wing river. In the portion draining to the north all of the important lakes are connected 
with the streams. La Salle river passes through lake Beaulieau a mile and a half long and another of similar 
size near its mouth. The Hennepin river is not attended by lakes, except one two miles in length connected 
with its short east branch. Schoolcraft river is connected with eight or nine quite important lakes from one to 
four miles in length, all having thei~ longer dimensions north and south. On the east side 0: T. ~44-35 is lake 
Hattie, one and one-half miles in length, draining southward toward the outlet of lake Allce, mto the west 
branch of the river. In T. 145--34 is lake Frontenac, connected with the middle of Schoolcraft river by a short 
outlet. . The largest lake connected with this river is lake Rahbahkana, or Plantagenet, as named by Schoolcraft. 
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Below this again were jams of drift-wood and rapids for about two miles more, descending probahly from fifty to 
sixty feet. The river then reaches a level in which it flows as a winding channel in a broad grassy swamp which 
continues with more or less interruption by the narrowing of the valley in a northward and eastward direction 
to mouth of La Salle river; thence northward to sec. 58, T. 146-35, where it turns abruptly southward for two or 
three miles to the mouth of Hennepin river. It keeps, in general, an easterly courBe through similar wild 
rice marshes to the mouth of Schoolcraft river, which it joins at right anglos and takes the course of the 
latter northward. Soon after it passes through lake Irving and next through a short strait into lake 
Bemidji. The full name of this lake is Bemidji Gamaug which is nearly equinlent to Lac TTCwer'.'; or Cross 
lake as Nicollet names it. This lake is about six miles in length and three miles in breadth, of quite regular 
outline, without islands, and from twelve to fort.y feet in depth. The MississiIJIJi enters it with a considerable 
current and has formed around its entrance in the lake a semicircular bar of gravel upon which the water is 
from six to twenty-four inches in depth, and by which a wagon road, marked by stakes, crosses the lake. The 
river as it enters is about three rods in width and probably eight or ten feet in depth. The reason for the 
significant name, lake Bemidji (or lake that lies across) is that the river enters it at the south end and leaves it in 
easterly direction in the middle of the east side, so that in ascending the Mississippi the lake appears to lie with 
its longer axis transverse to the course of the river. Much of this lake has grown up to scattering patches of 
bullrushes, especially on the east and north sides. After leaving the lake, the Mississippi is very shallow, not more 
than six inches in depth, though having a breadth of perhaps fifty yards. The banks' of the river are low, not more 
than from four to eight feet above the water, usually with gentle slope. About three miles east of the lake the 
river washes the base of an isolated hill fifty or sixty feet in hight, composed mostly of sand and clay. About 
six miles east of the lake the river turns quite sharply to the southeast. The bottom becomes more stony and is 
broken by rapids, necessitating portages; the low banks become higher, rising to a hight of thirty-five to forty 
feet above the water. This series of rapids, ten or twelve in number, is called the Metoswa rapids. After keep
ing a southeast course for about eight miles it enters a large lake, named Pamitascodiac, about two and a half 
miles in length, which it crosses at its northern end. It enters the lake by a very winding passage through a 
dense growth of cane lake grass, and the outlet is through a dense growth of bullrush. This lake was formerly 
connected by a portage to Midge lake. Leaving this lake the Mississipl)i passes eastward and enters and crosses 
the south end of a lake about five miles in length, called lake Andrusia. On a-narrow land, separating lake An
drusia from the west end of Cass lake, is a mission and Indian village, which has long been the principal settle
ment of Cass lake. 

La Salle river is a small stream about ten miles long, rising about three miles east of the north end of 
lake Itasca, flowing due north along the west side of towns in range 35. Hennepin river is of similar size 
and length, flowing through the eastern portion of the same townships and entering the Mississippi in sec. 35, 
T.146-35, nearly opposite to the entrance of the Little Mississippi from the north side. 'l'hese two streams 
scarcely deserve the name of rivers, being only small creeks. Schoolcraft or Yellow Head river, is about thirty 
miles in length, its longest branch rising a little northwest of Man Trap lake in Hubbard county. It receives, 
on the north boundary of that county, a branch from both the east and west and flows to the middle of the 
north line of T. 144-34, where it turns abruptly eastward through a range of hills rising from 75 to 100 feet 
above it, when it enters a broad valley which it follows northward to its junction with the Mississippi in sec. 28, 
T.146-33. Its course above its entrance into the last broad valley is nearly due north, and much of the way 
in a wide valley with marshes and grass. In l)assing through the range of hills its course is winding with 
frequent rapids difficult for the passage of canoes . 

. Kabekona river rises in the northwest corner of T. 144-33, and flows in a crooked east-southeast valley 
into the west side of T.143--32, when it turns abruptly south and three miles after enters the northwest end of 
lake Kabekona, from which it issues at the east end in a southeasterly direction, passing) through the east end 
of lake Benedict and shortly after empties into Leech lake. The west branch of this river, as it may be called, 
enters the west end of lake Kabekona. Another branch, a larger one, lying north of lake Kabekona. enters it 
soon after the main stream leaves lake Kabekona. Another river over twenty miles in length, whose name has 
not been determined, rises about four miles east of lake Marquette and flows southeast near Midge lake and 
thence a little west of south nearly to the middle of the south line of T. 144-32, when it turns abruptly eastward 
and after passing through Steamboat lake in that direction turns south into the northwest extremity of Leech 
lake. Another stream, Shingobe Minissibe, rises a little south of Long lake of the Crow Wing series in T.141-32, 
flows into Diver lake in the same township, then keeps a northeast direction to the southwest extremity of 
Leech lake. 

Lakes. The lakes of this region resemble in general those described in Hubbard county; being bounded 
by drift deposits and usually attended by marshes. They are generally, however, shallower and broader and 
with less abrupt sides than most of those in Hubbard county. None of them are arranged in series like those at 
the head of Crow Wing river. In the portion draining to the north all of the important la.kes are connected 
with the streams. La Salle river passes through lake Beaulieau a mile and a half long and another of similar 
size near its mouth. The Hennepin river is not attended by lakes, except one two miles in length connected 
with its short east branch. Schoolcraft river is connected with eight or nine quite important lakes frOID one to 
four miles in length, all having thei~ longer dimensions north and south. On the east side o~ T. ~44-35 is lake 
Hattie, one and one-half miles in length, draining southward toward the outlet of lake Allce,. mto the west 
branch of the river. In T. 145--34 is lake Frontenac, connected with the middle of Schoolcraft nver by a short 
outlet. The largest lake connected with this river is lake Rahbahkana, or Plantagenet, as named by Schoolcraft. 
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It is in an imperfectly double form consisting ofla long strait lake three miles in length upon the east, with a deep 
bay connecting with it on the west side which is about three mi~es. in length n~rt~ and s~uth .. Its southwest 
shore is high and broken. Lake Marquette is a double lake conslStlllg of two ehp~IC~1 basllls IYlllg end to end. 
It lies about one-half mile north of the last mentioned lake. Another small lake IS llltercepted by the School
craft just before it joins the Mississippi. 

In the eastern half of this area, the upper lake is in the northwestern corner of T. 143-32, and has been 
named Garfield lake, though its Indian name I{abekona is commonly used. It is about four miles in length and 
one and one-half miles wide. Its southern shore is steep and hilly. It receives two streams at its north
west end, one from the west heading near lake Sheridan and the other from the northwest of Kabekona river. 
It is connected through the lower of Kabekona river with Leech lake. Another lake two miles and a half 1n 
length lies in the northern portion of the same township and is connected by an ontlet with Kabekona river. 
Lake Benedict is about one and one-half miles in length extending east and west, scarcely separate from the 
west end of Leech lake, also connected with Kabekona river. Grace lake in the northern part of T. 145-32 is 
about a mile and a half in diameter. Midge lake about a mile and a half southeast of it is of importance 
because for some time it was the connection through a series of portages with a lake (Pamitascodiac) connected 
with the Mississippi, and the river south connected with the northwest arm of Leech lake. More recently this 
route has not been used, but instead the course more commonly taken is between the northwest arm of Leech 
lake and the south end of Cass lake through a chain of lakes which is east of our territory. 

GEOLOGIC FEATURES. 

Later deposits. This section, like Hubbard county, exhibits no exposures of bed 

rock; no excavations have been made to determine its depth below the surface. 

The deposits belong to the same classes mentioned under these heads in Hubbard 

county. The recent deposits are more extensively developed along the Mississippi 

and Schoolcraft rivers than anywhere in Hubbard county. This has already been 

alluded to in the description of these streams. Terraces of modified drift, mostly 

stratified sand with local developments of clay, are found along the Mississippi at a 

hight of from twenty to thirty feet. At some points lower terraces than the main 

one are found five to ten feet above the stream. These lower fiats probably should 
be referred to the recent deposits. 

lJ!ioraines. The morainic development of the drift is in some portions con

siderably scattered and feebly developed, but we shall conveniently group the 
various drift hills in three principal moraines: 

The Itasca 11wrcdnc. As we have already stated, the region about lake Itasca i~ 
very prominently morainic. The northern boundary of this feature may be approxi

mately drawn as follows: It extends from a point about three or four miles north 

of lake Itasca northwestward, crossing the Mississippi near the middle of the north 

line of T. 144-36, and is understood to pass west of Upper Rice lake. It seems not 

impossible that the Itasca moraine in Hubbard county is an interlobate moraine 
with its apex pointing east. 

The second '}}wmine we may call the Schoolcraft river moraine. This is the one 

whieh we have already considered as passing east of Park Rapids and northward 

west of the head of Schoolcraft river. It leaves the county in the vicinity of 

lakes Alice and Hattie. Its eastern boundary passes along the west side of lakes 

Rahbahkona and Marquette, and thence northward along the west side of Ts. 146, 

147-34. In the latter township it turns eastward and passes between lake Bemidji 
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It is in an imperfectly double form consisting ofla long strait lake three miles in length upon the east, with a deep 
bay connecting with it on the west side which is about three mi~es. in length n~rt~ and s~uth .. Its southwest 
shore is high and broken. Lake Marquette is a double lake conslstlllg of two ehp~lC~l basms IYlllg end to end. 
It lies about one-half mile north of the last mentioned lake. Another small lake IS llltercepted by the School
craft just before it joins the Mississippi. 

In the eastern half of this area, the upper lake is in the northwestern corner of T. 143-32, and has been 
named Garfield lake, though its Indian name I{abekona is commonly used. It is about four miles in length and 
one and one-half miles wide. Its southern shore is steep and hilly. It receives two streams at its north
west end, one from the west heading near lake Sheridan and the other from the northwest of Kabekona river. 
It is connected through the lower of Kabekona river with Leech lake. Another lake two miles and a half hn 
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west end of Leech lake, also connected with Kabekona river. Grace lake in the northern part of T. 145---32 is 
about a mile and a half in diameter. Midge lake about a mile and a half southeast of it is of importance 
because for some time it was the connection through a series of portages with a lake (Pamitascodiac) connected 
with the Mississippi, and the river south connected with the northwest arm of Leech lake. More recently this 
route has not been used, but instead the course more commonly taken is between the northwest arm of Leech 
lake and the south end of Cass lake through a chain of lakes which is east of our territory. 

GEOLOGIC FEATURES. 

Later deposits. This section, like Hubbard county, exhibits no exposures of bed 

rock; no excavations have been made to determine its depth below the surface. 

The deposits belong to the same classes mentioned under these heads in Hubbard 

county. The recent deposits are more extensively developed along the Mississippi 

and Schoolcraft rivers than anywhere in Hubbard county. This has already been 

alluded to in the description of these streams. Terraces of modified drift, mostly 

stratified sand with local developments of clay, are found along the Mississippi at a 

hight of from twenty to thirty feet. At some points lower terraces than the main 

one are found five to ten feet above the stream. These lower flats probably should 
be referred to the recent deposits. 
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line of T. 144-36, and is understood to pass west of Upper Rice lake. It seems not 

impossible that the Itasca moraine in Hubbard county is an interlobate moraine 
with its apex pointing east. 

The second momine we may call the Schoolcraft ri vel' moraine. This is the one 

whieh we have already considered as passing east of Park Rapids and northward 

west of the head of Schoolcraft river. It leaves the county in the vicinity of 

lakes Alice and Hattie. Its eastern boundary passes along the west side of lakes 

Rahbahkona and Marquette, and thenee northward along the west side of Ts.146, 

147-34. In the latter township it turns eastward and passes between lake Bemidji 
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and Turtle lake. The hills belonging to this moraine were noted by Garrison two 

to three miles west o( the mouth of Schoolcraft river, and others referred to the 

same moraine are found along Grant creek in the north part of T. 146-34, thirty

five to forty feet above the surrounding country, and along the west side of lake 

Marquette, where they rise to a hight of seventy-five feet above the lake. The 

range rises still higher west of lake Plantagenet and from a high point of view 

on sec. 3, T. 144-34, these hills were seen to pass southward along the west side of 

Schoolcraft river, as before stated. Views of these hills are shown in figures 2, 
plate E, and 1, plate F. 

The third momine, which we will call Cass Lake moraine, enters the region at the 

west end of lake Kabekona aud is believed to pass northward to the north line of 

T; 145-33, where it must pass northeast in order to cross, as it is known to do, the 

Mississippi river in T. 146-32, where it seems to form the Metoswa rapids, aud thence 

extends northeast and east. On sec. 4, T. 146-32, the hills of this moraine rise from 

sixty to seventy feet above the Mississippi and are interspersed with typical kettle 

basins. 
ECONOMIC FEATURES. 

Vegetation. This resembles closely that of Hubbard county. North of lake Itasca, east of the Mississippi, 
much of the country is almost prairie, partly as a result of forest fires which have removed formerly abundant 
timber. Along the Mississippi are river bottoms sometimes sixty to seventy rods in width and often dry enough 
to be covered with luxuriant growths of blue joint and redtop grasses from which thousands of tons of hay might 
be prepared anmuilly: The shallow lakes and the sluggish watercourses, as in the case of the Mississippi above 
lake Bemidji, abound in wild rice, which might be made to produce almost unlimited supplies of valuable food. 
It forms an important part of the sustenance of the Indians and grows luxuriantly without cultivation. These 
shallow marshes afford the food for numbers of migratory water-fowl. 

The black pine is the prevalent tree of this region, which is generally sandy, and with it are associated 
considerable quantities of red pine, the tops of which rise majestically above the surrounding forest. Upon the 
lower lands and terraces, not only are found these two species, but in clayey localities the aspen, oak, elm, ash, 
etc. The principal part of Kabekona river is said to be through a rich country of hard wood. 

This country is not occupied by settlers except a few sections north of lake Itasca. No data have been 
obtained concerning the wells, though from the sandy character of the soil and the abundance of moisture, no 
doubt they can be easily obtained at any point. 

Water·power. Since the northward flowing streams and Kabekona river rise in the southwestern portion 
of a section which is elevated to a hight of 1,500 to 1,600 feet above the sea, while the elevation along the 
Mississippi is 1,375 to 1,350 and lake Kabekona 1,302, it is evident that the streams all have considerable descent 
and therefore valuable mill sites might be easily found. At no distant time it seems not unlikely that this region 
may be the location of numerous manufacturers particularly of wooden ware and lumber. 
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CHAPTER V. 

THE GEOLOGY OF NORMAN AND POLK OOUNTIES. 

By J. E. TODD. 

Situ((tion (IIul Clrea. These counties (plate 62) are conveniently considered 

together, not only because of their form but also on account of their close similarity 

in topographic features and geologic structure. N orman county is bounded on the 

south by Clay and Becker counties; Polk county lies north of it. Both are bounded 

on the west by North Dakota with the Red river as boundary; on the east they are 

bounded by Beltrauli county. The former is little more than ten townships in 

length and four in breadth; the latter county, owing to a turn in the Red river, is 

twelve townships in length at the north and eight townships wide from north to 

south. rfhey are, therefore, both of them nearly rectangular, and one more than 

twice the size of the other. 

The area of Norman county is 1,458.32 square miles or 933,326.15 acres, of 

which 23.21 square miles or 14,853.55 acres are water. The county seat is Ada, on 

~Wild Rice river. The eastern half is not yet occupied except by straggling Indian 

settlers, for the White Earth reservation includes the most eastern sixteen town

ships. Polk county contains 3,159.18 square miles or 2,021,873.25 acres, of which 41.91 

square miles or 26,b18.67 acres are water. The water of both of these counties is in 

the usual form of small lakes attending glacial moraines. 

SURF ACE FEATURES. 

No)'}nrlJl ('ollJd!j topo(jmph!j. Norman county reaches an elevation of 1,500 to 

1,600 feet on its eastern border and declines to less than a thousand on its western. 

The :-:slope is gentle to the edge of the table-land which lies approximately along 
the 96th meridian, when a descent of 300 feet occurs in about ten miles. The western 

half of the county lies upon a very level plain which is the bed of an ancient lake 

named, by Mr. Upham, lake Agassiz. The surface of the table-land is mostly 
rough, being a,n irregular arrangement of abrupt hills and intervening valleys, many 
of th8In occupied by lakes. 

Dl"Ulnctge. Almost the whole drainage of the county is by way of the basin of the Wild Rice river, which 
flows westward through the centre of the county from end to end. The slope of the west half of the county is 
so gentle that thIS stream bifurcates near Ada and discharges its water i~to the Red river by two channels, 
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which lie in some places several miles apart. The Wild Rice river rises less than five miles from the Missis. 
sippi river. Its northern head being in Upper Rice lake in the northwest corner of T. 145~36, while the southern 
branch rises on sec. 29, T.144-37; after flowing first southwest it turns northwest through the Lower Rice 
lake. The stream enters the county about six miles south of the northeast corner, thence it flows south of 
west, where it receives an important tributary from the Twin lakes, but its longest is from White Earth river. 
This stream rises in the southeast corner of the county in lake Tullaby and takes a short turn out of the 
county southward through White Earth lake; thence flows northwest, entering Wild Rice river at the northeast 
corner of T. 144-42, and between this again and Ada it receives five branches more than ten miles in length, and 
the longest more than thirty miles, which latter rises in the northern part of T.146-41 and flows nearly due 
southwest. From Ada it takes a direct course northwest and enters the Red river about four miles south of the 
northwest corner of the county. About three miles east of Ada it sends a bifurcation southwest into the 
northern part of T. 143-47, where it joins the so called south branch of the Wild Rice and follows it west and 
northwest to the Red river. A little east of the junction the south branch is interrupted, and lost in the marshy 
character of the ground, for a few miles. Five miles north of Ada a small stream, over ten miles in length, also 
loses itself in the low ground. . 

Lakes. Almost without exception the lakes of this county occupy the three 

eastern tiers of townships, where they are quite equally distributed. These are on 

the surface of the table-land at a hight of 1,400 to 1,600 feet above the sea. There 

are twelve of them more than two miles in length. Those which have received 

names are the Twin lakes, in the southern part of T. 144-36 and Tullaby, which 

crosses the county line near the southeast corner of the county. Data have not 

been obtained concerning their depth. They show the usual characters of lakes 

upon glaciated areas. 

Polk county topogmphy. This county has a general slope toward the northwest; 

its highest portions are in the southeast corner, attaining a hight of 1,550 feet above 

the sea; while the lowest is near the northwest, where it is less than 800. The slope 

along the southern line resembles that already described in Norman county. Begin

ning with 1,550 feet in the southeast corner it descends to less than 1,300 within ten 

miles. Within the next twenty miles it declines a little, and at that distance it 

crosses Herman beach of lake Agassiz at an altitude of 1,150 feet. That along the 

eastern line does not often fall below 1,400 feet until it reaches the north line of 

T.149, when it rapidly descends to a level plain surrounding Red lake, which has an 

altitude of 1,150 feet above the sea and continues at that level to the northeast 

corner of the county. The northern boundary lies mostly upon a plain descending 

toward the west less than 350 feet in its whole distance. About three-fourths of 
the county lie in the basin of the ancient lake Agassiz. The southeastern quarter 
lies upon the upland, which is a lower extension of that occupied by eastern Norman 
county. The descent to the west and north is less abrupt. 

Dminage. The county lies almost wholly in the basin of the Red Lake river. It includes also the valley 
of the Sand Hill river upon the south. The Sand Hill river rises in a lake bed about six miles south of Fosston 

. and runs westward zigzagging north and south through a range of seven or eight miles, making four principal 
bends in reaching the west side of'the county. About twelve miles before it reaches the Red river it becomes 
dispersed in a'plain, from which it gathers after a break of six or seven miles in a number of small rivulets which 
occupy the east half of towns 147, 148-48. This stream receives the only branch which is upon the north side in 
T. 147-44, 46. The Red Lake river rises in Beltrami county, enters Polk county near the middle of T. 152-39. 
It keeps a west-northwest course into the southern portion of T. 154-43, where it receives Thief river from the 
north and northeast; thence it keeps a nearly due south course to the centre of T. 151-43, where it turns sharply 
to the west and receives the main branch of Clearwater river in the centre of the next township west; continues 
southwest to the southeast corner of i50-46 about four miles east of Crookston; thence west-uorthwest to Red 
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river at the northeast corner of T.151-50. It has a larger volume than that stream above the junction. As it enters 
the county its banks are low and the country swampy. Its course to Thief river is so gentle that a small steamer 
makes regular trips from Thief River falls to Red Lake Agency. Its banks at the junction with Thief river are 
thirty-five feet. Between the junction of Thief river and the Clearwater it passes over two prominent rapids, 
caused by the accumulation of boulders. One furnishes water power at Thief River falls and the other at Red 
Lake falis. At Red Lake falls it has cut a gorge about eighty feet below the plain. Between that point and 
Crookston it has gone out again upon the general level, its banks being no more than fifteEm feet at the latter 
point. From the centre of T, 150-48 it sends out an old channel, northwest, known as grand marais,. and from 
nearly the same point it receives a number of tributaries from the plain to the south. The volume of water in 
this stream' is not subject to the fluctuations found in many of the rivers, because it is supplied from such a vast 
extent of marshy country. 

Thief river is its first important tributary coming from the north-northeast and has but a course of five or 
six miles in this county. It has a breadth of fifteen or twenty feet and a depth of from one to three feet. Its 
lower course is broke; by several rapids, though it is a mostly sluggish stream with muddy banks. Clearwater 
river, which enters at Red Lake falls, receives the whole drainage from the highland to the southeast. It has 
numerous branches, which will be spoken of severally. 

Clearwater river rises just outside of the county, in the southwest corner of T. 147-38, at an altitude of 
about 1,450 feet. It describes from that point a long circuit toward the east, and enters this county in the north
east corner of T. 151-39. It there has an altitude probably less than 1,175. It flows nearly parallel to the 
principal courseof the RedLake river, through a marshy plain to the southeast corner of T.152-42, there it turns 
abruptly south-southwest, into the northwest corner of T. 150-42, where it is joined by a short stream.produced 
by the junction of Lost, Hill, and Poplar rivers. From that point its course is little north of west to Red Lake 
Falls. It receives a small tributary, locally known as Badger creek, three to four miles from its mouth. 

Lost river also rises just outside of the county, in a large lake in the southwestern corner of T.149-39. 
It also describes a circuit approximately parallel with the Clearwater; enters the county in the northeast corner 
of T. 150-39, from which point it runs nearly due west to its junction with the Clearwater. Its course in the 
county is wholly within a marsh, and it obtains its name from the fact that it is for several miles nearly hidden 
by marshy growths. 

Hill river rises in the southeast corner of T. 148-39, passes through a large lake in the same township, 
turns first to the northwest, thence to the west, descending from the highland to the plain .. It reaches the plain 
in the southwest corner of T. 149-40, thence flows to the northwest corner of that township, then it takes a west
northwest direction to its junction with Clearwater. South of Lambert in T. 15.0-41 it is eighteen to twenty feet 
in width and two to three feet in depth. 

Poplar river rises in the southeast corner in the northeast township of Norman county; flows nBarly twelve 
miles to the east, four to five miles east of Fosston; thence keeps a quite closely northwest course to its junction 
with the Clearwater. Poplar river, upon the plain north of McIntosh, is twelve to fifteen feet wide and two to 
three feet deep. 

Badger creek rises in a lake through a marsh north of Irskine in the southern part of T. 149-42, and flows 
northwest to its junction with the Clearwater. Unlike the other streams mentioned, its course lies wholly upon 
the plain. A few miles before joining the Clearwater it is about ten feet wide and six to eighteen inches deep. 
Red Lake river next receives a small tributary from the north known as Black river. It rises near the north 
line of the county, and its whole course is in townships of range 45. 

A watercourse, sometimes a stream, rises in the southeast corner of T. 154--46 and loses itself in the plain 
in the southern part of T. 153-47. The Snake river, whose main course is in the county north, enters this county 
in the northern part of T. 154--48, and forms a large marsh occupying the north half of the next township west. 

Lakes ancZ marshes. The plateau region occupying the five or six southeastern 

townships presents numerous small lakes, COHlmon to moraines, -most of them less 

than a mile in length, though two to three surpass that limit. Upon the plain west 

between Badger creek and Sand Hill river are a number of large, shallow lakes. 

The principal one of these is Maple lake, which is a shallow lake about six miles 

in length and a mile and a half in breadth, which lies northeast and northwest 

across the northwest quarter of T. 148-43. It is formed outside of the ancient beach 

of lake Agassiz, which bounds it upon the west and north. 

Another lake of curved and irregular form, covering four to five square miles, 
occupies the southeast corner of the same township. North of Erskine is another 
lake, represented as two miles in length, of similar character to Maple lake. North 
of the highland region, the plain covering the)ixteen or seventeen northeast town-
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river at the northeast corner of T.151-50. It has a larger volume than that stream above the junction. As it enters 
the county its banks are low and the country swampy. Its course to Thief river is so gentle that a small steamer 
makes regular trips from Thief River falls to Red Lake Agency. Its banks at the junction with Thief river are 
thirty-live feet. Between the junction of Thief river and the Clearwater it passes over two prominent rapids, 
caused bv the accumulation of boulders. One furnishes water power at Thief River falls and the other at Red 
Lake falis. At Red Lake falls it has cut a gorge about eighty feet below the plain. Between that point and 
Crookston it has gone out again upon the general level, its banks being no more than fifteen feet at the latter 
point. From the centre of T, 150-48 it sends out an old channel, north west, known as grand marais,. and from 
nearly the same point it receives a number of tributaries from the plain to the south. The volume of water in 
this stream' is not subject to the fluctuations found in many of the rivers, because it is supplied from such a vast 
extent of marshy country. 

Thief river is its first important tributary coming from the north-northeast and has but a course of five or 
six miles in this county. It has a breadth of fifteen or twenty feet and a depth of from one to three feet. Its 
lower course is broken by several rapids, though it is a mostly sluggish stream with muddy banks. Clearwater 
river, which enters at Red Lake falls, receives the whole drainage from the highland to the southeast. It has 
numerous branches, which will be spoken of severally. 

Clearwater river rises just outside of the county, in the southwest corner of T. 147-38, at an altitude of 
about 1,450 feet. It describes from that point a long circuit toward the east, and enters this county in the north
east corner of T. 151-39. It there has an altitude probably less than 1,175. It flows nearly parallel to the 
principal courseof the Red Lake river, through a marshy plain to the southeast corner of T. 152-42, there it turns 
abruptly south-southwest, into the northwest corner of T. 150-42, where it is joined by a short stream.produced 
by the junction of Lost, Hill, and Poplar rivers. From that point its course is little north of west to Red Lake 
Falls. It receives a small tributary, locally known as Badger creek, three to four miles from its mouth. 

Lost river also rises just outside of the county, in a large lake in the southwestern corner of T.149-39. 
It also describes a circuit approximately parallel with the Clearwater; enters the county in the northeast corner 
of T. 150-39, from which point it runs nearly due west to its junction with the Clearwater. Its course in the 
county is wholly within a marsh, and it obtains its name from the fact that it is for several miles nearly hidden 
by marshy growths. 

Hill river rises in the southeast corner of T. 148-39, passes through a large lake in the same township, 
turns first to the north west, thence to the west, descending from the highland to the plain .. It reaches the plain 
in the southwest corner of T. 149-40, thence flows to the northwest corner of that township, then it takes a west
northwest direction to its junction with Clearwater. South of Lambert in T. 15.0-41 it is eighteen to twenty feet 
in width and two to three feet in depth. 

Poplar river rises in the southeast corner in the northeast township of Norman county; flows nearly twelve 
miles to the east, four to five miles east of Fosston; thence keeps a quite closely northwest course to its junction 
with the Clearwater. Poplar river, upon the plain north of McIntosh, is twelve to fifteen feet wide and two to 
three feet deep. 

Badger creek rises in a lake through a marsh north of Irskine in the southern part of T. 149-42, and flows 
northwest to its junction with the Clearwater. Unlike the other streams mentioned, its course lies wholly upon 
the plain. A few miles before joining the Clearwater it is about ten feet wide and six to eighteen inches deep. 
Red Lake river next receives a small tributary from the north known as Black river. It rises near the north 
line of the county, and its whole course is in townships of range 45. 

A watercourse, sometimes a stream, rises in the southeast corner of T. 154--46 and loses itself in the plain 
in the southern part of T. 153-47. The Snake river, whose main course is in the county north, enters this county 
in the northern part of T. 154--48, and forms a large marsh occupying the north half of the next township west. 

Lakes aneZ nw?'sltes. The plateau region occupying the five or six southeastern 

townships presents numerous small lakes, common to moraines, -most of them less 

than a mile in length, though two to three surpass that limit. Upon the plain west 

between Badger creek and Sand Hill river are a number of large, shallow lakes. 

The principal one of these is Maple lake, which is a shallow lake about six miles 

in length and a mile and a half in breadth, which lies northeast and northwest 

across the northwest quarter of T. 148-43. It is formed outside of the ancient beach 

of lake Agassiz, which bounds it upon the west and north. 

Another lake of curved and irregular form, covering four to five square miles, 

occupies the southeast corner of the same township. North of Erskine is another 

lake, represented as two miles in length, of similar character to Maple lake. North 

of the highland region, the plain covering the)ixteen or seventeen northeast town-



NORMAN AND POLK COUNTIES. 101 
Elevations.] , 

ships of the county is usually occupied by swamps, sometimes open, in other places 

occupied by tamaracks. The west quarter of the county, that lying west of range 

46, is usually occupied by swamps of a different character; the ground is a level for
mation. 11he principal vegetation is marsh grass. This area is not very distinctly 

marked but gradually changes into the chyer land further east; and is attended with 
the corresponding shortening of the grasses. 

ALTITUDES IN NORmAN AND POLK COUN'fIJeS. 

The GTeat Northern Railway Sysfem-JJlain Line. 

Glyndon, station and crossing of the Northern Pacific railway, 
Buffalo river, water, 908; grade, 
Averill, 
Felton, 
Borup, 
Wild Rice river, bed, 895; water,900; grade, 
Marsh river, water, 
Ada, 
Long lake, former channel of the Wild Rice river, then passing westward 

in the present course of Marsh river, water, 
Lockhart, 
Rolette, 
Beltrami, 
Sand Hill river, water, 895; grade, 
Russia, 
Kittson, 
Burnham creek, water, 868; grade, 
Carman, junction of Fosston branch, 
Red Lake river, water, 833; grade, 
Bluff north of Red Lake river, natural surface, 886; grade, 
Junction with line to St. Vincent, 
Beach of lake Agassiz, excavated for ballast, crest, 882; grade, 
Fisher, 
Grand Marais slough (former channel of Red Lake river), bed, 830; grade, 
Mallory 
East Grand Forks, -
Red river, bed, 779; lowest stage of water in ordinary years, 784-786; 

highest stage in ordinary years, 800-820; extreme high water (in spring 
1882), 828; grade, 

Grand Forks, 324.5 miles from St. Paul by this line, but only 820.8 miles 
by way of Moorhead, 

Milos fron} 
i")t. Paul. 

235.3 
236.9 
241.B 
249.6 
254.9 
262.6 
264.6 
265.2 

·265.5 
275.0 
276.7 
2B2.0 
282.5 
288.0 
292.3 
29:3.0 
298.0 
299.3 
299.7 
300.5 
302.8 
310.1 
312.1 
317.5 
323.4 

32:i.:) 

::320.:3 

Feet above 
the S8a. 

925 
921 
:)17 
(JI5 
911 
909 
B90 
906 

901 
89.3 
892 
901 
903 
892 
885 
B82 
877 
863 
876 
885 
879 
852 
846 
837 
831 

829 

8:30 

From U. S. G. S. bulletin No. 72, "Altitudes between Lake Superior and the Rock)' Mountains," by Mr. 
Upham, we extract the following railroad levels, with comments, so far as they apply to these counties: 

Great Northern Railway System-Fosston Branch. 

Carman, junction with the main line, near Crookston, 
Burwal, 
Benoit, 
Beach, 15 rods wide; crest, 1,062; grade, 
Beach, crest, site of Pembina trail, 1,066; grade, 

This beach ridge is 12 rods wide; from its west base, 1,062; to its east 
base, 1,065. 
Beach, 15 rods east of the last crest, 1,069; grade, 
Beach, crest, 1,092; grade, -' 
Beach, crest, 1,114; grade, 

This is a very massive beach ridge, having a descent of 18 feet westward 
from its crest in 50 rods, and 8 feet eastward in 80 rods (probably the 
Campbell beach. J. E. T.) 
Beach, crest, 1,120; grade crossing Duluth and Manitoba railroad, 

:..._ Beach, crest, 1,142; grade, -

Miles from 
Oarnlan. 

6.1 
11.7 
14.2 
14.3 

14.:35 
15.6 
16.9 

17.4 
IB.l 

Feet above 
t,he sea. 

877 
914 

1,019 
1,06:3 
1,067 

1,068 
1,089 
1,110 

1,116 
1,138 
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ships of the county is usually occupied by swamps, sometimes open, in other places 

occupied by tamaracks. '1'he west quarter of the county, that lying west of range 

46, is usually occupied by swamps of a different character; the ground is a level for

mation. The principal vegetation is marsh grass. This area is not very dif:!tinctly 

marked but gradually changes into the dryer land further ea8t,; and is attended with 
the corresponding shortening of the grasses. 

ALTITUDES IN NORMAN AND POLK COONTII"'. 

The Gr'erlt Northern Railway System-lliain Line. 

Glyndon, station and crossing of the Northern Pacific railway, 
Buffalo river, water, 908; grade, 
Averill, 
Felton, 
Borup, 
Wild Rice river, bed, 895; water, 900; grade, 
Marsh river, water, 
Ada, 
Long lake, fonner channel of the Wild Rice river, then passing westward 

in the present course of Marsh river, water, 
Lockhart, 
Rolette, 
Beltrami, 
Sand Hill river, water, 895; grade, 
Russia, 
llittson, 
Burnham creek, water, 868; grade, 
Carman, junction of Fosston branch, 
Red Lake river, water, 833; grade, 
Bluff north of Red Lake river, natural surface, 886; grade, 
Junction with line to St. Vincent, 
Beach of lake Agassiz, excavated for ballast, crest, 882; grade, 
Fisher, 
Grand Marais slough (former channel of Red Lake river), bed, 830; grade, 
Mallory 
East Grand Forks, -
Red river, bed, 779; lowest stage of water in ordinary years, 784-786; 

highest stage in ordinary years, 800-820; extreme high water (in spring 
1882), 828; grade, 

Grand Forks, 324.5 miles from St. Paul by this line, but only 320.3 miles 
by way of Moorhead, 

MileH from 
Bt. Paul. 

235.3 
236.9 
241.8 
249.6 
254.9 
262.6 
264.6 
265.2 

·265.5 
275.0 
276.7 
282.0 
282.5 
288.0 
292.3 
293.0 
298.0 
299.:3 
299.7 
300.5 
302.8 
310.1 
312.1 
317.5 
323.4 

:32:3.D 

320.:3 

Feet above 
the 8"a. 

925 
921 
917 
(J15 
911 
909 
890 
906 

901 
893 
892 
901 
903 
892 
885 
882 
877 
863 
876 
885 
879 
852 
846 
837 
831 

829 

8:30 

From U. S. G. 8. bulletin No. 72, "Altitudes between Lake Superior and the Rock)' Mountains," by Mr. 
Upham, we extract the following railroad levels, with comments, so far as they apply to these counties: 

G1"eat Northe1"n Railway System-Fosston Branch. 

Carman, junction with the main line, near Crookston, 
Burwal, 
Benoit, 
Beach, 15 rods wide; crest, 1,062; grade, 
Beach, crest, site of Pembina trail, 1,066; grade, 

This beach ridge is 12 rods wide; from its west base, 1,062; to its east 
base, 1,065. 
Beach, 15 rods east of the last crest, 1,069; grade, 
Beach, crest, 1,092; grade, -' 
Beach, crest, 1,114; grade, 

This is a very massive beach ridge, having a descent of 18 feet westward 
from its crest in 50 rods, and 8 feet eastward in 30 rods (probably the 
Campbell beach. J. E. T.) 
Beach, crest, 1,120; grade crossing Duluth and Manitoba railroad, 

~_ Beach, crest, 1,142; grade, -

Miles from 
Cannan. 

6.1 
11.7 
14.2 
14.3 

14.35 
15.6 
16.9 

17.4 
18.1 

Feet above 
the sea. 

877 
914 

1,019 
1,06:3 
1,067 

1,068 
1,089 
1,110 

1,116 
1,138 
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Dugdale, -
Junction of a branch graded toward Pelican Rapids. On this branch

Sand Hill river, near centre of sec. 13, Garfield (T. 147-44) low water, 
1,116; grade, 

Summit, natural surface and grade, 
Creek tributary to Wild Rice river, crossed in sec. 36, Strand (T.145-44), 

bed, 1,072; grade, 
Wild Rice river in S. W. !-4 sec. 25, Wild Rice (T. 144-44), bed, 1,023; 

water,1,025; grade, 
End of located line, natural surface, 1,177; grade, -

On line from Dugdale eastward. 

Crest of eastward ascent, grade, 
The surface is 1,161 to 1,167 feet thence to 23.4 miles. Small beaches 

are crossed at 22.4 and 22.5 miles, with their crests respectively at 1,166 
and 1,167 feet. 
Mentor, 
Hay creek, one of the outlets of Maple lake, bed, 1,156; grade, 
Maple lake, water, 
Summit, natural surface, 1,169; grade, 
Badger lake, water, 1,172; grade, 
Erskine, 

Morainic contour extends from 31.0 to 33.0 miles and is succeeded by a 
moderately rolling surface farther east. 
Ravine between two lakes, bed, 1,199; grade, 
McIntosh, 
Poplar river, bed, 1,200; water, 1,204; grade, 

The next half mile east has a morainic surface. 
Fosston, 
End of track-laying, November 20, 1888, 
Summit near the east line of sec. 35, T. 147-39, 
Lakes, three-fourths of a mile east and southeast from the last, the most 

southern being called Long lake, 
Head stream of Clearwater river, bed (mud to depth of 10 feet), 
Creek tributary to Lower Rice lake, bed, 1,466; bottomland, 1,469; grade, 
Mississippi river (about 30 feet wide), bed, 1,371; water, 1,373; bottom land 

25 to 50 rods wide, 1,376; proposed grade of bridge, 
This crossing is in sec. 8, T. 145-35, eleven miles north of Itasca lake. 

St. Hilaire branch. 

Shirley, junction with St. Vincent branch, 
Ives, crossing of the old Pembina trail, 

This is on the Lower McCauleyville beach of lake Agassiz, which is cut 
4 or 5 feet across its width of about 20 rods; crest of the beach ridge, 
990 feet. 
Upper McCauleyville beach, crest, 997; grade, 
Little Black creek, water, 975; grade, 
Black river, water, 970; grade, 
Campbell beach, crest, 1,019, 6 feet above the land next east; grade, 
Beginning of nearly level grade eastward, natural surface and grade the 
same, 

Thence a slightly undulating surface with indistinct Lower Norcross 
beaches, extends to St. Hilaire and the Red Lake river. 
St. Hilaire, 
Red Lake river, about 

Miles from 
Carman. 

18.2 

29.7 
33.0 

44.1 

49.8 
53.5 

Miles from 
Carman. 

19.3 

23.7 
23.9 
23.9 
25.1 
29.5 
30.3 

31.9 
36.5 
37.4 

44.0 
44.7 
53.5 

54.2 
56.1 
61.8 

77.1 

Miles from 
St. Paul. 

305.8 
314.4 

314.7 
315.4 
318.0 
318.5 

323.2 

327.3 
327.3 

Line fTOm Thief Rive)' Falls ihr'ough St. HilaiTe to Red Lake Falls. 

Notes furnished by Mr. Upham from the profiles of the Great Northern railway. 

Thief River Fall@, 772 miles north from St. Hilaire, 
81. Hilaire, -
Red Lake river mill pond, water, 965; about 9 miles frOID St. Hilaire, grade, 

[Elevations. 

Feet above 
the sea. 
1,138 

1,145 
1,195 

1,107 

1,091 
1,174 

Feet above 
the sea. 
1,163 

1,167 
1,165 
1,169 
1,171 
1,178 
1,187 

1,224 
1,218 
1.211 

1,288 
1,291 
1,545 

1,485 
1,439 
1,466 

1,409 

Feet above 
the sea. 

900 
986 

993 
987 
997 

1,011 

1,078 

1,086 
1,Om 

Feet above 
the sea. 

1,130 
1,086 

985 

-' 
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Dugdale, -
Junction of a branch graded toward Pelican Rapids. On this branch

Sand Hill river, near centre of sec. 13, Garfield (T. 147-44) low water, 

1,116; grade, 
SUllmit, natural surfac:e and grade, 
Creek tributary to Wild Rice river, crossed in sec. 36, Strand (T.145-44), 

bed, 1,072; grade, 
Wild Rice river in S. W. :-4 sec. 25, Wild Rice (T. 144-44), bed, 1,023; 

water, 1,025; grade, 
End of located line, natural surface, 1,177; grade, -

On line from D~tgdcile eastward. 

Crest of eastward ascent, grade, 
The surface is 1,101 to 1,167 feet thence to 23.4 miles. Small beaches 

are crossed at 22.4 and 22.5 miles, with their crests respectively at 1,166 
and 1,167 feet. 
Mentor, 
Hay creek, one of the outlets of Maple lake, bed, 1,156; grade, 
Maple lake, water, 
Summit, natural surface, 1,109; grade, 
Badger lake, water, 1,172; grade, 
Erskine, 

Morainic contour extends from 81.0 to 83.0 miles and is succeeded by a 
moderately rolling surface farther east. 
Ravine between two lakes, bed, 1,199; grade, 
McIntosh, 
Poplar river, bed, 1,200; water, 1,204; grade, 

The next half mile east has a morainic surface. 
Fosston, 
End of track-laying, November 20,1888, 
Summit near the east line of sec. 35, T. 147-39, 
Lakes, three-fourths of a mile east and southeast from the last, the most 

southern being called Long lake, 
Head stream of Clearwater river, bed (mud to depth of 10 feet), 
Creek tributary to Lower Rice lake, bed, 1,466; bottom land, 1,409; grade, 
Mississippi river (about 80 feet wide), bed, 1,371; water, 1,378; bottom land 

25 to 50 rods wide, 1,376; proposed grade of bridge, 
This crossing is in sec. 8, T. 145-35, eleven miles north of Itasca lake. 

St. Hilaire branch. 

Shirley, junction with St. Vincent branch, 
I ves, crossing of the old Pembina trail, 

This is on the Lower McCanleyville beach of lake Agassiz, which is cut 
4 or 5 feet across its width of about 20 rods; crest of the beach ridge, 
990 feet. 
Upper McCauleyville beach, crest, 997; grade, 
Little Black creek, water, 975; grade, 
Black river, water, 970; grade, 
Campbell beach, crest, 1,019, 6 feet above the land next east; grade, 
Beginning of nearly level grade eastward, natural surface and grade the 
same, 

Thence a slightly undulating surface with indistinct Lower Norcross 
beaches, extends to St. Hilaire and the Red Lake river. 
St. Hilaire, 
Red Lake river, about 

Miles from 
Carman. 

18.2 

29.7 
33.0 

44.1 

49.8 
53.5 

Miles from 
Carman. 

19.3 

23.7 
23.9 
23.9 
25.1 
29.5 
80.3 

31.9 
36.5 
37.4 

44.0 
44.7 
53.5 

54.2 
56.1 
61.8 

77.1 

Miles from 
st. Paul. 

305.8 
314.4 

314.7 
315.4 
318.0 
318.5 

323.2 

327.3 
327.3 

Line from Thief River Falls through St. HilaiTe to Red Lake Falls. 

Note~ furnished by Mr. Upham from the profiles of the Great Northern railway. 

Thief River Falls, 772 miles north from St. Hilaire, 
SL Hilaire, -
Red Lake river mill pond, water, 965; about 9 miles from St. Hilaire, grade, 

[Elevations. 

Feet above 
the sea. 
1,138 

1,145 
1,195 

1,107 

1,091 
1,174 

Feet above 
the sea. 
1,163 

1,167 
1,165 
1,169 
1,171 
1,178 
1,187 

1,224 
1,218 
1.211 

1,288 
1,291 
1,545 

1,485 
1,439 
1,400 

1,409 

Feet above 
the sea. 

900 
986 

993 
987 
997 

1,011 

1,078 

1,086 
1,06[ 

Feet above 
the sea. 

1,130 
1,086 

985 

" 
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Clearwater river, 10 miles, water, 949; grade, _ 
Red Lake Falls, depot, 997; water in Clearwater river, close south of depot, above dam 

This depot is considerable lower than that of the Northern Pacific line. ' 

Northern Pacific Raill'oad System. 

(Duluth and Manitoba Railroad.) 

Winnipeg Junction, Northern Pacific railroad, 226.6 miles from Duluth 
Buffalo river, bed, 1,150; grade, , 
Summit, natural surface and grade, 
Ulen, 
South branch of Wild Rice river, bed, 1,113; grade, 
Upper or Herman beach of lake Agassiz, crest 1,14]; grade, 

Descent south from crest in 12 rods, 9 feet; descent north in 12 rods, 6 feet. 
Twin valley, -
Wild Rice river, bed, about 985; grade, 
Norman, 
Herman beach, crest, 1,156; grade, 
Sand Hill river, bed, 1,075; grade, 
Fertile, 
Kittelson creek, bed, 1,094; grade, 
Herman (b) beach, crest, 
Herman (d) beach, three places, crest, 1,118-1,119; grade, 
Crossing of the Fosston branch of the St. Paul, Minneapolis & Manitoba 

railway, 
Tilden, 
Norcross beach, crest and grade, 
Tributary of Badger creek, bed 1,033; grade, 
Red Lake Falls, junction of spur track to station, 
Red Lake Falls, station 0.6 mile from the main line, 
Red Lake river, bed, 932; grade, 
Summit, cutting 9 feet; grade, 
Black river, bed, 939; grade, 
McCauleyville beach, crest and grade, 
Crossing the St. Hilaire brarich of the St. Paul, Minneapolis & Manitoba 

railway, -
Beach, crest and grade, 
Beach, crest and grade, 
South Euclid, crossing the St. Vincent line of the St. Paul, Minneapolis & 

Manitoba railway, -
Buffington, 
Junction of spur track to Keystone, 
Lowest portion of this spur track, 
Keystone, 
Grand Marais slough (former channel of Red Lake river), bed, 813; grade, 
East Grand Forks, -
End of spur to river, East Grand Forks, 
Red river, bed, 779; extreme low and high water, 784-828; grade, 
Grand Forks, 

GEOLOGIC FEATURES. 

Miles from 
Winnipeg Junct. 

0.0 
0.5 
5.8 

13.0 
13.6 
18.6 

25.8 
27.8 
33.9 
43.7 
44.5 
45.5 
48.1 
49.3-50.0 
57.0-57.8 

57.1 
.57.3 
61.3-61.6 
64.9 
68.7 
69.3 
70.6 
73.0 
75.9 
76.6-77.8 

78.3 
80.7 
81.4 

86.0 
90.0 
93.3 
94.6-95.9 
96.3 

101.6 
104.7 
105.1 
104.9 
105.4 

103 

Feet above 
the sea. 

991 
961 

Feet above 
the sea. 
1,181 
1,172 
1,253 
1,154 
1,135 
1,135 

1,093 
1,010 
1,099 
1,151 
1,115 
1,140 
1,124 

1,152-1,155 
1,116-1,117 

1,116 
1,116 
1,101 
1,045 
1,036 
1,035 

964 
1,011 

974 
993-992 

977 
962--961 

954 

901 
872 
855 
853 
855 
828 
831 
807 
831 
834 

No exposures of bed rock haye been found in these counties. Here as in the 

adjacent counties the formations belong to the Glacial period and Recent epoch. 

The deposits of the Glacial period consist of till, modified drift, and lacustrine de

posits. The Recent deposits cannot easily be distinguished from those of the Glacial 
period. . The lacustrine formations are graded from those which were formed in the 

vicinity of the ice-sheet to those deposited long after its retreat. 
Deposits of the Glacial epoch. These consist, not only of those formed by the 

land'ice,but also those formed by lake Agassiz during the existence of the ice-sheet. 

NORMAN AND POLK COUNTIES. 
Deposits of the Glacial epoch.] 

Clearwater river, 10 miles, water, 949; grade, 
Red Lake Falls, depot, 997; water in Clearwater river, close south of depot" above dam 

This depot is considerable lower than that of the Northern Pacific line. ' 

NOTthern Pacific Rail7'Oad System. 

(Duluth and Manitoba Railroad.) 

Winnipeg Junction, Northern Pacific railroad, 226.6 miles from Duluth, 
Buffalo river, bed, 1,150; grade, 
Summit, natural surface and grade, 
Ulen, 
South branch of Wild Rice river, bed, 1,113; grade, 
Upper or Herman beach of lake Agassiz, crest 1,14]; grade, 

Descent south from crest in 12 rods, 9 feet; descent north in 12 rods, 6 feet. 
Twin valley, -
Wild Rice river, bed, about 985; grade, 
Norman, 
Herman beach, crest, 1,156; grade, 
Sand Hill river, bed, 1,075; grade, 
Fertile, 
Kittelson creek, bed, 1,094; grade, 
Herman (b) beach, crest, 
Herman (d) beach, three places, crest, 1,118-1,119; grade, 
Crossing of the Fosston branch of the St. Paul, Minneapolis & Manitoba 

railway, 
Tilden, 
Norcross beach, crest and grade, 
Tributary of Badger creek, bed 1,033; grade, 
Red Lake Falls, junction of spur track to station, 
Red Lake Falls, station 0.6 mile from the main line, 
Red Lake river, bed, 932; grade, 
Summit, cutting 9 feet; grade, 
Black river, bed, 939; grade, 
McCauleyville beach, crest and grade, 
Crossing the St. Hilaire branch of the St. Paul, Minneapolis & Manitoba 

railway, 
Beach, crest and grade, 
Beach, crest and grade, 
South Euclid, crossing the St. Vincent line of the St. Paul, Minneapolis & 

Manitoba railway, -
Buffington, 
Junction of spur track to Keystone, 
Lowest portion of this spur track, 
Keystone, 
Grand Marais slough (former channel of Red Lake river), bed, 81:3; grade, 
East Grand Forks, -
End of spur to river, East Grand Forks, 
Red river, bed, 779; extreme low and high water, 784--828; grade, 
Grand Forks, 
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Miles from 
Winnipeg Junct. 

0.0 
0.5 
5.8 

13.0 
13.6 
18.6 

25.8 
27.8 
38.9 
48.7 
44.5 
45.5 
48.1 
49.8-50.0 
57.0-57.8 

57.1 
57.8 
61.3-61.6 
64.9 
68.7 
69.8 
70.6 
7.3.0 
75.9 
76.6-77.8 

78.8 
80.7 
81.4 

86.0 
90.0 
93.3 
94,6-95.9 
96,:3 

101.6 
104.7 
105.1 
104.9 
105.4 
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Feet above 
the sea. 

991 
961 

Feet above 
the sea. 
1,181 
1,172 
1,253 
1,154 
1,135 
1,135 

1,09:3 
1,010 
1,099 
1,151 
1,115 
1,140 
1,124 

1,152-1,155 
1,116--1,117 

1,116 
1,116 
1,101 
1,045 
1,0.36 
1,0.35 

964 
1,011 

974 
993-992 

977 
962-961 

954 

901 
872 
855 
853 
855 
828 
8:31 
807 
881 
834 

No exposures of bed rock have been found in these counties. Here as in the 

adjacent counties the formations belong to the Glacial period and Recent epoch. 

The deposits of the Glacial period consist of till, modified drift, and lacustrine de

posits. The Recent deposits cannot easily be distinguished from those of the Glacial 

period. The lacustrine formations are graded from those which were formed in the 

vicinity of the ice-sheet to those deposited long after its retreat. 
Deposits of the Glacial epoch. These consist, not only of those formed by the 

land ice, but also those formed by lake Agassiz during the existence of the ice-sheet. 
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Till. This formation, presenting features similar to those elsewhere described, 

covers the whole county, though not always at the surface. Judging from the few 

excavations reported, its thickness may be estimated from 100 to 200 feet; although 

this may include, as in the case of the Red Lake falls section, aqueous deposits formed 

before the advent of the ice-sheet in the region. Theoretically we should expect the 

pre-glacial lake Agassiz as well as the post-glacial, and boulders of the till to present 

the same characteristics as those found in North Dakota, and distinct from those in 

the Mississippi basin, in the greater abundance of white limestone. These have been 

so abundant in some localities as to suggest the occurrence of continuous strata in 

the vicinity, but no such have been found. 

Till comprises the surface deposit upon the summit of the plateau of the east

ern part of Norman county, and six of the southeastern townships of Polk county, 

where it is mostly morainic, and also the western slope of the sam e, where it shows 

the more even topography found inside of a moraine. It presents the usual features 

reported from Becker county. 

llioraines. Distinct moraines are only found east and south of the ancient beach 

of lake Agassiz, or on the till area. 

In Norman county a morainic strip passing east of White Earth Agency, from 

six to eight miles in width, extends northward through the eastern range of town

ships. It sends out a branch toward the southwest south of Wild Rice river through 

Ts. 144-40, 144-41, 143-42, and 143-43. This n10raine passes down the slope of the 

plateau westward and extends to the edge of the lacustrine deposits, where its hills 

were noted by Mr. Upham in his study of lake Agassiz. North of Wild Rice river 

the surface is more even. 

In Polk county a morainic strip of rather indefinite outline but five or six miles 

wide is in many places finely developed; it enters the county along the south line in 

the southeastern township, extends north through that town and turns northeast so 

as to leave the county along the east line of the township next north. This is 

scarcely distinct from another strip which may be said to enter the county from the 

east along the east side of T. 149-39, and extends westward, becoming narrow toward 

the west, so that it forms a very stony ridge nearly 100 feet in hight in the southern 

tiel' of sections in T. 150-40, and ends abruptly in section 31 of that township. Along 

the south line of sec. 27 of T. 150-40 there is a gap through the ridge which appears 

to mark an escape from underneath the ice of a subglacial stream which flowed south

"vest through section 34 and thence westward to Hill river and connects with the 
ancient beach of lake Agassiz, which forms a broad delta-like deposit in the north

west quarter of T. 149-40. This channel gives one the impression of that of an 

important stream. N ear its southeastern side is a terrace forty to fifty feet in 

hight and a mile or more in width, which is pitted with depressed basins and lakes. 
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Opposite the west end of this morame the beach formations are also pitted with 

small basins suggesting the action of ice and the impression left upon the writer, 

when the region was first studied, was that this moraine was formed contempo

raneously with one of the upper Herman beaches of lake Agassiz. Mr. Warren 

Upham, who has studied the region more fully, however, considers the upper Her

man beach as continuing along the north slope of this moraine, eastward past the 

gap already mentioned and on to the vicinity of Red lake. Whether the two views 

are reconcilable, remains to be determined by further investigation. Figure 2, 

plate F, and figure 1, plate G, illustrate this moraine and channel. East of Fosston 

the moraines abound in lakes from a few rods in width to a mile or more, and are 

interspersed with hills rising forty to sixty feet above the lakes in the irregular 

manner common to moraines. 
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FIG. 9. MAP OF THE JUNCTION OF THE HILL RIVER MORAINE AND THE HERMAN BEACH. 

Modified drift. This as elsewhere is shown along the streams in the form of 

terraces of gravel. The before mentioned terrace along the side of the ancient 

outlet in T. 149-40 belongs under this head. Also the terraces along all of the 
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streams, more particularly where they descend -from the uplands to the plains toward 

the north and west. In general it is more clayey than in the Mississippi basin. 

At Red Lake Falls, in the side of the gorge of the Clearwater the following 

section was noted: 
(1) Slope. 
(2) Eight feet, mostly yellow loam, stratified more or less, efflorescence below; bottom clearly defined. 
(3) Seven and one-half feet of typical till, light bluish gray, or buff when weathered. 
(4) Five and one-half to three and one-half feet of a band of boulders above, and laminated, pebbly clay 

below, sometimes mostly gravel; this layer extends up and down the river. . 
(5) Nineteen feet of light buff-colored till. 
(13) Four feet bouldery slope to the level of the stream below the dam. 

Upon the slope above this section appeared at various points, and particularly 

in the railroad cuts near by, several feet of laminated clay, in alternate layers of 

lead-colored and buff of very uniform thickness from one-eighth to one-fourth of an 

inch; the dark layers seeTned to be a purer clay, while the thin light-colored layers 
showecl imperfect traces of vegetable growth. The appearance of this clay is shown 

in fig. 2, plate G. The cuts along the railroad north of Red Lake falls and east of the 
town are mostly of this laminated clay, sometimes reaching below to a layer of fine 
sand or yellowish loam, sometimes with gravel intermixed. This laminated clay 

should, perhaps, be placed under the head of recent deposits, which may have accu
mulated in the shallow lake east and back of the beach running through the town 

west. The different layers made annually by accumulations correspond to the 
different seasons, and the lead-colored to the spring or period of rapid accumula

tion, and the light-colored to summer, the slight vegetation oxydizing the iron in 
it. Figures 2, plate G, and 1 and 2, plate H, illustrate this clay. 

Becrclu!s. The several beaches of lake Agassiz mentioned in the report of Clay 
county extend also across the western portions of these counties. Mr. Upham in his 
bulletin upon the subject (No. 39, U. S. Geol. Survey) gives the following facts with 
reference to these. In preparing the map great assistance has been gained from' 

Monograph xxv, U. S. Geol. Survey, by the same author. The highest or Herman 

beach of lake Agassiz enters Norman county a little west of the southeast corner of 
T. 143-44 and curves north-northeast past Fossum postoffice to the vicinity of Wild 

Rice river near the centre of T. 144-43; thence it takes a north-northwest course 
to the middle of the north line of T. 146-44. The second Herman beach is trace

able a few miles from the first and may be parallel with it. The Campbell beach 

extends nearly due north in range 45. The McCauleyville beach is usually near it. 
The details of their position are shown upon the map. Each of these beaches is 

usually attended with clayey flats upon the east sometimes attended with shallow 

basins yielding water while the west side is usually marked with quite abrupt slopes 

and a belt of bouldel'Y ground one-half to three-fourths of a mile in width. The 

beaches are uniformly smooth with gently sloping sides. The surface is covered 
with a thin soil underlain with from one to two feet of gravel with several feet of 
coarse sand below. 
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We will give the courses of the beaches more fully in Polk county. Of Herman 

beach, which marks the highest stage of the lake, Mr. Upham reognizes three 

subdivisions. The upper one of these enters Polk county in sec. 33, T. 147-44, and 

extends through the east edge of the southeast quarter of section 20 and to- the west 

edge of se~tion 27, where it has a typical ridge of gravel and sand with its crest 1,160 

to 1,173 feet above the sea, there being a gradual descent from the west. The 

depression on the east is one-sixth to one-fourth of a mile wide, sinking six to ten 

feet below the beach. Farther east the land is moderately undulating, the till rising 

twenty to thirty feet above the beach bordering the Water and Sand Hill rivers. At 

the ford of the old Pembina trail in the west part of sec. 28, T. 147-44, the ordinary 

low stage is 1,071 feet. He says that when lake Agassiz was at its greatest hight, 

Sand Hill river brought into its margin a delta six miles long, south and north, and 

three miles wide, reaching from the upper beach to the west side of T. 147-44, 

q,nd 146-44. This resembles the delta of Buffalo river at Muscoda, in Clay county. 

Upon this delta-dunes have been raised up by the winds, probably before vegetation 

had been spread over it. The elevations of the highest points of these dunes, in 

order, from south to north, are approximately 1,190 to 1,180 and 1,200. The highest 

dune appears to be near the E. iN. E. i sec. 30, T. 147-44. 'J1he upper Herman 

beach runs approximately from south to north through or near the northeast corner 

of sec. 4, T. 147-44, smooth gravel ridges in some parts hidden by scattered groves. 

Farther east is a large area of woodland. The upper beach in the southwest quarter 

of sec. 11, T. 148-44, forms the plain of stratified gravel and sand, one-fourth to three

fourths of a mile in width, east and west, 1,166 to 1,173 feet in altitude. This beach, 

on the south side of section 11, becomes a distinct gravel ridge of the usual character 

about twenty-five rods wide, with its crest at 1,173, bordered by a slough twenty to 

forty rods wide at its east side. About one-third of a mile farth~r southeast, and 

some fifty rods west of the southwest extremity of Maple lake, in section 14, same 

township, the elevation of this ridge is 1,175 to 1,178. The 'elevation of Maple lake 

on July 28, 1881, was 1,169 feet. The upper beach is a well marked gravel ridge on 

the east edge of the northeast quarter sec. 3, T. 148-44, and beyond this point through 

the next two and a half miles, curving from the north to the northeast and east 

across this to the upper beach of lake Agassiz is a magnificent exhibit, forming a 

massive, gently-rounded ridge of sand and gravel about thirty rods across, with !ts 

crest 1,178 to 1,186 feet above the sea. It is bordered on its southeast side by a tract 

of slightly undulating till ten to fifteen feet lower, mostly covered with small timber 

and marsh, 'yielding 'frequent sloughs and lakelets in its depressi~ns. The top of 

the beach is not woody, but small trees and bushes encroach upon its slopes. A road 
extends along the crest of its curving portion for a distance of about a mile through 
sec. 36, T. 149-44. The marsh which borders the northwest side in the northeast 
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part of Maple lake shows a descent of five to seven feet northwestward, away from 

the lake; it has a width of one to one and a half miles. Maple lake is prevented from 

flowing in this direction by a beaver dam near the lake. There is a creek draining 

this marsh where it intersects the upper beach near the east line of the northeast 

corner of quarter sec. 27, T. 149-43. Here the beach skirting the north side of the 

marsh is a flat deposit of gravel and sand, one-fourth to one-half mile or more in 

width. The highest next to the marsh, above it rises five feet to eight feet in a mod

el'ate slope. Its elevation in the north half of sections 26 and 27 is one to two feet 

lower than the east, called the Attix ridge, "named from the settlers upon it," which 

lies some two-thirds of a mile farther north in the south half of sections 21 to 22. 

This belt of beach, gravel and sand continues six miles in a nearly due east course, 

and beyond that extends still farther eastward along the north side of a great tama

rack swamp which begins in sec. 34, T. 149-42, and said to be about eight miles long. 

Maple lake and this tamarack swamp hold the same relation to the upper beach 

ridge which was a bar between it and lake Agassiz which now wholly or partially 

obstructs the drainage of these areas. 

Here ended Mr. Upham's first investigation of the beach. He afterwards 

traced it at different points as far east as Red lake. The present writer found a 

beach developed along the west side of T. 149-40, running nearly due north into 

section 31 of the next township north, past the end of the moraine already described. 

In that portion it stands at the hight of fifteen feet or more above the low plains to 
the west. In passing northward from McIntosh it was not observed, probably because 

it had been removed by the action of Hill river. This probably corresponds to the 

upper Herman beach. 

The second Herulan beach, Mr. Upham says, is a rounded ridge of gravel and 

sand, ten to fifteen feet high, with a crest of 1,148 to 1,153 feet above the sea, and 

about three-foUl'ths of a mile east of the old Pembina trail, in the W. ~ sec. 21, T. 

147-44, extending half a mile north from the Sand Hill river to a cluster of dunes 

in the N. W. i of section 16. He finds it again a broad low ridge of gravel and 

sand extending north-northeast through sec. 28, T. 148-44. From its southwest 

corner to its north line the northward continuation of this beach is a low flattened 

ridge, the western one of twelve parallel ridges of gravel below that of the upper 
beach extending northwesterly and northerly through or near the west edge of section 
10, same township. Through the next three miles from section 3, same township, to 
the eastern part of sections 35 and 36, to the northwest corner of quarter sec. 25, 
T. 149-44, it is a l)rominent beach ridge with its crest 1153 to 1161 feet somewhat , , , 
steep on its east side, which descends ten feet to a belt of low land and marsh that 
divides from the parallel beach one-fourth to one-third of a mile east. The eastern 
parallel beach ridges are only ten to eight feet above the average elevation of the 
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upper beach. It probably marks a slight fall in the water surface at this altitude, 

but as no corresponding beach formation has been found in Dakota it is neglected 

in the foregoing table of elevation of the beaches of lake Agassiz. It is clearly 

continuous eight miles, the first four miles extending northerly, the next four miles 

easterly. These parts are connected in sec. 25, rr. 149-44, by a crossing curve with 

that portion of this beach, and it extends thence eastward, being known as the Attix 

ridge. ' 

The third Herman beach Mr. Upham finds is a small ridge of gravel extending 

from southwest to northeast, eight to ten rods wide and rising four to five feet, . . 
crossed by the Crookston road in the S. W. ! sec. 23, T. 149-44, and seems to reach 

at least a mile away from the road. Its hight is 1,146 to 1,149 feet. 

The fourth Herman beach is crossed by the road to Crookston and Red Lake 

Falls near the centre of the southwest quarter section 15. This is a well marked 

gravelly ridge, mainly single, but two-fold where crossed by this road. Its hight is 

1,132 to 1,134 feet. A distance of a mile between this fourth Herman beach and the 

third consists of till. 

It seems not improbable that the upper Herman beach ends as before suggested 

at the end of the moraine near the Hill river, and that the beaches observed farther 

east by Mr. Upham are continuations of the lower Herman beaches. 

From four to five miles north from the fourth Herman beach, the road to Red 

Lake Falls crosses the Norcross beach in sec. 27, T. 150-44, where it isa belt of 

gravel and sand about one-half mile wide, extending from southwest to east-north

east at an elevation of 1,083 to 1,095 feet. There is a broad beach-like ridge, which 

was seen only from a distance, running in a north-northeast direction east of 

Beaudry or Perault station, for two or three miles in T. 150-44. It not improbably 

corresponds to some of the higher swells lying between Red Lake river and Clear

water river in their southerly courses. It seems not improbable that extending 

from the end of the east moraine toward the northwest there was an imperfect 

moraine accumulated in the bottom of the lake, which is the cause of the rapid 

descent of these streams in their southerly courses, and also the reason for that 

direction. This supposition is favored by the patchy character, as indicated not 

only in the soil, but in the distribution of vegetation. This is illustrated well in 

figure 1, plate 1. 

Mr. Upham suggests that some of the lower ridges of the Norcross beach 

appear along the railroad a little west of St. Hilaire station. It should be noticed, 

however, that according to his own statement, in his bulletin on the upper beaches 

of lake Agassiz, page 17, the surface is altogether too low; unless there is a 

declining of the ridges toward the north, which he does not note. There seems to 
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be evidence of such a decline by a comparison of the ridges along the Fosston and 

St. Hilaire branches of the Great Northern railway. In favor of the Norcross beach 

passing east of this point it may be mentioned that northwest of Thief River falls, 

near Excel postoffice, a beach, corresponding to the Tintah beach, comes in east of 

the Campbell beach. 
Campbell beach. We have been unable to determine from -Mr. Upham's notes 

whether in his bulletin No. 39, U. S. G. S., he recognizes more than one Campbell 

beach. In his Canada bulletin on "Glacial Lake Agassiz," he recognizes three at 

some points. Where we have observed this beach, there have been two closely 

related as in the northeast corner of T. 150-44 (Gentilly). - .A view of these beaches 

is given in figure 2, plate I. According to Mr. Upham's notes in his bulletin No. 39 

on lake Agassiz, it enters the county near the middle of the south side of T. 147-45, 

and passes :)learly due north to the south line of T. 150-45, when it turns nearly 

northeast to the northeast corner of that town to Red Lake river. It reappears 

near Wylie station on the St. Hilaire branch, running in a north-northwest direc

tion, which it holds to the north line of T. 152-45, when it continues northward to 

the north line of the county. In T. 150-45 it has a well formed gentle arched ridge 

with a gravelly subsoil. It rises about six feet above the hight of the muddy flat on 

the east, and about forty feet above the long, canal-like slough separating it from 

the McCauleyville beach, whose crest at that point is only about eighty yards 

distant. Its hight above the crest of the McCauleyville beach is about thirty feet. 

The McCwuleyville beach. This, according to Mr. Upham, enters the county in 

company with the Campbell beach and follows it closely to Red Lake river. It there 

becomes separated from it and appears at Ives station,'about four or five miles south

west of Wylie. It there is running west of north but soon turns more toward the east 

and approaches the Campbell ridge and passes the north line of the county not far west 
of it in range 45. Another beach whose correlation has not been determined runs 

nearly parallel with it a few miles west. All of these beaches have similar features. 

Their slopes are marked by lines of poplars and low bushes, while the area between 

is covered mostly with grasses and is more or less marshy. As Mr. Upham has 

already observed, they rarely, if ever, show a bouldery character. Upon the Camp

bell beach we found a limestone boulder about six inches in diameter, which is the 

only clear exception to. the general rule, so far as known. 

Bottldery stretches. In each case the inner or western slope of the beaches is quite 

abrupt and the edge of the plain on that side is usually clayey and strown with boul

ders. This belt of bouldery land may sometimes be a mile or more in width. The 

boulders are sometimes so numerous as to interfere seriously with tillage when dry 

enough to farm, and with mowing when used as hay meadows. 
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Clay flats. Extensive areas outside and remote from the beach are commonly 

covered with fine clay. This becomes marked just back of the different beaches and 

also in the western and lower portion of the lake Agassiz basin. The structure of 

the clays underlying these areas is given under the head of Modified Drift on a 

preceding page. 
REOENT FORMATIONS . 

. These include the alluvial deposits along the streams and along the lakes upon 

the uplands in the southern part of the county. They resemble those of the adjacent 

counties next east. They are of comparatively limited extent in valleys; the broader 

basins connected with the main watercourses are sometimes filled with fine material 

forming considerable bottom land, a rich and usually easily tilled soiL 

The deposits upon the Red Lake plain are such as are found in broad marshes, 

consisting largely of muck, and probably in some places beds of peat may be found. 

Along the lower courses of Red Lake, Clearwater, and Wild Rice rivers are extensive 

areas of fertile land sufficiently dry for easy tillage; in some places, especially where 

the land is very fiat, the subsoil is very clayey. 

The western half of the county lies within the old basin of lake Agassiz. While 

its terraces and beaches in the eastern portion of its bed are probably to be referred 

to the end of the Glacial epoch, the western quarter of the county is deeply covered 

with alluvial clays and loams of recent deposition, in part to be attributed to the 

accumulations of the lake in its last stages and in part to the Red river and' its 

tributaries, before they had excavated their present distinct channels. 

EOONOMIC FEATURES. 

These in general may largely be inferred from the statements already made 

with reference to the surface and geologic features. A few additional points may be 

profitably considered. 

Vegetation. Tbe portions of these counties covered with continuous forests is 

limited on the west by a line running along the north slope of the highland region 

near the south line of T. 150 to the vicinity of Hill river; thence southeast, passing 

near Fosston and onward to the south line of Polk county, and thence a little west 

of south to the vicinity of White Earth Agency. In this region, which is occupied 

by morainic strips, considerable quantities of pine are found, also much valuable 
oak. 

The eastern limit of continuous prairie, excepting of course the vicinity of 

streams and other limited local groves, may be drawn as entering the county from 

the north with the Campbell beach and following it to Red Lake river; thence it 

turns east-southeast to the edge of the highland about twelve miles north of 

McIntosh; t?ence south, east of Hill river to McIntosh, where it turns westward and 

follows the Herman beach around Maple lake and south ward out of the county. 
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The area between these boundaries of continuous forests and continuous 

praine IS an irregular intermingling of groves and grass areas, the latter keeping 

the lower and wetter portions, while the fonner are found where the ground is 

slightly elevated. This belt is largely marshy and most of it is considered too marshy 

for occupation. On the plain vvest of Red lake these marshes are probably too deep 

for reclamation but in the area outside of the boundary of the old Red Lake Indian 

reservation is probably most of it capable of being chained, and, when necessity 

demands it, probably can be prepared for tillage. A portion of the prairie land 

traversed by the beaches which have been enumerated presents a variety of soils 

and surfaces, which, while not favorable in general for extensive farming is still 

adapted to various purposes which may be profitably followed in farming. The 

beaches affOl'd pleasant and healthful locations for houses and for excellent roads. 

The clay fiats where moist Inay be utilized fOl' hay meadows and where dry may be 

tilled. The bouldery strips may be easily reclaimed by the gathering of boulders 

whieh may be utilized for building }?urposes. 

The slopes of the beaches seem especially adapted for the growth of trees like, 

the aspen, oak, elm, etc. The general slope of the region is such that drainage can 

be easily effected. West of the beaches the fiat plain of the Red river, especially in its 

western portion, will for the present mainly be utilized for hay. The soil is gener

ally a rieh blaek loam, though in tim her it is often of a light eolor. 

tVute)'-power. The slopes are suffieient and also the size of the streams for the 

development of valuable 111ill-sites along Hill river, Poplar river, and Badger creek,and 

partieularly on Clearwater and Red Lake rivers between the points where they turn 

southward and Crookston. The altitude of Red river at the mouth of Thief river is 

nearly 1,100 feet. At Red Lake Falls only 940; at Crookston 850. 

Clearwater river has a probably still greater fall between the points of its turn 

southward and Red Lake Falls. The valuable feature in both these streams is their 
slight fluctuations in level; for the range from low water to high in both these 

rivers at Red Lake Falls is only five feet. rrhe other streams we have mentioned, 

from their smaller volume of water, ean afford water power for only small enter
prises. Wild Riee river, in N O1'man county, is also an important stream in these 
respects. 

Artesian wells. The following interesting facts are culled from a letter fur
nished to the survey by Mr. Springer Harbaugh, published in the thirteenth annual 
report. Mr. Sl)ringer Harbaugh, of St. Paul, 1885, says: 

. "On .Lockhart farm, in Norman county, in 1880, at 160 feet we struck an extraordinary flow of water. At 
a distance It had the arJpearance of a monument thirty or forty feet high. Other wells were sunk on his farm 
and all have quite heavy flows of pure semi-soft water. 

. "At Keystone farms in T. 151-48, since 1881 we have drilled eight artesian wells and they all have regular 
contInUOUS flows of pure, good and semi-soft water. . 

. "Water w~s struck on this farm at 95-120 feet, with one exception, where we reached water at 150. 
It 18 only upon thIS farm that the land is elevated to five feet above the surrounding country. We drilled several 
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report. Mr. Sl)ringer Harbaugh, of St. Paul, 1885, says: 

. "On.Lockhart farm, in N orman county, in 1880, at 160 feet we struck an extraordinary flow of water. At 
a dIstance It had the alfpearance of a monument thirty or forty feet high. Other wells were sunk on his farm 
and all have quite heavy flows of TJure semi-soIt water. ~ 

. "At Keystone farms in T. 151-48, since 1881 we have drilled eight artesian wells and they all have regular 
contllluous flows of pure, good and semi-soft water. . 

. "\¥ater w~s struck on this farm at 95-120 feet, with one exception, where we reached water at 150. 
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test wells and found brackish artesian water at a depth of ninety feet, wbieh we abandoned. We then determined 
to drill considerable deeper, and struck a pretty heavy artesian flow of milky, hrackish water at a depth of 250 
feet, which we also abandoned; and then selected a point on lower ground 1,200 feet distant, and found good 
artesian water at a depth of 100 feet. In drilling these wellfl we penetrated through the strata about as follows: 

"Through the usual black loam from one and one-half to three feet; tben through a light clay from five 
to seven feet; then through a blue clay, varying from 30 to 60 feet; then a stratum of hard pan; then sand and 
finally gravel, when water is generally struck. Between these strata we generally passed through inter
mediate seams of quicksand and also seams of gravel." (Ninth An. Rep., p. 166.) 

At South Crookston Mr. E. S. Corser bored to a depth of 190 feet, "penetrating 

through the blue clay, in coarse sand or fine gravel, affording sweet cold water, 

quite soft, which rose ten feet above the surface through ~L three-inch pipe, at 

the rate of three pailfuls per minute." 

From a general statement made by major Powell, director of the United States 

Geological Survey, in the eleventh annual report, part ii, page 267, we find that in 
. Norman and Polk counties there are numerous artesian wells, all, with few excep
tions, furnishing copious supplies of fresh water. They are distributed as follows, 
with the depths corresponding: 

Norman county. 

Shirley, 
Halstead, 
Eight miles northeast of Halstead, 
Ada, 
Lockhart, 
In the vicinity, 
From Ada, 

Near Kittson, 
Colman, 
Vicinity of Crookston (probably 100 wells), 
Fisher (water alkaline and saline), 
South of Angus (also alkaline and saline), 

Polk county. 

Feet. 
200 
250 
165-219 
217 
140 
125-150 
100-200 

Feet. 
80-140 

190 
165-240 
285 
253 

All these wells pass through thin lacustrine and alluvial beds, then glacial 

drift (till) in which are water-bearing layers of sand and gravel. From this it would 
appear that probably saline waters would be found over most of the region by 
going completely through the drift clays to a depth of from 200 to 300 feet. 

At Red Lake Falls a well ha£ been bored over 400 feet. From the statement 

of the borer, Mr. Anderson, the following section is made: 
(1) 47 feet of lacustrine clay, much of it laminated. 
(2) 47 to 112 feet, clay, with small stones; water struck in limited quantities at forty-seven feet. 
(3) 112 to 316 feet, sand and gravel, cement above the water for several feet; struck water at 118 and 316 

feet, at last rose up to within forty-seven feet of the surface. 
(4) 316 to 407 feet, clay without grit, presumably Cretaceous. The lacustrine clay of No.1 is a deposit of 

lake Agassiz, and Nos. 2 and 3 are probably quaternary, the principal portion at least of glacial origin. 

At Thief River Falls a bming had been carried clown in 1893 to a depth of 258 feet. 
(1) 225 feet "hard pan," probably till. 
(2) 26 feet of sand and gravel. 
(3) l~i feet of dark soft rock. No.3 is possibly Cretaceous. 

THE PROBABLE GEOLOGIC HISTORY OF NORMAN AND POLK COUNTIES. 

Of the pre-glacial histmy we need say but little. The area was probably under 

. the sea as late as the Fort Pierre epoch of the Cretaceous. It is not unlikely that 

NORMAN AND POLK COUNTIES. 113 
Artesian wells.] 

test wells and found brackish artesian water at a depth of ninety feet, wbieh we abandoned. We then determined 
to drill considerable deeper, and struck a pretty heavy artesian flow of milky, hrackish water at a depth of 250 
feet, which we also abandoned; and then selected a point on lowBr gronnd 1,200 feet distant, and found good 
artesian water at a depth of 100 feet. In drilling these wellfl we penetrated through tho strata about as follows: 

"Through the usual black loam from oue and one-half to three [(Jet; then through a light clay from five 
to seven feet; then through a blue clay, varying from 30 to 60 feet; then a stratum of hard pan; then sand and 
finally gravel, when water is generally struck. Between these strata we generally passed through inter-
mediate seams of quioksand and also seams of gravel." (Ninth An. Rep., p. 166.) . 

At South Crookston Mr. E. S. Corser bored to a depth of 190 feet, "penetrating 

through the blue clay, in coarse sand or fine gravel, affording sweet cold water, 

quite soft, which rose ten feet above the surface through ~L three-inch pipe, at 

the rate of three pailfuls per minute." 

From a general statement made by major Powell, director of the United States 

Geological Survey, in the eleventh annual report, part ii, page 267, we find that in 
. Norman and Polk counties there are numerous artesian wells, all, with few excep

tions, furnishing copious supplies of fresh water. They are distributed as follows, 
with the depths corresponding: 

Norman county. 

Shirley, 
Halstead, 
Eight miles northeast of Halstead, 
Ada, 
Lockhart, 
In the vicinity, 
From Ada, 

Near Kittson, 
Colman, 
Vicinity of Crookston (probably 100 wells), 
Fisher (water alkaline and saline), 
South of Angus (also alkaline and saline), 

Polk county. 

Feet. 
200 
250 
165-219 
217 
140 
125-150 
100-200 

Feet. 
80-140 

190 
165-240 
285 
253 

All these wells pass through thin lacustrine and alluvial beds, then glacial 
drift (till) in which are water-bearing layers of sand and gravel. From this it would 
appear that probably saline waters would be fonnd over most of the region by 

going completely through the drift clays to a depth of from 200 to 300 feet. 
At Red Lake Falls a well halil been bored over 400 feet. From the statement 

of the borer, Mr. Anderson, the following section is made: 
(1) 47 feet of lacustrine clay, much of it laminated. 
(2) 47 to 112 feet, clay, with small stones; water struck in limited quantities at forty-seven feet. 
(3) 112 to 316 feet, sand and gravel, cement above the water for several feet; struck water at 118 and 316 

feet, at last rose up to within forty-seven feet of the surface. 
(4) 316 to 407 feet, clay without grit, presumably Cretaceous. The lacustrine clay of No.1 is a deposit of 

lake Agassiz, and Nos. 2 and 3 are probably quaternary, the principal portion at least of glacial origin. 

At Thief River Falls a boring had been carried down in 1893 to a depth of 258 feet. 
(1) 225 feet "hard pan," probably till. 
(2) 26 feet of sand and gravel. 
(3) l;i feet of dark soft rock. No.3 is possibly Cretaceous. 

THE PROBABLE GEOLOGIC HISTORY OF NORMAN AND POLK OOUNTIES. 

Of the pre-glacial history we need say but little. The area was probably under 

the sea as late as the Fort Pierre epoch of the Cretaceous. It is not unlikely that 



114 THE GEOLOGY OF MINNESOTA. 
(The Quaternary history. 

Silurian rocks also may be encountered in deep borings. After the retreat of the sea, 

in the Tertiary age the drainage very likely was toward the north, as at present. 

Toward the end of the Tertiary the drainage toward the north very likely became 

less abrupt because of the continental elevation toward the north and east. So far 

as yet known no buried channels of the streams of that time have been discovered 

but it is'not unlikely that deep borings, especially in the southeastern portion of this 

area, may reveal the existence of such. 

The Quaternary histm·y. The following explanation is of course offered provi

sionally and as a means not only of fastening in mind the facts already given by 

arranging them about theoretical principles, but also to awaken interest for the test

ing of the theory and the consequent discovery of additional facts. 

It is agreed by all students of the subject that the ice which occupied this region 

came from the north and northeast. From what was said concerning the geological 

history of Hubbard county it will be understood that the ice was independent in its 

movements from the ice lobe which occupied the upper Mississippi region. This 

at least was true in the later part of its history, which has left its impress most 

distinctly on the present surface of the country. The great lobe of ice which occu

pied the Red river valley, it will be renlembered, moved southward and was divided 

by the eastern coteau into the western lobe, which crept down the James river 

valleY,and the eastern lobe, which passed down the Minnesota valley into central Iowa. 

In its recession we suppose that it had periods of halting and possibly advancing 

for a short distance, which has, as before explained, resulted in the accumulation of 

moraines. Between the Red river lobe, as we may call it, and lake Superior lobe, 

which occupied the upper Mississippi region, there was at one time probably no 

distinct separation upon the surface of the ice-sheet, but as they melted away their 

margins very naturally would be more and moxe separated along the hight of land 

ox ridge forming the divide between the Mississippi basin and that of Red river. 

Along these separating margins there would be accumulated morainic material. 

This would, as each lobe gradually retreated, tend to form contemporaneous pairs 

of moraines or long slender v-shaped moraines, one branch of which should belong 

to the Red river lobe and the other to the lake Superior lobe. Between the pairs 

of these different moraines there would naturally be a great escape of water toward 

the south and the incidental production of much modified drift in the form of 

ridges, knolls, and gravel plains. 

With this general conception we conceive that the first portion of this area, 

which became uncovered in the retreat of the ice, was in the extreme southeast 

corner of Norman county, and outside of the morainic strip which occupies the 

eastern range of townships in that county and turns southwest past Twin lake and 
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White Earth lake. While the Red river lobe was forming that moraine, the lake 

Superior lobe is conceived to have been forming the morainic strip, to be described 

later in the discussion of Beltrami county, which runs southeast from the lower 

Rice lake, past lake Itasca, into Hubbard county. 'l'hese two moraines were prob

ably separated from each other, although gradually approaching as far north as the 

head of Clearwater river. At this stage the water escaping from the slopes of the 

two ice lobes traversed the southeastern portion of Norman county and passed 

southward down the upper course of Otter Tail river. 

FOl'lnat1:on of the ~Wilcl Rice 1noraine. N ext we notice the stage when the 

western ice-sheet was occupying and forming the moraine which runs west of 

southwest, south of the Wild Rice river, joining the upper Herman beach in '1'. 

143-43., At that time circumstances permitted the water from its eastern edge to 

escape westward down the south branch of Wild Rice and Buffalo rivers to Mus

coda. We may suppose that it was the time of the accumulation of the delta of 

that river at Muscoda. It may be objected to this interpretation that the Herman 

beaches which Mr. Upham associates with that delta may be traced farther north 

than this moraine, but it will be remembered that the beach was not continuously 

traced across the Wild Rice river, and from the margin of variation in the course of 

the beaches and the fragmentary representation of them, it seems not improbable 

that this theory may be reconciled with the facts. 

The stage of the Hill Riuer momine. It will be remembered that a suggestion 

has before been made in connection with the junction of the morainic ridge in '1'. 

150-40 and the high beach pro111inently developed there, that the ice may have 

occupied the moraine while the beach there present was forming. If that supposition 

is correct, we may conceive that the ice-sheet at that time had vacated the whole 

area under consideration except fourteen or fifteen townships in the northeast 

corner. It can be readily understood that the ice when confronted with an ex

tensive lake should show a deeply reentrant angle along the water front. This 

would be the deeper the slower the movement of the ice, and it seems not 

improbable that at this stage 'there was very slight motion of the ice-sheet, because 

of the stagnation of its fountain head on the north. vVe may therefore suppose 

that when the ice was in contact with the moraine in '1'. 150-40, the front of the 

ice, where bordering the lake, turned northwest and north in a more or less regular 

curve, passing the north line of Polk county somewhere west of Thief river. There 

would, of co urse, be a much more rapid melting and conseq uen t recession of the margin 

of the ice in the lake, and the moraine less prominently developed from the 

accumulation of debris. The peculiarly stony character of the till along the 

southerly courses of Red Lake and Clearwater rivers, which has resulted in their 

very steep descent, together with their very shallow basins found along the strip, 
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seem to favor this view. Moreover, in this way could we find the most satisfactory 

explanation of the ancient channel, before noted, in the northern portion of T. 

149-40. During that stage the drainage of the ice from the southern edge of the 

lobe which lay along the present southern slope of the Red Lake basin would have 

escaped largely by that channel. The fact of there being no boulders upon the 

beaches of Lake Agassiz would seem to be fairly explained by the supposition that 

the ice was mainly stagnant during this period of its recession and formation of its 

beaches. As a result of this, few floating bergs of ice would be detached from the 

ice. Moreover, in case masses burdened with drift were detached, the chances of the 

coarser material being raised to the hight of the beach would be slight. 
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OI-IAPTER VI. 

THE GEOLOGY OF MARSHALL, ROSEAU AND KITTSON OOUNTIES. 

By .J. E. TODD. 

SURFACE FEATURES. 

These three counties occupy a rectangular area in the extreme northwestern 

corner of the state (plate 63). They are very similar in situation, character of the 

surface and altitude. They all lie within the basin of lake Agassiz. 

Our knowledge of this region has been derived from several different sources. 

It has been briefly alluded to by writers connected with parties sent out by the 

general government, also by Mr. Warren Upham in his work upon lake Agassiz. 

Our personal acquaintance has been confined to a trip, visiting Thief lake and the 

central portion of Marshall county, and a trip along the main route from Stephen 

to J adis, and also a flying trip along the railroad. Several facts have also been 

derived from some of the annual reports of the survey. 

MARSHALL COUNTY. 

Marshall county is of rectangular shape, seventy-two miles by thirty, there

fore containing about sixty townships. It is bounded on the south by Polk county, 

on the east by Beltrami, on the north by Roseau and Kittson, on the west by North 

Dakota, the Red River of the North forming the boundary. The surface is quite even, 

hills more than twenty feet in elevation above the general surface being unknown. 

It is largely covered with marshes and shallow lakes. The region east of Thief 

river is perhaps half covered with scattered groves of timber; all the rest, with the 

exceptions of the narrow strips of timber along streams and beach ridges, is covered 

with grass. According to the estimate published in the first volume of the final 

report, Marshall has 1,675.04 square miles, of which 1.4 square miles are said to be 

water. That the latter statement is a mistake may be readily shown by pointing 
out the existence of Thief lake, which must cover when at normal hight a surface 

of eight or nine square miles, of Mud lake, covering five or six, Elm lake, more 
than one square mile, while half a dozen small lakes may aggregate two square miles, 

making a sum total of more than fifteen or sixteen square miles. 
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Drainage. The drainage of the county is divided into two basins by a low ill

defined swell running parallel with Thief river and two or three miles from it. 

West of that line the slope is quite uniformly and gently to the west. East of 

it the slope, though mostly toward the west, has drainage into Thief river, which 

conveys it to the southwest into Red Lake river. 

The principal stream of the eastern portion is Thief river, which flows in a 

narrow trough rarely exceeding twenty feet in depth and of little. width beyond 

that of the stream itself. Its descent from Thief lake is considerable, as inp.icated 

by several ral)ids formed by boulder bars. The stream rises in Thid lake and Imeps 

nearly a straight course south-southwest. It receives the outlet 0f Mud lake and 

enters into Red Lake river near the southern line of the county. 

Its main branch is Moose river, which, in fact, might be called the upper waters 

of the first stream. This is a sluggish stream which rises in the swamps a little 

east of the county line, flows a little west of north into the east end of Thief lake. 

A similar stream known as Mud creek rises and flows in a similar direction about 

twelve miles south of Moose river, to the northern corner of T. 156-41, where it 

turns southwest and enters Mud lake on its northeast side in T. 156-40. It is a slug

gish stream twenty feet wide and two or three feet deep, with banks of gravelly clay 

three to five feet high. 

Thief lake occupies eight or nine square miles in the southwest cornel' of 

T. 158-40, and in the southeast of the next township west. Its north and east sides 

are timbered marsh; on the south and west is farm land lying ten or fifteen feet above 

the lake. Mud lake is surrounded by open marsh or quagmire on every side. It is 

of circular outline. The centre of the west line of T. 156-41 is near the centre of the 

lake. It is between two and three miles in diameter. Approaching it from the 

southeast is a shallow channel known as Little river, occupied mostly with small 

elongated lakes running toward the northeast and approximately parallel with Red 

Lake river. Southwest of Mud lake is another cluster of lakes lying approximately 

parallel with Thief river, which runs two or three miles west. There are no lakes 
west of Thief river. 

The streams in the western portion of the county are Snake, Middle, and 
Tamarack rivers. The first rises in T. 156-45, and flows southwest nearly to the south 

line of the county, where it receives the waters of the South fork coming from the 
east; thence flows west past Warren, loses itself for a time in a swamp about eight 

miles west of that place, then follows a channel nearly parallel with Red river 

hut converging toward it and entering it at t,he northwest corner of T. 157-49. Its 

upper portion is dry much of the year. 

Middle river rises in a swamp a few miles west of Thief river near the northern 

corner of T. 157-42, flows southwest into the north portion of T. 156-44, thence 
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three to five feet high. 

Thief lake occupies eight or nine square miles in the southwest corner of 

T. 158-40, and in the southeast of the next township west. Its north and east sides 

are timbered marsh; on the south and west is farm land lying ten or fifteen feet above 

the lake. Mud lake is surrounded by open marsh or quagmire on every side. It is 

of circular outline. The centre of the west line of T. 156-41 is near the centre of the 

lake. It is between two and three miles in diameter. Approaching it from the 

southeast is a shallow channel known as Little river, occupied mostly with small 

elongated lakes running toward the northeast and approximately parallel with Red 

Lake river. Southwest of Mud lake is another cluster of lakes lying apl)roximately 

parallel with Thief river, which runs two or three miles west. There are no lakes 
west of Thief river. 

The streams in the western portion of the county are Snake, Middle, and 
Tamarack rivers. The first rises in T. 156-45, and flows southwest nearly to the south 

line of the county, where it receives the waters of the South fork coming from the 

east; thence flows west past Warren, loses itself for a time in a swamp about eight 
miles west of that place, then follows a channel nearly parallel with Red river 

but converging toward it and entering it at the northwest corner of T. 157-49. Its 

upper portion is dry much of the year. 

Middle river rises in a swamp a few miles west of Thief river near the northern 

corner of T. 157-42, flows southwest into the north portion of T. 156-:44, thence 
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describes a curve to the north and again west-southwest to the vicinity of Argyle, 

where it is following a west-northwest direction, which it keeps until it entert':a 

marsh about eight miles from that place. From this marr:-:h the water apparently 

gathers into the lower course of Snake river as before described. It has running water 

inmost of its course. At ordinary stage it is one to five yards wide and from six to 

twelve inches deep. 

'Tamarack r'lver, as far as known, rises in the eastern half of T. 158-45, keeps a 

general direction west into the middle of the township, thence south two or three 

miles, then takes a general course with many crooks, northwest par:-:t Stephen, which 

course it keeps until it enters a swamp four or five miles from that place. About 

seven miles west from the point of its disappearance a stream gathers from. that 

swamp and after a course of three miles enters a river in T. 158~49. It is twenty 

to thirty feet wide and about one foot deep, where it is crossed by the Pembina trail. 

The highest portion of the county is probably a little west of Thief lake. The 

altituue of Thief River Falls depot, according to railroad levels, is 1,135 feet, which is 

not more than ten feet below the highest points around. The altitude of the before 

mentioned land near Thief lake is probably not more than 1,175. 

ROSEAU COUNTY. 

Roseau county derives its name from Roseau river, which drains most of the 

county. It is bounded on the south by Marshall county, on the east by Beltrarni, 

on the north by Canada, on the west by Kittson. It is bounded on all sides by 

artificial lines and has a rectangular outline. Its length east and west is thirty-six 

miles, and its breadth north and south a little more than thirty. It consequently 

comprises about thirty-one townships or about 1,116 square miles. It includes but 

one considerable lake, viz.: Roseau lake, covering four to five square miles, in the west 

half of T. 163-40. It is occupied largely by swamps, especially in the northwest corner 

where three or four townsnips are included in "the great muskeg." The general 

slope of the surface for the whole county is toward the northwest. N ear the Roseau 

river, where the course is toward the north, the slope is quite considerable and eleva

tions of thirty to fifty feet occasionally appear near the streams, which are more 

marked where the stream traverses ancient lake beaches. One of the most conspic

uous of these beaches begins near Jadis, near the centre of T. 162-40, and continues 

in a broad ridge west-southwest in a quite direct line past Badger to the west 

boundary of the county near Pelan, near the southwest corner of T. 160-44. Further 

description of this beach will be found in a later paragraph. There are probably 

other beaches. This ridge is bounded by swamps most of the distance. A stream 

breaks through it near Badger postoffice in sec. 12, T. 161-42, and after a course of 
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altitude of Thief River Falls depot, according to railroad levels, is 1,135 feet, which is 

not more than ten feet below the highest points around. The altitude of the before 

mentioned land near Thief lake is probably not more than 1,175. 
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half of T. 163-40. It is occupied largely by swamps, especially in the northwest corner 

where three or four townsnips are included in "the great muskeg." The general 

slope of the surface for the whole county is toward the northwest. N ear the Roseau 

river, where the course is toward the north, the slope is quite considerable and eleva

tions of thirty to fifty feet occasionally appeal' near the streams, which are more 

marked where the stream traverses ancient lake beaches. One of the most conspic

uous of these beaches begins near Jadis, near the centre of T. 162-40, and continues 

in a broad ridge west-southwest in a quite direct line past Badger to the west 

boundary of the county near Pelan, near the southwest corner of T. 160-44. Further 

description of this beach will be found in a later paragraph. There are probably 

other beaches. This ridge is bounded by swamps most of the distance. A stream 

breaks through it near Badger postoffice in sec. 12, T. 161-42, and after a course of 
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three or four miles loses itself in "the great muskeg." A somewhat similar sluggish 

stream, the head of the south branch of Two rivers, with quaking banks, follows the 

south side of the ridge and breaks through the ridge near Pelan. The eastern row 

of townships is traversed by the numerous branches of the Roseau river, which 

have worn channels from ten to thirty feet in depth below the surrounding country. 

The reO'ion from Jadis to Roseau lake is a low fertile alluvial plain covered with 
b ~ 

luxuriant grass. The Roseau river and the before mentioned ridge are bordered 

by considerable timber, some of it containing valuable pine. West of Roseau lake 

the stream enters" the great muskeg" but it keeps its course through and passes 

from this county to Kittson near the northwest corner. The highest part of the 

county is doubtless in the southeast corner. 

KITTSON OOUNTY. 

This county, the northwestern-most of the state, is also nearly rectangular. A 

little more than five townships in breadth north and south and nearly seven east and 

west. It may be estimated to include an equivalent of thirty-six townships, or 

about 1,290 square miles, of which, perhaps 1.5 square miles are water, formed by 

two lakes in the northern part of T. 159-45. The surface of the county is prairie 

except in the vicinity of streams and lake ridges. 

Drainage. The county is almost entirely drained by the stream known as Two 

rivers. This evidently obtained its name from the fact of the old Pembina trail 

crossing the main branches of the stream a little above their junction. The south 

branch, which is the main one, rises, as before said, in Roseau county and enters 

Kittson near the southeast corner of T. 160-45. It is there about twenty feet wide. 

It takes a comse northwest at right angles with the beach-ridge, through which it 

has broken, which course it continues to the middle of the west side of T. 161-45, 

thence in a general westerly course it passes into the southwest corner of T. 161-48, 

where it turns north-northwest, receives the middle branch which has nearly a direct 
course from a point twenty miles ea,st, thence passes north of Hallock, receives the 
north branch about eight miles west of that place and continues its course, entering 
the Red river at the northwest corner of T. 161-50. Near Hallock it is twenty-five 
to thirty feet wide, with banks fifteen feet high. The north branch of Two rivers 
rises in the south IJart of T. 163-46, and keeps a nearly direct course to its junction 
with the main stream, turning northward past N orthcote. A small stream rises in the 
east side of T. 160-47, passes west into the next township and turns northwest as if 
to enter the south fork of Two rivers but is represented as sinking about two miles 
before reaching it. 

The four southwestern townships of the county are drained by a much branched 
sluggish stream, which empties in Red river near the centre of T. 160-50. It is 

120 THE GEOLOGY OF MINNESOTA. 
[Drainage. 

three or four miles loses itself in "the great muskeg." A somewhat similar sluggish 

stream, the head of the south branch of Two rivers, with quaking banks, follows the 

south side of the ridge and breaks through the ridge near Pelan. The eastern row 

of townships is traversed by the numerous branches of the Roseau river, which 

have worn channels from ten to thirty feet in depth below the surrounding country. 

The recrion from Jadis to Roseau lake is a low fertile alluvial plain covered with o ~ 

luxuriant grass. The Roseau river and the before mentioned ridge are bordered 

by considerable timber, some of it containing valuable pine. West of Roseau lake 

the stream enters "the great muskeg" but it keeps its course through and passes 

from this county to Kittson near the northwest corner. The highest part of the 

county is doubtless in the southeast corner. 

KITTSON OOUNTY. 

This county, the northwestern-most of the state, is also nearly rectangular. A 

little more than five townships in breadth north and south and nearly seven east and 

west. It may be estimated to include an equivalent of thirty-six townships, or 

about 1,290 square miles, of which, perhaps 1.5 square miles are water, formed by 
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Qnderstood that the northeast townships of the county lie in "the great muskeg," 

along the Roseau river, which, as before stated, enters the county from Roseau near 

the Canada line, and after flowing about six miles in this county passes into Canada 

in the fragmentary T. 164-45. From this it follows that the highest portion of the 

county lies in the southeast corner, where the altitude is estimated from the ancient 

beach to be nearly 1,050 feet, and the general slope is toward the northwest, where 

the lowest point occurs near St. Vincent, where it has an altitude of 787 feet. The 

surface of the county presents no abrupt elevations except in the close vicinity of 

the streams, where banks are rarely over fifteen feet. -Where a stream passes 

through an ancient beach, as near Pelan, a difference of eighteen to twenty feet 

is found. 
ELEVATIONS. 

The three counties considered in this section are traversed by but one railroad, 

and the streams are not of sufficient importance to have called for surveys, therefore 

the authentic data concerning the elevations of the surface are few. From the St. 

Vincent branch of the Great Northern railway we have the following: 

Warren, -
Snake river, water, 838; grade, 
Argyle, 
Middle river, bed, 828; water 831; grade, 
Tamarack, bed, 811; water, 814; grade, 
Stephen, 
Donaldson, 
Kennedy, 
Hallock, - _ 
South branch of Two rivers; bed, 791; water, 800; grade, 
Northcote, 
North branch of Two rivers; bed, 778; water,784; grade, 
Humboldt, 
St. Vincent, switch of line from Emerson-Winnipeg, 
St. Vincent depot, 
Red river at St. Vincent; bed, 739; extreme low water, 748; high water in 

1866,782; usual water, 753; extreme high water 1882, 
Grade on international boundary, 
Red river high water, 1882, 
Emerson, on branch of Oanadian Pacific, 

Elevations along the Reel TiveT. 

Miles from Feet above 
St. Paul. the sea. 

329.8 853 
330.2 855 
3.'39.6 845 
340.2 842 
347.7 827 
348.1 827 
356.6 826 
361.4 825 . 
370.5 815 
371.7 813 
376.1 802 
376.5 798 
382.9 792 
389.2 787 
390.2 787 

390.2 788 
391.2 790 
391.2 786.5 
391.3 790 

At mouth of Red Lake river, Grand Forks, bed, 779; extreme low water and high water, 784-828; range, 44 feet. 
Mouth of Turtle river, sec. 11, T. 154-51; ordinary low water, 778. 
-Akton, 2.5 miles north from the mouth of Forest river, ordinary, 773. 
Mouth of Park river, St. Andrew, about 769. 
Pelican bar, ordinary low water, 758. 
Mouth of Pembina river and St. Vincent, bed, 739; ordinary low and high water, 753 and 782. 

Of Thief lake, about -
Of Roseau river at Jadis, about 
Of Roseau lake, about 

Estimated altit1Ldes. 

Of Roseau lake, according to the International boundary commission, - -..
Of Roseau river at Pointe de Orme, according to the International boundary commISSIOn, 
At the east end of Oampbell ridge, west of J adis, about 

Feet. 
1,160 
1,015 
1,000 
1,040 

976 
1,080 
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along the Roseau river, which, as before stated, enters the county from Roseau near 

the Canada line, and after flowing about six miles in this county passes into Canada 

in the fragmentary T. 164-45. From this it follows that the highest portion of the 
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beach to be nearly 1,050 feet, and the general slope is toward the northwest, where 
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the streams, where banks are rarely over fifteen feet. -Where a stream passes 

through an ancient beach, as near Pelan, a difference of eighteen to twenty feet 

is found. 
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and the streams are not of sufficient importance to have called for surveys, therefore 
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Vincent branch of the Great N orthel'l1 railway we have the following: 
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Humboldt, 
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Red river high water, 1882, 
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Mouth of Turtle river, sec. 11, T. 154-51; ordinary low water, 778. 
-Akton, 2.5 miles north from the mouth of Forest river, ordinary, 773. 
Mouth of Park river, St. Andrew, about 769. 
Pelican bar, ordinary low water, 758. 
Mouth of Pembina river and St. Vincent, bed, 739; ordinary low and high water, 753 and 782. 

Of Thief lake, about -
Of Roseau river at Jadis, about 
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1,000 
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GEOLOGIC FEATURES. 

The counties under consideration have great uniformity of structure. The 

older rocks or preglacial deposits are unexposed. Their depth below the surface is 

probably from 50 to 200 feet. The only report of older rocks is an uncertain one, 

which is as follows: A settler, who had been a quarryman, informed me that ten 

miles west of where Badger creek enters the" big muskeg" in the southern part of 

T. 162-44, he dug down four feet below the surface and found limestone four feet 

square without seams; how much more extensive he did not discover. Not far away 

in the ridge he said he saw flaky layers of limestone inclined. It is possible, if not 

probable, that these were boulders in the drift. Yet, from the fact that limestone 

apl)ears abundantly in the drift in the Red river and Minnesota valleys, and that it 

is struck in the boring of deep wells, it seems not improbable that ledges of it may 

come near to the surface at the point stated. For a section of the older rocks consult 

a record of the St. Vincent salt well on a subsequent page. 

GLAOIAL DEPOSITS. 

These consist mainly of the till. This is very rarely exposed because of the 

prevalence of later formations and the abundance of vegetation. It is known to lie 

near the surface, particularly in the southeastern portions of Roseau county and the 

eastern part of Marshall county. In the latter region irregular bouldery knolls, 

rising a few feet above the swamp, are not uncommon. The abundance of boulders 

on the lower side of the beaches, and also in very rare cases upon the beaches them

selves, indicates the nearness of the till to the surface in such localities. In sec. 27, 

rr. 156-44, which locality is a short distance west of an ancient beach, wells revealed 

only till, sonlewhat stratified at the top. This is probably generally true inside of 

high beaches. 

l1'Iomines. No typical formation of this class has been discovered in these 

counties nor should we expect it, when we remember that the whole of the region 

lies in the bed of lake Agassiz. From that fact it follows that no portion is free 

from the results of lacustrine action. In the discussion of Polk county it was sug

gested that a strip of country extending northwest from the moraine in T. 149-40, 

was really a moraine, modified by the lacustrine waters which attended the front 

of the ice-sheet. Instead of forming knobs and basins of typical form, the irregu

larity of structure is shown by irregularly arranged patches, that is, groves of poplar 

are irregularly interspersed with grassy meadows. The former being somewhat 

elevated and the latter frequently very wet. It will be remembered that this strip 

passes on the north side of Red Lake river north of Red Lake Falls and extended , 
northward, west of Thief river and Thief lake, to the north line of Marshall county. 

The dry land west of Thief lake seems to be a portion of this strip. Its slight 

122 THE GEOLOGY OF MINNESOTA 
[Moraines. 

GEOLOGIC FEATURES. 

The counties under consideration have great uniformity of structure. The 

older rocks or preglacial deposits are unexposed. Their depth below the surface is 

probably from 50 to 200 feet. The only report of older rocks is an uncertain one, 

which is as follows: A settler, who had been a quarryman, informed me that ten 

miles west of where Badger creek enters the" big muskeg" in the southern part of 

T. 162-44, he dug down four feet below the surface and found limestone four feet 

square without seams; how much more extensive he did not discover. Not far away 

in the ridge he said he saw flaky layers of limestone inclined. It is possible, if not 

probable, that these were boulders in the drift. Yet, from the fact that limestone 

apl)ears abundantly in the drift in the Red river and Minnesota valleys, and that it 

is struck in the boring of deep wells, it seems not improbable that ledges of it may 

come near to the surface at the point stated. For a section of the older rocks consult 

a record of the St. Vincent salt well on a subsequent page. 

GLACIAL DEPOSITS. 

These consist mainly of the till. This is very rarely exposed because of the 

prevalence of later formations and the abundance of vegetation. It is known to lie 

Hear the surface, particularly in the southeastern portions of Roseau county and the 

eastern part of Marshall county. In the latter region irregular bouldery knolls, 

rising a few feet above the swamp, are not uncommon. The abundance of boulders 

on the lower side of the beaches, and also in very rare cases upon the beaches them

selves, indicates the nearness of the till to the surface in such localities. In sec. 27, 

T. 156-44, which locality is a short distance west of an ancient beach, wells revealed 

only till, soniewhat stratified at the top. This is probably generally true inside of 

high beaches. 

1J101'aines. No typical formation of this class has been discovered in these 

counties nor should we expect it, when we remember that the whole of the region 

lies in the bed of lake Agassiz. From that fact it follows that no portion is free 

from the results of lacustrine action. In the discussion of Polk county it was sug

gested that a strip of country extending northwest from the moraine in T. 149-40, 

was really a moraine, modified by the lacustrine waters which attended the front 

of the ice-sheet. Instead of forming knobs and basins of typical form, the irregu

larity of structure is shown by irregularly arranged patches, that is, groves of poplar 

are irregularly interspersed with grassy meadows. The former being somewhat 

elevated and the latter frequently very wet. It will be remembered that this strip 

passes on the north side of Red Lake river north of Red Lake Falls and extended , 
northward, west of Thief river and Thief lake, to the north line of Marshall county. 
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elevation above the surrounding country forms the low water-shed, already men

tioned, a little west of Thief river. rrhough sand appears upon the surface quite 

generally, the subsoil is clay and frequently shows boulders. For reasons that 

appear more clearly in Beltrami county it is conjectured that this strip turns east

ward north of Thief lake and connects with high land south of Lake of the Woods. 

Had the country been at all passable the southeastern portion of Roseau county 
would have been examined to ascertain concerning this fact. 

No distinct traces of osars or kames have been found. We should at any rate 

expect them to be modified by lacustrine action. Reports have been given to the 

effect that a knob of some elevation covers four townships about ten miles south of 

Badger postoffice, which would be in the southeast corner of T. 160-42. 

The laC1,tstrine clepos1:tS. These cover the whole surface of these counties, except 

where the action of waves or undertow prevented. They consist of clay fiats 
" , 

bouldery strips and ancient beaches, the first being much the more prevalent, 

especially in the west portions of the counties. 

Beaches. By reference to the reports on the counties farther south, it will be un

derstoocl that the highest beach of ancient lake Agassiz, named by Mr. Upham the 

Herman beach, is divided into four or five different members. Toward the north, at 

Maple lake in Polk county, these members vary in hight through a range of forty

five or fifty feet. Moreover Mr. Upham discovers, from his examination of the 

hight of this beaeh, that this variation increases toward the north and east. It will 

be remembered that in the southern part of T. 150-40 a beach probably correspond

ing to the highest Herman beach is found connected with a moraine and also a 

drainage channel, or outlet through the moraine. The next group of beaches, known 

as the Norcross, seems not to be represented, unless in detached fragments east of 

Thief river not yet recognized, appearing in Marshall county along the east side 

of T. 155-44, and probably a portion of what Mr. Upham calls the Tintah beach. It is 

there double, the two members separating and uniting from time to time, 

rising ten or twelve feet in some cases above the surrounding country. Its course 

as determined passes northward to the northeast corner of said township, then 

turns northeast for a couple of miles, then turns to the east side of the township east 

of Humboldt and is found along the east side of secs. 31 and 30, T. 157-43; it there 

crosses Middle river and is believed to continue in a northern and northeastern 

direction. It is sometimes called Oak' ridge because of the frequency of those trees 

along it. 

The Campbell beach is much more conspicuous in these counties, and forms a 

most important -feature. It has not been traced between Wiley station in Polk 

county and the east side of T. 156-46. That it is fairly continuous is probable from 
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its being followed by the old Pembina trail. It has been traced from the middle of 

the east side of the last mentioned township across Middle river, north by west, to 

Tamarack river, which it crosses near Fir postoffice, sec. 2, T. 158-46. At this point 

it forms a grand natural turnpike. It takes a due north course to the southwest 

corner of section 13 of the township north, thence east-northeast, crossing the south 

branch of Two rivers upon the county line in the east side of sec. 25, T. 160-45, then 

follows a direct course to Badger postoffice; east of which it crosses Badger creek 

on or near sec. 12, T.161-42, and continues without further interruption to the centre 

of T. 162-42, about two miles west of J adis, a lower attendant of it even reaching 

that place. It forms a perfect thoroughfare, it is grassy on its top, it is often 

eighteen to twenty feet in hight with a breadth of 600 yards and at several points is 

double or triple with sometimes cross ridges. At its eastern extremity it ends in 

an abrupt curve toward the south and very likely may be traced south parallel with 

or converging toward the course of the Roseau river south of Jadis. A ridge corre

sponding to it in hight is reported on the east side ofthe Roseau south of J adis; and a 

short ridge corresponding is crossed by the trail from J adis to Lake of the Woods in 

Beltrami county. To illustrate some particular points of its structure, several small 

diagrams are appended. These have not been carefully measured but represent the 

general plan correctly, 

Upon this ridge a pl'Oblematic feature was noticed in the form of straight, 

narrow ridges of gravel several rods in length and from 1.5 to 3 feet in hight. They 

lie upon the flat surface of the :ridge and remind one, in appearance, of ri~ges found 

around lakes which have been made by the thrusts of the ice, either under the 

tension of freezing or when pushed by storms. The most notable examples are 

found about two miles east of Pelan and ai'e shown in figure 10. 

Upon the ridge a little 'north of Fir postoffice, one of these sharp ridges lies 

longitudinally, bnt in the other case they are transverse. Local tradition ascribes 

them to the Indians. They are said to be low fortifications, made somewhat after 

the fashion of rifle-pits. Nothing in their appearance would suggest such an ex

planation. The ground seemed to be of equal hight 0.1 both sides, nor can we 

conceive how their position could be of any advantage for defense, for they could 

be easily flanked. They may perhaps have been formed by thrusts of floe ice at some 

time when the level of the water covered the ridge, and yet this explanation is 

hardly satisfactory. This feature is illustrated in figure 1, plate J;'and the adjoining 
sketch, figure 10. 

The subsoil upon the surface of the beaches is gravelly and sandy. The slope 

toward the northwest is grea,ter and usually more abrupt, but it is often quite abrupt 

toward the southeast. The ridge forms a natural dam to the waters finding their 
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way down the slope to the northwest. As already stated, two gaps have been 

formed by the south branch of Two rivers and Badger creek. Very frequently, 

away from these gaps, there is a quagmire covered with coarse grass upon that side, 

and in T. 159-45 there are two lakes with open water of considerable extent shading 

off into a grassy swamp on the east and south. If the Campbell beach rises regu

larly toward the east, as Mr. Upham has figured in his work on lake Agassiz, and in 

Bulletin No. 39, U. S. Geol. Survey, the end of the beach near Jadis should be about 

1,075 feet above the sea. This figure seems to correspond well with what is known 
of the surrounding country as reckoned from Lake of the Woods. 

StUlli.I!S of the Jadis Beach 

1. NearSec.13 
159 - JjfJ 

2. 4littleN.E of 1. 

~ . .A littLe east of /J 

II&.b s'.J>e,.tmp08I!tl .,.t"-gelels 
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8 . .Ahout 1M d. r".160 - '1-1 a. h. e cr084 ritZges 
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'In - ,,- a dJ-oJ> of 30,." feet to the south 

607 V. __ _ 
6.liJa .. t of Pelan 

Marsh 

J ('"oas-seotton of Jadts (CampbeU) Beach 2-3 miLes E. of Felan 

FIG. 10. PECULIARITIES OF THE JADIS BEACH. 

The McCauleyville beach, it will be remembered, is found attending the Camp

bell beach southeast of Red Lake Falls but is separated from it at rves station. It 

is found a few feet lower than the Campbell beach and a few rods from it where the 

latter appears on the east side of T. 156-46. It follows along side of it to the south 

line of T. 158-46, when it becomes obscured by the older delta of Tamarack river 

which is most prominently developed along the west side of that stream in the south 

central portion of the township. From the east side of sec. 9, T. 158-46, it turns 

north-northeast and approaches the Campbell beach again and attends it to the south 

line of section 12 of the township north. There it turns off to the north and north

west, forms quite an angle with Campbell beach and its further course is unknown. 

Another beach is noted consisting of three members, lying along the south side of 

Middle river on sec. 9, T. 156-46. This seems to have been considerably obscured by 

the delta deposits of Middle river, especially on the north side. The course has not 
10 
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been traced for several miles but it appears again quite well developed in T. 158-47, 
and has been traced four or five miles through the east tier of sections of that town

ship. It probably corresponds to the Blanchard beach, as it is called by Mr. Upham 

in his report on g]aciallake Agassiz in Manitoba, p. 92. 

Bouldc)'y strips. The inner sides of the beach ridges are bounded generally by 

clay flats quite thickly strown with boulders, so much so as to interfere with tillage 

when dry enough to farm and for mowing when used as hay meadows. This feature 

is easily explained by the wash of waves and undertow when the adjacent beach was 

forming. In some places these boulders are so abundant as to suggest that floating 

ice may have helped in collecting them. It will be observed that if icebergs were 

floating in the lake, they would strand in such a way as to drop their boulders in 

shallow water near the beach. As Mr. Upham observed, boulders are rarely found 

on the beach itself. This may be easily explained by the work of the waves steadily 

heaping up the pebbles and sand so as to cover boulders that were either left in 

the glacial till or had been dropped as just explained from floating ice when the 

water covered that point. Sketeh figure 10, 7 shows the common relations. 

Clay flats. Extensive areas inside and remote from the beaehes are commonly 

eovered with fine elay;this is the ease about Stephen, and I understand generally 

toward the middle of Red river plain. Quite extensive areas, just outside of the beaches, 

are also of this eharacter. A description of the characteristic structure of this clay de

posit is given in the report on Polk county. The accumulation must have gone on 

quite rapidly and to considerable depth in the deeper portions of lake Agassiz. In 

the Roseau valley a similar form was observed in a freshly dug well. A case was 

reported as follows: Near Roseau lake, eight feet below the surface, this laminated 

clay was struck, and was eight feet thick, then sand and pebbles prevailed for 

twenty-three feet, then the laminated clay which continued down 160 feet from the 

surface. At another point a well was dug 110 feet deep, all in this laminated clay, 

and from that depth the water rose to the surface. 

Alluvial deposits. These are not particularly prominent in the region beeause 

the streams are not very vigorous, owing to the low and uniform surface of the 

eountry. These are found in limited extent along the prineipal streams, more par

ticularly along the Roseau and Red rivers. 

Under this head also may be included the ancient deltas of some of the streams 

formed at different stages in lake Agassiz. We have already referred to deltas in 

Middle river at the time of the Blanchard beach as well as of the Campbell, and to 

the deltas of the Tamarack at the time of the McCauleyville beach. Similar 

deposits are found around Pelan northeast of the gap in the beach, and on the east 
side of Roseau near J adis. 
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The geological history of the area of these c01mties. This resembles III almost 

every respect that of the surrounding counties. With little doubt it was occupied 

by the sea in the early Paleozoic and in later Mesozoic time. It was covered with the 

continental ice-sheet in the early Quaternary and with the waters of lake Agassiz 

, after its recession. The last portion to be covered with the ice was doubtless the 

northeastern corner of Roseau county, and the last part covered by the waters of 

lake Agassiz was the northwestern corner of Kittson. That there was a greater dip 

to the northeast when the streams first began to flow is suggested by the course of 

the Roseau river and by the old channel from the vicinity of Red Lake river to Mud 

lake. At one time perhaps there was drainage from Thief river and Mud lake west 

into the head of Middle river. Differential elevation to the northeast subsequently 

may have shifted the waters to the south into Thief river and Red Lake river. 

Of the beaches, as Mr. Upham has shown, the McCauleyville and those higher 

were formed when lake Agassiz emptied to the south and the later ones after its 

waters began to escape to the northeast. 

EOONOMIC FEATURES. 

. This region is covered mostly with grass, and extensive and excellent hay 

meadows abound along the Great Northern railway in the western part. Much of 

the surface further east is covered with swamps in which the grass is scant, or which 

are covered with moss. Very little of pine land is found. Considerable is reported 

along the upper waters of the Roseau, much of which doubtless lies in the eastern 

and southeastern portions of the county. Little if any pine is found in Marshall 

county. Tamarack, spruce, and cedar are abundant in many of the swamps in the 

northeastern portion of Marshall and the southeastern part of Roseau. 

The portion particularly adapted for agriculture is the great valley of the Red 

river west and northwest of the Campbell beach, and the valley of the Roseau above 

and around Roseau lake. From the vicinity of Jadis to the lake the surface lies 

beautifully for cultivation and is very fertile. The valley is from two to ten miles 

in width. 
Wells. In the eastern portion of this region water is easily obtained near the 

surface, and deep wells are unknown. Reference has already been made to the deep 

wells in Roseau valley. Similar relations exist in the valley of the Red river, 

northwest of the Campbell beach. A number of flowing wells have been obtained 

by piercing lacustrine and drift clays. Wells of this sort have been obtained at 

Argyle, in Marshall county, at the depth of 150 to 180 feet. At Tamarack similar 

wells are obtained by going 74 to 218 feet, and at Stephen 220 to 300 feet. In 

Kittson county, at Donaldson, wells are 45 feet deep; at Kennedy, 95 feet; Hal

lock, 179 feet; near Northcote, 30 feet, and at St. Vincent, 165 feet. All of these, 
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except that at Hallock, furnish abundance of water which is saline. The difference 

of depth of these wells is probably due to different sand strata of the drift clays. 

It seems not improbable that the supply of water in the drift strata may be partly 

obtained from the Cretaceous strata which furnish water to the deep wells in 

Dakota. 
The Hmnboldt salt well. The following is a section of the Humboldt salt well, 

which was bored near St. Vincent, in Kittson county, in the south half of sec. 35, 

T. 163-50, five miles east of the Red river, 4.5 miles from the international boundary. 

The altitude of the well is seven feet above the highest known flood stage of the 

flver. It is particularly instructive concerning the oldest rocks underlying the 

region, and the thickness of the lacustrine and glacial clays. The following section 

is somewhat abridged from the thirteenth annual report of the survey. A map of 

the vicinity of the well may be found in the ninth annual report of the survey. 
Section of the Humboldt salt well. 

(1) Subsoil 8 to 12 inches, black, 
(2) Lacustrine clay with lime concretions; it contains good surface water, 

and apparently varies in other places to a very fine sand, 
(3) The same as the last but more impervious, hence is mOfe moist, 

darker colored, 
(4) Pebbly blue till. Salt water at 165 feet in small quantity, 
(5) Drift gravel and sand supplying an abundant discharge of salt water 

flowing over the sUTface. This is mainly gray sand but contains 
drift pebbles as large as an inch, mainly of sandstone, 

(6) Buff dolomitic limestone of grain and texture like the Lower 
Magnesian limestone of southern Minnesota, 

(7) Powder containing some small fragments of compact limestone of 
slightly reddish cast, 

(8) Fine reddish lime rock with some grains of white quartz, 
(9) Sand, rounded grains, reddish above and below but white for about 

30 feet in the middle. The flow in salt water increased 
(10) Soapstone shale, slippery, red and green with some portions dark 

gray, contains white particles, 
(11) Greenish gray shale, 
(12) Washed grains, consisting mainly of rounded quartz and freshly frac

tured, angular opaque gray quartz. Numerous scales and masses 
of mica. It appears as if it were a greenish-gray, foliated, mica-

Thickness, Depth, 
feet. feet. 

4 4 

12 16 

124 140 
30 170 

10 180 

120 300 

100 400 
75 475 

71 546 

46 592 
46 638 

ceous quartz-schist, 1 639 
(13) Washed drillings, consisting of angular quartz, black mica scales and 

angular grains of flesh-colored orthoclase and white feldspar, 
evidently one of the granites as seen at Lake of the Woods. Bor-
ing ceased at 644 feet, 5 644 

Following are Prof. Winchell's comments on this well as published in the 
thirteenth annual report: 

The Humbolclt salt well in Kittson county. 

It has been ~nown for many years that copious salt springs existed in the valley of the Red river of the 
North. From then abundance several streams have been named, as Salt river, and" Riviere Sale." Some of 
thes~ springs are in Dakota, some in Minnesota, and others, probably the most numerous and copious, are in 
Mallltoba. Some of the earliest French explorers, notably Sieur Du Luth mentions the fact that the Indians 
exhibited salt which they said had been obtained in the vicinity of certai~ lakes in the western prairies, said to 
be fifteen or twenty days' travel farther west. 

Prof. ~enry Youle Hind, in his report on the Assiniboine and Saskatchewan exploring expedition, in 1859, 
has summarIzed the principal facts respecting these springs and the salt deposits of the valley-of the Red river 
of the North. They had been made known in Dakota and Minnesota by Prof. Keating in 1823, who accompanied 
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major Long to the "Sources of the St. Peter's river and lake Winnipeg." At that early date $500 had 
been made by a single individual from the sale of salt manufactured in one summer near Pembina. The 
country was so permanently and extensively saline that the characteristic Sal'icornia herbacect was found grow
ing abundantly in its natural wild state, the only inland locality known west of the Onondaga salt springs, in 
New York.* In 1859 the manufacture of salt from springs in Manitoba was carried on profitably for the 
Hudson's Bay company, at Swan river and at Winnipegosis lake, the method;! of manufacture being of the 
rudest kind. 

South of the international boundary several deep wells have been sunk within a few years for the purpose 
of getting a supply of water for stock and farming purposes. Some of these have giveu an artesian overflow of brine. 
The first of this kind in Minnesota was sunk at St. Vincent, which is on the Red river-of the North at the cross
ing of the international boundary. This well was 165 feet deep, and only penetrated the drift deposits, the 
greatest thickness being taken up with a fine lacustrine clay 112 feet in perpendicular thickness. Under this was 
found to be coarse gravel and sand which afforded a copious overflow of salt water. '1'his water was not carefully 
analyzed, though Dr. Perley, at Fort Pembina, made tests sufficient to show it was a brine principally of chloride 
of sodium, but contained a considerable quantity of magnesium and calcium. 

Recently another well has been sunk on the Valentine farm, at Humboldt, about six miles southeast from 
St. Vincent, on the line of the St. Paul, Minneapolis & Manitoba railway. This also gives a strong salt water, 
which rises under natural hydrostatic pressure several feet above the ground. '1'he water is clear, and effervesces 
slightly on exposure to the air and the removal of the pressure. 

The section penetrated by this well was the same as that at St. Vincent, but extends much deeper. The 
salt water was found to rise first from a bed of gravel and sand at a depth of 165 feet, but in small quantity. 
Between 170 feet and 180 feet, the flow of brine became very copious, rising from a coarse gravel and sand 
pertaining to the drift. The object of the well being to obtain water for the use of the farm, the drill was sunk 
deeper. It at once entered a dolomitic limestone. which was found to be 295 feet thick. This has a grain and 
color like that which is known as the St. Lawrence limestone in the Mississippi river bluffs. Beneath this was 
found a saccharoidal, siliceous sandstone of rounded grains of quartz, that still furnished a flow of salt water, 
which rose with still greater force. The drill then entered greenish and reddish shales, some of these being of 
a reddish-umber color. Fragments from the pumpings show this shale is slightly unctuous, gritless, and com
pactly impervious, resembling the red shale which has been penetrated in a number of deep wells in the state, 
and been found to have a great thickness; notably the well at Mankato in the Minnesota valley. While this 
shale, as shale, is impervious, it is interbedded with red sandstone, particularly in its upper portion, and from 
these beds of sandstone may rise an artesian flow of fresh water. At the time of my visit it had been entered 
but forty -six feet. 

Mr. C. F. Sidener, of the university of Minnesota, analyzed this brine, and has reported the following 
composition of the soluble mineral ingredients: 

Silica, 
Aluminum oxide, 
Carbonate of iron, 
Calcium sulphate, 
Calcium chloride, 
Magnesium SUlphate, 
Magnesium carbonate, 
Magnesium chloride, 
Potassium chloride, 
Sodium chloride, 

TQtal mineral ingredients, 

Grains 
per gallon. 

12.15 
2.38 
1.08 

116.08 
156.55 

71.12 
78.60 
91.44 
42.26 

2,764.99 

3,336.65 

Of the mineral ingredients this gives 82.8 per cent. chloride of sodium, the rest being largely made up 
of the earthy chlorides of calcium and magnesium, and the sulphate of lime. This gives it more than the 
average per cent. of chloride of sodium found in the Michigan brines, while the total solid matter in solution is 
only from on(;l-third to one-half as much. 

There is an interesting question presented by these salt springs and deep wells of the Red river valley, 
viz.: From what formation does the brine issue primarily? Professor Hind inferred, from the great predominance 
of the salt springs over the rocks of the Devonian age, along the southwesterly side of lakes Winnipegosis and 
Manitoba, that the brine issues from the rocks of the Devonian. He rather discourages the expectation of 
Carboniferous strata in the region explored by him, saying that" it appears tolerably certain that the Carbon
iferous series is not represented in the only locality where it may be looked for with much chance of success." 
Sir Roderick Murchison, however, in his address before the Royal Geographical society, on the results of the 
"Palliser expedition," distinctly states that it is definitely settled that in the western portion of the Saskatch
ewan valley the Devonian rocks are overlain by Carboniferous strata. It seems reasonable to infer that these 
Carboniferous strata extend far enough southeasterly to occupy the unobserved interval of 400 feet of strata, 
stretched over a space of ten miles in breadth, "between the salt springs south of Dauphin lake, and the out-

- * According to Prof. C. E. Bessey this plant is known on the salt marshes of Nebraska near Lincoln. (Letter Oct. 10, 1885.) 
-N.H.W. 
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- * According to Prof. C. E. Bessey this plant is known on the salt marshes of NebraSka near Lincoln. (Letter Oct. 10, 1885.) 
-N.H.W. 



130 THE GEOLOGY OF MINNESOTA. 
[The Humboldt salt well. 

crop of the Cretaceous shales on the flanks of Riding mountain."* The gypseous and salt-bearing formation of 
Michigan might occupy this interval. That the salt water issues from near the summit of the Devonian, if 
from the Devonian at all, is admitted by professor Hind. In order to issue thus along the summit of the 
Devonian outcrop, it must be confined in some superior basin. Professor Hind also brought home a specimen of 
pj'ocluctns, which had been given him by a half-breed, who had extracted it from "solid rock;" but he is 
disposed to discredit the authenticity of this reported" solid rock," and to refer the fossil to some boulder 
transported from the south by floods and ice in the Red river, although Mr. Billings, who examined it, says 
that" there seems to he evidence of the existenee of at least a portion of the Carboniferous system in this 
region." The salt-bearing beds of the Carboniferous in the State of Michigan have since been brought to light, 
and they yield that State a very important source of wealth. Had this fact been known by professor Hind, it 
seems to me he would not so summarily have dismissed the idea of Carboniferous salt-bearing strata, and all 
other Carboniferous strata so plainly indicated by the single specimen of PTodncttts. 

The horizon from which the brine issues at Humboldt appears to be in the Cambrian. It seems to per
vade several geologieal horizons, from the summit of the Devonian downward to the Potsdam-but only super
ficially, the original source being higher than the Devonian. It is confined by the overlying sheet of impervious 
clay of which the drift mainly consists in the Red River valley, and is held under hydrostatic pressure by the 
downward pressing fresh waters that enter the same pervious gravel-and-sand stratum at higher levels toward 
the east, south, and west. Where the salt springs occur it finds escape to the surface through openings in the 
clay-sheet. These slwings seem to be most frequent and copious in Manitoba, along a belt of country running 
east and west, where, for some reason, the drift-sheet is much less thick than it is further south. That brine, 
so pure and so strong, should be found at so great a distance, both stratigraphically and geographically, from its 
source, indicates the purity and strength of the brine in its native strata. 

It remains for the future to determine whether these salt deposits shall become economically of import
ance to th8 Northwest. It is certainly the dictate of wisdom to give them a thorough examination and a fair 
triaL If these brines originate in Carboniferous strata that strike through the base of Riding mountain, they can 
easily be discovered in their native place. If those strata exist in that locality the strongest brine would naturally 
be found by sinking wells into them at some point further toward the south and southwest. 

A sample of salt made from this well was exhibited at the New Orleans Industrial and Cotton Centennial 
exposition, this being the first ever made from brine native to the State of Minnesota. It was furnished by 
Mr. Valentine . 

. ': Reports of Progress, together with a preliminary and general report on the Assiniboine and Saskatchewan exploring 
expedItlon. Urlgmal editIOll, quarto, p. 175.-HENRY YOULE HIND. 
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OI-IAFTER VII. 

THE GEOLOGY OF BEurRAMI Oouwry. 

By J. E. TODD. 

Sitnation and area. This is the next to the largest county in the state (plate (4), 

is unorganized and lies mostly in the Red Lake Indian reservation. It was named 

after count Beltrami, who visited it in 1823. According to the estimates of the first 

volume of the final report, this county has an area of 6,007.12 square miles, of which 

1,037.6 are water. 

Its limit upon the north is the international boundary, which it should be 

remembered has a northern extension on the west side of Lake or the Woods, so as 

to include what is called the" northwest angle." On the east its boundary is the 

north and south line between the township ranges 29 and 30, which sep,uates it from 

Itasca county. Its southern boundary is the Mississippi river, which separates it from 

Cass county and the line separating tiers 142 and 143, which separates it from Becker 

county, and its western boundary the line between ranges 38 and 39, which separates 

it from Norman, Polk, Marshall, and Roseau counties. 
Our knowledge of the county is far from complete. It js derived from the reports of early travelers 

like Beltrami, who called attention to some of the peculiar geographical features of the region and published bis 
results in French at New Orleans in 1824, some time before the official report of major Long'S expedition witb 
which he was for some time connected; from Schoolcraft and Nicollet; from the notes of lumbermen and land 
surveyors; the recent study of Mr. Upbam, the report of which is subjoined; the survey of the Duluth and 
Winnipeg railway made in 1890; and also of the Fosston branch of the Great Northern; and the results of several 

. trips made by the writer, viz.: From lake Itasca by Spain's to lake Bemidji, and thence to Red lake by way of 
Bagley's dam; also from the latter point to Fosston; from the northeast corner of the north Red lake around the 
east shore to the agency and thence along the trail followed by Beltrami down Turtle river to Cass lake and up 
the Mississippi to lake Bemidji; also a trip from Thief River falls to Rainy river, five miles above its mouth and 
at different times from J ad is along the south shore of Lake of the Woods to the Rainy river and up tbat stream 
to the mouth of the Bowstring or Big Fork river. 

SURFACE FEATURES. 

General topography. It may be divided into two quite distinct portions: one 

of them being quite even and level and formerly a portion of the bed of lake Agassiz; 

the other more elevated, much rougher, cut by streams and traversed by moraines. 

The line dividing these two portions cros~es the county from east to west three to 

ten miles south of Red lake or approximately along the tier of townships 150. The 

highest part of the county is probably a little south of lake Itasca, where the altitude 
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Situation and (t1·ea. This is the next to the largest county in the state (plate 64), 
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to include what is called the" northwest angle." On the east its boundary is the 

north and south line between the township ranges 29 and 30, which sep,nates it from 

Itasca county. Its southern boundary is the Mississippi river, which separates it from 

Cass county and the line separating tiers 142 and 143, which separates it from Becker 

county, and its western boundary the line between ranges 38 and 39, which separates 

it from Norman, Polk, Marshall, and Roseau counties. 
Our knowledge of the county is far from complete. It js derived from the reports of early travelers 

like Beltrami, who called attention to some of the peculiar geographical features of the region and published his 
results in French at New Orleans in 1824, some time before the official report of major Long's expedition with 
which he was for some time connected; from Schoolcraft and Nicollet; from the notes of lumbermen and land 
surveyors; the recent study of Mr. Upham, the report of which is subjoined; the survey of the Duluth and 
Winnipeg railway maae in 1890; and also of the Fosston branch of the Great Northern; and the results of several 

. trips made by the writer, viz.: From lake Itasca by Spain's to lake Bemidji, and thence to Red lake by way of 
Bagley's dam; also from the latter point to Fosston; from the northeast corner of the north Red lake around the 
east shore to the agency and thence along the trail followed by Beltrami down Turtle river to Cass lake and up 
the Mississippi to lake Bemidji; also a trip from Thief River falls to Rainy river, five miles above its mouth and 
at different times from J adis along the south shore of Lake of the Woods to the Rainy river and up that stream 
to the mouth of the Bowstring or Big Fork river. 

SURFACE FEATURES. 

Genej~al topography. It may be divided into two quite distinct portions: one 

of them being quite even and level and formerly a portion of the bed of lake Agassiz; 

the other more elevated, much rougher, cut by streams and traversed by moraines. 

The line dividing these two portions crosl'les the county from east to west three to 

ten miles south of Red lake or approximately along the tier of townships 150. The 

highest part of the county is probably a little south of lake Itasca, where the altitude 
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is estimated to be over 1,750 feet. The altitude of the southern rougher region lies 

between that ancl1,250, the approximate level o-f the highest beach of lake Agassiz. 

Contrary to general report and representation on maps, instead of there being 

a ridge marking the watershed between the Mississippi and the basin of Red lake and 

Red river, the surface is nearly level and has an altitude of about 1,400 feet. The 

slope from this level to that of the region north is marked by two or three tolerably 

distinct terraces. The fuller discussion of this region will naturally be given when 

we speak of its moraines. 

The northern and lower division, or the rest of the county, IS largely occupied 

by swamps of different character, viz.: those covered with tamarack, cedar, spruce, . 

moss, or grass. The elevation of this region slopes from 1,250 on the south to about 

1,050 on the north. There is an exceptionally elevated area whose extent is not 

determined which in places rises to 1,250 to 1,300 feet. This occupies the region of 

perhaps 200 square miles about the headwaters of Roseau river south of the south

west portion of Lake of the W ooels. From the fact that it was surrounded with 

beaches and probably was in part above the surface of lake Agassiz after the reces

sion of the ice-sheet, it has been named by Mr. Upham, Beltrami island. The 
section is shown in figure 11. 
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Drainage. The most extensive basin of the county is that draining into Red 

lake, the principal streams of which will be found described by Mr. Upham in his 

report subjoined. The basin occupies nearly one-third of the county. South of this 

is that of the Mississippi, whose main features have already been described in con

nection with Cass county, but a few notes upon its northern tributaries may be added. 
The first tributary from the west is a small stream draining from two channel-like lakes in the southwest 

par~ of T.144-36. These have not been visited, but from their position and shape are considered part of an old 
dramage channel connecting the Mississippi with the south branch of the Wild Rice river. The next is Moose 
creek, a. small str~am draining the south half of T. 145-36. The next tributary of the Missis~ippi enters from 
Manomm lake whICh occupies most of sec. 24, T. 146-35. It receives on its northern side two important streams 
(o~ r~t~er, .one f?r:ne? ?y the junction of two, shortly before entering the lake); one from the west, the Little 
MISSISSIPPI or PmIddnvm. This has two branches, one rising in the northern part in T. 147-36 and the other in 
t~e northwest corner of the township immediately south. Both these tributaries are connected by swampS 
wlth short branches of the Clearwater, the main stream being not more than four miles distant. In T.146-25, 
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this is about three feet wi~e with a valley fifty to seventy-five feet helow the upland. The other tributary, Grant 
creek, approaches Manomm lake from the northeast. It rises in sec. 4, T. 147-35, within three miles of the 
Olearwater, flows southeast to the middle of the south line of T. 137-34, then turns southwest to its junction with 
the Little Mississippi just before it enters the lake. This stream has quite a shallow trough not more than ten 
or fifteen feet below the general level. From this point the Mississippi receives another tril;utary from the north 
before it reaches Cass lake. 

At the north end of that lake the waters of the Turtle river enter. This is an important stream which 
has a remarkable course and was counted by count Beltrami as the main hranch or source of the Mississippi. 
Its extreme head is in the southwest corner of T. 149-34, closely connecting with the head of Sandy river, which 
flows northwest into Red lake. From this starting point Turtle river flows east-northeast to the west side of 
West Turtle lake, or Lac du Mort, which occupies the most of sec. 17, T. 148-ilil. In making this course it 
traverses three lakes, each one more than a mile in length, and the east one of these, in the middle of the east 
side of T. 148-34, connects with a chain of lakes coming from the west-southwest. At the north end of West 
Turtle lake (figure 1, plate L) there was formerly a trading-post which was on the line of travel from Cass lake 
to Red lake, and it was along this trail that Beltrami came. The north end of this lake is connected by the 
channel-like valley with the head of Mud river, or, as it is sometimes called, Red Lake river, as Beltrami considered 
this stream the most important tributary of the Red Lake river, and therefore the head-water of the Red Lake 
river. In this channel lies lake Julia, so named by Beltrami after a lady friend of his. (Figure 2, plate L.) 
The north end of the lake, and the channel before mentioned, are depressions sixty or seventy-five feet below 
the average level of the country surrounding.* The Turtle river enters this lake, as is shown in figure 1, plate 
M, on the west side, near the south end, and leaves it directly east in the northeasterly direction, and shortly 
enters East Turtle lake, which is about five miles in length and one mile and a half in breadth in the broader 
portion. The length of the lake is north and south. The stream leaves it near its southern end toward the 
northeast, and after traversing for a few rods the west end of Gnat lake, which is about two miles in length, 
and from the east end of which is a portage one mile and a half to Turtle River lake, it passes north and traverses 
the lake north of Gnat lake, about two miles in length, turns east, then southeast and enters the west end of 
Turtle River lake near the before mentioned portage. This portion of its course is narrow, stony and much 
broken with rapids. Turtle River lake is about four miles in length, of irregular form, connected with elongated 
bays, lies mostly in the northeast corner of T. 147-32. From the east end of this lake the river takes a north
east course to a small lake in the northeast corner of sec. '25, T. 147-31, thence by a southward course of two 
miles enters Ketihi lake, and then by a narrow lake-like channel, about a mile in length, it reaches the middle 
of the north side of Oass lake. This stream receives several guite important tributaries from the north. One enters 
the north side of Turtle River lake in the northeast corner of sec. 3, T. 147-32. This drains the swamps and 
lakes to the north, its head being in section 17 of the township north. Another tributary joins the. river in 
sec. 32, T. 148-31, which rises in a lake in the northwest cornel' of the same township. The largest tributary 
rises near the centre of T. 149-30, and after a very crooked course it traverses a crooked lake about three miles 
in length in the west half of the township south, turns west nearly to the centre of the next township west, 
then southeast and south to the northwest end of Pimush lake. This lake is about six miles in length, narrow 
and somewhat crooked. The river leaves it in the northeast corner of T. 147-31, and joins the Turtle river in 
the west half of section 23 of the same township. These lakes are attended with extensive swamps, and the 
country surrounding is generally low, except where traversed by moraines which are located in a subsequent 
section. 

The extreme southwest township of -the county drains into Otter Tail river, which is the head of the Red 
river of the North. This rises in section 4 of the township and flows south, leaves it in section 31. The T. 143-37 
with small portions of the adjoining townships, does not drain into any stream. Another small portion north of 
the last mentioned lies in the basin of Wild Rice river. This rises in Upper Rice lake, which is a round lake 
about one mile and a half in diameter and mostly in the northwest corner of T. 145-36. The streacl1 flows south
west to Lower Rice lake, receiving the tributary from the southeast near the centre of T. 145-37. Lower Rice 
lake is about three miles in length, extending north and south from secs. 15 and 3.5, T. 145-38. Both these 
lakes gain their names from the abundance of wild rice which grows in their shallow waters. Another tributary 
some six miles in length enters from the main stream, runs west-north west and leaves the county in the north west 
corner of the township 

The Olear water is an important stream which rises in the northwest corner of T. 146-36, turns north for 
a couple of miles, then due east about seven miles, east-northeast fifteen miles, which brings it to Bagley dam in 
the southeast corner of T. 148-35, turns with a sharp bend, and flows nearly due north about eight miles to 
Clearwater lake, which is about three miles in length. From that point it flows northwest in quite direct course 
to the northwest corner ofT. 151-38, where it leaves the county. Its valley above Bagley dam is quite shallow, but 

*Dr. Norwood gives the following description of the portion of the trail as it crosses the watershed. See Owen's report, 
1852, p. 325. 

. "The portage from Lac des Morts is eleven hundred and forty paces long and leads to Hill lake (lake Julia), t.he waters of 
WhICh flow into Red lake. The highest point of the portage path was estimated to be fifty-two feet above the level of Lac des 
Morts, and the highest ground, seen on the east of the portage, was not over twenty feet hIgher. To the left of the portage ;s a 
small pond connecting with Lac des Morts and between this and Hill lake is a low swamp, through which the waters flowmg 
n?rth and south of the dividing ridge must connect in times of high water. The dividing ridge is timbered with oak, ash, aspen, 
bIrch, soft maple, bass-wood, and elm." . .. 

. After going over the same ground I endorse the statements, with the single exception that th? hIghest POIllt III the COll
nectmg channel is twelve or fifteen feet at least above lake .Tulia and the beautiful circular pond, whlCh fO.r convemence I have 
called Gem lake. According to the barometer there are points eighty to ninety feet above the lakes a few mlles east. 
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creek, approaches Manomm lake from the northeast. It rises in sec. 4, T. 147<15, within three miles of the 
Olearwater, flows southeast to the middle of the south line of T. 137~34, then turns southwest to its junction with 
the Little Mississippi just before it enters the lake. This stream has quite a shallow trough not more than ten 
or fifteen feet below the general level. From this point the Mississippi receives another tril;utary from the north 
before it reaches Cass lake. 

At the north end of that lake the waters of the Turtle river enter. This is an important stream which 
has a remarkable course and was counted by count Beltrami as the main hranch or source of the Mississippi. 
Its extreme head is in the southwest corner of T. 149~34, closely connecting with the head of Sandy river, which 
flows northwest into Red lake. From this starting point Turtle river flows east-northeast to the west side of 
West Turtle lake, or Lac du Mort, which occupies the most oj' sec. 17, T. 148~33. In making this course it 
traverses three lakes, each one more than a mile in length, and the east one of these, in the middlG of thG east 
side of T. 148~34, connects with a chain of lakes coming from thG WGst-southwGst. At the north end of West 
Turtle lake (figure 1, plate L) there was formerly a trading-post which was on the line of travel from Cass lake 
to Red lake, and it was along this trail that Beltrami came. The north end oj' this lake is connected by the 
channel-like valley with the head of Mud river, or, as it is sometimes called, Red Lake river, as Beltrami considered 
this stream the most important tributary of the Red Lake river, and therefore the head-water of the Red Lake 
river. In this channel lies lake Julia, so named by Beltrami after a lady friend of his. (Figure 2, plate L.) 
The north end of the lake, and the channel before mentioned, are depressions sixty or seventy-five feet below 
the average level of the country surrounding.* The Turtle river enters this lake, as is shown in figure 1, plate 
M, on the west side, neal' the south end, and leaves it directly east in the northeasterly direction, and shortly 
enters East Turtle lake, which is about five miles in length and one mile and a half in breadth in the broader 
portion. The length of the lake is north and south. The stream leaves it neal' its southern end toward the 
northeast, and after traversing for a few rods the west end of Gnat lake, which is about two miles in length, 
and from the east end of which is a portage one mile and a half to Turtle River lake, it passes north and traverses 
the lake north of Gnat lake, about two miles in length, turns east, then southeast and enters the west end of 
Turtle River lake near the before mentioned portage. This portion of its course is narrow, stony and much 
broken with rapids. Turtle River lake is about four miles in length, of irregular form, connected with elongated 
bays, lies mostly in the northeast cornel' of T. 147~32. From the east end of this lake the river takes a north
east course to a small lake in the northeast corner of sec. '25, T. 147~31, thence by a southward course of two 
miles enters Ketihi lake, and then by a narrow lake-like channel, about a mile in length, it reaches the middle 
of the north side of Cass lake. This stream receives several quite important tributaries from the north. One enters 
the north side of Turtle River lake in the northeast corner of sec. 3, T. 147~32. This drains the swamps and 
lakes to the north, its head being in section 17 of the township north. Another tributary joins the river in 
sec. 32, T. 148~31, which rises in a lake in the northwest cornel' of the same township. The largest tributary 
rises near the centre of T. 149~30, and after a very crooked course it traverses a crooked lake about three miles 
in length in the west half of the township south, turns west nearly to the centre of the next township west, 
then southeast and south to the northwest end of Pimush lake. This lake is about six miles in length, narrow 
and somewhat crooked. The river leaves it in the northeast corner of T. 147~31, and joins the Turtle river in 
the west half of section 23 of the same township. These lakes are attended with extensive swamps, and the 
country surrounding is generally low, except where traversed by moraines which are located in a subsequent 
sectio~. 

The extreme southwest township of-the county drains into Otter Tail river, which is the head of the Red 
river of the North. This rises in section 4 of the township and flows south, leaves it in section 31. The T. 143~37 
with small portions of the adjoining townships, does not drain into any stream. Another small portion north of 
the last mentioned lies in the basin of Wild Rice river. This rises in Upper Rice lake, which is a round lake 
about one mile and a half in diameter and mostly in the northwest corner of T. 145~36. The streacn flows south
west to Lower Rice lake, receiving the tributary from the southeast near the centre of T. 145~37. Lower Rice 
lake is about three miles in length, extending north and south from secs. 15 and 3.5, T. 145~38. Both these 
lakes gain their names from the abundance of wild rice which grows in their shallow waters. Another tributary 
some six miles in length enters from the main stream, runs west-north west and leaves the county in the north west 
corner of the township 

The Clearwater is an important stream which rises in the northwest corner of T. 146~36, turns north for 
a couple of miles, then due east about seven miles, east-northeast fifteen miles, which brings it to Bagley dam in 
the southeast corner of T. 148--35, turns with a sharp bend, and flows nearly due north about eight miles to 
Clearwater lake, which is about three miles in length. From that point it flows northwest in quite direct course 
to the northwest corner of T.151~38, where it leaves the county. Its valley above Bagley dam is quite shallow, but 

·Dr. Norwood gives the following description of the portion of the trail as it crosses the watershed. See Owen's report, 
1852, p. 325. 

. "The portage from Lac des Morts is eleven hundred and forty paces long and leads to Hill lalee (lake Julia), the waters of 
which flow into Red lake. The highest point of the portage path was estimated to be fifty-two feet above the level of Lac des 
Morts, and the highest ground, seen on the east of the portage, was not over twenty feet higher. To the left of the portage ;s a 
small pond connecting with Lac des Morts, and between this and Hill lake is a 10:". symmp, th~'ough which the waters flowmg 
ll?rth and south of the dividing ridge must connect in times of high water. The dIVIding rIdge IS t.,mbered wlth oak, ash, aspen, 
bIrch, soft maple, bass-wood, and elm." . .. 

. After going over the same ground I endorse the statements, with the single exception that th: highest POIllt III the con
nectmg channel is twelve or fifteen feet at least above lake .Tulia and the beautiful circular pond, WhICh fO.r convelllence I have 
called Gem lake. According to the barometer there are points eighty to ninety feet above the lakes a few mIles east. 
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at that point it has reached the depth of forty feet or more and from there to Olearwater lake runs in a narrow 
gorge with rapid descent from 50 to 125 feet in depth. Its course below Olear water lake has quite high banks 
until it passes from the hill country to the swamps in the southern portion of T. 150-37. From that point it 
makes its way with low banks through swampy ground. About the midddle of T. 150-37 it receives a tributary 
from the south which rises in the southern portion of T. 148-37. 

Lost river rises in the southern part of sec. 34, T. 150-38, flows northwest to the northwest corner of the 
township, then gradually turns to the northeast, traverses a broad ridge about two miles in length, continues 
with the same course to sec. 3, T. 149-38. It receives another branch about twelve miles in length in the west 
half of T.148-37, then turns northwest, into the N. W. ~4 of T. ]50-37, where it loses its identity in a broad marsh. 
From this :fact it gains its name. 

Rainy )'i~'er Clnd its tributaries. Rainy river is the largest river connected with Minnesota. It touches 
this county in the northwest corner and describes a quite regular curve from that point to where it enters the. 
Lake of the Woods. It is a deep, rapid stream with an average width of about one·fourth of a mile. Its banks 
are rarely over twenty feet in hight, and covered on either side by alluvial land thickly covered with deciduous 
timber, consisting of elm, oak, poplar, and cottonwood, with occasionally groves of white and red pines. From 
the south it receives numerous tributaries, which usually appear wide and sluggish and often give a wrong im· 
pression of their real importance. Some of them may be less than two miles in length, while others no greater 
at the mouth may be twenty times as long. 

The first stream of importance which enters Rainy river from this county is Rapid river. It was named 
probably from the picturesque fall or rapid just above its mouth. At this point the river makes a plunge of 
twenty to twenty·five feet over a ledge of black siliceous slate; above this point it is sluggish and there may be 
places more than twenty or twenty-five feet iu width. It is said to receive a tributary of some size from the east 
a little way above the falls. It rises in the swamp north of Red lake and is crossed by the" Winter Road" trail 
ten or twelve miles north of the mouth of the Two rivers which flow into that lake. At that point it is said to 
be twenty-five or thirty feet in width. The survey of the Duluth and Winnipeg railroad, which runs direct from 
the northeast corner of Red lake to the southwest corner of Lake of the Woods, crosses the stream about twenty 
miles from the former lake. Its chmmel has a depth of about twelve feet below the marsh on either side. Its 
course is quite direct northeast. The next river is Baudet to Pine river. This is crossed by the before mentioned 
survey about six miles from Rapid river and appears to flow nearly parallel with it. Its source probably lies 
about twelve or fifteen miles west of that point where water in the swamp was found by us gradually flowing 
to the east. A little east of the railroad crossing it receives a branch from the northwest known as Swamp creek, 
which rises probably in the large muskeg and lake about twelve miles a little north of west. It is not certain 
that such is the fact. A muskeg extending about five or six miles northwest and southeast was found in the 
locality indicated, and north of it a small open lake surrounded by timbered banks but few feet in hight which 
was named O'Brien lake. From conversation with hunters the opinion was expressed by some that this lake 
was at the head of the main branch of the Roseau river and we crossed east of its mouth, noting an outlet or 
movement of the water in the swamp. However, as the land to the north is generally high and a pine ridge is 
north and west of it, it seems altogether reasonable to suppose that Swamp creek drains this ridge and swamp., 
This river is also called by the Indians Big river. It enters Rainy river about thirteen miles above its mouth. 

Between the mouth of this stream and that of the Winter Road river we noted three or four narrow inlets 
or streams coming from the south. According to reports of the Indians the Winter Road river flows !;learly 
parallel with the Baudet. This receives a branch from the west about six miles above its mouth, which was 
crossed in our course to Rainy river ten or twelve miles before striking that stream. This stream gains its name 
from the fact that it is the starting point for the winter trail from the Rainy river to Red lake. Because there is 
a saw mill opposite its mouth, it is sometimes called Saw Mill river. West of this are two or three small streams, 
the first of which is called Pepper river or McOauley river. One flve or six miles in length entering Rainy river 
about five miles above its mouth we have named Hovland creek. Rainy river, as will be seen .from the map, 
enters a narrow bay separated from the main lake by a narrow peninsula and narrow island into the headwaters 
of this bay. This bay is called Four Mile bay. Into this bay comes a small stream called Four Mile Bay creek, 
which rises on higher ground several miles south. At Zipple's fishery on the south shore of Lake of the Woods 
a creek of considerable size known as Sand creek enters the lake. It rises fifteen or twenty miles southwest and 
where crossed by the railroad survey is about 130 feet above the lake and has a valley about six feet in depth. 

War Road river enters the southwest extremity of Lake of the Woods. It rises in the northern part of the 
highland region. To the south it probably has a length of twelve miles. Where it enters the lake it is a sluggish 
stream forty to fifty feet wide with swampy banks in places. 

The western side of the region known as Beltrami island is drained by three or four branches of the Roseau 
river. Their sources have not been determined. The longest branch probably rises near the head·of Baudetriver, 
on or near T. 157-:36, where we found water moving in a swamp toward the northwest. Information was fur. 
nished by hunters who had visited that region to the effect that this branch of the Roseau started from a 
small lake connected with the large swamp. 

Besides these streams it should be remembered that a small area of the country is drained by the head· 
waters of the Moose river and the Mud river into the Thief river. 

rrhat portion of Lake of the Woods lying within our territory comprises the main part of the more open 
portion called sometimes Sand Hill lake after the dunes which mark the mouth of Rainy river. As Dr. Lawson 
well remarks: "The northern portion has an excessively irregular, rocky coastline, and its whole expanse is thickly 
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at that point it has reached the depth of forty feet or more and from there to Clearwater lake runs in a narrow 
gorge with rapid descent from 50 to 125 feet in depth. Its course below Clearwater lake has quite high banks 
until it passes from the hill country to the swamps in the southern portion of T. 150-37. From that point it 
makes its way with low banks through swampy ground. About the midddle of T. 150-37 it receives a tributary 
from the south which rises in the southern portion of T. 148-37. 

Lost river rises in the southern part of sec. 34, T. 150-38, flows northwest to the northwest corner of the 
town"hip, then gradually turns to the northeast, traverses a broad ridge about two miles in length, continues 
with the same course to sec. 3, T. 149-38. It receives another branch about twelve miles in length in the west 
half of T. 148-37, then turns northwest, into the N. W. ~4 of T. 150-37, where it loses its identity in a broad marsh. 
From this .fact it gains its name. 

Ra·iny ri1'eJ' Clnd its triblltaries. Rainy river is the largest river connected with Minnesota. It touches 
this connty in the northwest corner and describes a quite regular curve from that point to where it enters the. 
Lake of the Woods. It is a deep, rapid stream with an average width of about one-fourth of a mile. Its banks 
are rarely over twenty feet in hight, and covered on either side by alluvial land thickly covered with deciduous 
timber, consisting of elm, oak, poplar, and cottonwood, with occasionally groves of white and red pines. From 
the south it receives numerous tributaries, which usually appear wide and sluggish and often give a wrong im
pression of their real importance. Some of them may be less than two miles in length, while others no greater 
at the mouth may be twenty times as long. 

The first stream of importance which enters Rainy river from this county is Rapid river. It was named 
probably from the picturesque fall or rapid just above its mouth. At this point the river makes a plunge of 
twenty to twenty-five feet over a ledge of black siliceous slate; above this point it is sluggish and there may be 
places more than twenty or twenty-five feet in width. It is said to receive a tributary of some size from the east 
a little way above the falls. It rises in the swamp north of Red lake and is crossed by the" Winter Road" trail 
ten or twelve miles north of the mouth of the Two rivers which flow into that lake. At that point it is said to 
be twenty-five or thirty feet in width. The survey of the Duluth and Winnipeg railroad, which runs direct from 
the northeast corner of Red lake to the southwest corner of Lake of the Woods, crosses the stream about twenty 
miles from the former lake. Its chmmel has a depth of about twelve feet below the marsh on either side. Its 
course is quite direct northeast. The next river is Baudet to Pine river. This is crossed by the before mentioned 
survey about six miles from Rapid river and appears to flow nearly parallel with it. Its source probably lies 
about twelve or fifteen miles west of that point where water in the swamp was found by us gradually flowing 
to the east. A little east of the railroad crossing it receives a branch from the north west known as Swamp creek, 
which rises probably in the large muskeg and lake about twelve miles a little north of west. It is not certain 
that such is the fact. A muskeg extending about five or six miles northwest and southeast was found in the 
locality indicated, and north of it a small open lake surrounded by timbered banks but few feet in hight which 
was named O'Brien lake. From conversation with hunters the opinion was expressed by some that this lake 
was at the head of the main branch of the Roseau river and we crossed east of its mouth, noting an outlet or 
movement of the water in the swamp. However, as the land to the north is generally high and a pine ridge is 
north and west of it, it seems altogether reasonable to suppose that Swamp creek drains this ridge and swamp .. 
This river is also called by the Indians Big river. It enters Rainy river about thirteen miles above its mouth. 

Between the mouth of this stream and that of the Winter Road river we noted three or four narrow inlets 
or streams corning from the south. According to reports of the Indians the Winter Road river flows J;learly 
parallel with the Baudet. This receives a branch from the west about six miles above its mouth, which was 
crossed in our course to Rainy river ten or twelve miles before striking that stream. This stream gains its name 
from the fact that it is the starting point for the winter trail from the Rainy river to Red lake. Because there is 
a saw mill opposite its mouth, it is sometimes called Saw Mill river. West of this are two or three small streams, 
the first of which is called Pepper river or McCauley river. One five or six miles in length entering Rainy river 
about tive miles above its mouth we have named Hovland creek. Rainy river, as will be seen,from the map, 
enters a narrow bay separated from the main lake by a narrow peninsula and narrow island into the headwaters 
of this bay. This bay is called Four Mile bay. Into this bay comes a small stream called Four Mile Bay creek, 
which rises on higher ground several miles south. At Zipple's fishery on the south shore of Lake of the Woods 
a creek of considerable size known as Sand creek enters the lake. It rises fifteen or twenty miles southwest and 
where crossed by the railroad survey is about 1:30 feet above the lake and has a valley about six feet in depth. 

War Road river enters the southwest extremity of Lake of the Woods. It rises in the northern part of the 
highland region. To the south it probably has a length of twelve miles. Where it enters the lake it is a sluggish 
stream forty to fifty feet wide with swampy hanks in places. 

The western side of the region known as Beltrami island is drained by three or four branches of the Roseau 
river. Their "ources have not been determined. The longest branch probably rises near the head·of Baudetriver, 
on or near T. 157-36, where we found water moving in a swamp toward the northwest. Information was fur
nished by hunters who had visited that region to the effect that this branch of the Roseau started from a 
small lake connected with the large swamp. 

Besides these streams it should be remembered that a small area of the country is drained by the head
waters of the Moose river and the Mud river into the Thief river. 

That portion of Lake of the Woods lying within our territory comprises the main part of the more open 
portion called sometimes Sand Hill lake after the dunes which mark the mouth of Rainy river. As Dr. Lawson 
well remarks: "The northern portion has an excessively irregular, rocky coastline, and its whole expanse is thickly 
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studded with islands, varying in size from mere rocky islets to masses of land many miles in extent. "'fhe 
southern portion presents the contrasting character of a broad "heet of shallow wat~r, almost totally free from 
islands, contain~d by low, sandy or ~.arshy 8hor.es of gently sinuous outline, in which rock exposures are extremely 
few, the whole III remarkable oppOSItIOn to the Jagged cliffs and tortuoLls island-blocked channe18 of the north
ern portion. 

"The line of demarkation between these two naturally distinct portions of the lake is nearly coincident 
with the international boundary line from the' northwest angle' to the mouth of Rainy river, were -that line to 
bend round so as to pass the southern extremity of Bigsby island and strike the main shore southof Little Grassy 
river; it would separate as nearly as possible the two portions of the lake thus charaeterized. 

"The northern portion of the lake occupies a short, broad belt of green schistose Archean rocks which 
have hitherto been referred to the Huronian. The southern portion appear" to be wholly in a basin of Lauren
tian gneiss, the flanks of which pass beneath the drift on the Minn8~ota shores to the south and west." 

Mr. Wm. Zipple, who has had many years' experience in the fisheries, informed me that the lake was about 
thirty-five feet deep in the widest portion, but 150 feet toward Rat Portage. 

It may not be out of place to supplement Mr. Upham's notes on th; Red lake streams with a few additional 
facts. The largest stream flowing into Red lake is that known as Black Duck, whiuh enters South lake near its 
eastern end. Mr. J. C. O'Brien informs me that in the freezing of the lake the water remains open longest from 
the mouth of this stream to the outlet of Red Lake river, which would seem to indicate the bed deepest along that 
line. This stream drains a fertile region. It rises in Black Duck lake, which occupies about five square miles 
in the northern part of T. 149-31. It is spoken of as a beautiful lake with high banks, especially on the southern 
side. Southwest of it four or five miles is another lake called Gull lake. 

The source of the 1Ji1ississippi. It has been the occasion of considemble recent 

discussion to determine the true source of this river. It is more a question of 

geographical definition and individual curiosity than of practical importance. The 

survey of Hon. J. V. Brower, under the auspices of the Minnesota Historical Society 

(published as vol. vii of the collections of that society), satisfactorily closed the discus

sion, reaching the conclusion that, while Itasca lake may be accepted as the source 

of the Mississippi, there are several other slnall streams which flow into that lake, 

and if the highest source be sought, above Itasca lake, that honor would fall to 

Nicollet creek, which rises several miles south of Itasca lake. 
This controversy has more recently been reviewed by Prof. E. Levasseur in vol. viii, Minnesota Historical 

Collections, with the same result, and finally, after a repUblication by Glazier of his claims in favor of Excelsior 
creek and Elk lake, a critical summary history and examination have been given by Prof. Winchell (Minn. Rist. 
ColI. viii, 226, 1896), who concludes as follows: 

"The question may be relieved of all side issues and narrowed down to two propositions: 1. Which is the 
larger and longer valley? 2. Who discovered these valleys and water courses?" 

It is a singular fact, as appears from the representations of Glazier, that Elk lake was not seen either by 
Schoolcraft or by Nicollet, although they were both in pursuit of the source of the Mississippi under the guid
ance of the Indians, a fact which indicates the estimate put by the Indians on the relative importance of these 
streams. The actual measurement of these streams has boen made at their mouths by several persons. . The 
Nicollet stream, which is the continuation of the main vaney of Itasca lake to the southwest, according to 
Glazier has a width of ten feet and a depth of two and a half feet. The Elk Lake stream has a width, by the same 
authority, of seven feet and a depth of three feet. The channels are, therefore, in point of capacity, as the numbers 
25 to 21. If the velocity of the streams be considered the same, the Nicollet creek would ·carry nearly 20 per 
cent. more water than the Elk Lake stream. But, according to the descriptions, the Nicollet creek is more 
rapid than the Elk Lake creek, and may be estimated to carry twice as much water as the Elk Lake s:ream. 

In point of view of the length of the two valleys, or more correctly, of the two streams, NIcollet and 
Brower trace Nicollet creek to a distance of several miles above Itasca lake, but Glazier allows this stream 
only a length of a mile and three-eighths. The valley which is drained by Excelsior cree.k, the chief tribu~ary 
of Elk lake, Mr. Glazier followed a distance of 14,106 feet beyond Itasca lake. From these data he deCIdes 
that the length of "running water" is much greater in the Elk Lake valley. There are: however, several f~cts 
bearing on the length of Nicollet creek which Mr. Glazier does not mention. He traces It up to a great sprIng. 
He is willing to suppose that a stream whose depth is two and a half feet, with a width of ten feet, may have 
its gathering area all embraced within a mile and three-eighths of its debouchure. Had an explorer, intent 
?n finding the source of a stream, found it issuing apparently from the ground with such a volume, his own 
Judgment would have driven him to search further up the valley, as did Nicollet, Clarke, .and Brower.. He would 
there have found the same stream reappearing and again disappearing, sometimes III lake~ or l:L marshes, 
lost to sight as running water, like a" bashful maiden," as described by Nicollet, finally plungmg mId a screen 

BELTRAMI COUNTY. 135 
The source of the Mississippi.] 

studded with islands, varying in size from mere rocky islets to masses of land many miles in extent. '''fhe 
southern portion presents the contrasting character of a broad ~heet of shallow wat~r, almo>!t totally free from 
islands, contain~d by low, sandy or ~.arshy shor.e8 of gently sinuous outline, in which rock exposures are extremely 
few, the whole III remarkable opposltlOn to the .lagged cliffs and tortuolls island-blocked channels of the north
ern portion. 

"The line of demarkation between these two naturally distinct portions of the lake is nearly coincident 
with the international boundary line from the' northwest angle' to the mouth of Rainy river, were -that line to 
bend round so as to pass the southern extremity of Bigsby island and strike the main shore south of Little Grassy 
river; it would separate as nearly as possible the two portions of the lake thus characterized. 

"The northern portion of the lake occupies a short, broad belt of green schistose Archean rocks which 
have hitherto been referred to the Huronian. The southern portion appoar" to be wholly in a basin of Lauren
tian gneiss, the flanks of which pass beneath the drift on the Minnesota shores to the south and west." 

Mr. Wm. Zipple, who has had many years' experience in the fisheries, informed me that the lake was about 
thirty-five feet deep in the widest portion, but 150 feet toward Rat Portage. 

It may not be out of place to supplement Mr. Uph"m's notes on th~ Red lake streams with a few additional 
facts. The largest stream flowing into Red lako is that known as Black Duck, which enters South lake near its 
eastern end. Mr. J. C. O'Brien informs me that in the freezing of the lake the water remains open longest from 
the mouth of this stream to the outlet of Red Lake river, whieh would seem to indicate the bed deepest along that 
line. This stream drains a fertile region. It rises in Black Duck lake, which occupies about five square miles 
in the northern part of T. 149-31. It is spoken of as a beautiful lake with high banks, especially on the southern 
side. Southwest of it four or five miles is another lake called Gull lake. 

The soune of the 1Ylissi8Sippi. It has been the occasion of considemble recent 

discussion to determine the true source of this river. It is more a question of 

geographical definition and individual curiosity than of practical importance. The 

survey of Hon. J. V. Brower, under the auspices of the Minnesota Historical Society 

(published as vol. vii of the collections of that society), satisfactorily closed the discus

sion, reaching the conclusion that, while Itasca lake may be accepted as the source 

of the Mississippi, there are several other small streams which flow into that lake, 

and if the highest source be sought, above Itasca lake, that honor would fall to 

Nicollet creek, which rises several miles south of Itasca lake. 
This controversy has more recently been reviewed by Prof. E. Levasseur in vol. viii, Minnesota Historical 

Collections, with the same result, and finally, after a republication by Glazier of his claims in favor of Excelsior 
creek and Elk lake, a critical summary history and examination have been given by Prof. Winchell (Minn. Hist. 
ColI. viii, 226, 1896), who concludes as follows: 

"The question may be relieved of all side issues and narrowed down to two propositions: 1. Which is the 
larger and longer valley? 2. Who discovered these valleys and water courses?" 

It is a singular fact, as appears from the representations of Glazier, that Elk lake was not seen either by 
Schoolcraft or by Nicollet, although they were both in pursuit of the source of the Mississippi under the guid
ance of the Indians, a fact which indicates the estimate put by the Indians on the relative importance of these 
streams. The actual measurement of these streams has boen made at their mouths by several persons .. The 
Nicollet stream, which is the continuation of the main valley of Itasca lake to the southwest, according to 
Glazier has a width of ten feet and a depth of two and a half feet. The Elk Lake stream has a width, by the same 
authority, of seven feet and a depth of three feet. The channels are, therefore, in point of capacity, as the numbers 
25 to 21. If the velocity of the streams be considered the same, the Nicollet creek would 'carry nearly 20 per 
cent. more water than the Elk Lake stream. But, according to the descriptions, the Nicollet creek is more 
rapid tha.n the Elk Lake creek, and may be estimated to carry twice as much water as the Elk Lake stream. 

In point of view of the length of the two valleys, or more correctly, of the two streams, Nicollet and 
Brower trace Nicollet creek to a distance of several miles above Itasca lake, but Glazier allows this stream 
only a length of a mile and three-eighths. The valley which is drained by Excelsior creek, the chief tribu~ary 
of Elk lake, Mr. Glazier followed a distance of 14,106 feet beyond Itasca lake. From these data he deCIdes 
that the length of "running water" is much greater in the Elk Lake valley. There are: however, several f~cts 
bearing on the length of Nicollet creek which Mr. Glazier does not mention. He traoes It up to a great sprmg. 
He is willing to suppose that a stream whose depth is two and a half feet, with a width of ten feet, may. have 
its gathering area all embraced within a mile and three-eighths of its debouchure. Had an explorer,. mtent 
on finding the source of a stream, found it issuing apparently from the ground with such a volume, hIS own 
judgment would have driven him to search further up the valley, as did Nicollet, Clarke, and Brower .. He would 
there have found the same stream reappearing and again disappearing, sometimes in lake~ or l~ marshes, 
lost to sight as running water, like a" bashful maiden," as described by Nicollet, finally plungmg mld a screen 
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of vegetable debris, bogs, peat, and floating drift wood, much overgrown with small trees, only to come to the 
light of day again at the" great spring," 7,307 feet from lake Itasca. 

The length of this water course, thus included, is considerably more than the farthest traceable limit of 
Excelsior creek. It may not be in lake Hernando de Soto, as supposed by Brower, that the highest actual water 
of Nicollet creek can be identified, but it is certainly several thousand feet above the point adopted by Mr. 
Glazier. In northern Minnesota, where vegetation is rank, and the materials in which it grows are loose, like 
the sandy subsoils about Itasca lake, it is no uncommon occurrence to find small streams blocked by such 
obstructions. They spread out, disappear in marshes, plunge under floating bogs, or driftwood, and issue at 
lower levels. _ The St. Louis river, the principal stream entering at the head of lake Superior, was permanently 
invisible for the distance of nearly a mile, near Cloquet, until within a few years. It flowed under a mass of 
floating driftwood on which grew small birches and aspens. Lumbermen finally cut the driftwood away for the 
purpose of floating logs to lower points. The celebrated raft of the Red river, in Arkansas, is a parallel case. 
The principle is the same as with the obstructions to Nicollet creek. Such interruptions of "running water" 
are not limitations of the valleys nor of the streams that drain them. They are non-essential accidents, and can 
not be considered as having any important bearing on the true size and length of Nicollet creek. 

This important omission of an essential fact in the investigation conducted by Glazier seems to be fatal 
to the claims of Elk lake and Excelsior creek. 

We next ask: who discovered Elk lake, which has now been named "Glazier lake" by the recent travelers? 
It was thought at one time that Julius Chambers entered it in 1872, but Mr. Glazier shows that his description 
applies rather to one of the lakes of the Nicollet valley. Mr. Glazier found it in 1881. He hastily promulgated it as 
a new discovery, announcing this at various points on his way to the mouth of the Mississippi. In 1875, however, 
this region had been surveyed by the officers of the U ni ted States land survey under Gen. James H. Baker. This 
lake was platted and reported in the regular manner, to the government at Washington, under the name which 
it seems to have borne among the Indians and early explorers, Elk lake. As such it has gone into the official 
records. The Minnesota Historical Society has approved this nomenclature, and finally the Minnesota Legisla
ture has passed a law declaring that in the public schools of the state no geography shall be used by the pupils 
which gives this lake any other name. The fact of the earlier naming of this lake is not disputed by Glazier. 
He claims priority on the ground that the business of the land surveyors was not to discover the source of the 
Mississippi, that they did not trace out its feeders and that they did not make wide publication of their discovery. 
If these be considered fatal defects in the governmental discovery of this lake, it is probable that there will be no 
objection to admitting the priority of Glazier. 

When a careful and dispassionate examination is made of the essential facts, as now known, the conclusion 
is forced that Mr. Glazier fails to substantiate his claim. A hasty examination of his last work, without a full 
knowledge of the facts brought out by the Minnesota Historical Society's survey, would lead to the favorable 
consideration of his claim, since he evades the adverse facts, and dwells on the repeated assertions of his friends 
and followers, and on the favorable showing which he is able to make in respect to the lake which he found in 
1881. History and geography cannot be promoted by such partial and interested advocacy. 

If Itasca be not allowed to stand as the source of the Mississippi, the competition lies between Nicollet 
and Excelsior creeks, and the former has the greater length and volume. If it is necessary to choose another 
lake as its source, then some of the upper lakes of the Nicollet valley must be accepted. If finally it be necessary 
to accept Elk lake, that lake was first discovered and mapped by the United States surveyors in ]875. Mr. 
Glazier's claims, in every respect and in any case, are thus annulled, on the basis of facts which if he does not 
himself publish he does not call in question. 

Figures 2, plate J, and 1, plate K, show the relative size of these two streams and figure 2, plate K, gives 
a view of Elk lake. ' 

ELEVATIONS • 

. The following tables of elevations are mostly railroad levels. A few are barometric and such are indicated. 
The survey of the Great Northern railway from Fosston to Leech lake is taken from Bulletin 72, U. S. Geol. Survey. 

Great N01·thern railway-Fosston to Leech lake. 

Summit, near the east line of sec. 35, T. 147-39, 
Lakes, three-fourths mile east and southeast from the last 
Head stream of Clearwater river, bed, mud to depth of te~ feet, 
Creek tributary to Wild Rice lake, bed, 1,466; bottom land, 1,469, 
Mississippi on sec. 8, T. 145--35 (about thirty feet wide), bed, 1,371; water, 

1,373, bottom land twenty-five or thirty rods wide, 1,376; proposed grade, 
Leech lake water, raised by dam, 

Dttltah & Winnipeg railroad. 

Miles from 
Oarman. 

53.5 
54.2 
56.1 
61.8 

77.1 
121.2 

Feet above 
the sea. 
1,545 
1,485 
1,439 
1,466 

1,409 
1,297 

From profiles of the chief engineer noted and furnished by Mr. Warren Upham. The following is an 
abridgement of the notes as furnished: 

Outlet of Cut Foot Sioux lake, water, level with lake Winnibigoshish, 
1,292; grade, - _ _ 

Summit, cutting nine feet; grade, -

Miles from 
Duluth. 

125.4 
128.0 

Feet above 
. the sea. 

1,299 
1,314 
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of vegetable debris, bogs, peat, and floating drift wood, much overgrown with small trees, only to come to the 
light of day again at the" great spring," 7,307 feet from lake Itasca. 
~ The 'le~gth of this water course, thus included, is considerably more than the farthest traceable limit of 

Excelsior creek. It may not be in lake Hernando de Soto, as supposed by Brower, that the highest actual water 
of Nicollet creek can be identified, but it is certainly several thousand feet above the point adopted by Mr. 
Glazier. In northern Minnesota, where vegetation is rank, and the materials in which it grows are loose, like 
the sandy subsoils about Itasca lake, it is no uncommon occurrence to find small streams blocked by such 
obstructions. They spread out, disappear in marshes, plnnge under floating bogs, or driftwood, and issue at 
lower levels .. The St. Louis river, the principal stream entering at the head of lake Superior, was permanently 
invisible for the distance of nearly a mile, near Cloquet, until within a few years. It flowed under a mass of 
floating driftwood on which grew small birches and aspens. Lumbermen finally cut the driftwood away for the 
purpose of floating logs to lower points. The celebrated raft of the Red river, in Arkansas, is a parallel case. 
The principle is the same as with the obstructions to Nicollet creek. Such interruptions of "running water" 
are not limitations of the valleys nor of the streams that drain them. They are non·essential accidents, and can 
not be considered as having any important bearing on the true size and length of Nicollet creek. 

This important omission of an essential fact in the investigation conducted by Glazier seems to be fatal 
to the claims of Elk lake and Excelsior creek. 

'vVe next ask: who discovered Elk lake, which has now been named "Glazier lake" by the recent travelers? 
It was thought at one time that Julius Chambers entered it in 1872, but Mr. Glazier shows that his description 
applies rather to one of the lakes of the Nicollet valley. Mr. Glazier found it in 1881. He hastily promulgated it as 
a new discovery, announcing this at various points on his way to the mouth of the Mississippi. In 1875, however, 
this region had been surveyed by the officers of the United States land survey under Gen. James H. Baker. This 
lake was platted and reported in the regular manner, to the government at Washington, under the name which 
it seems to have borne among the Indians and early explorers, Elk lake. As such it has gone into the official 
records. The Minnesota Historical Society has approved this nomenclature, and finally the Minnesota Legisla· 
ture has passed a law declaring that in the public schools of the state no geography shall be used by the pupils 
which gives this lake any other name. The fact of the earlier naming of this lake is not disputed by Glazier. 
He claims priority on the ground that the business of the land surveyors was not to discover the source of the 
Mississippi, that they did not trace out its feeders and that they did not make wide publication of their discovery. 
If these be considered fatal defects in the governmental discovery of this lake, it is probable that there will be no 
objection to admitting the priority of Glazier. 

When a careful and dispassionate examination is made of the essential facts, as now known, the conclusion 
is forced that Mr. Glazier fails to substantiate his claim. A hasty examination of his last work, without a full 
knowledge of the facts brought out by the Minnesota Historical Society's survey, would lead to the favorable 
consideration of his claim, since he evades the ad verse facts, and dwells on the repeated assertions of his friends 
and followers, and on the favorable showing which he is able to make in respect to the lake which he found in 
1881. History and geography cannot be promoted by such partial and interested advocacy. 

If Itasca be not allowed to stand as the source of the Mississippi, the competition lies between Nicollet 
and Excelsior creeks, and the former has the greater length and volume. If it is necessary to choose another 
lake as its source, then some of the upper lakes of the Nicollet valley must be accepted. If finally it be necessary 
to accept Elk lake, that lake was first discovered and mapped by the United States surveyors in 1875. Mr. 
Glazier's claims, in every respect and in any case, are thus annulled, on the basis of facts which if he does not 
himself publish he does not call in question. 

Figures 2, plate J, and 1, plate K, show the relative size of these two streams, and figure 2, plate K, gives 
a view of Elk lake. 

ELEV ATIONS • 

. The following tables of elevations are mostly railroad levels. A few are barometric and such are indicated. 
The survey of the Great Northern railway from Fosston to Leech lake is taken from Bulletin 72, U. S. Geo1. Survey. 

Great Northern railway-Fosston to Leech lake. 

Summit, near the east line of sec. 35, T. 147-39, 
Lakes, three·fourths mile east and southeast from the last 
Head stream of Clearwater river, bed, mud to depth of te~ feet, 
Creek tributary to Wild Rice lake, bed, 1,466; bottom land, 1,469, 
Mississippi on sec. 8, T. 145-35 (about thirty feet wide), bed, 1,371; water, 

1,:373, bottom land twenty·five or thirty rods wide, 1,376; proposed grade, 
Leech lake water, raised by dam, 

D1tluth &; Winnipeg railroad. 

Miles from 
Carman. 

53.5 
54.2 
56.1 
61.8 

77.1 
121.2 

Feet above 
the sea. 
1,545 
1,485 
1,439 
1,466 

1,409 
1,297 

From profiles of the chief engineer noted and furnished by Mr. Warren Upham. The following is an 
abridgement of the notes as furnished: 

Outlet of Cut Foot Sioux lake water level with lake Winnibigoshish, 
1,292; grade, . .' _' 

Summit, cutting nine feet; grade, . 

Miles from 
Duluth. 

125.4 
128.0 

Feet above 
the sea. 

1,299 
1,314 



PI \ I K. 

FlO;. I 

to' IG. 2. ~ L K L,4.K~. , 1. /tO l l M OI(loOSON H ILL, LOOKI !IOG S Oll l!!:.!O" J.: .\~ r . ( ]I . l :l!; . ) 



BELTRAMI COUNTY. 
111leva tions.] 

Pigeon river, bed, 1,301; grade (not at bridge), 
Pigeon river, bed, 1,306; water, 1,308; grade, 
Summit, natural surface and grade, 

. Summit, cutting nearly twenty feet; grade, 
Shotley creek, first crossing, bed, 1,303; water, 1,301; grade, 
Shotley creek, third crossing, bed, 1,300; water, 1,301; grade, 
Tamarack river, bed (sand) 1,165; water level with Red lake, 1172' o-rade 
~rom the distance of 178 miles (grade, 1,179) forward alo~g th: next 

eighteen miles to the Moose river is a continuous swamp, "tamarack and 
spruce swamp," its northeastern border being the northeast shore of the 
northern part of Red lake. The depth of the swamp mud ranges from 
five to fifteen feet, being mostly from seven to ten feet. In many places 
the hard bottom is noted as gravel and sand. The proposed railroad grade 
is 1.5 to 2.5 feet above the swamp surface. 
Summit in this swamp, grade, 
Moose river, bottom of mud here six feet lower than bottom of mud 

100 feet distant on each side, 1,162; water, 1,164; grade, 
Rapid river, bed 1,155; top of banks and land on each side, 1,161 to 1,163; 

grade, 
Hard ground extends between Moose and Rapid rivers, and to 198.1 

miles, succeeded by spruce and tamarack swamp, thence to 202.7 miles, 
with mud six to nine feet deep, the grade line being 1.5 to 2.5 feet above the 
swamp. 
Summit, hard bottom, 1,166 to 1,168; swamp surface, 1,175; grade, 
Baudette river, bed, 1,158; water, 1,160; grade, 
Swamp creek, bed, 1,175; grade, 

"Tamarack, spruce and cedar swamp," reaches from 204.6 to 208.8 
miles, excepting a beach ridge of lake Agassiz at 206.9 miles, with crest 
at 1,219 feet, being five feet above the swamp on the southeast side, and 
one foot above it on the northwest side. 
Northwest limit of this swamp, surface, 
Sand and gravel knOlls, 10 to 15 feet above the depressions, crests at -
A smooth surface of gravel and sand extends thence to summit, natural 

surface and grade, 
Smooth and slightly undulating sand and gravel reaches onward to edge 

of swamp (1,234 feet) at 217.2 miles; and thence the swamp, with mud 
5 to 12 feet deep, to gravel and sand bottom, reaches to 222.8 miles, 
there having an altitude of 1,224 feet. 
Summit, cutting 5 feet, probably in sand; grade, -

Eroded shore line of lake Agassiz, 'crest of escarpment, 1,224; base of 
the same, nearly at the former highest (1) level of lake, 1,215; distance, 
224.1 miles. 
Winter Road river, bed, 1,194; banks, 1,198 to 1,200; grade, 
Summit, cutting, 3 feet; grade, 
Bear creek, bed, 1,189; grade, -
Sand creek, bed, 1,172; grade, 

A slightly undulating surface of gravel and sand, with frequent small 
and shallow swamps (mud 5 or rarely 10 feet deep), extends from Bear 
creek onwara to 237.5 miles, where grade is 1,080 feet. . 

In this distance of 11 miles the following beaches, representing ten 
stages (2-11) of lake Agassiz, are crossed, having altitudes of crests as 
noted: At 226.9 miles, crest (2), 1,196; at 229.6 (3),1,172; at 230.3 (3a),1,169; 
at 230.5 (3b), 1,168; at 231.3 (4),1,156; at 233 (5), 1,143; at 233.6 (6), 1,127; at 
233.8 (6a), 1,124; at 234.6 (7), 1,116; at 235.2 (8),1,106; at 235.7 (9), 1,099; at 
236.5-236.7 (10), 1,094-1,093; at 237.2 (11),1,087. 
Beyond. the last a smooth surface of sand, with no beaches, extends to 

War Road river, bed (of gravel), 1,036; bed (of mud at bottom of water), 
1,045; water level with Lake of the Woods, 1,057; grade even with the 
generalsurface on each side, 

Swamp, 3 to 6 feet of mud, with clay bed; surface of swamp, 
Moderately undulating sand extends thence to end of this profile; grade, 

This is about 9 miles short of the international boundary (250 miles) in 
the northwest course of the survey. The line of survey is very nearly a 
straight line from the shore of Red lake to the most southwest point of 
the shore of the Lake of the Woods. 

Miles from 
Duluth. 
130.0 
130.9 
134.4 
150.7 
162.1 
162.7 
175.5 

184.7 

196.7 

197.6 

200.7 
203.1 
205.2 

208.8· 
209.4-210.1 

211.8 

223 

224.8 
225.5 
226.5 
227.2 

239.8 
240.0-240.9 
241.7 
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Feet above 
the sea. 
1,310 
1,313 
1,350 
1,442 
1,324 
1,318 
1,179 

1,195 

1,172 

1,167 

1,177 
1,170 
1,181 

1,250 
1,270-1,283 

1,283 

1,231 

1,205 
1,207 
1,196 
1,186 

1,070 
1,070-1,074 

1,079 
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Pigeon river, bed, 1,301; grade (not at bridge), 
Pigeollriver, bed, 1,306; water, 1,308; grade, 
Summit, natural surface and grade, 

. Summit, cutting nearly twenty feet; grade, 
Shotley creek, first crossing, bed, 1,303; water, 1,301; grade, 
Shotley creek, third crossing, bed, 1,300; water, 1,301; grade, 
Tamarack river, bed (sand) 1,165; water level with Red lake 1172' O'rade 
~rom the distance of 178 miles (grade, 1,179) forward alol~g th: next 

eighteen miles to the Moose river is a continuous swamp, "tamarack and 
spruce swamp," its northeastern border being the northeast shore of the 
northern part of Red lake. The depth of the swamp mud ranges from 
five to fifteen feet, being mostly from seven to ten feet. In many places 
the hard bottom is noted as gravel and sand. The proposed railroad grade 
is 1.5 to 2.5 feet above the swamp surface. 
Summit in this swamp, grade, 
Moose river, bottom of mud here six feet lower than bottom of mud 

100 feet distant on each side, 1,162; water, 1,164; grade, 
Rapid river, bed 1,155; top of banks and land on each side, 1,161 to 1,163; 

grade, 
Hard ground extends between Moose and Rapid rivers, and to 198.1 

miles, succeeded by spruce and tamarack swamp, thence to 202.7 miles, 
with mud six to nine feet deep, the grade line being 1.5 to 2.5 feet above the 
swamp. 
Summit, hard bottom, 1,166 to 1,168; swamp surface, 1,175; grade, 
Baudette river, bed, 1,158; water, 1,160; grade, 
Swamp creek, bed, 1,175; grade, 

"Tamarack, spruce and cedar swamp," reaches from 204.6 to 208.8 
miles, excepting a beach ridge of lake Agassiz at 206.9 miles, with crest 
at 1,219 feet, being five feet above the swamp on the southeast side, and 
one foot above it on the northwest side. 
Northwest limit of this swamp, surface, 
Sand and gravel knOlls, 10 to 15 feet above the depressions, crests at 
A smooth surface of gravel and sand extends thence to summit, natural 

surface and grade, 
Smooth and slightly undulating sand and gravel reaches onward to edge 

of swamp (1,234 feet) at 217.2 miles; and thence the swamp, with mud 
5 to 12 feet deep, to gravel and sand bottom, reaches to 222.8 miles, 
there having an altitude of 1,224 feet. 
Summit, cutting 5 feet, probably in sand; grade, -

Eroded shore line of lake Agassiz, ·crest of escarpment, 1,224; base of 
the same, nearly at the former highest (1) level of lake, 1,215; distance, 
224.1 miles. 
Winter Road river, bed, 1,194; banks, 1,198 to 1,200; grade, 
Summit, cutting, 3 feet; grade, 
Bear creek, bed, 1,189; grade, -
Sand creek, bed, 1,172; grade, 

A slightly undulating surface of gravel and sand, with frequent small 
and shallow swamps (mud 5 or rarely 10 feet deep), extends from Bear 
creek onwara. to 237.5 miles, where grade is 1,080 feet. -

In this distance of 11 miles the following beaches, representing ten 
stages (2-11) of lake Agassiz, are crossed, having altitudes of crests as 
noted: At 226.9 miles, crest (2), 1,196; at 229.6 (3), 1,172; at 230.3 (3a),1,169; 
at 230.5 (3b), 1,168; at 231.3 (4),1,156; at 233 (5), 1,143; at 233.6 (6), 1,127; at 
233.8 (6a), 1,124; at 234.6 (7), 1,116; at 235.2 (8),1,106; at 235.7 (9), 1,099; at 
236.5-236.7 (10), 1,094-1,093; at 237.2 (11),1,087. 
Beyond the last a smooth surface of sand, with no beaches, extends to 

War Road river, bed (of gravel), 1,036; bed (of mud at bottom of water), 
1,045; water level with Lake of the Woods, 1,057; grade even with the 
general surface on each side, 

Swamp, 3 to 6 feet of mud, with clay bed; surface of swamp, 
Moderately undulating sand extends thence to erid of this profile; grade, 

This is about 9 miles short of the international boundary (250 miles) in 
the northwest course of the survey. The line of survey is very nearly a 
straight line from the shore of Red lake to the most southwest point of 
the shore of the Lake of the Woods. 
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Feet above 
the sea. 
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1,313 
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1,442 
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1,070 
1,070-1,074 
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138 THE GEOLOGY OF MINNESOTA. 
(Older formations. The northwest angle. Cormorant island:. 

Commissioner Brower gives the altitude of the following points among others: 
Feet. 

Itasca lake, . 1,457 
Elk lake, 1,458 
Nicollet's Middle lake, 1,461. 
Nicollet:s springs, - 1,476 
Nicollet's Upper lake, 1,496 
Whipple lake, 1,551 
Summit of the "Hauteur de Terre," - - - - - - - - l,750 

The elevations along the line of Mary creek, which enters the east arm of Itasca lake, and which may 
be considered by some as a rival of Nicollet and Excelsior creeks, are: 

Mary lake, 
Dangel: lake, 

GEOLOGIC FEATURES. 

Feet. 
1,488 
1.513 

In this county we have the usual glacial drift and lacustrine deposits, besides 

important exposures of the underlying rocks. 

The older formations. These belong, as far as we have examined, to the Eozoic 

time, and since the exposures are not extensive, we will simply enumerate the 

localities with brief notes on the macroscopic characters of the rocks. They are none 

of them more recent than the Huronian. 

The northwest angle. Although we have not visited the" northwest angle," we 

make use of valuable information furnished by the report of Mr. G. M. Dawson, on 

the "Geology and Resources of the Region in the Vicinity in the Forty-ninth 

Parallel," 1875, also by Dr. R. Bell in his report of the country between lake Superior 

and lake Winnipeg, Geological Survey of Canada, 1872-73. Of these we have access 

only to short abstracts, given by Dr. A. C. Lawson in his report on the geology of 

Lake of the Woods region, 1885, and by professor C. R. Van Hise's correlation paper 

on the "Archean and Algonkian," 1892, Bulletin No. 86, U. S. Geol. Survey. From 

these we learn that the bed rock is largely granite, assuming" a more basic char

acter and a darker aspect, becoming blackish, gneissic dioryte and gray syenitic 

dioryte." The whole area is probably composed of these rocks, thinly overlain by 
glacial and lacustrine deposits. 

Buffalo point is probably also tipped with crystalline rocks. This is easily 

inferred from its resemblance in form to the neighbOl'ing rocky points, because it 

lies in line with the junction of the granite and gabbro exposed on Rocky point, 
mentioned in a succeeding paragraph. 

CorJnomnt island. This is a bare rock rising about fifteen feet above the level 

of the lake, nearly due north of Rocky point, and nearly due west of Long point. 

It is composed of dark" gabbro," probably the same called syenitic dioryte above, 

abounding in magnetic grains. These were so numerous that no reliance could be 

placed on the compass. The needle swung all around the circle in going a few feet, 

even if held three or four feet above the surface of the rock. A hand specimen of 

it would hold a magnetic needle placed by it in any position. This rock is in places 
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Commissioner Brower gives the altitude of the following points among others: 
Feet. 
1,457 
1,458 
1,461 
1,476 
1,496 
1,551 

Itasca lake, 
Elk lake, 
Nicollet's Middle lake, 
Nicollet's springs, -
Nicollet's Upper lake, 
Whipple lake, 
Summit of the "Hauteur de Terre," - - - - - - - - ],750 

The elevations along the line of Mary creek, which enters the east arm of Itasca lake, and which may 
be considered by some as a rival of Nicollet and Excelsior creeks, are: 

Feet. 
1,488 
1.513 

Mary lake, 
Danger lake, 

GEOLOGIC FEA'l'URES. 

In this county we have the usual glacial drift and lacustrine deposits, besides 

important exposures of the underlying rocks. 

The older formations. These belong, as far as we have examined, to the Eozoic 

time, and since the exposures are not extensive, we will simply enumerate the 

localities with brief notes on the macroscopic characters of the rocks. They are none 

of them more recent than the Huronian. 

The northwest angle. Although we have not visited the "northwest angle," we 

make use of valuable information furnished by the report of Mr. G. M. Dawson, on 

the "Geology and Resources of the Region in the Vicinity in the Forty-ninth 

Parallel," 1875, also by Dr. R. Bell in his report of the country between lake Superior 

and lake Winnipeg, Geological Survey of Canada, 1872-73. Of these we have access 

only to short abstracts, given by Dr. A. C. Lawson in his report on the geology of 

Lake of the Woods region, 1885, and by professor C. R. Van Hise's correlation paper 

on the" Archean and Algonkian," 1892, Bulletin No. 86, U. S. Geol. Survey. From 

these we learn that the bed rock is largely granite, assuming" a more basic char

acter and a darker aspect, becoming blackish, gneissic dioryte and gray syenitic 

dioryte." The whole area is probably composed of these rocks, thinly overlain by 

glacial and lacustrine deposits. 

Buffalo point is probably also tipped with crystalline rocks. This is easily 

inferred from its resemblance in form to the neighboring rocky points, because it 

lies in line with the junction of the granite and gabbro exposed on Rocky point, 

mentioned in a succeeding paragraph. 

Connonmt 'island. This is a bare rock rising about fifteen feet above the level 

of the lake, nearly due north of Rocky point, and nearly due west of Long point. 

It is composed of dark" gabbro," probably the same called syenitic dioryte above, 

abounding in magnetic grains. These were so numerous that no reliance could be 

placed on the compass. The needle swung all around the circle in going a few feet, 

even if held three or four feet above the surface of the rock. A hand specimen of 

it would hold a magnetic needle placed by it in any position. This rock is in places 



BELTRAMI COUNTY. 139 
Rocky point. Long point.] 

coarse grained and porphyritic. It exhibits a striped appearance of wavy lines of 

light and dark shading into one another, glVmg a strong impression of lines of 

flowage. 

~ Rocky point. This is a convex curve in the shore about two miles south of 

Cormorant rock. Much of the point is formed of rock rising ten or twelve feet 

above the lake, and bosses of rock, rounded by glacial action, are found along the 

shore, and rising like whalebacks in the water, a mile or more to the southwest 

and still further toward the east. Right at the point is the line of junction between 

pink granite upon the southwest, with the before mentioned dark gabbro on the 

northeast. This line is sharply defined and nearly straight. It was traced for about 

forty yards, then after being hidden for about the same distance, it was traced 

twenty yards further. Its direction is in line with the north side of Buffalo point, 

or about north 50° west. This junction apparently is vertical, and is like the side 

of a dike. N ext the granite are a few inches of fine-grained greenstone, then a 

layer of white quartz, then another of similar greenstone, shading into the dioryte 

or gabbro. This gabbro is coarse-grained and porphyritic. 

Genera pLan of !I"anite vein 

Weot of ?tpl>LetJ 

FIG. 12. 

2. r"u,gment.. of hornblendu 8chiat 
in !l1"ay !lranite ZiPl'J" 

Long point. This is a narrow ridge running many rods nearly straight north 
from the most prominent angle of the south shore of the Lake of the Woods. It is 
composed mostly of gray gneiss which shows patches and veins of a more horn
blendic rock.N 0 trace was found of the darker gabbro of Rocky point, and no 
disturbance of the needle was noticed. The dip was about 60° north 41° east.* 
The ridge rises from fifteen to twenty feet above the lake, and shows distinct traces 

of ice action. 
·We assume in getting this, a variation of 110 east for the magnetic needle. 
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coarse grained and porphyritic. It exhibits a striped appearance of wavy lines of 

light and dark shading into one another, glVll1g a strong impression of lines of 

flowage. 

Rocky point. This is a convex curve in the shore about two miles south of 

Cormorant rock. Much of the point is formed of rock rising ten or twelve feet 

above the lake, and bosses of rock, rounded by glacial action, are found along the 

shore, and rising like whalebacks in the water, a mile or more to the southwest 

and still further toward the east. Right at the point is the line of junction between 

pink granite upon the southwest, with the before mentioned dark gabbro on the 

northeast. This line is sharply defined and nearly straight. I t was traced for about 

forty yards, then after being hidden for about the same distance, it was traced 

twenty yards further. Its direction is in line with the north side of Buffalo point, 

or about north 50° west. l'his junction apparently is vertical, and is like the side 

of a dike. Next the granite are a few inches of fine-grained greenstone, then a 

layer of white quartz, then another of similar greenstone, shading into the dioryte 

or gabbro. This gabbro is coarse-grained and porphyritic. 

Genera p~an of !/1"anite vein 

w .. t of ?if'f'~e~ 

FIG. 12. 

2. Fragment" of hornblendtc 8ch£st 

in gray granite Zip.,,}" 

Long point. This is a narrow ridge running many rods nearly straight north 

from the most prominent angle of the south shore of the Lake of the Woods. It is 
composed mostly of gray gneiss which shows patches and veins of a more horn
blendic rock. No trace was found of the darker gabbro of Rocky point, and no 

disturbance of the needle was noticed. The dip was about 60° north 41° east.* 

The ridge rises from fifteen to twenty feet above the lake, and shows distinct traces 

of ice action. 
*We assume in getting this, a variation of 11° east for the magnetic needle. 



140 THE GEOLOGY OF MINNESOTA. 
[Stony point. 

Stony point. This is situated about two miles southeast of Long point and con

sists of granite similar to that already mentioned. The veins of darker rock in it 

run between due north and magnetic north. The rock is said to rise in a knob about 

fifty feet in hight above the surrounding country only one-fourth of a mile from the 

shore. We were unable to find it on account of thick woods and inopportune rain. 

Several rocky islets appear in the lake about these points. . 
Another exposure was found at Zipple's fishery at the mouth of Sand creek. 

The one right at the fishery, little east of the mouth, is mainly of the dark magnetic 

gabbro before mentioned. It shows alternation of layers or veins often in lenticular 

form of white quartz, often with dark gabbro which varies much in fineness of tex

ture. A sketch exhibiting these relations is shown in figure 13 . . ~ 
CO.vered ~ 

wht te f/'/'a;nili 

da1"7C fine gN!-t7MiJ, d dole.,.Ute rodfi!· 

~hite f{uartz~ -::. :.:.-

. . dark Nne gratned pock 

~ Whde tt~ growing /c.ott1'Ser 

Sketch of rock I"etatton8 at Ztpples 
on sur-face of nettr-Zy flat roUe 

FIG. 13. 

About one-half mile west of the fishery on the south side of Sand creek is a rocky 

knob covering perhaps five acres and rising about forty feet above the lake. The 

knob is composed almost entirely of gabbro, though no magnetic disturbance was 

noticed. It was very much veined with quartz and light colored granite. Peculiar 

contorted and arborescent forms of these are illustrated in an adjoining figure (12-1). 

On the lighter portion of the rock there were noted also a number of points rounded 

and angular masses of finer grained black rock, strongly suggesting fragments float

ing in a molten magma.' One of these is shown in figure 12-2. Like others we have 

noted, these rocks show in their contours the shaping influence of glacier ice, though 

strirn were found only in one very limited area. From this point we found no 

exposures of crystalline rock along Rainy river until we reached the mouth of Rapid 

river. There, as we have before stated, is a high ridge of black schist or siliceous 

slate standing nearly vertical. It rises about thirty feet above Rainy river ahd the 

fall is about twenty feet. A rough sketch of the locality with its exposures is shown 

in figure 14. The strike of the older stratification, as it appears from colors and from 
the fineness of the grain in the rock, is about north 21 ° west. The chief joints are 

north 69° west. The lamination is north 73° east. A.nother cleavage is in the 
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fifty feet in hight above the surrounding country only one-fourth of a mile from the 

shore. We were unable to find it on account of thick woods and inopportune rain. 

Several rocky islets appeal' in the lake about these points. , 

Another exposure was found at Zipple's fishery at the mouth of Sand creek. 

The one right at the fishery, little east of the mouth, is mainly of the dark magnetic 

gabbro before mentioned. It shows alternation of layers or veins often in lenticular 
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About one-half mile west of the fishery on the south side of Sand creek is a rocky 

knob covering perhaps five acres and rising about forty feet above the lake. The 

knob is composed almost entirely of gabbro, though no magnetic disturbance was 

noticed. It was very much veined with quartz and light colored granite. Peculiar 

contorted and arborescent forms of these are illustrated in an adjoining figure (12-1). 

On the lighter portion of the rock there were noted also a number of points rounded 

and angular masses of finer grained black rock, strongly suggesting fragments float

ing in a molten magma. One of these is shown in figure 12-2. Like others we have 

noted, these rocks show in their contours the shaping influence of glacier ice, thougb 

striffi were found only in one very limited area. From this point we found no 

exposures of crystalline rock along Rainy river until we reached the mouth of Rapid 

rlver. There, as we have before stated, is a high ridge of black schist or siliceous 

slate standing nearly vertical. It rises about thirty feet above Rainy river ahd the 

fall is about twenty feet. A rough sketch of the locality with its exposures is shown 

in figure 14. The strike of the older stratification, as it appears from colors and from 

the fineness of the grain in the rock, is about north 21 ° west. The chief joints are 

north 69° west. The lamination is north 73° east. Another cleavage is in the 
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Paleozoic rocks.] 

direction of the strike, nodh 32 0 west. The dip of the main joints and of the cleavage 

is at a high angle. White quartz veins are found traversing this ridge northwest and 

southeast in an irregular manner. rrhe rock is hard, fine grained, and very easily sepa

rable into laminm. It resembles the small, black slate boulders that are found distrib
uted over central Minnesota far south. No magnetic disturbance was noted at this point. 

About one-half mile east of Rapid river an outcrop of dark gahbro, resembling 
that at Zipple's both in appearance and the effect upon the needle, was lound at the 

level of the mouth of the river. The rock here shows no distinct veius, is quite 
uniform, and of fine grains. Dr. Lawson marks a dike at this locality on his map. 

'I'hp roek u Mack fl7le !l,'ulned 

~ Lit-ct. OU S .slate lJlo"ded w-tLh gray 

V E R 

o JO 2.0 ~D .lJ(J 60 
f=+-L-..l.-! I 

{rate.,. about 20 ft ab01Je 

RaLny RLve-r 

FIG. 14. .MOUTH OF RAPID RIVER. 

Paleozoic rocks. No clear outcrop of sedimentary rocks of this age has been 
found, but the abundance of white limestone and pebbles at some points strongly 
suggests that they probably exist not far below the sUTface. On Turtle river, just 

below Turtle River lake, where the stream is passing through a moraine by a 
succession of rapids, in the S. W. i of T. 148-32, the bed of the stream in one case 

was found showing little else for several rods but small fragments of white limestone. 
The mud also was of a calcareous character. * -

. *According to Dr. J. J. Bigsby Upper Silurian limestone is found in such large "labs and so abundantly at the mouth of 
Ramy river and westward from there that there is great probability that It exists widely in northel'l~ Beltrmm county. But Dr. G . .M. 
~a.wson con?ludes that it has probably all been transported by floating ice at the close of the drIft perlOd, but admIts the PO~bl
bIlitY.Of a SIlurian area including the .Minnesota shores of the Lake of the Woods. Accordmg.to Dr. A. C. Lawson the glacla: 
abr.aslOn was toward the southwest. This limestone debris is wanting in the northern portlOn.of the lake. It seems to the 
Wl'lte! highly probable that Dr. Bigsby's judgment is correct, and that this limestone will be dIscovered "n 5tt" m tlle area 
mentIOned. 

R The reader may consult: Q'ua/rt. JOU'l". Geol. Soc. (London), viii, 400; Briti \:71 North American Bou11.cla1'Y (/O'lllmu;s'Wn, 
eport on Geology, etc., 1875, p. 208: Ann. Rep. Geol. BUT. Can., vol. i,1885, 130CC.-N. H. W. 
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direction of the strike, nodh 32 0 west. The dip of the main joints and of the cleavage 

is at a high angle. White quartz veins are found traversing this ridge northwest and 
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uted over central Minnesota far south. No magnetic disturbance was noted at this point. 
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that at Zipple's both in appearance and the effect upon the needle, was found at the 
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uniform, and of fine grains. Dr. Lawson marks a dike at this locality on his map. 
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Paleozoic rocks. No clear outcrop of sedimentary rocks of this age has been 
found, but the abundance of white limestone and pebbles at some points strongly 
suggests that they probably exist not far below the surface. On Turtle river, just 

below Turtle River lake, where the stream is passing through a moraine by a 
succession of rapids, in the S. W. i of T. 148-32, the bed of the stream in one case 

was found showing little else for several rods but small fragments of white limestone. 
The mud also was of a calcareous character. * -

. ~According to Dr. J. J. Bigsby Upper Silurian limestone is found in .such largeolabs and so abund.antly at the m?uth of 
Ramy rlvel'and westward from there that there is great probability that It eXIsts WIdely m norther~ BeltramI county. B,:"t Dr. G.~: 
~a.wson concludes that it has probably all been transported by floating ice at the close of the drIft perIOd, but adnuto the pOSbl 
bIlityof a Silurian area including the .Minnesota shores of the Lake of the Woods. Accordingto Dr. A. C. Lawson the glacla: 
abr.aslOn was toward the southwest. This limestone debris is wanting in the northern portIOn.of the lake. It seems to the 
Write! highly probable that Dr. Bigsby's judgment is correct, and that this limestone will be dIscovered m •• t" m the area 
ment,oned. 

R The reader may consult: Qua'rt. Jou'J', Geol. Soc. (London), viii, 400; Brii'l~71 North American Bounda'ry CO'lnllH~SWn, 
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Mr. Joseph Sombs, of Park Rapids, who has spent considerable time cruising, 

also some time on a elaim in T. 150-31, says that on the south side of Black Duck 

lake is much limestone along the stream for six or seven miles. That the masses of 

stone are not worn and the south bank of the lake is fifty or sixty feet high. 

GLACIAL DRIFT. 

Till, usually of a grayish cast, appears in the cut banks along the principal 

streams of this region. This may be seen occasionally along Rainy river and around 

Red lake. The deepest exposures we noticed along Clearwater river. One in sec. 6, 

T. 148-35, a few miles north of Bagley dam and nearly 100 feet in hight, exhibited 

the following section: 
Section on the Clearwater river. 

A slope consisting largely of gray clay or clay loam with pebbles; two or three wet 
layers below, 

A stratum of boulders, 
Gray till with limestone boulders, numerous limestone pebbles with a zone of 

ferruginous concretions, 
The level of Clearwater river. 

At Bagley dam a section of the terrace is as follows: 
Section at Bagley dam. 

Fine sand obliquely laminated dipping to the east in strata 12 to 18 inches thick, 
Till, imperfectly exposed, of similar color and contains large boulders, 

Level of Clearwater river below the dam. 

Feet. 
30 

3--4. 

30 

12-15 
12-15 

About lake Bemidji a pebbly clay, evidently till, was exposed in the more abrupt 

banks along the south end of the lake. In the morainic portions described in the 

next section till is generally exposed though much obscured by weathering and 

surface action. 

J.Vforaine8. The moraines crossing this county lie mainly in the southern third 

of the county and mostly traversing it from east to west. We shall find it con

venient to indicate their position in order from north to south without l~gard to the 

order of form.ation. Moreover it should be remembered that in this timbered region 

it has been impracticable to locate them as confidently as has been done in open 

regions. vVe shall refer to the particular points in each, where observation has been 

made. Between such points there may be some chance for different interpretation 
as to their courses. 

Red Lake momine. This moraine is most prominently developed between the 

north and south members of Red lake east of the narrows. 'rhis has been studied 

by Mr. Upham. The fuller account is found in his paper which is subjoined. It is 

150 to 200 feet in hight above the lake. It should be renlembered that the lake is 

now twenty or thirty feet below the terrace, which marks a higher or lake Agassiz 

stage of the same. East of the lake it has not been explored in this county, but uu 

or near T. 152-39, the Duluth and Winnipeg survey crossed a summit 1,318 feet 
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above the sea, which may be confidently connected with this moraine. According 

to the statement of Mr. Paquin, who surveyed the region, the ridge west of Red 

lake near the mouth of Oak creek, half way between the narrows and the outlet, ex-

. tends northward about twelve miles. 'fhis ridge is said to be of uneven hight, 

varying from thirty to seventy feet, and bears upon it oaks and pines. Reference 

will be made to it under the head of beaches. We have already referred to Beltrami 

island the high ridgy region in the northern part of the county. The ridges have a 

northeast and southwest direction, at least in the eastern portion about the head

waters of the Winter Road river. This high land is reported to extend westward 

from that point between the head of War Road and the east branch of the Roseau 

rivers. There is a ridge rising forty or fifty feet above the surrounding country in 

the northern part of T. 162-38 lying in an east and west direction. We are informed 

by hunters and early settlers that a small ridge a few hundred feet in width 

separates a marsh connected with Buffalo point from a marsh extending west of 

Roseau lake near the international boundary. North of the international bound

ary extending west-northwest is a high ridge known as Pine ridge, which from a 

distance has the appearance of a moraine. Weare inclined to consider these por

tions of the moraine forming two loops convex toward the southwest with a reen

trant angle or interlobular portion forming the east end of Beltrami island. The 

fact that some of these ridges have been modified by lacustrine action into beaches 

does not conflict with their earlier morainic origin. Perhaps it is this moraine with 

the bouldery deposits south of lake Winnipeg which Mr. Upham refers to as the 

extension of his Mesabi moraine. 

The Hill River 1floraine. It will be remembered that in the account of Polk 

county attention was called to the prominent morainic strip along the north side of 

T. 149-39. It was suggested that a lacustrine modification of it turned northwest 

and north forming the divide west of Thief river. Weare disposed to connect the 

moraine, as there reported; with the rough country continuing east and passing 

north of Clearwater lake. It crosses Sand river a few miles east, near the crossing 

of the Red lake trail. Its knobs rise about 120 feet above the water at that crossing. 

It has been crossed both by Mr. Upham and myself at about fi ve or six miles southeast 

of Red Lake Agency, where some of its higher points rise about 150 feet above Red 
lake. It shows the typical features of knobs and basins with a difference in hight 

from twenty-five to thirty feet. It was crossed a few miles east by Dr. Norwood. 

His description of it may be found in Mr. Upham's paper. It seems not unlikely 

that the summit, from the Duluth and Winnipeg survey, near the southeast corner 

of T. 151-29,1,442 feet above the sea, may result from the crossing of this moraine. 

Wild Rice mor·aine . . It will be remembered that in our treatment of Norman 

county we gave an account of a morainic strip ending near the highest beach of 
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lake Agassiz on or near T. 143-43, and its continuation north of east a little beyond 

the east lille of that county, where it seems to coalesce with the moraine coming 

from the south and to pass with it northward, occupying the east range of townships 

of this county and Polk. It is well developed east of Fosston and is believed to turn 

east a little north of that point and connect with a morainic strip south of Four

legged lake, and north of Bagley dam and Buzzle lake. It continues east, passing 

north of lake Puposky where it shows scattered knobs fifteen to twenty feet in hight 

,vith an altitude of about 300 feet above Red lake. I t has not been traced further. 

Itosca }}tom ine. Another moraine, which may be called Itasca moraine, though 

only partly equivalent of that so named by Upham, branches from this north of the 

Clearwater, rtms southwest, east of Popple and curves sharply to the southeast, north 

of the Lower Wild Rice lake, and turns east, runs south of the Upper Wild Rice, 

thence passes the Mississippi six or seven miles north of lake Itasca, forms a very 

morainic strip along the east and south sides of that lake, thence southwest into 

Becker county. This is considered to have been formed by a lobe of ice coming 

from the east. Its irregularity is referred to an elevated preglacial ridge extending 

south of the Wild Rice lakes toward the east-southeast. Reference has been made 

to this difference of level in our treatment of Cass and N orman counties. 

Turtle Lake moraine. This is a strip of hilly country with the hills rising fifty to 

sixty feet above the intervening lakes which are crossed by Turtle ri ver north of Turtle 

River lake in the central portion of T. 148-32. High hills were noted also at the south 

end of Turtle lake, and again west of that point a few miles, and stm more distinctly 

along Grant creek in the southwestern portion of T. 147-34, where knobs rising twel1ty

five feet above the surrounding sandy plains are not uncommon. Hills of unusual 

hight were noted by Mr. Garrison, south of the Mississippi and east of the Hennepin 

rivers. A similar range of hills not very compact but arranged in distinct ridges was 

noted west of lake MarqueUe, as has already been mentioned in our treatment of 
Cass county. 

Luke Ketihi IlI0Hline. This is found rising in hills that are fifty or sixty feet in 

hight along the north and west sides of lake Ketihi. It appears well developed along 

the MississiYJpi at the Metoswa rapids, along its southeast course, in T. 146-32 .. This 

also was n.oted in our treatment of Cass county, as believed to connect with high 

land west of lake Kabekona and Leech lake. 

Kames 01' OS(()'s. Examples of this class of drift deposits have been seldom 

recognized in this county. A ridge rising about ninety feet above the general level, 

and elongated from northeast to southwest, was noted in the southeast corner of 

T. 146-36. It seemed not to be connected with other hills, and gradually declined 

in hight toward the west. Though no exposure of its interior was found, its 
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bouldery character seemed to indicate that it was an osar formed near the edge of 

the eastern ice-lobe, while it occupied the position of the Itasca moraine. Numerous 

narrow, low, bouldery ridges, ten to twenty feet high, were noted in the southeast 

corner of T. 148-37, and about Four-legged lake. Another isolated hill was noted 

on the south bank of the Mississippi, about two miles east of lake Bemidji. It rose 

forty feet or more above the level plain, and showed much gravel and sand in its 

structure. 

The highest beach which we crossed W3,S on or neal' the southwest corner of 

T. 159-33. Though this ridge was clea,rly modified into a beach, some features 

indicate that its original formation was that of an osar, or possibly a kame con

nected with a reenterant angle of the Hed lake moraine as already suggested. Its 

isolated character, its declining in hight toward the west, and its unusually bouldery 

character all favor the view that it was originally an osar formed near the edge of 

the northern ice-lobe when it deposited the Hed lake moraine. 

An east and west ridge west of War Hoad river, rising about forty feet above 

the surrounding plain, may have had a similar history. Though it appeared to be a 

beach 'ridge, yet the explanation of its isolated position would seem to require its 

deposition from ice, and quite probably in the form of an osar. The series of hills 

south of Redlake, referred to as eskers by MT. Upham, I find more intelligible as a 

moraine, the Hill HiveI' moraine. This is not inconsistent with the esker or osar-like 

character of some of them, for the drainage at the time was probably parallel with 

the edge of the ice. 

A mile and a half to two miles south of the Red Lake Agency there are some 

sandy knobs rising twenty-five or thirty feet above the" pitted plain," which are 

apparently of the nature of osars, probably formed by streams along the ice-blocks. 

Modified drift. The modified drift of the lake Agassiz region necessarily passes 

into, or is equal to, the lacustrine deposits which we mention under the next head. 

In the southern and more elevated part of the county the surface deposit at lower 

levels may be considered as formed by the action of waters attending the recession 

of the ice-sheet. These stratified deposits vary much in thickness, but rarely 

exceed ten or twelve feet. In the basin of the Mississippi it is very commonly quite 

sandy. The high terraces along the Mississippi and Clearwater rivers very possibly 

belong in large measure under this head. 

Pitted plains. By this we mean a peculiar formation, often of considerable 

extent. It may be defined as a level plain in which are numerous irregular basins 

of various size, usually of considerable depth, with the sides quite abrupt. It seems 

natural to explain their formation somewhat as follows: There seems to have been, 

in some stage of the recession of the ice, an area, upon which the waters about the 
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edge of the ice-sheet deposited the finer material in a mud flat. The upper portion 

of these plains, so far as observed, is usually of fine clay with occasional small 

pebbles. In case masses of ice detached from the edge of the ice-sheet have become 

buried by this lllUd, it will readily be seen that eventually, when the ice has melted, 

there would be depressions of the surface, corresponding in area and depth to the 

size of the ice-blocks. We suppose that something of this sort has occurred over 

much of the area now covered with ponds and lakes, but we would restrict this 

Imme to areas that are particularly level, whether covered with sand, or, as more 

commonly the case, clay subsoil. Pitted plains, perhaps, are most finely exhibited 

along the south shore of Red lake. The descent from the water shed on the south 

to the highest beach of lake Agassiz in this region is by a succession of two or 

three terraces. The edge of the lowest one seems to correspond quite closely with 

the lowest beach found a little south of the present shore of Red lake, and about 

forty feet above it. The moraine, which we have called Hill River moraine, forms 

the edge of the next terrace, which is not as even as the lower one. The Wild Rice 

moraine marks the edge of another rise which is the highest. Between this and the 

preceding the difference in hight is slight, especially about the head of Turtle river. 

The lowest of these plains is one which especially deserves the name of "pitted 

plain." It is well exhibited a few miles south of the Red Lake Agency. The basins 

in it are usually twenty to twenty-five feet below the general level. It is more 

sandy than the last two. This lower plain extends, as may be easily inferred, 

indefinitely east and west, and has a breadth of two or three miles. The second one 

rises from 90 to 100 feet above the lake and is much more clayey. It is more than 

usually fertile, being covered by a vigorous growth of sugar maple, oak, white pine,. 

and poplar. It also extends indefinitely east and west between the inner edge of the 

Hill River moraine and the till surface which slopes upward to the south. The line 
between the two is not always readily ascertained. The surface is not so uniform, 
and the basins upon it are less regular in size and in depth. The lower of these 
plains seems to have been formed by the mud left by the recession of the ice-sheet 

along the edge of lake Agassiz during the stage of its highest beach in this region. 
Both would seem to have been similarly formed along the southern edge of the iCe" 
sheet, the second when it occupied the position of the Hill River moraine. At that 

time the water was probably discharging toward the west with considerable current, 
and therefore left the surface in a less level condition. 

Stl'icf'. As before mentioned, the exposures of crystalline rocks in the northern 
part of the county usually exhibit glacial striffi. They rarely are large enough to be 
called grooves. They are commonly a few inches in length and vary in breadth from 

fine lines to half an inch. The directions as given below (marked M) were taken 

with a magnetic needle; where that failed, they were taken by the azimuth of the 
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and the basins upon it are less regular in size and in depth. The lower of these 
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with a magnetic needle; where that failed, they were taken by the azimuth of the 
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sun. In the former case we allowed 11 ° or 12° for the eastward variation of the 

needle; in the latter case, not having access to complete azimuth tahles, the direc

tions give~ may have an error in some cases of two or three degrees: 

Cormorant rock, south 73° west 
CormGrant rock, Routh 32° west 
Rocky point, south 62° west 
Rocky point, south 27° west, and mostly south 520 west 
Long point, - - - - - - - - - nearly due south (M). 
Zipples, by the house, south 71° east, and south 79° east, on the east side of the knob. 
One-half mile west, . south :}30 west, and south 20° west (M.) 
One-half mile east of Rapid river, south 420 and 50° west 

We add a few belonging to our area from the report of Dr. A. C. Lawson, on the 
Lake of the Woods region. 

Northwest angle inlet, McKay island, south 58° west to south 600 west 
Buckete island, south 45° west 
Flag Island point, south 50°, 52° and 37° west 

On the southern promontory which includes Rocky, Long and Stony points, of the 
previous table. 

Northeast point, which is probably Stony point, south 33° west 
Northeast point, which is probably Stony point, south 70° west 
Northeast point, which is probably Stony point, south 35° west 
Northeast point, which is probably Stony point, south 10° west 
Northeast point, which is probably Stony point, south 65° west 
Cormorant rock, south 33° west 

RECENT DEPOSITS. 

All'uvial flats. These are found along the principal streams, as the Mississippi 

and Turtle rIvers, a little above the level of the water,. but usually are of lim

ited extent. 

Terraces. Under this head we recogmze those of streams and those of lakes. 

Recent forms of both these kinds are unimportant. They are but a few feet above 

the alluvial plains, and no very distinct line may be drawn between them and the 

terraces which really belong to the modified drift. Along the Mississippi around 

Cass lake a sandy terrace rises twenty-five or thirty feet above the level of the 

water. It is quite even-topped, sometimes wide and sloping abruptly to the water's 

edge or the alluvial fiat. The same are found at less hight above the water around 

lake Bemidji. Terraces of these hights should be more properly referred to the 

modified drift. 

Swamps. Very much of the surface of the county is covered with swamps of 

various kinds. It is not unlikely that nearly one-half of the whole area of the county 

is covered by swamps and lakes. They are usually of slight depth and owe their 

existence quite as much to the abundant growth of moss as to the uneven surface 

of the country. Sphagnum bogs may even climb slopes of 5° for scores of feet."" 

Quite an important factor in their formation, especially in the basin of lake 

Agassiz, is the work of beavers. On quite gentle slopes they extend dams many rods 

in length to hold the water. So also because the surface is so nearly level, the 

* SHALER. Tenth Annual Rep01·t, U. B. G. B., p 286. 
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damming of a stream will sometimes throw many square miles into swamp. The 

character of the vegetation of the swamp depends mainly upon the depth of the 

water. \iVhere it is over 'five feet in depth it is apt to be covered with what is com

monly called "muskeg," that is, a thick growth of moss which fills the water 

sufficiently to hide it but yields to the foot so that one may sink to the knees or waist 

in the water, and a trembling motion is gi ven to the surrounding surface sometimes for 

several yards. These frequently show scattering grass and small tamaracks on the 

firmer points. In the muskeg south of O'Brien lake it was noticed that the mossy 

surface was traversed by nearly equidistailt strips of scattering tamarack extending 

in a northwest-southeast direction several rods apart. This may have been due to 

incipient beaches formed upon the bottom of the basin. Where the water is shallower 

and the footing firmer bushes begin to appear, usually of small growth. Where the 

ground is still firmer, dwarf tamaracks will appear, and so from this stage to the firm 

land covered with jack pine there is usually the succession in order as follows: of dwarf 

tamarack, full grown tamarcLck, spruce or cedar and pine. The cedar, or arbor-vitffi, 

seems to prefer the purer water of springy regions, while spruce may grow where 

the water is less pure. Both of them grow also upon dry ground. Where the swamp 

is connected with a stream and abounds in decomposing matter, alders flourish. 

Where the moss is very abundant the spruces are of a form known as "cat spruce," 

from their being frequented by rabbits and lynxes. Whether it is a distinct variety 

or a dwarf form of the common kind I am unable to say. When the water increases 

in depth, tamaracks may be killed out and on drier land the cedars and spruces may 

becom e replaced by tamaracks. 

Lacllstrian fonnation.s. Bc((ches. Ar01.1nd Redlake there are numerous beaches 

which cover the gentle slopes, as for example on the east side of the north part of 

the lake, rising one above another at intervals of a few rods to the hight of ten or 

fifteen feet above the present water level. They are rarely extensively or thickly 

developed and rise only a foot or two above the average slope. 

Below the surface of the water incipient beaches in the form of bars may be 

found, especially along sandy shores, extending parallel with the shore. Several of 

these may be sometimes traced by the growth of bulrushes. In this way they may 

be traced to a depth of ten or fifteen feet below the surface. 

BOlllder walls. At certain points around Red lake, and less prominently in 

Rmaller lakes, the abrupt shore of the lake is faced with a thick deposit of boulders, 

sloping at an angle of from ten to twenty degrees, and from ten to twelve feet above 

the water to as great a distance below. They are probably due, as has been before 

pointed out, to the accumulating action of floating ice and prevalent winds, with the 

occasional assistance of thrusts from expanding ice. 
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Ancient beaches of lake Agassiz. Mr. Upham, in his discussions of lake Agassiz, 

recognizes what he' calls the Herman beach or beaches, which mark the highest 

level of that lake in its southern and western portion. Be Jms traced the five or six 

beaches of this group without question as far north as Maple lake, in Polk county. 

He has also, in the paper on Redlake, which is subjoined, and also in a note in the 

American Geologist for 1893, vol. xi, p. 423, assumed that this highest beach of the 

Herman series has been recognized south of Redlake at an altitude of about 1,210 

feet; also that the beach recognized on the Duluth and Winnipeg survey at about 

1,215 feet is the same. To this conclusion there appear the following objection::::: 

First, if the rise in the Herman beaches continues eastward and northward, at the 

same rate which Mr. Upham published in Bulletin No. 3H of the U. S. Geol. Survey, 

it would be around" Beltrami island" fully 1 ,300 feet, and south of Red lake about 

1,260. Second, the apparent junction of one of these beaches with the Hill River 

moraine has been noted and described in the geology of Polk county. Third, from 

general principles, strengthened by the rise of the beaches toward the east, we 

infer that the recession of the ice-sheet was toward the northeast, and that therefore 

it lingered longer over the Red lake region than further west. It is probable, there

fore, that the beach at an altitude of 1,215 to 1,220 around Beltrami island is one of 

the lowest of the Herman beaches or .the highest Norcross; that the summit beach 

which we. have surmised was once an osar, is one of the first of the Herman 

beaches to extend into this region, but probably not the highest. Assuming that the 

beach at 1,215 to 1,219 of the Duluth and Winnipeg survey corresponds to a certain 

well-marked beach, rising to a corresponding hight above the general swamp, we 

confidently reckon that the summit beach is one of the hills referred to in the 

profile of that survey as rising 1,283 feet, and that it is probably the third or fourth 

of the Herman series. A rough map and section of this beach are given in figure 

15. It is natural that the survey should avoid the highest beaches of Beltrami 

island, and from the reckoning previously referred to it seems reasonable to think 

that, if at the formation of the first Herman beach the edge of the ice-sheet was 

along the Hill River moraine, it may have receded so as to uncover this high land by 

the time of the formation of the third or fourth beach. Moreover, we should cor

relate the summit beach with the higher beach shown around Red lake, about forty 

feet above the water. As may be readily inferred from the previous pages, no 

extensive tracing of beaches has been made in this county. The map indicates por
tions of beaches to which we have already referred. Along the railroad survey 

mentioned, ten or twelve beaches were passed on the slope facing Lake of the 

Woods between altitudes of 1,080 and 1,215. A similar number were also traversed 
from summit beach to Rainy river. They were mostly ill-defined and fragmentary, 

but showing distinctly elongated and approximately parallel low ridges of sand 
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rising one to three feet above the average slope. One interesting feature connected 

with them is the increase of moisture, even to occasional' open ponds along the 

southwest sides of the ridges. The high ridge, on the trail from Jadis to War Road 

river should properly be correlated with the Jadis ridge or Campbell beach. It has 

an altitude of about forty feet above the surrounding plain, or about 1,080 or 1,090 

feet above the sea, which would correspond well with the estimated hight of the 

Campbell beach. 

.A. 

80 
20 

Section fJ.·om A-B. as above 

!l 

100 00 8wa~ 

Plan and .sec¥i0n- of Sum71r~t Ridge T}>.15s-3a 

FIG. 15. 

The probable geological history oj Beltrmni county. In this section we shall 

simply briefly gather together in a consistent whole the suggestions which have been 

made in previous pages bearing upon this subject. 

As far as concerns the Archean and Paleozoic history this region is similar to 

that of the surrounding counties. It seems not unlikely that during the early 

Paleozoic it may have been mainly covered by the sea. The abundant limestone 

in the drift, and the local accumulation of the boulders at certain points seem to 

indicate that limestone of that age is not very far below the surface, especially in 

the southern IJart of the Red lake basin. 

During the latter part of the Paleozoic it was probably dry land, but from the 

occmrence of the Cretaceous clays in the county east along Bowstring river there 

is little cloubt but that much of this county is underlain by similar formations, 

and that at -bhat age it was largely covered again by the sea. It seems not improbable 

that the core of Beltrami island may be of Cretaceous shales of the Colorado period 

similar to those found in 'rurtle and Pembina mountains. This view is strengthened 

by the reported discoveries of coal in the northern part of the county. It is 
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probable, however, that they are fragments of lignite coming from beds which are 

. very thin and impure. They are quite certainly not derived from Carboniferous 

strata, for no fossils of that age have beel! found in the drift south and west. During 

the Tertiary the region was probably dry land and subject to great erosion. This 

is ~ndicated by the irregularities of the preglacial surface in the northern part of 

Lake of the Woods. 

During the Quaternary it was covered for a long perie>d with the continental 

ice-sheet. At its niaximum stage this may have been several thousand feet in thick

ness, with its general motion from the northeast. We are more interested, however, 

in the closing scenes of this age and in the effects of the movements of the ice in its 

recession. The first part of the county to be uncovered was doubtless the extreme 

southwestern corner, which is also the highest region of the county. At the time 

of the formation of the Itasca moraine, according to our view, the lake Superior 

ice-lobe covered the whole course of the Mississippi river, with the exception of lake 

Itasca and its channel the small creek in the southern part of T. 144-36. The Red 

lake ice-lobe covered the whole northern part of the county as far south as the Wild 

Rice moraine, which includes the basin of the Wild Rice river, and farther north. 

These two lobes were probably confluent as far southwest as Mud lake, and the water 

from their inner slopes discharged southwest through Otter Tail and Buffalo rivers, 

and very soon after through the Wild Rice river. The upper waters of the Missis

sippi at this time turned westward, first by the before mentioned creek and later 

through Moose creek to Upper Wild Rice lake. At a later stage the Red lake lobe, 

whose melting was probably hastened by the waters of lake Agassiz, had receded to 

the Hill River moraine. At the same time the lake Superior lobe was probably 

forming the Turtle Lake moraine or possibly the Ketihi Lake moraine. It seems 

not improbable that the Turtle Lake moraine may correspond to an imperfectly 

morainic strip lying between the Wild Rice moraine and the Hill River moraine, 

which we have associated with the former. At this stage of the Turtle Lake moraine 

·the Mississippi may have discharged along the line of the Little Mississippi and 

Clearwater. While the ice was forming the Ketihi Lake moraine, the drainage from 

the ice front seems to have been unusually sluggish, and to this may be ascribed the 

wide extent of level country surrounding lake Bemidji, Turtle lake, and the region 

as far north as the Wild Rice River moraine. At that time the drainage of the 

Mississippi and of western Cass and even northern Hubbard county may have been 

northward by way of Grant creek and Clearwater river, and through the low ground 

between Bemidji and Turtle lakes and northward toward Red lake along Mud river. 

This view is favored by the channel, a~ before mentioned, connecting Lac du Mort 

and lake Julia. At the same time water may have drained from the east branch of 
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the Mississippi may have discharged along the line of the Little Mississippi and 

Clearwater. While the ice was forming the Ketihi Lake moraine, the drainage from 

the ice front seems to have been unusually sluggish, and to this may be ascribed the 

wide extent of level country surrounding lake Bemidji, Turtle lake, and the region 

as far north as the Wild Rice River moraine. At that time the drainage of the 

Mississippi and of western Cass and even northern Hubbard county may have been 

northward by way of Grant creek and Clearwater river, and through the low ground 

between Bemidji and Turtle lakes and northward toward Red lake along Mud river. 

This view is favored by the channel, as before mentioned, connecting Lac du Mort 

and lake Julia. At the same time water may have drained from the east branch of 
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Turtle river northward into the headwaters of Black Duck river. If we are correct 

in our reasoning, at this stage the ice had not retired from the Hill River moraine. 

After this point the lake Superior lobe retired beyond the limits of the county, but 

the Redlake lobe still occupied the northern part of the county. 

At the stage recorded by the Red Lake moraine we may conceive that lake 

Agassiz occupied the region to the hight of the highest beach south of Red lake and 

washed the front of the ice as it extended just north of the south portion of Red 

lake and turned northward from the vicinity of the mouth of Oak creek to the 

south shore of Beltrami island, which was then beginning to be uncovered. It also 

was in contact with the ice northwest of that island, probably between War Road 

river and the Roseau. We may reasonably suppose that the ice stood at this stage 

for some time because of the hight of the moraine between the two portions of Red 

lake. That the material was not much accumulated northwest of that locality i~ 

probably due to the leveling influence of the waters of the lake, both by the action. 

of the waves and the transporting effect of the floating ice. As we have argued in 

another place, the absence of boulders from the beaches does not seem to us valid 

reason for supposing that icebergs were not floating in the lake at this time. The 

last portion of the county to be covered by the ice was doubtless the northeastern 

corner. 

Di;jj'eJ'ential elevation. Then came the gradual rise of the land toward the 

northeast, which was marked by the formation of succeeding beaches which were 

partly due to this cause and partly to the cutting down of the outlet at lake 

Traverse. In the falling of the water there seems first to have been an extension 

of Beltrami island along the line of the Red Lake moraine, leaving a much larger 

extension of Red lake than at present. The rapid succession of light beaches along 

the slope toward Rainy river is probably due to the more rapid rise in this portion 

of the lake bottom. Lake Agassiz doubtless receded last from this county in the 

northwest corner. 

Red lake for many years after was probably much more extensive than at 

present. The region west of the South lake and several townships north and east 

of the North lake was probably open water until quite a recent period. 

ECONOMIC FEATURES. 

Of the subjects under this head we can speak but briefly, for investigation has 
not been carefully made. 

Vegetation. The whole county is covered by forest growth with the exception 

of several square miles of prairie along the Mississippi between Moose creek and 

the Little Mississippi; also near the Upper Wild Rice lake. These seem to be the 
result of forest fires and from appearances it seems not improbab]p, t,hat the grass 
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will be of permanent growth. A somewhat similar area of prairie was crossed two 

or three miles in width, north and west of the west branch of Winter Hoad river. 

An interesting fact in this connection is that a cedar swamp had been the character 

of the country burned. As a result it seemed probable that the grass had become 

wen established and would prevent the growth of moss and the return of swampy 

conditions. The region west of the South lake between Hed Lake river and the 

Clearwater is mostly open and somewhat covered with grass, but marshy. Tn this 

respect it does not differ from numerous open marshes, often of wide extent, through 

the north half of the county. 

Pine. The three prevalent species of pine are well represented in this county. 

The black pine prevails upon the sandy podiou in the southern part of the county, 

often covering quite extensive areas, as between lake Bemidji and the Little Missis

sippi. The red pine is also found in groves of large and valuable timber mostly in 

the southern and higher portion of the county. The white pine was noticed par

ticularly prominent upon the clayey flat lands, or pitted plains south of Hedlake. 

The water-shed between the Mississippi and Hed Lake valley abounds in large and 

valuable groves of white pine. The Hed Lake moraine and the region between the 

two portions of Red lake is also abundantly supplied with white pine. 

About Beltrami island, upon the higher land, white pine was found in limited 

quantity. As a rule the drier portions there are covered with the black pine, and 

for some reason that portion of the county seemed especially subject to windfalls. 

It was found much easier traveling through the swamps than upon the dry ground 

for this reason. 

Along the streams flowing into the Hainy river white pIlle abounds on the 

rich ground next the stream. As before mentioned, eonsiderable pine has been eut 

and floated down the Roseau river. 

Decidnons trees. Of these trees the poplar or aspen is the most widely distrib

uted. It abounds on clayey land throughout the region, particularly on the low 

ridges and swamps and on the higher or clayey pitted plain south of the Hill River 

moraine. It is well represented in numbers and in size along the valley of Rainy 

river in company with the kindred species, cottonwood and balm~ of gilead. Oaks ~ 

are found in occasio~al groves along the Rainy river valley and in the southwestern 

portion of the county. None of conspicuous size were noticed. 
Of the maples, the sugar maple abounds upon the sandy plains between the tvvo 

portions of Redlake and upon the clayey flats south of Red lake. Upon the highest 

plain, forming the water-shed between Redlake and the Mississippi, the hard maple 

is especially common. Moose woo.d abounds in the swampy region north of Red 
lake. Basswood white elm and birch are widely distributed upon the drier land. , , 
Ash is common on richer and moister lands. 
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Hay 'meaclotos. These are found in dry lake basins and on margins of large 

lakes, also on alluvial bottoms along the principal streams. The grasses most com

monly notieed are sorts of red top and blue joint. 

Drainage. vVe have alluded to the way in which a eedar swamp in the north

ern part of the eounty seemed to have been transformed into a dry fertile prairie as 

a result of a fire. In traversing the region between Thief River falls and Rainy 

river no very deep marshes were found. Frequently the water was deep enough to 

produce open marshes, but even in sueh cases, not infrequently, boulders were found 

rising above the surfaee, and several trials seem to indieate that sandy bottoms 

eould generally be obtained within three or four feet of the surface. We have 

alluded to the way in whieh beaver-dams and the growth of moss contributed to the 

retention of water in the region, and the prevalence of swamps. It seems entirely 

praetieable that large areas, now eovered by a swamp, may be drained without mueh 

diffieulty, and that such portions could be reclaimed and fitted for agrieultural pur

poses. The slope of the eountry is such that by the deepening of existing channels, 

and the removal of fallen timber, most of the region north of the Red lakes could 

be drained. The dominant formation beneath the surface seems to be a boulder 

clay, thinly covered with sand. 

JVater-power. There is considerable fall in the Mississippi, between lake 

Itasea and lake Bemidji, so also in the Clearwater, between Bagley dam and Clear

water lake, and along the upper portion of the streams flowing north into Red lake. 

So, also, there is considerable descent in the middle portion of the streams flowing 

into Rainy river and Lake of the Woods. The extensive level areas provide for the 

storing of limitless supplies of water. In no case, however, would many feet of fall 

be practicable. 

Climate. Of this we need to say little except that the northern part of the 

county seems especially moist. During seventeen days in July, 1893, which we 

oeeupied in erossing the region north of Red lake, there were but two days in which 

there were not eonsiderable showers. The name given to Rainy river seems to have 

had reference to a similar character of the climate noticed by early voyagers . 

.Pl:sh and game. The whole eounty is naturally abundantly furnished with 

game, and its waters are unusually well stoeked with fish. Though the Ojibway 

Indians have oecupied Red lake for many years, we found upon the shores of the 

lake frequent track of caribou, moose, deer, bear, and the region north of Red lake 

was traversed in all directions by the paths of moose and caribou, many of them 

showing the reeent passage of animals. The Indians do not venture into the swamps 

during the summer, and this affords abundant proteetion to these large animals. 

Along the larger streams the occurrence of frames for drying meat, and of poles 
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be drained. The dominant formation beneath the surface seems to be a boulder 

clay, thinly covered with sand. 

vVater-po'Wer. There is considerable fall in the Mississippi, between lake 

Itasca and lake Bemidji, so also in the Clearwater, between Bagley dam and Clear

water lake, and along the upper portion of the streams flowing north into Red lake. 
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there were not considerable showers. The mime given to Rainy river seems to have 
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Fish and game. The whole county is naturally abundantly furnished with 

game, and its waters are unusually well stocked with fish. Though the Ojibway 

Indians have occupied Red lake for many years, we found upon the shores of the 

lake frequent track of caribou, moose, deer, bear, and the region north of Red lake 

was traversed in all directions by the paths of moose and caribou, many of them 
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during the summer, and this affords abundant protection to these large animals. 

Along the larger streams the occurrence of frames for drying meat, and of poles 
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bearing on the top a strip of moose skin, or a flat-topped stake, indicating the killing 

of a bear, signify the frequency with which these large animals are taken. Though 

we rarely saw game in the swamps, because of the noise which gave warning of our 

approach, we at times, while in a canoe, came upon moose that seemed not par

ticularly alarmed by our presence. Lake of the Woods is particularly famous for 

its sturgeon fisheries, which are conducted on a scale reminding one of the fisheries 

along our Atlantic coast. By means of nets and pounds they are taken by the boat

load, and schooners of considerable size are employed in the business. Caviar is 

made and shipped in large quantities to eastern markets and even to Europe. 

Whitefish, pike, pickerel, and many other species abound in Lake of the Woods and 

Red lake, also in most of the lakes throughout the county. 

Minerals. No minerals of value have yet been found in paying quantities. As 

before stated, rumors of coal in the northwestern part of the county have been re

ported which may develop the occurrence of thin beds of lignite in that region. Quite 

likely, however, only fragments in the drift will be found. That there is no coal 

of Carboniferous origin may be confidently affirmed from the fact that no fossils of 

the Carboniferous age have been found anywhere in the region. 

Gold. As we have already hinted, this may be found in the Archean rocks 

around Lake of the Woods, particularly in the "northwestern angle." Some fine 

specimens have been found near Rat Portage. Traces of copper have also been found 

in the Archean rocks on the north side of the Lake of the Woods, but both of these 
have been found in the" Huronian" slates, while upon the American side of the 

lake granites are more prevalent. 
Iron. It may seem probable from the trend of the geological formations and 

their nearness on the east that the iron ores of the V ennilion region might extend 
into this county, but there is little or no probability of its being found, for the whole 

region is thickly covered with drift. 

GEOLOGY OF THE REGION AROUND RED LAKE AND 

SOUTHWARD TO -WHITE EARrrH. 

By WARREN UPHAM. 

ALTITUDE AND AREA OF RED LAKE. 

The altitude of Red lake, determined by the survey for the Duluth & Winnipeg railroad, is 1,172 feet ab~ve 
the sea. On Beltrami island of the glacial lake Agassiz (Am. Geologist, vol. xi, pp. 423-425, Jun~, 1893), lymg 

. north and northwest of Red lake, the profile of this survey shows the highest beach of the glaClal lake to be 
1,215 feet above the sea. 

. According to the township plats of the United States government surveys, done in the year~ 189~ to 1892, 
the length of the south part of Red lake is about twenty-five miles, and its mean width about nme mIles; and 
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the length of the north part of the lake is approximately twenty-four miles, with a mean wi~t~ slightly excee~
. . ht'l The e dl'mensions give a total area of Red lake, measured, on a plat combmmg the townshIp mg elg ml es.s . ' . '. 
surveys, of about 441 square miles. It is the largest lake con tamed . wholly wlthm ~he ~tate of Mmnesota, bemg 
more than twice as large as Mille Lacs, which is next in size .. A str~lt nearly one mIle WIde, called" the n~rrows," 
connects the two parts of the lake. The original width of thIS ~tralt was about two and t~ree-fourths. ml~es, but 
it has been thus reduced by the action of winds and waves, WhICh have formed narrow SPlts of sand, Juttmg out 

more than a mile from each shore. 
ADJOINING COUNTRY AND TRIBUTARY STREAMS. 

Notes taken durincr a canoe voyage in September, 1885, along the entire shore line of Red lake, while 
engaged in exploration otthe area of the glacial lake Agassiz for the United States Geological Survey, supply the 
following descriptions of this lake and of the surrounding country.* 

The maximum depths of Red lake are reported to be forty to fifty feet. Its northern part becomes frozen 
in winter earlier than the southern part, indicating that the latter has a greater average depth. Its shores are 
mostly low, varying from ten to thirty feet above the lake, or only one to three feet in the swamp north of its 
northern part. The only considerable elevation near this lake is the tongue of land two and a half to three 
miles wide. extending ten miles east from the narrows, which is a belt of morainic drift 100 to 200 feet high. The 
view from no portion of Red lake extends to any great distance, the farthest land visible being some six miles 
away in the direction southeast from the Agency toward Cass and Leech lakes. 

The whole country surrounding Red lake is wooded. Areas of till are covered by a dense growth of 
deciduous trees, with occasional groves of white pine; and a valuable forest of this pine crowns the ridge east 
of the narrows. A more scanty growth of dwarfed black oaks and the Banksian and red pines occupies tracts 
of modified drift, as at the Agency and for several miles thence southward. The swamps are also sparingly 
wooded, their species being tamarack, balsam fir, and arbor-vitffi. Only a few small tracts, from one to a hun
dred acres, have been cleared for cultivation. These are partly in the vicinity of the Agency, and partly near the 
Ojibway village, which is one mile south-southeast from the narrows. 

Sometimes a sand-bank off the extremity of the northwestern sand spit at the narrows is exposed to view as 
a low island a few inches above the water; but at the time of my visit this was not in sight, as the lake was at 
an uncommonly high stage, probably three feet above its lowest leveL It has no other island, nor has it any 
noteworthy peninsula nor cape, excepting those which divide the two parts of the lake. Many portions of its 
margin extend several miles in a straight or gracefully curving course, with no indentation nor outstanding 
point. 

Eighteen or twenty streams of sufficient size to be named by the Indians, and some ten smaller creeks, 
flow into Red lake. The largest of these are Sandy river, Big Rock creek, Pike creek, Mud river, Black Duck 
river, and Battle river, which enter the south part of the lake in this order from west to east and north; and, 
continuing in similar order, Big Sand Bar creek, Tamarack river, Poplar river, the East and West Two rivers, 
and Wild Rice river, tributary to its northern part. Notes of these and of all the smaller affiuents which were 
observed in this exploration, with descriptions of the shores, the various drift deposits, and the timber, are as 
follows, in the order of our canoe voyage, starting from the Agency eastward and continuing around the lake. 
It was my hope that exposures of the bed-rocks underlying the drift would be found; but instead it seems cer
tain that no such outcrop exists in this region. 

FROM THE AGENCY AROUND THE EAST PART OF THE SOUTHERN HALF OF RED LAKE TO THE NARROWS. 

The Indian name of the stream at the agency is Pike creek, rendered Gold Fish creek by Beltrami; but 
by the English residents it is more commonly called Mill creek. A saw and grist mill, having ten feet head, is 
built on this stream about a quarter of a mile from its mouth. The mill pond, which is about twenty feet above 
Red lake, is twenty to forty rods wide and extends a mile to the east, parallel with the shore of the lake. Pike 
creek below the mill is ten to twenty feet wide and six inches to one foot deep. Its sources, according to Rev. F. 
W. Smith, are a series of three or four lakelets, the lowest of which, lying on the southwest side of the road to 
Cass lake, is called by the Indians Little lake, but by the white men Ten Mile lake, from its distance of about ten 
miles south-southeast of the Agency. The highest, called Cranberry lake, has quite irregular outlines, lying 
mostly in secs. 34 and 35, T. 150-34, with a length of about a mile from northeast to southwest. 

Red Lake Agency is situated near the middle of.the south side of the south part of Red lake. It is on a 
plain of sand and gravel, about thirty-five feet above the lake, lying close east of Pike creek and north of the 
west end of the mill pond, nearly a quarter of a mile from the shore of Red lake. This village includes about 
twenty-five houses and probably.a hundred inhabitants, nearly all of them Ojibways, not counting the sixty or 
seventy Ojibway children in the boarding school. 

About two-thirds of a mile east from the mouth of Pike creek we passed a point that stands out very 
slightly from the nearly straight trend of the shore, which is N. 85° E.t Many granitic boulders up to six or eight 

, ,*My companions in the voyage were two Ojibways, Roderick McKenzie and William Sayers, who propelled the canoe and 
peIiolmed the. work of camplllg and cookmg. They proved themselves expert with paddle and rifle, and several times add~d 
g~me to onr 1)111 of fare. Both had rec8!ved a.fair edncation and could COnverse well in English, though more familiar with theIr 
natl:8 language. Mr. McKenZIe, by his acquallltance with the Indians about the lake, wasspeciaUy serviceable ill obtaining infoI" 
;natlOn as to the names applIed by them to streams and points of land along the lake shore, and the translations of these are given 
III the followmg pages. ThIS canoe voyage occupied six days and extended along the entire shore of the lake a distance exceed-
Ing one hundred mIle::::, 1 

+ The bearings taken in thi~ reeonnaissanee, and in part noted in these pages, are corrected so as to refer to the true merid· 
ian. The magnetIC varIatIon here 18 about 13° to the east of north. 
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the length of the north part of the lake is approximately twenty-four miles, with a mean wi~t~ slightly excee?
ing eight miles. These dimensions give a total area of Red la.ke, measured,. on. a plat combInIn~ the towns~lp 
surveys, of about 441 square miles. It is the largest ~ak~ contaIned.wholly wlthm ~he ~tate of MI,~nesota, bemg 
more than twice as large as Mille Lacs, which is next In sIze. A straIt nearly one mIle WIde, called the narrows," 
connects the two parts of the lake. The original width of this ~trait was about two and t~ree-fourths. mi~es, but 
it has been thus reduced by the action of winds and waves, whICh have formed narrow SPIts of sand, JuttIng out 

more than a mile from each shore. 
ADJOINING COUNTRY AND TRIBUTARY STREAMS. 

Notes taken durincr a canoe voyage in September, 1885, along the entire shore line of Red lake, while 
engaged in exploration o/'the area of the glacial lake Ag~ssiz for the United States Geological Survey, supply the 
following descriptions of this lake and of the surroundmg country.* 

The maximum depths of Red lake are reported to be forty to fifty feet. Its northern part becomes frozen 
in winter earlier than the southern part, indicating that the latter has a greater average depth. Its shores are 
mostly low, varying from ten to thirty feet above the lake, or only one to three feet in the swamp north of its 
north~rn part. The only considerable elevation near this lake is the tongue of land two and a half to three 
miles wide, extending ten miles east from the narrows, which is a belt of morainic drift 100 to 200 feet high. The 
view from no portion of Red lake extends to any great distance, the farthest land visible being some six miles 
away in the direction southeast from the Agency toward Cass and Leech lakes. 

The whole country surrounding Red lake is wooded. Areas of till are covered by a dense growth of 
deciduous trees, with occasional groves of white pine; and a valuable forest of this pine crowns the ridge east 
of the narrows. A more scanty growth of dwarfed black oaks and the Banksian and red pines occupies tracts 
of modified drift, as at the Agency and for several miles thence southward. The swamps are also sparingly 
wooded, their species being tamarack, balsam fir, and arbor-vital. Only a few small tracts, from one to a hun
dred acres, have been cleared for cultivation. These are partly in the vicinity of the Agency, and partly near the 
Ojibway village, which is one mile south-southeast from the narrows. 

Sometimes a sand-bank off the extremity of the northwestern sand spit at the narrows is exposed to view as 
a low island a few inches above the water; but at the time of my visit this was not in sight, as the lake was at 
an uncommonly high stage, probably three feet above its lowest level. It has no other island, nor has it any 
noteworthy peninsula nor cape, excepting those which divide the two parts of the lake. Many portions of its 
margin extend several miles in a straight or gracefully curving course, with no indentation nor outstanding 

point. 
Eighteen or twenty streams of sufficient size to be named by the Indians, and some ten smaller creeks, 

flow into Red lake. The largest of these are Sandy river, Big Rock creek, Pike creek, Mud river, Black Duck 
river, and Battle river, which enter the south part of the lake in this order from west to east and north; and, 
continuing in similar order, Big Sand Bar creek, Tamarack river, Poplar river, the East and West Two rivers, 
and Wild Rice river, tributary to its northern part. Notes of these and of all the smaller affiuents which were 
observed in this exploration, with descriptions of the shores, the various drift deposits, and the timber, are as 
follows, in the order of our canoe voyage, starting from the Agency eastward and continuing around the lake. 
lt was my hope that exposures of the bed-rocks underlying the drift would be found; but instead it seems cer
tain that no such outcrop exists in this region. 

FROM THE AGENCY AROUND THE EAST PART OF THE SOUTHERN HALF OF RED LAKE TO THE NARROWS. 

The Indian name of the stream at the agency is Pike creek, rendered Gold Fish creek by Beltrami; but 
by the English residents it is more commonly called Mill creek. A saw and grist mill, having ten feet head, is 
built on this stream about a quarter of a mile from its mouth. The mill pond, which is about twenty feet above 
Red lake, is twenty to forty rods wide and extends a mile to the east, parallel with the shore of the lake. Pike 
creek below the mill is ten to twenty feet wide and six inches to one foot deep. Its sources, according to Rev. F. 
W. Smith, are a series of three or four lakelets, the lowest of which, lying on the southwest side of the road to 
Cass lake, is called by the Indians Little lake, but by the white men Ten Mile lake, from its distance of about ten 
miles south-southeast of the Agency. The highest, called Cranberry lake, has quite irregular outlines, lying 
mostly in secs. 34 and 35, T. 150-34, with a length of about a mile from northeast to southwest. 

Red Lake Agency is situated near the middle of.the south side of the south part of Red lake. It is on a 
plain of sand and gravel, about thirty-five feet above the lake, lying close east of Pike creek and north of the 
west end of the mill pond, nearly a quarter of a mile from the shore of Red lake. This village includes about 
twenty-five houses and probably.a hundred inhabitants, nearly all of them Ojibways, not counting the sixty or 
seventy Ojibway children in the boarding school. 

About two-thirds of a mile east from the mouth of Pike creek we passed a point that stands out very 
slightly from the nearly straight trend of the shore, which is N. 85° E.t Many granitic boulders up to six or eight 

_ *My companions in the voyage were two Ojibways, Roderick McKenzie and William Say~rs, who propelled the canoe and 
performed the. work of campmg and cooking. They proved themselves expert with paddle and rifle, and several times add~d 
game to our bIll of fare. Both had reCeIved a fair education and could converse well in English, though more familiar with their 
natl:re la~guagE". Mr. McKenZIe, by his acquaintance with the Indians about the lake, was specially serviceable ill obtaining i,;for· 
matlOn as to the names applied by them to streams and points of land along the lake shore, and the translations of these are given 
m the followmg pages. ThIS canoe voyage occupied six days and extended along the entire shore of the lake a distance exceed-
Ing Qne hundred illIle:::;, ' 

+ The bearings taken in this reconnaissanee, and in part noted in these pages, are corrected so as to refer to the true mend
ian. The maglletle VarIatIon here is about 13° to the east of north. 
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feet in diameter border the shore here for an eighth of a mile or more, being piled wall-like against the foot of 
the bank of sand and gravel which rises about twenty-five feet. 'Phese boulders are derived from underlying 
till. The same plain of modified drift continues several miles east, generally forming a sandy beach; but 
boulders scattered here and there along the shore, occasionally in great abundance, show the near presence of 
till beneath. 

Two miles east from the Agency is a slightly projecting point of sandy shore, with no boulders, from which 
the land rises gently in forty or fifty rods to a hight of about thirty feet. This is called Kahgone's point, from 
an Indian living there; the meaning of this name is "young porcupine." Magnesian limestone pebbles make up 
two-thirds of the gravel here. A depth of three feet of water is reached ten to fifteen rods from the shore. Neal' 
this point, and in many other places about the lake, little ridges of sand and gravel, on8 to three feet high, 
have been pushed up from this shallow water by the ice; but no specially noteworthy ice-formed ridges 
were seen. 

A small creekl having a length of four miles, enters the lake a half mile east of Kahgone's point. From 
a fourth to a half of a mile beyond this creek, a steep bank of till forms the shore, occasionally showing an imper
fect stratification to a depth of five or ten feet below its top, which is twenty-five to thirty feet above the lake. 
Here and eastward many boulders ·of all sizes, to six or eight feet in diameter, line the shore. Nearly all of them 
are Archean,being mostly granite and gneiss, with a few of hornblendic and micaceous shists. Though mag
nesian limestone, such as outcrops near Winnipeg, has supplied a large proportion, usually from one-third to 
two-thirds, about this whole lake, only rare boulders of this rock are observable among the multitudes of 
Archean origin, probably not averaging more than one in five hundred. This is due to the more massive con
dition of the latter, enabling them to withstand much wearing and crushing, by which the limestone, with its 
joints and planes of bedding, becomes broken into small fragments. 

Near the chief's village, about four miles east of the Agency, is a slightly projecting point, called the 
Chief's point. It is formed of till, which rises steeply twenty-five to thirty feet above the lake. Indian corn
fields were seen on its top, in small clearings of the forest. 

Mud river, called the Red Lake river on former maps, and Grand Portage river hy Beltrami, enters the 
lake about a half mile east of the Chief's point. 'l'his is a considerable stream, larger than Pike creek, but 
smaller than Sandy river and Black Duck river. It is about fifteen miles long, flowing north-northwesterly from 
sources near Turtle lake and river, which are tributary to Cass lake. Its head-stream passes through lake 
Puposky or Papashkwa, named on the township plats Mud lake, two miles in diameter and containing a large 
island, and through two lower small lakes called Wild Rice lakes. Near the mouth of Mud river and thence 
eastward to Big point, the shore is till, rising grad ually in a quarter of a mile to a hight twenty to forty feet 
above the lake. It bears a heavy growth of hardwood, interspersed with occasional tall white pines, and has 
much fallen dead timber. 

Big point, a broad swell of the shore, standing out perhaps an eighth of a mile beyond the general outline 
westward, but little from that eastward, is a mile east of Mud river. It has a sandy and swampy low shore, 
spruce and elms being conspicuous in its forest. Here, and eastward to Black Duck river, the land bordering 
the lake is till, but it lies so low that no portion of it has been undermined and washed away, and therefore the 
shore has none or only very rare boulders. 

In the distance of about six miles from Big point to Black Duck river, four small creeks enter the lake, 
bordered by tracts of marsh grass along the lower part of their course. On these meadows we saw many stacks 
of hay which had been put up by the Indians, and the name Hay creek is applied to one or more of these 
streams. The eastmost of them has its mouth only ten rods west of the mouth of Black Duck river. Hay is 
also cut by the Indians on the meadows of this river, and of nearly all the streams about Red lake. 

Black Duck river enters the most southeast part of the southern half of the lake. His called Cakakisciou 
river on Beltrami's map, and Cormorant river on Nicollet's and later maps; but it seems to be known to the 

. English-speaking residents only by the name of Black Duck river. 'rhis stream is said to be about twenty miles 
long, flowing in general from the southeast, although its course for the last three miles is from the northeast. 
It is one of the four largest tributaries of the lake; the others that rival or slightly exceed this are the Tamarack, 
Wild Rice, and Sandy rivers. The principal tributary of the Black Duck river, coming in from the northeast 
about three miles from the mouth of the Black Duck, but only one mile back.from the lake shore, is now named 
on the township plats as the Cormorant river. 

Within the half mile next southwest of the mouth of Black Duck river, the shore turns from the course 
a few degrees north of east which it holds from Big Rock creek to the Agency and to this curve, about twenty 
miles, and gradually changes to a course only a few degrees east of north, which it holds for the next six or seven 
miles north, at the end of which distance it aO'ain curves within about a mile to a course nearly due west, thus 
giving to the east end of the south part of th: lake a peculiar truncated outline. 

Along the south side of the lake eastward from the Agency, much of the shore is twenty to thirty feet 
high, and the surface slowly rises in five or six miles to an elevation 100 to 125 feet above the lake; but the shore 
of the east end of this part of the lake is all low and does not attain any considerable hight within the few miles 
seen from the lalre. Its highest portion lies eastward from the mouth of Black Duck river, where it rises thirty 
·orforty feet at the distance of a mile. Hay meadow and marsh border the lower part of this river, which for 
two miles next to its mouth flows in a meandering south-southwesterly course within 30 to 100 rods from the lake. 

Stratified sand -and fine gravel, belonging to the modified drift, with no boulders, form the entire eastern 
shore, having a hight only five to ten feet above the lake for nearly five miles north from the lllouth of Black 
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feet in diameter border the shore here for an eighth of a mile 01' more, being piled wall-like against the foot of 
the bank of sand and gravel which rises about twenty-five feet. These boulders are derived from underlying 
till. The same plain of modified drift continues several miles east, generally forming a sandy beach; but 
boulders scattered here and there along the shore, occasionally in great abundance, show the neal' presence of 
till beneath. 

Two miles east from the Agency is a slightly projecting point of sandy shore, with no boulders, from which 
the land rises gently in forty or fifty rods to a hight of about thirty feet. This is called Kahgone's point, from 
an Indian living there; the meaning of this name is "young porcupine." Magnesian limestone pebbles make up 
two-thirds of the gravel here. A depth of three feet of water iH reached ten to fifteen rods from the shore. Neal' 
this point, and in many other places about the lake, little ridges of sand and gravel, one to three feet high, 
have been pushed up from this shallow water by the ice; but no specially noteworthy ice-formed ridges 
were seen. 

A small creek! having a length of foul' miles, enters the lake a haH mile east of Kahgone's point. From 
a fourth to a half of a mile beyond this creek, a steep bank of till forms the shore, occasionally showing an imper
fect stratification to a depth of five or ten feet below its top, which is twenty-five to thirty feet above the lake. 
Here and eastward many boulders 'of all sizes, to six or eight feet in diameter, line the shore. Nearly all of them 
are Archean, being mostly granite and gneiss, with a few of hornblendic and micaceous shists. Though mag
nesian limestone, such as outcrops near Winnipeg, has supplied a large proportion, usually from one-third to 
two-thirds, about this whole lake, only rare boulders of this rock are observable among the multitudes of 
Archean origin, probably not averaging more than one in five hundred. This is due to the more massive con
dition of the latter, enabling them to withstand much wearing and crushing, by which the limestone, with its 
joints and planes of bedding, becomes broken into small fragments. 

Neal' the chief's village, about four miles east of the Agency, is a slightly projecting point, called the 
Chief's point. It is formed of till, which rises steeply twenty-five to thirty feet above the lake. Indian corn
fields were seen on its top, in small clearings of the fores t. 

Mud river, called the Red Lake river on former maps, and Grand Portage river by Beltrami, enters the 
lake about a half mile east of the Chief's point. This is a considerable stream, larger than Pike creek, but 
smaller than Sandy river and Black Duck river. It is about fifteen miles long, flowing north-northwesterly from 
sources near Turtle lake and river, which are tributary to CaHs lake. Its head-stream passes through lake 
Puposky 01' Papashkwa, nallled on the township plats Mud lake, two miles in diameter and containing a large 
island, and through two lower small lakes called Wild Rice lakes. Near the mouth of Mud river and thence 
eastward to Big point, the shore is till, rising gradually ill a quarter of a mile to a hight twenty to forty feet 
above the lake. It bears a heavy growth of hardwood, interspersed with occasional tall white pines, and has 
much fallen dead timber. 

Big point, a broad swell of the shore, standing out perhaps an eighth of a mile beyond the general outline 
westward, but little from that eastward, is a mile east of Mud river. It has a sandy and swampy low shore, 
spruce and elms being conspicuous in its forest. Here, and eastward to Black Duck river, the land bordering 
the lake is till, but it lies so low that no portion of it has been undermined and washed away, and therefore the 
shore has none or only very rare boulders. 

In the distance of about six miles from Big point to Black Duck river, four small creeks enter the lake, 
bordered by tracts of marsh grass along the lower part of their course. On these meadows we saw many stacks 
of hay which had been put up by the Indians, and the name Hay creek is applied to one or more of these 
streams. The eastmost of them has its mouth only ten rods west of the mouth of Black Duck river. Hay is 
also cut by the Indians on the meadows of this river, and of nearly all the streams about Red lake. 

Black Duck river enters the most southeast part of the southern half of the lake. !tis called Cakakisciou 
river on Beltrami's map, and Cormorant river on Nicollet's and later maps; but it seems to be known to the 
English-speaking residents only by the name of Black Duck river. 'rhis stream is said to be about twenty miles 
long, flowing in general from the southeast, although its course for the last three miles is from the northeast. 
It is one of the foul' largest tributaries of the lake; the others that rival or slightly exceed this are the Tamarack, 
Wild Rice, and Sandy rivers. The principal tributary of the Black Duck river, coming in from the northeast 
about three miles from the mouth of the Black Duck, but only one mile back from the lake shore, is now named 
on the township plats as the Cormorant river. 

Within the half mile next southwest of the mouth of Black Duck river, the shore turns from the course 
a few degrees north of east which it holds from Big Rock creek to the Agency and to this curve, about twenty 
miles, and gradually changes to a course only a few degrees east of north, which it holds for the next six or seven 
miles north, at the end of which distance it aO'ain curves within about a mile to a course nearly due west, thus 
giving to the east end of the south part of th: lake a peculiar truncated outline. 

Along the south side of the lake eastward from the Agency, much of the shore is twenty to thirty feet 
high, and the surface slowly rises in five 01' six miles to' an elevation 100 to 125 feet above the lake; but the shore 
of the east end of this part of the lake is all low and does not attain any considerable hight within the few miles 
seen from the lajre. Its highest portion lies eastward from the mouth of Black Duck river, where it rises thirty 
'or forty feet at the distance of a mile. Hay meadow and marsh border the lower part of this river, which for 
two miles next to its mouth flows in a meandering south-southwesterly course within 30 to 100 rods from the lake. 

Stratified sand -and fine gravel, belonging to the modified drift, with no boulders, form the entire eastern 
shore, having a hight only five to ten feet above the lake for nearly five miles north from the mouth of Black 
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Duck river to a quarter of a mile north of Battle river, beyond which its elevation for about a mile is twenty to 
thirty feet, succeeded farther north, about the most northeastern part of the s~ore, by another low tract. . 

There is a portage of about thirty rods from the lake to Black Duck nver nearly one and a half mIles 
north from its mouth. It crosses an ice-formed ridge of gravel and sand six to eight feet high and about ten 
rods wide which is wooded. East of this the river flows through a hay meadow which is seen to extend three
fourths of a mile to the north and a half mile or more to the south, with a width of about a half mile. All the 
land surrounding this meadow is low, nowhere exceeding twenty feet above the lake, and is covered by deciduous 
trees. The only coniferous species seen in this view are occasional belts of tamarack along the margin of 

the meadow. 
Two dome-shaped knolls of sand, about fifteen feet above the general level, lie close to the shore, one a 

third of a mile and the other about a half mile north of the Black Duck portage. From a quarter to a half of a 
mile farther north many such sand mounds border the shore, their crests being twenty to thirty feet above the 
lake. All these are dunes heaped up by the wind, but they are not now undergoing much change, and have 
mostly become covered with trees and bushes. Beyond this tract they continue northward in diminishing num
bers and size for more than a mile. 

Battle river enters the lake from the east-northeast about a mile north from the most northern dunes. It 
is of nearly the same size as Big Rock creek and Mud river. 

In the curve to the north shore of this part of the lake the area of stratified sand and gravel is succeeded 
by till, which reaches thence to where the shore bends to the north about two miles south of the narrows. The 
south and north parts of the lake here are divided by a prominent morainic tract nearly ten miles long, which 
decreases in width from about four miles on the east to two and a half miles near its west end. In its eastern 
half it rises to a hight of 75 to 100 feet; but the highest portion of its western half, three to five miles east-south
east from the narrows, is elevated 150 to 200 feet above the lake. This massive ridge is till with a somewhat 
uneven surface, having knolls and small ridges twenty to fifty feet above the adjoining depressions. Much of 
this northern shore of the south part of the lake has been eroded so that it rises steeply ten to thirty feet, and 
abundant boulders are strown at the foot of the slope and accumulated in a wall-like border about project
ing points. 

Canoe portages are sometimes made from the northeastern curve of the south part of the lake to the vicinity 
of Poplar point on its northern part. 

Close to the shore the forest is mainly of deciduous species, including sugar maple, bur and black oaks, 
elms, hackberry, basswood, poplar, and ironwood; but the higher part of the morainic belt bears a majesticforest 
of white pine, which probably averages two miles or more in width and is the only extensive tract of this valuable 
timber near the shores of Red lake. 

Coasting along the shore from the curve above mentioned to the narrows, two small points are passed 
about one mile and two and a half miles from the east end of the lake, and a half mile farther west is a small 
tributary called Sucker creek, the only stream noted along this distance. About three and a half miles west of 
this creek is Elm point, and nearly two miles beyond this we passed the more conspicuous Uninhabited point, so 
named by the Indians because of ancient clearings along the shore for a mile to the east, where in some former 
time, probably a century or longer ago, the Ojibway people had a village and cultivated fields. Their bark lodges 
and more permanent log-houses, with patches of corn and potatoes, were seen here and there all along this shore 
from its most eastern portion to the narrows. 

Beyond the Uninhabited point the shore trends west-northwest past Pelican, Halfway, and Rabbit points, 
successively about three-fourths of a mile apart. Halfway point is marked by an unmmally large angular block 
of granite or gneiss at the water's edge. About a mile northwestward from Rabbit point is Sand Cliff point. 
The base of this is the usual wall of boulders, derived from erosion of till; but its upper part, rising steeply 
from near the lake level to a hight of seventy-five or eighty feet, is levelly bedded sand and fine gravel. From 
ten to thirty rods east of the point this deposit of modified drift is destitute of vegetation, so that it is con
spicuously visible from the south shore. This locality was the scene of the fasts, vigils and incantations of 
medicine men of the Ojibways in former times. 

Boulders line the shore for nearly a half mile northwest from the Sand Cliff point, but the till supplying 
them is covered by knolly deposits of sand and gravel, which rise in small plateaus and ridges, apparently 
trending mostly from east to west, their crests being fifty to seventy-five feet above the lake, with intervening 
hollows, thirty to fifty feet deep. These appear to belong to the morainic belt, and they abut eastward upon its 
higher land, which is chiefiy till. 

Next to the northwest a plain of sand and gravel, bearing no forest, and perhaps in part natural prairie, 
about twenty five feet above the lake, extends two-thirds of a mile or more, diminishing from a third to an 
eighth of a mile in width. On this tract, about a mile south from the narrows, is the principal Ojibway village 
of Red lake, consisting of forty or fifty lodges. Some fifty acres of corn, seve.al acres of potatoes, and a good 
supply of squashes, were nearly ready for harvest here. This village was represented fifty years ago on Nicollet's 
m~p,* which was of so early date that it does not show St. Paul, Minneapolis, nor any other city or town in 
JliImnesota. 

!"- narrow spit or hook of sand and gravel, mostly fifteen to twenty feet above the lake, projects north" 
ward mto the narrows; its low extremity, about a quarter of a mile long and only three to five feet high, is 
curved northeastward. A third part of the gravel here is limestone, the remainder being mostly granite and 

* Geology oj lvIinnesuta, vol. i, plate 7, facing p. 67. 
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Duck river to a quarter of a mile north of Battle river, beyond which its elevation for about a mile is twenty to 
thirty feet, succeeded farther north, about the most northeastern part of the s~ore, by another low tract. . 

There is a portage of about thirty rods from the lake to Black Duck !'lver nearly one and a half mIles 
north from its mouth. It crosses an ice-formed ridge of gravel and sand six to eight feet high and about ten 
rods wide which is wooded. East of this the river fiows through a hay meadow which is seen to extend three
fourths of a mile to the north and a half mile or more to the south, with a width of about a half mile. All the 
land surrounding this meadow is low, nowhere exceeding twenty feet above the lake, and is covered by deciduous 
trees. The only coniferous species seen in this view are occasional belts of tamarack along the margin of 

the meadow. 
Two dome-shaped knolls of sand, about fifteen feet above the general level, lie close to the shore, one a 

third of a mile and the other about a half mile north of the Black Duck portage. From a quarter to a half of a 
mile farther north many such sand mounds border the shore, their crests being twenty to thirty feet above the 
lake. All these are dunes heaped up by the wind, but they are not now undergoing much change, and have 
mostly become covered with trees and bushes. Beyond this tract they continue northward in diminishing num
bers and size for more than a mile. 

Battle river enters the lake from the east-northeast about a mile north from the most northern dunes. It 
is of nearly the same size as Big Rock creek and Mud river. 

In the curve to the north shore of this part of the lake the area of stratified sand and gravel is succeeded 
by till, which reaches thence to where the shore bends to the north about two miles south of the narrows. The 
south and north parts of the lake here are divided by a prominent morainic tract nearly ten miles long, which 
decreases in width from about four miles on the east to two and a half miles near its west end. In its eastern 
haH it rises to a hight of 75 to 100 feet; but the highest portion of its western half, three to five miles east-south
east from the narrows, is elevated 150 to 200 feet above the lake. This massive ridge is till with a somewhat 
uneven surface, having knolls and small ridges twenty to fifty feet above the adjoining depressions. Much of 
this northern shore of the south part of the lake has been eroded so that it rises steeply ten to thirty feet, and 
abundant boulders are strown at the foot of the slope and accumulated in a wall-like border about project
ing points. 

Canoe portages are sometimes made from the northeastern curve of the south part of the lake to the vicinity 
of Poplar point on its northern part. 

Close to the shore the forest is mainly of deciduous species, including sugar maple, bur and black oaks, 
elms, hackberry, basswood, poplar, and ironwood; but the higher part of the morainic belt bears a majestic forest 
of white pine, which probably averages two miles or more in width andis the only extensive tract of this valuable 
timber near the shores of Red lake. 

Coasting along the shore from the curve above mentioned to the narrows, two small points are passed 
about one mile and two and a half miles from the east end of the lake, and a half mile farther west is a small 
tributary called Sucker creek, the only stream noted along this distance. About three and a half miles west of 
this creek is Elm point, and nearly two miles beyond this we passed the more conspicuous Uninhabited point, so 
named by the Indians because of ancient clearings along the shore for a mile to the east, where in some former 
time, prohably a century or longer ago, the Ojibway people had a village and cultivated fields. Their bark lodges 
and more permanent log-houses, with patches of corn and potatoes, were seen here and there all along this shore 
from its most eastern portion to the narrows. 

Beyond the Uninhabited point the shore trends west-northwest past Pelican, Halfway, and Rabbit points, 
successively about three-fourths of a mile apart. Halfway point is marked by an unusually large angular block 
of granite or gneiss at the water's edge. About a mile northwestward from Rabbit point is Sand Cliff point. 
The base of this is the usual wall of boulders, derived from erosion of till; but its upper part, rising steeply 
from near the lake level to a hight of seventy-five or eighty feet, is levelly bedded sand and fine gravel. From 
ten to thirty rods east of the point this deposit of modified drift is destitute of vegetation, so that it is con· 
spicuously visible from the south shore. This locality was the scene of the fasts, vigils and incantations of 
medicine men of the Ojibways in former times. 

Boulders line the shore for nearly a half mile northwest from the Sand Cliff point, but the till supplying 
them is covered by knolly deposits of sand and gravel, which rise in small plateaus and ridges, apparently 
trending mostly from east to west, their crests being fifty to seventy-five feet above the lake, with intervening 
hollows, thirty to tifty feet deep. These appear to belong to the morainic belt, and they abut eastward upon its 
higher land, which is chiefiy till. 

Next to the northwest a plain of sand and gravel, bearing no forest, and perhaps in part natural prairie, 
about twenty five feet above the lake, extends two-thirds of a mile or more, diminishing from a third to an 
eighth of a mile in width. On this tract, about a mile south from the narrows, is the principal Ojibway village 
of Red lake, consisting of forty or fifty lodges. Some fifty acres of corn, seve,al acres of potatoes, and a good 
supply of squashes, were nearly ready for harvest here. This village was represented fifty years ago on Nicollet's 
map,* which was of so early date that it does not show St. Paul, Minneapolis, nor any other city or town in 
Minnesota. 

~ narrow spit or hook of sand and gravel, mostly fifteen to twenty feet above the lake, projects north
ward mto the narrows; its low extremity, about a quarter of a mile long and only three to five feet high, is 
curved northeastward. A third part of the gravel here is limestone, the remainder being mostly granite and 

'i: Geology Of I'rfinnesofa, vol. i, plate 7, facing p. 67. 
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gneiss; its largest pebbles are three inches in diameter. From this southeastern cayJe or point of the narrows 
it is about seve~-eighths of a m~le north to the end of the spit that runs east from the opposite shore. The 
~nds of both SpIts have .been eVl~ently forn::~d by t~e waves and shore-cllrrents while the lake has had nearly 
Its present level. The hIgher pI am of the OjIbway VIllage, and its extension northward along the greater part 
of the southeastern spit, were apparently formed similarly, thoir matorial being eroded from the shore near 
Sand Cliff point and carried northwestward, when the lake stood fifteen or twenty feet higher than now. But 
the low land west of Red lake along its outlet shows that the water hero could have such higher elevation only 
by forming a part of lako Agassiz when that held nearly its highest stage. . 

THE NORTHERN HALF OF RED LAKE. 

From the Ojibway village the south shore of the northern part of the lake trends nearly d lle east thirteen 
miles, the first seven miles being a few degrees north of east, and the next six miles due east, or in places a little 
south of east, ending where two or three unusually tall elms were observed close to the shore. Two slightly 
projecting points, bearing groves of large white pines, were passed one and a half and three miles east of the 
village; and one and a half miles east of the second Pine point the white pine forest of the massive ridge on the south 
extends quite to the shore, taking the place of the deciduous species. The next noteworthy projection in the 
shore line is nearly five miles farther east, being about two miles beyond where its trend first changes from 
slightly north to slightly south of east. One and a quarter miles farther on is Poplar point, bearing in its woods 
about a dozen large poplars, forty to fifty feet high, among smaller trees of ash elm basswood canoe birch 
balsam poplar, and willow. This point, guarded from the encroachments of the ~ave~ b; a wall of boulders: 
is only five or six rods across, and stands out sharply about the same distance beyond the general outline. Till, 
with plentiful boulders, the northern base of the morainic highland between the two parts of the lake, forms the 
shore from the Ojibway village to this point and about a half mile farther east. There it is succeeded by a low 
area of stratified gravel and sand, which extends three miles, having an elevation of only five to fifteen feet. 

Two miles east of Poplar point the shore line turns to the east-northeast. One and a half miles beyond this 
bend a swell of till twenty-five to forty feet high, covered with red and white pines, was seen a half mile south from 
the lake; and spruce, balsam fir, and tamarack grow along the shore. From these conifers the name Spruce 
point is given to the broad outward bend of the shore a mile farther east, which, however, bears only deciduous 
trees. This point and Jhe shore for a mile west and one and a half miles eastward are sandy till, with frequent 
boulders, having a hight of only five to ten feet adjacent to the lake, but rising here and there in hilly tracts 
thirty to fifty feet high within a quarter or a half of a mile back from the shore. 

Big Sand Bar creek enters the lake from the southeast about two and a half miles east-northeast of Spruce 
point. It is fifteen to twenty feet wide and has no hay meadow. At its mouth it has deposited a delta of sand 
and fine gravel, which projects fifteen rods into the lake. About a third part of its pebbles are limestone. A low 
tract of stratified sand and gravel, with no boulders, borders the lake for three-fourths of a mile west of this 
creek, and for parts of the way thence three miles east-northeastward to the Little Sand Bar creek; but mainly 
the shore between these creeks is till with numerous boulders, its hight near the lake being five to fifteen feet, 
while within a quarter or half of a mile it rises to twenty-five or fifty feet. 

Little Sand Bar creek, entering the lake from nearly east, is seven or eight feet wide and a foot deep. Its 
delta of sand and fine gravel juts out five rods, and the mouth of the creek is at its extreme point. Onward the 
shore trends nortli 30° east, and slowly turns to due north at the mouth of Tamarack river. No noteworthy 
projecting point nor abrupt turn in the shore line was noted in this distance of about four and a half miles, 
nor in the curve north of the Tamarack river, nor along the north side of the lake for sixteen miles thence west
ward to Big point. Between Little Sand Bar creek and Tamarack river the land is sand and gravel, with 
occasional but mostly infrequent boulders, being modified drift near the shore, where the hight is only five to fif
teen feet. Not far back from the lake the land rises to thirty or forty feet, and bears frequent groves of red and 
white pines, which also grow in a few places on the shore. Probably till forms some of these higher tracts. 

Near the mouth of the little Sand Bar creek I found a water-worn fragment of lignite, about two inches 
long, on the beach, the only one noticed in this exploration; it was the charcoal-like kind most commonly found 
in the drift deposits of all western Minnesota. 'L'his fragment and the plentifullimestone pebbles in the till and 
modified drift about this lake have been brought by currents of the ice-sheet from the northwest. The 
proportion of limestone pebbles about this east end of Red lake is only one-sixth to one-third, being less than 
farther west, as near the Agency. About sixty rods northeast from the Little Sand Bar creek a block of buff 
magnesian limestone, about five feet long, and several of smaller size, lie on the beach; they were doubtless 
united during their transportation by the ice-sheet. 

Tamarack or Swamp river, called Sturgeon or Amenikaning river on Beltrami's map, comes in at. the ex
treme east end of the lake. It is 50 to 100 feet wide near its mouth, and is bordered by shores of allUVIal sand 
only three or four feet high. In the high stage of the lake at the time of this visit its water was set back 
a considerable distance up the stream. 

Mr. Nathan Butler writes of this river and the usual route by it to the Big Fork of Rainy river, as follows: 
"The canoe route which I traveled from Red lake to Rainy river is up the Swamp river, which comes into 

the east end of the north lake from a little south of east. About eighteen miles by river, or ten by land, is a 
-portage on the north side, half a mile above the forks. There is but one place on this river dry enough to land, 
a~d that is about half-way up on the south side. The shores on both sides are tamarack swamp, or .ope~ meadow, 
WIth Willows interspersed. The landing is in a tamarack swamp, and the portage is north 85° east, SIX mIles, to the 
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gneiss; its largest pebbles are three inches in diameter. From this southeastern C8}Je or point of the narrows 
it is about seve~-eighths of a m~le north to the end of the spit that runs east from the opposite shore. The 
?nds of both SPIts have .been eVI?ently for~~d by t~e waves and shore-currents while the lake has had nearly 
ItS present level. The hIgher plam of the OjIbway vIllage, and its Gxtension northward along the greater part 
of the southeastern spit, were apparently formed similarly, their material heing eroded from the shore near 
Sand Cliff point and carried northwestward, when the lake stood fifteen or twenty feet higher than now. But 
the low land west of Red lake along its outlet shows that the water here eould have such higher elevation only 
by forming a part of lake Agassiz when that held nearly its highest stage. . 

THE NORTHERN HALF OF RED LAKE. 

From the Ojibway village the south shore of the northern part of tho lake trends nearly due east thirtreen 
miles, the first seven miles being a few degrees north of east, and tho next six miles due east, or in places a little 
south of east, ending where two or three unusually tall elms were observed close to the shore. 'l'wo slightly 
projeoting points, bearing groves of large white pines, were passed onG and a half and thrGe miles east of the 
village; and one and a half miles east of the seoond Pine point the white pine forest of the massive ridge on the south 
extends quite to the shore, taking the place of the deoiduous speoies. The next noteworthy projeotion in the 
shore line is nearly five miles farther east, being about two miles beyond where its trend first changes from 
slightly north to slightly south of east. One and a quarter miles farther on is Poplar point, bearing in its woods 
about a dozen large poplars, forty to fifty feet high, among smaller trees of ash elm basswood canoe birch 
balsam poplar, and willow. This point, guarded from the encroachments of the ~ave~ h; a wall of houlders: 
is only five or six rods across, and stands out sharply about the same distance beyond the general outline. Till, 
with plentiful boulders, the northern base of the morainio highland between the two parts of the lake, forms the 
shore from the Ojibway village to this point and about a half mile farther east. There it is sucoeeded by a low 
area of stratified gravel and sand, which extends three miles, having an elevation of only five to fifteen feet. 

Two miles east of Poplar point the shore line turns to the east-northeast. One and a half miles beyond this 
bend a swell of till twenty-five to fortyfeet high, oovered with red and white pines, was seen a half mile south from 
the lake; and spruce, balsam fir, and tamara ok grow along the shore. From these oonifers the name Spruoe 
point is given to the broad outward bend of the shore a mile farther east, which, however, bears only deciduous 
trees. This point and Jhe shore for a mile west and one and a half miles eastward are sandy till, with frequent 
boulders, having a hight of only five to ten feet adjaoent to the lake, but rising here and there in hilly tracts 
thirty to fifty feet high within a quarter or a half of a mile back from the shore. 

Big Sand Har creek enters the lake from the southeast about two and a half miles east-northeast of Spruce 
point. It is fifteen to twenty feet wide and has no hay meadow. At its mouth it has deposited a delta of sand 
and fine gravel, which projeots fifteen rods into the lake. About a third part of its pebbles are limestone. A low 
tract of stratified sand and gravel, with no boulders, borders the lake for three-fourths of a mile west of this 
creek, and for parts of the way thence three miles east-northeastward to the Little Sand Bar oreek; but mainly 
the shore between these creeks is till with numerous boulders, its hight near the lake being five to fifteen feet, 
while within a quarter or half of a mile it rises to twenty-five or fifty feet. 

Little Sand Bar creek, entering the lake from nearly east, is seven or eight feet wide and a foot deep. Its 
delta of sand and fine gravel juts out five rods, and the mouth of the creek is at its extreme point. Onward the 
shore trends north 30° east, and slowly turns to due north at the mouth of Tamarack river. No noteworthy 
projecting point nor abrupt turn in the shore line was noted in this distance of about four and a half miles, 
nor in the curve north of the Tamaraok river, nor along the north side of the lake for sixteen miles thence west
ward to Big point. Between Little Sand Bar oreek and Tamarack river the land is sand and gravel, with 
occasional but mostly infrequent boulders, being modified drift near the shore, where the hight is only five to fif
teen feet. Not far back from the lake the land rises to thirty or forty feet, and bears frequent groves of red and 
white pines, which also grow in a few plaoes on the shore. Probably till forms some of these higher tracts. 

Near the mouth of the little Sand Bar creek I found a water-worn fragment of lignite, about two inohes 
long, on the beach, the only one noticed in this exploration; it was the charcoal·like kind most oommonly found 
in the drift deposits of all western Minnesota. 'l'his fragment and the plentifullimestone pebbles in the till and 
modified drift about this lake have been brought by currents of the ioe-sheet from the northwest. The 
proportion of limestone pebbles about this east end of Red lake is only one-sixth to one-third, being less than 
farther west, as near the Agenoy. About sixty rods northeast from the Little Sand Bar oreek a block of buff 
magnesian limestone, about five feet long, and several of smaller size, lie on the beaoh; they were doubtless 
united during their transportation by the ice-sheet. 

Tamarack or Swamp river, called Sturgeon or Amenikaning river on Beltrami's map, comes in at the ex
treme east end of the lake. It is 50 to 100 feet wide near its mouth, and is bordered by shores of alluvial sand 
only three or four feet high. In the high stage of the lake at the time of this visit its water was set back 
a considerable distanoe up the stream. 

Mr. Nathan Butler writes of this river and the usual route by it to the Big Fork of Rainy river, as follows: 
"The canoe route whioh I traveled from Red lake to Rainy river is up the Swamp river, which comes into 

the east end of the north lake from a little south of east. About eighteen miles by river, or ten by land, is a 
-portage on the north side, half a mile above the forks. There is but on8 place on this river dry enough to land, 
and that is about half-way up on the south side. The shores on both sides are tamaraok swamp, or open meadow, 
with Willows interspersed. The landing is in a tamarack swamp, and the portage is north 85° east, six miles, to the 
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West branch of the Big Fork river. The first mile is through tamarack swamp, and then four and a half miles 
through open tamarack and spruce, ten to twelve .feet high and a~out ~he same distance apart, with the tr.aiJ 
worn down into the marsh so that in a wet season It forms a canal m WhICh the canoe c~n be towed along, wIth 
all the baggage in it. The last half mile is higher than any other part or the portage, bemg ilbout two feet above 

the level of the water in the river. 
"Going down the West branch of the Big Fork river, which is here about twenty. feet wide and six feet 

deep, there is tamarack swamp and meadow on either side, un~il the stream gradually smks ~eJow the surface 
enough to drain the land along its banks. Then we find growmg along the banks hardwood tImber, and a few 
scattering white pines, which form good ladders to climb and look out over the surrounding country, which is 
everywhere the same dead level tamarack swamp. It is some twenty-~ve or thi:ty miles by the river: and about 
fifteen or eighteen miles in a straight line, from the portage to the BIg Fork flver, and the course IS nearly or 

quite due east." * 
Within two and a half miles northwestward from Tamarack river the shore bends from a north to a west 

course and thence it runs west and west-southwest twenty~two miles to the Wild Rice river. This entire north 
shore ~f the northern part of the lake has no salient point. Its only projection is a broad swell, called Big point, 
that stands out slightly from the general outline about five-sevenths of the way from Tamarack river to Wild 
Rice river. Nearly all of this shore is swamp, bearing tamaracks, which vary in hight from twenty-five to seventy
five feet. With them are occasionally seen spruce, balsam fir, and arbor-vital, while all the slightly higher but 
still wet tracts bear also small poplars and canoe birches. The surface of this vast swamp is only one to three 
feet above the lake, from which it is separated by a wave-formed beach of sand, elevated one to three feet above 
the swamp and covered with rushes, grass, bushes, and trees. 

A slight stream, only three feet wide and scarcely flowing, bordered by three or four acres of grassy and 
bushy swale, enters the lake about five miles west from its east end. Near its mouth and in many other places 
boulders of granite and gneiss up to six or eight feet in diameter are seen on this shore, indicating that the 
swamp and margin of the lake lie on till at no great depth. The present position of these boulders is probably 
attributable to the action of ice freezing to the bottom of the shallow water and pushing them to the shore, as 
is observable about mauy lakes throughout the Northwest. 

Poplar creek, fifteen to twenty feet wide and two or three feet deep, comes in about nine miles from the 
east end of the lake; and three miles farther west the Two rivers, each thirty feet wide and three or four feet 
deep, have their mouths about a third of a mile apart. The lower portions of the 'fwo rivers are bordered by 
hay meadow, which is separated from the lake by the usual beach ridge of sand and fine gravel. Between the 
Two rivers, a quarter of a mile back from the lake, and along the shore for a mile eastward, a surface of till rises 
fifteen to twenty-five feet and is covered by a luxuriant forest of elm, oak, ash, basswood, canoe birch, and other 
deciduous species, with here and there a tall spiry, dark balsam fir. Another tract of till, having similar hight, 
but bearing less dense and smaller woods, mostly poplat, borders the lake also at the mouth of Poplar creek, and 
for a mile theuce west. Between these tracts about a half mile of the shore is tamarack swamp . 

• -\.bout fifty rods west from the west one of the Two rivers is the beginning of a "winter road" to the Lake 
of the Woods, a trail used by the Indians in winter, when the vast swamps of the intervening country are frozen. 
This trail, as Mr. Roderick McKenzie informed me, crosses the Big river, as it is known to the Indians, twelve 
miles north of Red lake. At this crossing the stream is twenty-five or thirty feet wide and flows northeastward. 
Some twenty miles farther north the trail crosses a branch of Big river, and a second branch of the same is 
crossed about six miles south from where this road reaches the Rainy river eight miles above its mouth. The 
whole distance from Red lake to the Lake of the Woods by this route is called by the Indians eighty-five miles. 

The Big river flows in a general course a few degrees east of north, nearly parallel with the winter road and 
on its east side, entering Rainy river, according to Mr. McKenzie, thirteen miles from the Lake of the Woods. It 
appears to be the same stream to which the names Winter Road river and Rapids river have been applied, though 
these names, probably erroneously, are shown by maps, following Nicollet, to belong to the first and third of three 
entirely distinct parallel streams. The earlier notes and map of Long's expedition, which are more reliable for that 
region, indicate instead only one large stream there, which he named the River of Rapids, " so-called from the 
fine rapids which it presents immediately above its mouth."t . 

Mr. Nathan Butler has given the following description of this road and the country traversed by it: 
"Several rivers come into the Rainy river from the south and southwest, the Black river, three miles below 

the Big fork, and the Winter Road river, twelve miles above the mouth of the Rainy river or Lake of the Woods, 
and two or three others between them. There is a winter road, or dog sled trail, leaving the Rainy river at the 
mouth of the Winter Road river and running about S. 20° W. fiIty miles, to the middle of the north shore of the 
north Red lake. The whole distance is one continuous swamp, tamarack and open, except where the streams 
have cut down into the ground from six to twelve feet below the surface, thus draining the land on either side 
for forty or fifty rods. Along the banks of these streams grow poplar, oak, elm, and small red pine timber, but 
none large enough for lumber. I traveled over this road, or trail, the last week in May, and the frost was out of 
the ground only about a foot below the surface, or I think we could not have passed over some of the open 
~arshes, as they appeared like what was once floating bog upon a lake, now a bottomless pit. In fact, we waded 
lllm ud and moss full of water, ankle deep, from Rainy river to Red lake, except along the banks of the streams 
that we crossed; and we had to have a brush heap for a bed, to keep us out of the water, every night, excepting 

*L"muerman and llfan"jacture?', Dec. 7,1877. 
t Keating's NarTative, vol. ii, p. 111. 
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West branch of the Big Fork river. The first mile is through tamarack swamp, and then four and a half miles 
through open tamarack and spruce, ten to twelve .feet high and a~out ~he same distance apart, with the tr.ail 
worn down into the marsh so that in a wet season It forms a canal m which the canoe c~n be towed along, with 
all the baggage in it. The last half mile is higher than any other part or the portage, bemg ilbout two feet above 

the level of the water in the river. 
"Going down the West branch of the Big Fork river, which is here about twenty. feet wide and six feet 

deep, there is tamarack swamp and meadow on either side, un~il the stream gradually smks ~elow the surface 
enough to drain the land along its banks. Then we find growmg along the banks hardwood timber, and a few 
scattering white pines, which form good ladders to climb and look out over the surrounding country, which is 
everywhere the same dead level tamarack swamp. It is some twenty-five or thirty miles by the river, and about 
fifteen or eighteen miles in a straight line, from the portage to the Big Fork river, and the course is nearly or 

quite due east." * 
Within two and a half miles northwestward from Tamarack river the shore bends from a north to a west 

course and thence it runs west and west-southwest twenty-two miles to the Wild Rice river. This entire north 
shore ~f the northern part of the lake has no salient point. Its only projection is a broad swell, called Big point, 
that stands out slightly from the general outline about five-sevenths of the way from Tamarack river to Wild 
Rice river. Nearly all of this shore is swamp, bearing tamaracks, which vary in hight from twenty-five to seventy
five feet. With them are occasionally seen spruce, balsam fir, and arbor-vital, while all the slightly higher but 
still wet tracts bear also small poplars and canoe birches. The surface of this vast swamp is only one to three 
feet above the lake, from which it is separated by a wave-formed beach of sand, elevated one to three feet above 
the swamp and covered with rushes, grass, bushes, and trees. 

A slight stream, only three feet wide and scarcely flowing, bordered by three or four acres of grassy and 
bushy swale, enters the lake about five miles west from its east end. Near its mouth and in many other places 
boulders of gTanite and gneiss up to six or eight feet in diameter are seen on this shore, indicating that the 
swamp and margin of the lake lie on till at no great depth. The present position of these boulders is probably 
attributable to the action of ice freezing to the bottom of the shallow water and pushing them to the shore, as 
is observable about many lakes throughout the Northwest. 

Poplar creek, fifteen to twenty feet wide and two or three feet deep, comes in about nine miles from the 
east end of the lake; and three miles farther west the Two rivers, each thirty feet wide and three or four feet 
deep, have their mouths about a third of a mile apart. The lower portions of the Two rivers are bordered by 
hay meadow, which is separated from the lake by the usual beach ridge of sand and fine gravel. Between the 
Two rivers, a quarter of a mile back from the lake, and along the shore for a mile eastward, a surface of till rises 
fifteen to twenty-five feet and is covered by a luxuriant forest of elm, oak, ash, basswood, canoe birch, and other 
deciduous species, with here and there a tall spiry, dark balsam fir. Another tract of till, having similar hight, 
but bearing less dense and smaller woods, mostly poplar, borders the lake also at the mouth of Poplar creek, and 
for a mile thence west. Between these tracts about a half mile of the shore is tamarack swamp . 

. -\.bout fifty rods west from the west one of the Two rivers is the beginning of a "winter road" to the Lake 
of the Woods, a trail used by the Indians in winter, when the vast swamps of the intervening country are frozen. 
This trail, as Mr. Roderick McKenzie informed me, crosses the Big river, as it is known to the Indians, twelve 
miles north of Red lake. At this crossing the stream is twenty-five or thirty feet wide and flows northeastward. 
Some twenty miles farther north the trail crosses a branch of Big river, and a second branch of the same is 
crossed about six miles south from where this road reaches the Rainy river eight miles above its mouth. The 
whole distance from Red lake to the Lake of the Woods by this route is called by the Indians eighty-five miles. 

The Big river flows in a general course a few degrees east of north, nearly parallel with the winter road and 
on its east side, entering Rainy river, according to Mr. McKenzie, thirteen miles from the Lake of the Woods. It 
appears to be the same stream to which the names Winter Road river and Rapids river have been applied, though 
these names, probably erroneously, are shown by maps, following Nicollet, to belong to the first and third of three 
entirely distinct parallel streams. The earlier notes and map of Long's expedition, which are more reliable for that 
region, indicate instead only one large stream there, which he named the River of Rapids, "so-called from the 
fine rapids which it presents immediately above its mouth."t 

Mr. Nathan Butler has given the following description of this road and the country traversed by it: 
"Several rivers come into the Rainy river from the south and southwest, the Black river, three miles below 

the Big fork, and the Winter Road river, twelve miles above the mouth of the Rainy river or Lake of the Woods, 
and two or three others between them. There is a winter road, or dog sled trail, leaving the Rainy river at the 
mouth of the Winter Road river and running about S. 20° W. fiEty miles, to the middle of the north shore of the 
north Red lake. The whole distance is one continuous swamp, tamarack and open, except where the streams 
have cut down into the ground from six to twelve feet below the surface, thus draining the land on either side 
for forty or fifty rods. Along the banks of these streams grow poplar, oak, elm, and small red pine timber, but 
none large GDough for lumber. I traveled over this road, or trail, the last week in May, and the frost was out of 
the ground only about a foot below the surface, or I think we could not have passed over some of the open 
~arshes, as they appeared like what was once floating bog upon a lake, now a bottomless pit. In fact, we waded 
III mud and moss full of water, ankle deep, from Rainy river to Red lake, except along the banks of the streams 
that we crossed; and we had to have a brush heap for a bed, to keep us out of the water, every night, excepting 

*Lmnuerman and lJfanujacture?', Dec. 7,1877. 
t Keatingls NarTalive, vol. ii, p. 111. 
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one when we camped on the bank of a stream. Climbing the tallest trees no sign of dry land or heavy timber 
could be seen anywhere, nothing but the same endless tamarack swamp. The Indians do not pretend to visit 
this part of their reservation except when it is frozen. The water in this swamp is level with the water in Red 
lake around its entire north shore, being separated from it by a ridge of sand thrown up by the ice and watel', a 
rod or two wide and from two to six feet high." * 

About four miles west-southwest from the Two rivers, the shore turns for a mile to a course a few degrees 
more-westerly, forming Big point, the farthest land seen on this north shore in the view from its west end at the 
mouth of Wild Rice river, six miles distant. A tributary stream, ten to fifteen feet wide, entering- the lake, as 
I was informed by Mr. McKenzie, a third of a mile west of this point, is called Big Point creek.' Nearly two 
miles farther west, I observed a small creek, ten feet wide and a foot deep, with a few acres of hay m;Jadow 
bordering it back of the beach, but only three feet wide and four inches deep on the Ranel hal' at its mouth. 
This whole distance, about ten miles, from the Two rivers to Wild Rice river, is one continuous tamarack swamp. 

Wild Rice river joins the lake at the extreme northwestern portion of this half, where the shore turns in 
a graceful curve to the south. It is at the line of division between the tamarack swamp, whieh also continues 
westward, and the undulating area, probably till, five to fifteen feet high, covered with hardened forest, adjoining 
the shore for the first mile southward. This is a large stream, forty to fifty feet wide and five to seven feet deep 
for a distance of at least fifty rods from Its mouth. Wild rice grows along its banks for a width of six to ten 
feet. About a mile southwest from its mouth this river flows through the north end of a shallow lake, said to be 
nearly a mile long, from north to south, called "Wild Rice lake from its rank growth of this useful grain, which 
supplies a large part of the winter food of the Indians. On the east side of this lake a tract of marsh, destitute 
of trees, extends to the wooded beach of Red lake, about a mile south of this river. 

Farther south an area of gravel and sand, with no boulders, gradually rises to a hight of fifteen or twenty 
feet. The most southwestern two miles of this shore, extending to the low west point of the narrows, is a 
beautiful beach of sand and fine gravel, not bordered in front by the rushes and tall reed-grass that generally 
grow in the edge of the water of this north part of the lake to a distance of ten or fifteen rods from the shore, 
hiding the beach from the sight of the canoe voyager. 

Only a few trees, poplars and elms, and occasional clumps of bushes, with grass, grow on the narrow 
sand spit, about a mile long and only three to five feet high, which projects due east, forming the north side of 
the narrows. Its extremity for a length of twenty rods, with a width of one or two rods, is bare sand, only a few 
inches above the high stage of the lake. On this sand I counted about a hundred and fifty ,gulls, which rose 
and circled over us as our canoe rounded the point, entering the south half of the lake. There, too, a fine sand 
beach, free from rushes and grass, reaches west a long distance. Near this narrows, perhaps at its opposite side 
on the site of the Ojibway village, there will probably be in future years a summer resort of tourists and sports
men, attracted hither by the beautiful wide expanses of this double lake, by the fish and fowl of its waters, and 
the moose, deer and caribou of the surrounding forest. 

FROM THE NARROWS AROUND THE WEST POINT OF THE SOUTHERN HALF OF RED LAKE ero THE AGENOY. 

From the West Narrows point the north shore of the south half of Red lake trends only a few degrees 
south of west for one and a half miles, and thence nearly southwest for three miles, passing the mouths of three 
small creeks. A prairie of fiat sand and gravel, about ten acres in extent and three to six feet high, borders the 
shore a mile west of the narrows. It bears no trees nor brush, and seems to be naturally unwooded, but it has 
no ordinary prairie sward, being covered with nodding lyme-grass or wild rye, strawberries, raspberries, very 
small plants of smooth sumach, and several species of golden-rods and asters. Close west of this is a tract of a 
few acres of hay meadow, bearing a fine crop of blue-joint grass; and such little patches of meadow, with stacks 
of hay made by the Indians, were seen in other places westward just back of the beach. After passing about a 
mile of tamarack swamp, the shore farther west, beginning about three miles west of the narrows, is in part low, 
slightly undulating till, with frequent boulders, which are almost all gneiss, and granite. About half of the 
gravel here is limestone. With the tracts of till, bearing poplars, canoe birches, elms, and bur oaks, are other more 
extensive tracts of tamarack swamp, in portions of which all the trees have died but remain standing, their dead 
trunks and branches being festooned with mosses. 

Starting point, four miles west from the narrows, is so named by the Indians because they gather there for 
starting in company in canoe trips to the outlet and down the Red Lake river. Here the shore turns to a west
southwest course, which it holds for the next six miles, and thence curves gradually for six miles onward south
west and south to the outlet. All the land bordering this part of the lake is low, being partly tamarack and 
spruce swamp, while other portions rise slowly to a hight of fifteen or twenty-five feet. These higher portions 
are apparently till, and bear a heavy growth of hardwood forest. Often a belt of hay meadow, ten to fifty rods 
wide, intervenes between such tracts and the beach ridge, which is sand and gravel with occasional boulders. 

Oak creek, about ten feet wide, comes in some four miles north of the outlet, deriving its n~me from the 
occurrence of several large oaks on the beach near its mouth. A marsh, destitute of trees, but WIth tamarack 
and spruce swamp beyond it westward, borders the lake thence one and a half miles south-southwest to L~st 
creek, which is of similar small size, beiner the last tributary passed in approaching the outlet. For a half mIle 
south from Last creek the shore is five to"ten feet high, and bears a heavy growth of mixed timber, mostly decid
uous species, but including also frequent spruces and balsam firs. 

• Lumbc,-man and ManujacttwB>', Dec. 7,1877. 
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one when we camped on the bank of a stream. Climbing the tallest trees no sign of dry land or heavy timher 
could be seen anywhere, nothing but the same endless tamarack swamp. The Indians do not pretend to visit 
this part of their reservation except when it is frozen. The water ill this swamp is level with the water in Red 
lake around its entire north shore, being separated from it by a ridge of sand thrown up by the ice and water, a 
rod or two wide and from two to six feet high." * 

About four miles west-southwest from the Two rivers, the shore turns for a mile to a course a few degrees 
more-westerly, forming Big point, the farthest land seen on this nortb shore in the view from its west end at the 
mouth of Wild Rice river, six miles distant. A tributary stream, ten to fifteen feet wide, entering the lake, as 
I was informed by Mr. McKenzie, a third of a mile west of this point, is called Big Point creek.- Nearly two 
miles farther west, I observed a small creek, ten feet wide and a foot deep, with a few acres oE hay m~'adow 
bordering it back of the beach, but only three feet wide and four inches deep on the sand bar at its mouth. 
This whole distance, about ten miles, from the Two rivers to Wild Rice river, is one continuous tamarack swamp. 

Wild Rice river joins the lake at the extreme northwestern portion o[ this half, where the shore turns in 
a graceful curve to the south. It is at the line of division between the tamarack swamp, which also continues 
westward, and the undUlating area, proba.bly till, five to fifteen feet high, covered with hardened forest, adjoining 
the shore for the first mile southwa.rd. This is a large stream, forty to fifty feet wide and five to seven feet deep 
for a distance of at least fifty rods from Its mouth. Wild rice grows along its banks for a width of six to ten 
feet. About a mile southwest from its mouth this river flows through the north end of a shallow lake, said to be 
nearly a mile long, from north to south, called "Wild Rice lake from its rank growth of this useful grain, which 
supplies a large part of the winter food of the Indians. On the east side of this lake a tract of marsh, destitute 
of trees, extends to the wooded beach of Red lake, about a mile south of this river. 

Farther south an area of gravel and sand, with no boulders, gradually rises to a hight of fifteen or twenty 
feet. The most southwestern two miles of this shore, extending to the low west point of the narrows, is a 
beautiful beach of sand and fine gravel, not bordered in front by the rushes and tall reed-grass that generally 
grow in the edge of the water of this north part of the lake to a distance of tell or fifteen rods from the shore, 
hiding the beach from the sight of the canoe voyager. 

Only a few trees, poplars and elms, and occasional clumps of bushes, with grass, grow on the narrow 
sand spit, about a mile long and only three to five feet high, which projects due east, forming the north side of 
the narrows. Its extremity for a length of twenty rods, with a width of one or two rods, is bare sand, only a few 
inches above the high stage of the lake. On this sand I counted about a hundred and fifty -gulls, which rose 
and circled over us as our canoe rounded the point, entering the south half of the lake. There, too, a fine sand 
beach, free from rushes and grass, reaches west a long distance. Near this narrows, perhaps at its opposite side 
on the site of the Ojibway village, there will probably be in future years a summer resort of tourists and sports
men, attracted hither by the beautiful wide expanses of this double lake, by the fish and fowl of its waters, and 
the moose, deer and caribou of the surrounding forest. 

FROM THE NARROWS AROUND THE WEST POINT OF THE SOUTHERN HALF OF RED LAKE TO THE AGENCY. 

From the West Narrows point the north shore of the south half of Red lake trends only a few degrees 
south of west for one and a half miles, and thence nearly south west for three miles, passing the mouths of three 
small creeks. A prairie of flat sand and gravel, about ten acres in extent and three to six feet high, borders the 
shore a mile west of the narrows. It bears no trees nor brush, and seems to be naturally unwooded, but it has 
no ordinary prairie sward, being covered with nodding lyme-grass or wild rye, strawberries, raspberries, very 
small plants of smooth sumach, and several species of golden-rods and asters. Close west of this is a tract of a 
few acres of hay meadow, bearing a fine crop of blue-joint grass; and such little patches of meadow, with stacks 
of hay made by the Indians, were seen in other places westward just back of the beach. After passing about a 
mile of tamarack swamp, the shore farther west, beginning about three miles west of the narrows, is in part low, 
slightly undulating till, with frequent boulders, which are almost all gneiss, and granite. About half of the 
gravel here is limestone. With the tracts of till, bearing poplars, canoe birches, elms, and bur oaks, are other more 
extensive tracts of tamarack swamp, in portions of which all the trees have died but remain standing, their dead 
trunks and branches being festooned with mosses. 

Starting point, four miles west from the narrows, is so named by the Indians because they gather there for 
starting in company in canoe trips to the outlet and down the Red Lake river. Here the shore turns to a west
southwest course, which it holds for the next six miles, and thence curves gradually for six miles onward south
west and south to the outlet. All the land bordering this part of the lake is low, being partly tamarack and 
spruce swamp, while other portions rise slowly to a hight of fifteen or twenty-five feet. These higher portions 
are apparently till, and bear a heavy growth of hardwood forest. Often a belt of hay meadow, ten to fifty rods 
wide, intervenes between such tracts and the beach ridge, which is sand and gravel with occasional boulders. 

Oak creek, about ten feet wide, comes in some four miles north of the outlet, deriving its name from the 
occurrence of several large oaks on the beach near its mouth. A marsh, destitute of trees, but with tamarack 
and spruce swamp beyond it westward, borders the lake thence one and a half miles south-southwest to L~st 
creek, which is of similar small size beino- the last tributary passed in approaching the outlet. For a half mIle 
south from Last creek the shore is five tobten feet high, and bears a heavy growth of mixed timber, mostly decid
uous species, but including also frequent spruces and balsam firs. 

• Lumbc"man and Manujactu,·cT, Dec. 7,1877. 
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M . h with no trees borders the lake for a mile or more from the outlet both to the north and south; but 
at no grea~: distance back from the shore and river the surface rises a fe;, fee~ ~igher in a slightly undulating 
prairie. An aboriginal mound, about fifteen feet high, is situated. on thIS pr.alrle north of the Red Lake river 
about a quarter of a mile from the mouth o~ the lake: ~he OU~flohwhmgf stre~ml l~t' at first abfoutthtetnd~odt s wide ~d 
one to three feet deep, but is narrowed to SIX rods wlthm an elg t 0 a ml e, 1 s course or a IS ance bemg 

northwest. . . 
Red Lake river is said to receive no tributary till it reaches the mouth of ThIef flver, about forty miles 

distant west-northwest. It has a very meandering course, bordered by marshy land for ten or fifteen miles next 
to the lake and thence by slightly higher land with hardwood forest. Two days are required to descend it in 
canoes to Thief river, and three and a half days to return. It has considerable current, but no rapids excepting 
within a few miles above the mouth of Thief river. There the bed of the stream is in some places paved with 
drift boulders and coarse gravel, so that in low stages of water, as Beltrami relates, canoes are relieved of part of 
their load to protect them from injury. 

Low shores of sand and gravel, with no boulders, bearing mostly small poplar woods, but having two 
groves of large hardwood that perhaps occupy areas of till, begin about a mile south .of t~e outlet and extend 
some four miles, curving from south to southeast. Then hay meadow, a quarter of a mIle WIde, borders the lake 
for the next mile, to the mouth of Sandy river, which comes in at the most southwestern portion of the lake. 

The last third of a mile of Sandy river, about thirty-five feet wide and four feet deep, flows east, but the 
general course from its sources a few miles southeast of Clearwater lake to its mouth is northwest. Many logs of 
white and red pine have been cut and floated down this stream by the Indians. About a mile west from its 
mouth is the southeast end of a lake nearly one and a half miles long and a sixth to a third of a mile wide, which 
is a favorite resort of wild ducks. Mr. McKenzie described it as bordered by marshy and reedy shores, but 
having a large expanse of clear water, with a maximum depth of seven feet. Its hight is only one or two feet 
above Red lake, from which its southeast portion is separated by a belt of marsh and beach sand together about 
a quarter of a mile wide. Its short outlet flows through marsh and hay meadow to the Sandy river. 

Till, thinly overlain in some places by stratified gravel and sand and covered with a magnificent hardwood 
forest, interspersed with occasional groves of white, red and jack pines and scattered spruces and firs, forms the 
south shore from Sandy river to Little Rock creek, a distance of about six miles. For one and a half miles from 
Sandy river to Big Rock creek, the trend is east-southeast; then for two and a half miles itis nearly due east. 
These portions have low shores, not eroded by the lake and consequently strown with only few boulders; but the 
surface rises southward to thirty or forty feet within a mile. Farther eastward the trend is a few degrees north 
of east, and the eroded shores usually rise steeply ten to twenty-five or thirty feet, and are at the base, especially 
about projecting points, bordered by walls of boulders, derived from the till that has been worn away. 

Big Rock creek, flowing into the lake from the southeast, is also called Shell creek for Shell lake from 
which it issues, where it is crossed by the road from Red Lake agency to White Earth. It takes the former name, 
frOll two large boulders, each about eight feet in diameter, which lie some five rods apart on the lake'shore, 
one on each side of the mouth of this stream. 

About four and a half miles farther east we passed Little Rock point and creek, a quarter of a mile apart 
so-called because of the beach of many little boulders, one to two feet in diameter, which extends an eighth of 
a mile each way from the mouth of the creek. A large boulder, some eight feet in diameter, lies on the shore 
only ten feet east of its mouth, standing up quite alone. An Indian clearing reaches along the shore a third of 
a mile to the east, comprising more than a hundred acres of fertile cultivated land, with several substantial 
houses. 

Little Rock creek is commonly known as Hay Meadow creek, where it is crossed by the road to White 
Earth about three miles southwest of Red Lake Agency. It there is bordered by a tract of meadow, and a 
quarter of a mile northwest from the road it flows through a small lake. It is called Gravel rjver by Beltrami, 
who visited and named a series of eight small lakes tributary to it. 

Sections of the bank, about twenty-five feet high, adjoining the lake west of this creek, are wholly till of 
the ordinary type, excepting that an imperfect stratification was observed in the upper five feet; but an eighth 
of a mile east of the creek, and for three miles onward, the land is stratified sand and fine gravel, and as no 
boulders are seen along the shore for that distance, it is evident that the underlying till does not there rise to 
the lake level. Red Water creek, very small, probably named thus in allusion to the bog iron ore of its springs, 
enters the lake half way between Little Rock creek and the Agency. The trend of the shore, along this distance 
of about four miles, is nearly due east. 

Boulders are again.strown plentifully on the beach for a third of a mile next west of the Agency and Pike 
creek; but the surface, here cleared and cultivated by the Indians, is stratified gravel and sand, yet quite pro
ductiv~, like all the modified drift of western Minnesota, on account of its considerable proportion of limestone. 
A se~tlOn freshly exposed, a quarter of a mile west from the mouth of Pike creek was dark soil, one foot; levelly 
stratified sand a~d fine gravel, five feet; and ordinary yellowish till or boulder-clay, enclo$ing many rock frag
ment~ and occaslOnal large boulders, twenty feet, to the level of the lake. Five feet below the top of the till, it 
contams a layer a foot thick, somewhat darker and moister than its other portions. The boulders here and 
about all the la~e are, .as before noted, nearly all Archean gneiss and granite, micaceous and hornblendic, with 
scarcely any mIca schist or other schists. Occasionally a dark or greenish trappeau boulder was found, but no 
slate, .sandstone nor conglomerate, and nothing that seemed referable to the Keweenawan series of lake 
Supenor. 
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Marsh with no trees borders the lake for a mile or more fr~m the outlet bot~ to t~e nor~h and south; but 
at no great distance back from the shore and river .the ~urf~ce nses a fe:" feet. ~Igher III a slIghtly undula~ing 

•• A "orl'O"I'na1 mound about fifteen feet hIgh IS sItuated on thIS praIl'le north of the Red Lake fIver praIrIe. .tl..D au b C -, ' 

about a quarter of a mile from the mouth of the lake: ?,he ou~flowing stre~m i~ at first about ten ~ods wide ~nd 
one to three feet deep, but is narrowed to six rods wlthIll an eIghth of a mIle, ItS course for that dIstance beIng 

northwest. . . 
Red Lake river is said to receive no tributary till it reaches the mouth of ThIef fIver, about forty miles 

distant west-northwest. It has a very meandering course, bordered by marshy land for ten or fifteen miles next 
to the lake, and thence by slightly higher land with hardwood forest. Two days are required to descend it in 
canoes to Thief river, and three and a half days to return. It has considerable current, but no rapids excepting 
within a few miles above the mouth of Thief river. There the bed of the stream is in some places paved with 
drift boulders and coarse gravel, so that in low stages of water, as Beltrami relates, canoes are relieved of part of 
their load to protect them from injury. 

Low shores of sand and gravel, with no boulders, bearing mostly small poplar woods, but having two 
groves of large hardwood that perhaps occupy areas of till, begin about a mile south .of t~e outlet and extend 
some four miles, curving from south to southeast. Then hay meadow, a quarter of a mIle WIde, borders the lake 
for the next mile, to the mouth of Sandy river, which comes in at the most southwestern portion of the lake. 

The last third of a mile of Sandy river, about thirty-five feet wide and four feet deep, flows east, but the 
general course from its sources a few miles southeast of Clearwater lake to its mouth is northwest. Many logs of 
white and red pine have been cut and floated down this stream by the Indians. About a mile west from its 
mouth is the southeast end of a lake nearly one and a half miles long and a sixth to a third of a mile wide, which 
is a favorite resort of wild ducks. Mr. McKenzie described it as bordered by marshy and reedy shores, but 
having a large expanse of clear water, with a maximum depth of seven feet. Its hight is only one or tWD feet 
above Red laJm, from which its southeast portion is separated by a belt of marsh and beach sand together about 
a quarter of a mile wide. Its short outlet flows through marsh and hay meadow to the Sandy river. 

Till, thinly overlain in some places by stratified gravel and sand and covered with a magnificent hardwood 
forest, interspersed with occasional groves of white, red and jack pines and scattered spruces and firs, forms the 
south shore from Sandy river to Little Rock creek, a distance of about six miles. For one and a half miles from 
Sandy river to Big Rock creek, the trend is east-southeast; then for two and a half miles itis nearly due east. 
These portions have low shores, not eroded by the lake and consequently strown with only few boulders; but the 
surface rises southward to thirty or forty feet within a mile. Farther eastward the trend is a few degrees north 
of east, and the eroded shores usually rise steeply ten to twenty-five or thirty feet, and are at the base, especially 
about projecting points, bordered by walls of boulders, derived from the till that has been worn away. 

Big Rock creek, flowing into the lake from the southeast, is also called Shell creek for Shell lake from 
which it issues, where it is crossed by the road from Red Lake agency to White Earth. It takes the former name, 
from two large boulders, each about eight feet in diameter, which lie some five rods apart on the lake shore, 
one on each side of the mouth of this stream. 

About four and a half miles farther east we passed Little Rock point and creek, a quarter of a mile apart 
so-called because of the beach of many little boulders, one to two feet in diameter, which extends an eighth Df 
a mile each way from the mouth of the creek. A large boulder, some eight feet in diameter, lies on the shore 
only ten feet east of its mouth, standing up quite alone. An Indian clearing reaches along the shore a third of 
a mile to the east, comprising more than a hundred acres of fertile cultivated land, with several substantial 
houses. 

Little Rock creek is commonly known as Hay Meadow creek, where it is crossed by the road to White 
Earth about three miles southwest of Red Lake Agency. It there is bordered by a tract of meadow, and a 
quarter of a mile northwest from the road it flows through a small lake. It is called Gravel rjver by Beltrami, 
who visited and named a series of eight small lakes tributary to it. 

Sections of the bank, about twenty-five feet high, adjoining the lake west of this creek, are wholly till of 
the ordinary type, excepting that an imperfect stratification was observed in the upper five feet; but an eighth 
of a mile east of the creek, and for three miles onward, the land is stratified sand and fine gravel, and as no 
boulders are seen along the shore for that distance, it is evident that the underlying till does not there rise to 
the lake level. Red Water creek, very small, probably named thus in allusion to the bog iron ore of its springs, 
enters the lake half way between Little Rock creek and the Agency. The trend of the shore, along this distance 
of about four miles, is nearly due east. 

Boulders are againstrown plentifully on the beach for a third of a mile next west of the Agency and Pike 
creek; but the surface, here cleared and cultivated by the Indians, is stratified gravel and sand, yet quite pro
ductiv~, like all the modified drift of western Minnesota, on account of its considerable proportion of limestone. 
A sectIOn freshly exposed, a quarter of a mile west from the mouth of Pike creek was dark soil one foot; levelly 
stratified sand a~d fine gravel, five feet; and ordinary yellowish till or boulder-clay, encloSiing' many rock frag
ment~ and occasIOnal large boulders, twenty feet, to the level of the lake. Five feet below the top of the till, it 
contams a layer a foot thick, somewhat darker and moister than its other portions. The boulders here and 
about all the la~e are, .a~ before note~, nearly all ~rchean gneiss and granite, micaceous and hornblendic, with 
scarcely any mICa schlSG or other schIstS. OccasIOnally a dark or greenish trappeau boulder was found, but no 
slate, .sandstone nor conglomerate, and nothing that seemed referable to th0 Keweenawan series of lake 
SuperIor. 
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NORTHERN PART OF THE ROUTE TO OASS LAKE. 

The route from the Agency to Oass and Leech lakes was examined for a distance of about six miles to its 
lower ~ro,ssi~g of Pike creek. Nearly a mi.le east of. the ~gency it diverg~s from the west-to-eastroad leading to 
the chIef s vIllage, and passes southeastward. After leavll1g the level plam of sand and fiDe gravel, about three
fourths of a mile wide, which borders the lake, it pursues a crooked course through an area of very irregular 
knolls, composed similarly of ~and an~ gravel, b~t deposited in short ridges, mounds and hillocks, twenty to 
forty feet hIgh. Many of the ll1tervenll1g depresslOns are occupied by small tamarack swamps. The trend of 
the ridges and swamps is more frequently from east to west than in other directions, but this is not usually con
spicuous along the course of the road. Occasional boulders were seen on the surface of many of these knolls, 
but nowhere in such numbers as are common on morainic tracts, and no deposits of till or boulder-clay were 
found. Such uneven surface extends two or three miles, and its northorn and southern boundaries are each a 
valley-like depression that runs somewhat deviously from east to west. Beyond this helt the road passes over a 
slightly undulating plain of gravel and sand, with the higher parts five to ten feet ahove the depressions, exoept
ing here and there steep-sided hollows, ten to twenty-five feet deep, often enola sed on all sides with no outlet. 
The northern border of the area of knolls has an elevation of about fifty feet above Red lake, or 1,225 feet, 
approximately, above the sea level. Thence the elevation rises slowly southeastward, so that the plain in the 
vicinity of the lower crossing of Pike creek is about 1,325 feet, and the stream 1,300 feet, ahove the sea. Farther 
to the southeast deposits of sand and gravel, partly in the knolls and ridges, and partly in nearly flat tracts, are 
said to 0CCUpy most of the country to Oass and Leech lakes. The forest on the area examined consists chiefly of 
poplars and bur oaks, and jack and red pines, but contains only rare white pines. No beach formations nor other 
distinct evidence of lake action were observed. 

These gravel knolls were doubtless formed by short glacial streams, flowing down from the harder of the 
ice-sheet in its recession, which on this district was probably from southwest to northeast or east. Where the 
belt was crossed by Norwood in 1848, apparently two or three miles farther east, it consists of massive and 
prolonged gravel ridges or kames, described by him as follows: 

"Between three and five miles south of Red lake, we passed three high barren ridges, and one low one, 
with very steep sides, and separated by narrow valleys. These ridges bear nearly northeast and southwest, and 
are composed of sand, intermingled with gravel and pebbles, derived from both orystalline and sedimentary 
rocks. * * * North of the ridges is a valley about three-fourths of a mile wide, thickly covered with small 
cypress [arbor-vitffi]. The most northerly ridge (the one next to Red lake) rises only eleven feet above the 
valley, and is very little higher than the land near the lake shores. The next one south of it is fifty-three feet 
above the intervening valley; and the third one is sixty-six feet above a small stream which flows in the valley 
between it and the second one; while the summit of the fourth, or most southerly one, is eighty-two feet above 
the bottom of the valley between it and the third. These ridges are not timbered; only a little ooarse grass and 
a few scattering bushes grow on them. The valleys support a small growth of such timber as was seen on the 
rolling lands immediately south of them." * 

SEOTIONS ON PIKE CREEK NEAR THE AGENOY. 

Two interesting sections of the drift were noted in the banks of Pike creek near the Agenoy (figure 2, 
plate M). East of the bridge on the main road excavations show soil, one foot; a sandy and gravelly unlaminated 
deposit, much like the upper till of New England, three to five feet, enclosing numerous granite boulders up to 
five feet in di_ameter, and yielding to my search one striated rock fragment about four inches long; then obliquely 
laminated sand and gravel, chiefly sand, but having layers· of gravel in whioh stones are rarely found as large as 
one foot in diameter, twenty feet, reaching to the level of the stream. About thirty rods south-southeast from 
this looality, the surface deposit at the mill is sandy and gravelly till, four to seven feet thick, enclosing plenti
ful rock fragments of small sizes and occasional boulders up to seven or eight feet in diameter, but mostly show
ing some indistinct lamination; beneath which are sand and gravel, ten to twenty feet thiok, to the pond and 
stream below, horizontally stratified, but with many of the layers obliquely laminated, containing no boulders. 
These observations indicate that the stratified gravel and sand of this plain bordering the south shore of Red 
lake were deposited close to the retreating ice-sheet or even in some places beneath its edge, from which coarser 
and un assorted drift, including large boulders, as in the sections noted, wore laid down upon the straWied beds. 

OBSERVATIONS BETWEEN RED LAKE AND WHITE EARTH. 

The distance in a direct line from the Red Lake Agenoy southwest to White Earth is about sixty-seven 
miles. By the course of the road it is called eighty miles. Five or six houses, all but one inhabited by 
Ojibways, are scattered at intervals of many miles apart, along this distanoe. The weell:ly mail from and to 
Red Lake, at the time of my visit, was carried by an Indian, who usually made the journey afoot both ways in 
five days. For myself three days of hard travel afoot were required to reach Red Lake from Fosston, coming 
upon this road at Mr. Knud Thompson's; and four day's walking took me out to White Earth. Though con
suming so much time, this was almost as expeditious and comfortable as to travel by wagon, because of the 
roughJ:+ess and bad condition of the road. 

The nearly level plain of modified drift on the south side of Red lake extends one and a half miles, and is 
succeeded southward by a belt, also about one and a half miles wide, of isolated small plateaus of gravel and 

'Owen's Report of a Geological Survey of Wisconsin, Iowa, and Minnesota, 1852, p. 326. 
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NORTHERN PART OF THE ROUTE TO CASS LAKE. 

The route from the Agency to Cass and Leech lakes was examined for a distance of about six miles to its 
lower ~ro,ssi~g of Pike creek. Nearly a mile east of. the ~gency it diverg~s from the west-to-eastroad leading to 
the chief s vIllage, and passes southeastward. After leavmg the level plam of sand and fine gravel, about three
fourths of a mile wide, which borders the lake, it pursues a crooked course through an area of very irregular 
knolls, com~osed similarly of ~and an~ gravel, b~t deposited in short ridges, mounds and hillocks, twenty to 
forty feet hIgh. Many of the mtervemng depressIOns are occupied hy small tamarack swamps. The trend of 
the ridges and swamps is more frequently from east to west than in other directions, but this is not usually con
spicuous along the course of the road. Occasional bouldors were soen on tho surface of many of these knolls, 
but nowhere in such numbers as are common on morainic tracts, and no deposits of till or boulder-clay were 
found. Such uneven surface extends two or three miles, and its northern and southern boundaries are each a 
valley-like depression that runs somewhat deviously from east to west. Beyond this beH the road passes over a 
slightly undulating plain of gravel and sand, with the higher parts five to ten feet above the depressions, except
ing here and there steep-sided hollows, ten to twenty-five feet deep, often enclosed on all sides with no outlet. 
The northern border of the area of knolls has an elevation of about fifty feet above Red lake, or 1,225 feet, 
approximately, above the sea leveL Thence the elevation rises slowly southeastward, so that the plain in the 
vicinity of the lower crossing of Pike creek is about 1,325 feet, and the stream 1,300 feet, above the sea. Farther 
to the southeast deposits of sand and gravel, partly in the knolls and ridges, and partly in nearly flat tracts, are 
said to 0CCUpy most of the country to Cass and Leech lakes. The forest on the area examined consists chiefiy of 
poplars and bur oaks, and jack and red pines, but contains only rare white pines. No beach formations nor other 
distinct evidence of lake action were observed. 

These gravel knolls were doubtless formed by short glacial streams, flowing down from the border of the 
ice-sheet in its recession, which on this district was probably from southwest to northeast or east. Where the 
belt was crossed by Norwood in 1848, apparently two or three miles farther east, it consists of massive and 
prolonged gravel ridges or kames, described by him as follows: 

"Between three and five miles south of Red lake, we passed three high barren ridges, and one low one, 
with very steep sides, and separated by narrow valleys. These ridges bear nearly northeast and southwest, and 
are composed of sand, intermingled with gravel and pebbles, derived from both crystalline and sedimentary 
rocks. * * * North of the ridges is a valley about three-fourths of a mile wide, thickly covered with small 
cypress [arbor-vitffiJ. The most northerly ridge (the one next to Red lake) rises only eleven feet above the 
valley, and is very little higher than the land near the lake shores. The next one south of it is fifty-three feet 
above the intervening valley; and the third one is sixty-six feet above a small stream which flows in the valley 
between it and the second one; while the summit of the fourth, or most southerly one, is eighty-two feet above 
the bottom of the valley between it and the third. These ridges are not timbered; only a little coarse grass and 
a few scattering bushes grow on them. The valleys support a small growth of such timber as was seen on the 
rolling lands immediately south of them." * 

SECTIONS ON PIKE CREEK NEAR THE AGENCY. 

Two interesting sections of the drift were noted in the banks of Pike creek near the Agency (figure 2, 
plate M). East of the bridge on the main road excavations show soil, one foot; a sandy and gravelly unlaminated 
deposit, much like the upper till of New England, three to five feet, enclosing numerous granite boulders up to 
five feet in di_ameter, and yielding to my search one striated rock fragment about four inches long; then obliquely 
laminated sand and gravel, chiefly sand, but having layers of gravel in which stones are rarely found as large as 
one foot in diameter, twenty feet, reaching to the level of the stream. About thirty rods south-southeast from 
this locality, the surface deposit at the mill is sandy and gravelly till, four to seven feet thick, enclosing plenti
ful rock fragments of small sizes and occasional boulders up to seven or eight feet in diameter, but mostly show
ing some indistinct lamination; beneath which are sand and gravel, ten to twenty feet thick, to the pond and 
stream below, horizontally stratified, but with many of the layers obliquely laminated, containing no boulders. 
These observations indicate that the stratified gravel and sand of this plain bordering the south shore of Red 
lake were deposited close to the retreating ice-sheet or even in some places beneath its edge, from which coarser 
and unassorted drift, including large boulders, as in the sections noted, were laid down upon the stratiiied beds. 

OBSERVATIONS BETWEEN RED LAKE AND WHITE EARTH. 

The distance in a direct line from the Red Lake Agency southwest to White Earth is about sixty-seven 
miles. By the course of the road it is called eighty miles. Five or six houses, all but one inhabited by 
Ojibways, are scattered at intervals of many miles apart, along this distance. The weekly mail from and to 
Red Lake, at the time of my visit, was carried by an Indian, who usually made the journey afoot both ways in 
five days. For myself three days of hard travel afoot were required to reach Red Lake from Fosston, coming 
upon this road at Mr. Knud Thompson's; and four day's walking took me out to White Earth. Though con
sUming so much time, this was almost as expeditious and comfortable as to travel by wagon, because of the 
roughIless and bad condition of the road. 

The nearly level plain of modified drift on the south side of Red lake extends one and a half miles, and is 
succeeded southward by a belt, also about one and a half miles wide, of isolated small plateaus of gravel and 

*Owen's Report of a Geological Survey of Wisconsin, Iowa, and Minnesota, 1852, p. 326. 
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sand divided by steep-sided depressions, twenty-five to forty feet deep, some of which contain small lakes and 
tam~rack swami)s. Boulders are absent or very rare on the plain, but are frequent, with much coarse gravel, 
on the plateaus, so that portions of the latter resemble till. 

Little Rock or Hay Meadow creek, there five feet wide and a foot deep, forms the boundary between this 
plateau tract and an area of moderately undulating till, o:er which th~ road lies for a distance of .about four 
miles. This area has much large white pine. In its depresslOns are occasIOnal lakes, from one of WhICh, named 
Shell lake, a third of a mile wide, lying close east of this road, the Big Rock or Shell creek flows northwest, 
ha vinO' a width Df ten feet and depth of one foot. 

"A beach ridge of sand, probably marking the highest level of lake Agassiz, is crossed by the road in the 
northeast cornel' of sec. 21, T. 150--35, about two miles beyond Big Rock creek. Its elevation above Red lake is 
approximately fifty feet, or about 1,220 feet above the sea. A grove of red pines grows on this sand, but the till 
on each side bears w hi te pines. 

Knolls of gravel and sand begin three-fourths of a mile south of the beach and occupy a belt about two 
miles wide, reaching west-southwest to the Sandy river. Their surface consists of many hills and short ridges, 
havina no prevailing parallelism in their trends, with crests ten to twenty feet above the enclosed hollows .. The 
material is mostly sand, with some gravel, irregularly stratified, and enclosing frequent boulders. A descent of 
about 100 feet is made in a third of a mile to Sandy river, which at the bridge on this road is about thirty feet 
above Red lake, or 1,200 feet above the sea. It here flows northwest and has a width of fifteen to twenty feet and 
depth of about two feet. On its southwest side is a flat-topped terrace of sand and gravel, with no boulders, 
having a width of about an eighth of a mile and extending within sight at least a half mile along the' stream, 
above which its hight is about sixty feet. For nearly a mile onward the surface is in long kame-like ridges and 
plateaus of sand and fine gravel with no boulders, trending from east to west, with crests gracefully rounded or 
flat and from a few rods to an eighth of a mile wide, elevated ten to thirty feet above the depressions and sixty 
to eighty feet above the river. In one of its larger hollows a lakelet some fifty rods long was seen a quarter of a 
mile west of the road. This area is wooded with red pines. Probably these kame accumulations and the knolls 
on the other side of the river are together the continuation of the belt of similar deposits crossed by IDe a few 
miles southeast of the Red Lake Agency and by Norwood still farther east. 

Beyond this tract of eskers and kames, the road passes over moderately undulating or rolling till, with 
many boulders, about three and a half miles to the crossing. of Clearwater river, one and a half IDiles west of 
Clearwater lake. This formation also continues nearly ten miles farther, terminating at the south end and outlet 
of Four-legged lake. Its crests are mostly ten to thirty feet above the depressions and occasional lakes, to which 
the descent is often by somewhat steep slopes; but generally this area lacks the rough contour characteristic of 
marginal moraines. 

Clearwater lake has a partially irregular outline, two and a half miles long from northwest to southeast, 
with a maximum width of about one mile. It is surrounded by a rolling surface of till with plentiful boulders, 
which rises, often by the steep bluffs due to erosion, twenty to fifty feet above the lake, being highest on the east 
side. The outlet is at the end of a narrow western bay, where a dam ten rods long raises the lake fifteen feet for 
supplying water during the season of log-driving, Thirty to forty million feet of white and red pine are cut 
yearly on the Clearwater river and its tributaries above this lake, and are floated by the Clearwater and Red 
lake rivers to Red Lake Falls, Crookston, and Grand Forks, in which towns they are sawn into lumber. The 
elevation of Clearwater lake is approximately 1,225 feet above sea level. Its maximum depth, as reported by the 
lumbermen, is about fifty feet. Below this lake the Clearwater river flows about forty miles in a west-northwest 
course, nearly parallel with the Red Lake river; and beyond this portion it flows southward and westward tojoin 
the latter river at Red Lake Falls. It is bordered by moderately rolling till, as at the lake, for-several miles; 
thence, entering the area that was covered by lake Agassiz, it runs a long distance meanderingly through marshes 
and hay meadows only a few feet above the stream and subject to occasional overflows from it. 

Four-legged lake, bearing the name of an Ojibway who lived beside it, lies close east of the road. Its 
outlet flows westward to Ruffee creek, called by the Ojibways Four-legged creek, which joins the Clearwater 
river ten or twelve miles below Clearwater lake. It has a very irregular form, comprising an area of nearly two 
square miles, with low shores of moderately undulating till, covered on the east and southeast by a forest of 
white pine. This lake is about 200 feet above Clearwater lake, or 1,425 feet above the sea. . 

Small knolls of sand and gravel, having a very uneven surface, with crests ten to twenty feet above the 
hollows, occupy the next one and a half miles south of Four-legged lake. Then the road for two miles traverses 
a morainic belt of steep hillocks and small ridges, twenty to thirty feet high, composed mostly of sandy and 
gravelly till with many boulders of all sizes up to eight or ten feet in diameter. This is succeeded southward 
by. a width of nearly two miles of moderately undulating till; and the same formation, in large part overlain 
thmly by nearly level deposits of gravel and sand, covered with jack pine, reaches thence about six miles south
ward to the upper crossing of the Clearwater river at Mr. T. B. Walker's" depot camp." 

_ The Clearwater river, fiowing easterly at this crossing, has eroded a valley about fifty feet deepand from 
an eIght to a half of a mile wide. A dam, about thirty rods long, is built here for logging purposes, having a 
head of ten or twelve feet. Excavations at each end of this dam show sand ten feet or more in thickness over
lain by about thirty feet of till. The same layer of sand probably extend~ a mile and a quarter south, ~here 
I~m:d Thon::pson-~ well in the south edge of the S. W. 7.4 sec. 36, T. 147-38, was dug to a depth of 106 feet, 
findmg ~he followmg order of deposits: dark soil, one foot; yellowish till, requiring- to be picked, ten feet; dark 
blUIsh till, whIch was also picked, twenty feet; yellow sand, twenty feet; again blue till, picked., forty feet; and 
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sand divided by steep-sided depressions, twenty-five to forty feet deep, some of which contain small lakes and 
tam~rack 8wami)s. Boulders are absent or very rare on the plain, but are frequent, with much coarse gravel, 
on the plateaus, so that portions of the latter resemble till. 

Little Rock or Hay Meadow creek, there five feet wide and a foot deep, forms the boundary between this 
plateau tract and an area of moderately undulating till, o~er which th~ road lies for a distance of .about four 
miles. This area has much large white pine. In its depresslOns are occasIOnal lakes, from one of whICh, named 
Shell lake, a third of a mile wide, lying close east of this road, the Big Rock or Shell creek flows northwest, 
havinu a width Df ten feet and depth of one Loot. 

"A beach ridge of sand, probably marking the highest level of lake Agassiz, is crossed by the road in the 
northeast corner of sec. 21, T.150--35, about two miles beyond Big Rock creek. Its elevation above Red lake is 
approximately fifty feet, or about 1,220 feet above the sea. A grove of red pines grows on this sand, but the till 
on each side bears white pines. 

Knolls of gravel and sand begin three-fourths of a mile south of the beach and occupy a belt about two 
miles wide, reaching west-southwest to the Sandy river. Their snrface consists of many hills and short ridges, 
having no prevailing parallelism in their trends, with crests ten to twenty feet above the enclosed hollows. The 
material is mostly sand, with some gravel, irregularly stratified, and enclosing frequent bonlders. A descent of 
about 100 feet is made in a third of a mile to Sondy river, which at the bridge on this road is about thirty feet 
above Red lake, or 1,200 feet above the sea. It here flows northwest and has a width of fifteen to twenty feet and 
depth of about two feet. On its southwest side is a flat-topped terrace of sand and gravel, with no boulders, 
having a width of about an eighth of a mile and extending within sight at least a half mile along the' stream, 
above which its hight is about sixty feet. For nearly a mile onward the surface is in long kame-like ridges and 
plateaus of sand and fine gravel with no boulders, trending from east to west, with crests gracefully rounded or 
fiat and from a few rods to an eighth of a mile wide, elevated ten to thirty feet above the depressions and sixty 
to eighty feet above the river. In one of its larger hollows a lakelet some fifty rods long was seen a quarter of a 
mile west of the road. This area is wooded with red pines. Probably these kame accumulations and the knolls 
on the other side of the river are together the continuation of the belt of similar deposits crossed by me a few 
miles southeast of the Red Lake Agency and by Norwood still farther east. 

Beyond this tract of eskers and kames, the road passes over moderately undulating or rolling till, with 
many boulders, about three and a half miles to the crossing of Clearwater river, one and a half miles west of 
Clearwater lake. This formation also continues nearly ten miles farther, terminating at the south end and outlet 
of Four-legged lake. Its crests are mostly ten to thirty feet above tbe depressions and occasional lakes, to which 
the descent is often by somewhat steep slopes; but generally this area lacks the rough contour characteristic of 
marginal moraines. 

Clearwater lake has a partially irregular outline, two and a half miles long from northwest to southeast, 
with a maximum width of about one mile. It is surrounded by a rolling surface of till with plentiful boulders, 
which rises, often by the steep bluffs due to erosion, twenty to fifty feet above the lake, being highest on the east 
side. The outlet is at the end of a narrow western bay, where a dam ten rods long raises the lake fifteen feet for 
supplying water during the season of log-driving. Thirty to forty milli.on feet of white and red pine are cut 
yearly on the Clearwater river and its tributaries above this lake, and are floated by the Clearwater and Red 
lake rivers to Red Lake Falls, Crookston, and Grand Forks, in which towns they are sawn into lumber. The 
elevation of Clearwater lake is approximately 1,225 feet above sea level. Its maximum depth, as reported by the 
lumbermen, is about fifty feet. Below this lake the Clearwater river flows about forty miles in a west-northwest 
course, nearly parallel with the Peed Lake riveJ'; and beyond this portion it fiows southward and westward tojoin 
the latter river at Eec1 Lake Falls. It is bordered by moderately rolling till, as at the lake, for- several miles; 
thence, entering the area that was covered by lake Agassiz, it runs a long distance meanderingly through marshes 
and hay meadows only a few feet above the stream and subject to occasional overflows from it. 

Four-legged lake, bearing the name of an Ojibway who lived beside it, lies close east of the road. Its 
outlet flows westward to Ruffee creek, called by the Ojibways Four-legged creek, which joins the Clearwater 
river ten or twelve miles below Clearwater lake. It has a very irregular form, comprising an area of nearly two 
square miles, with low shores of moderately undulating till, covered on the east and southeast by a forest of 
white pine. This lake is about 200 feet above Clearwater lake, or 1,425 feet above the sea. 

Small knolls of sand and gravel, having a very uneven surface, with crests ten to twenty feet above the 
hollows, occupy the next one and a half miles south of Four-legged lake. Then the road for two miles traverses 
a morainic belt of steep hillocks and small ridges, twenty to thirty feet high, composed mostly of sandy and 
gravelly till with many boulders of all sizes up to eight or ten feet in diameter. This is succeeded southward 
by. a width of nearly two miles of moderately undulating till; and the same formation, in large part overlain 
thmly by nearly level deposits of gravel and sand, covered with jack pine, reaches thence about six miles south
ward to the upper crossing of the Clearwater river at Mr. T. B. Walker's" depot camp." 

. The Clearwater river, fiowing easterly at this crossing, has eroded a valley about fifty feet deep and frOID 
an eIght to a half of a mile wide. A dam, about thirty rods long, is built here for logging purposes, having a 
h~ad of ten or twelve feet. Excavations at each end of this dam show sand, ten feet or more in thickness, over
l~m by about thirty feet of till. The same layer of sand probably extends a mile and a quarter south, where 
I<..nud Thompson'~ well in the south edge of the S. W. 74 sec. 36, T. 147-38, was dug to a depth of 106 feet, 
fin~mg :he fol:owmg order of deposits: dark soil, one foot; yellowish till, requiring to be picked, ten feet; dark 
blUIsh trll, whlcb was also picked, twenty feet; yellow sand, twenty feet; again blue till, picked, forty feet; and 
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yellow gravel, fifteen feet to bed-rock, thought by the workmen to be limestone. No supply of water was 
found. The elevation of the surface at Mr. Thompson's is approximately 1,500 feet above the sea: and of the 
Clearwater river at the" depot camp," 1,400 feet, being thus nearly 200 feet ahove its lower crossin~. Between 
these points the river flows in a long detour to the east and north, probably thirty miles. 

Moderately undulating or rolling till, bearing occasional groves of large white pines, stretches from the 
Clearwater river and Thompson's ten miles southward to the Wild Rice river. 'l'hirtyor forty years ago the 
greater part of this area was occupied by a stately white pine forest, which has heen mostly destroyed hy fires, 
leaving thtl land bare or covered with bushes and small poplars. 

Between two and three miles north of the Wild Rice river the road crosses a somewhat morainic tract, 
with very plentiful boulders. Its elevations, trending mostly from east to west, rise some 8ixty feet ahove that 
stream, and twenty-five to forty feet above the average of adjoining areas. A few miles farther east a massive 
moraine of steep and irregularly grouped hills, 100 to 1GO feet high, was seen along the east side of Mosquito 
brook for about three miles northeasterly from the north end of Lower Ricoo lake. Similarly conspicuous 
morainic hills, forming a belt, three miles or more in width, also border the western part of the Upper Riee lake. 

The Wild Rice river at this crossing, about a mile west from the north end of the Lower Rice lake, is five 
to seven rods wide and six to eighteen inches deep. It is only ton or fifteen feet below the general level of the 
region, having no noteworthy valley. Numerous boulders up to seven feet in diameter, l~ostly granitic hut 
including rarely one of limestone, lie in the channel. Its elevation and that of Lower Ric(j lake are approxi
mately 1,450 feet above the sea. This lake, through which the river flows, is four miles long from south to north 
and about a mile wide, varying in depth from one to 11ve fe,et, and 11l1ed throughout nearly its entire area with a 
luxuriant growth of wild rice; so that its appearance in summer, when seen from a distance, is that of a grassy 
marsh. Nearly all of this valuable grain that is gathered for food by the Indians of the White Earth reservation 
is obtained here. 

Southwest of the Wild Rice river, the road for the next seven miles passes over a tract of modified drift, con
sisting of fiat or slightly undulating sand and fine gravel, with the higher portions only 11ve or ten feet above 
the depressions, to which the descent is by long and gentle slopes. Its hight above the river and the Lower Rice 
lake is twenty to forty feet. Part of this tract is wooded with small jack pines, but fully half of it, is prairie. 
Its width reaches at least one or two miles on each side of the road, as far as the view extends. ' 

About two miles southwest of Mountain lake and creek, and thence onward four miles to the Twin lakes, 
the morainic belt on the east approaches nearly or quite to the road, which there crosses low knolls and eskers of 
sand and coarse gravel, with crests ten to twenty-five feet above the depressions, mostly trending from north to 
south, either prairie or sparingly wooded. The morainic hills, composed of till with many boulders, and having 
the usual very rough contour, rise to hights of 100 to 200 feet above the road within one to two miles east, bear
ing small hardwood and occasional p·nes. Many portions of this range were formerly covered with a valuable 
forest of white pine, now mostly burned, but still remaining on its crest east of the Twin lakes. Another tract 
of large white pine woods, probably marking a low belt of morainic till fifty to seventy-five feet above the Twin 
lakes, was seen on their west side and along a distance of several miles northward. 

The Twin lakes, Heron lake, and White Earth lake are approximately 1,500 feet above the sea, being about 
100 feet below the White Earth Agency. Between the Twin lakes the road lies on a tract of moderately undu
lating sand and gravel ten to twenty feet above these lakes, west to the outlet from the south to the north lake, 
a stream four to six feet wide and three to six inches deep. Within the next half mile west the road runs along 
the south side of a kame of sand and fine gra vel, twenty-five to forty feet high, and esker-like deposits extend abou t 
half a mile farther southwest. Next are two miles of till with abundant boulders, in low morainic accumula
tions, the contour being a diversified assemblage of knolls, hillocks, and short ridges, more frequently trending 
from east to west than otherwise, but rising to elevations only ten to fifty feet above the intervening hollows and 
plentiful lakes. 

Thence to the southwest end of the South Heron lake, a distance of about foUl' miles, the surface continues 
similarly uneven but with no prevailing trend, and the material is sand and coarse gravel in eskers, contain
ing water worn cobbles up to eight or twelve inches in diameter but no larger boulders. These deposits were 
once partly covered with red and white pines, of which here and there a dead trunk remains standing. At 
present considerable tracts are wholly destitute of timber, while others bear small poplars. 

From South Heron lake to the White Earth Agency the surface is till. For two miles, to White Earth 
lake, it has a morainic contour with elevations ten to forty feet above the hollows and lakes, but these show no 
noteworthy parallelism in thei~ trends. The forest has no pines, but consists of a heavy growth of deriduous 
species, including bur and black oaks, elm, hackberry, basswood, canoe birch, and popla.rs. Between the mouth 
of White Earth lake and the Agency, a distance of six miles, the same hard wood forest alternates with areas of 
prairie, and the surface is moulded in smooth swells and massive, broadly rounded, low hills, twenty-five to Hfty 
feet above the abundant lakelets which are of all sizes from a few rods to a mile or more in length. The till here 
seems more clayey, and the soil ~ore fertile than in any portion of the country about Red lake, or thence south
ward along this road to the vicinity of White Earth lake. 

The field outfit of the survey on the plains is shown in figure 2, plate V V, a 

photograph taken before starting in the morning. 
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yellow gravel, fifteen feet to bed-rock, thought by the workmen to be limestone. No snpplyof wElter was 
found. The elevation of the surface at Mr. Thompson's is approximlltely 1,GOO feet above the sea: and of the 
Clearwater river at the" depot camp," 1,400 feet, being thus nearly 200 feet ahove its lower crossin~. Between 
these points the river flows in a long detour to the east and north, prohably thirty miles. 

Moderately undulating or rolling till, bearing occasional groves of large white pimJS, stretches f:rom the; 
Olearwater river ~nd Thompson's ~en miles southwa:'c! to. the Wild Rice river. 'l'hirtyor forty years ago the 
greater part of th,s area was occupIed by a stately whIte pille forest, which has heen mostly destroyed hy fircs, 
leaving thtl land bare 01' covered with bushes and small poplars. 

Between two and three miles north of the Wild Rice river thc road crosses a somowhllt morainic tract, 
with very plentiful boulders. Its elevations, trending mostly from east to west, rise some sixty feet ahove that 
stream, and twenty-five to forty feet above the average of adjoining areas. A few miloB farthcr east a massi ve 
moraine of steep and irregularly grouped hills, 100 to 1GO feet high, was scen along the east side of Mosquito 
brook for about three miles northeasterly from the north end of Lower R.i(;o lake. Similarly conspicuous 
morainic hills, forming a belt, three miles 01' more in width, also border the wcstern IJart of the Upper Rice lake. 

The Wild Rice river at this crossing, about a mile west from the north end of the T-,ower Rice lake, is five 
to seven rods wide and six to eighteen inches deep. It is only ten or fifteen feet below the general level of the 
region, having no noteworthy valley. Numerous boulders up to seven feet in diameter, ll~ostly granitic hut 
including rarely one of limestone, lie in the channel. Its elevation and that of Lower Rie(j IHke are approxi
mately 1,450 feet above the sea. This lake, through which the river flows, ioY four miles long from south to north 
and about a mile wide, varying in depth from one to five feet, and filled throughout nearly its entire area with a 
luxuriant growth of wild rice; so that its appearance in summer, when seen from a distance, is that of a grassy 
marsh. Nearly all of this valuable grain that is gathered for food hy the Indians of the White Earth rcservation 
is obtained here. 

Southwest of the Wild Rice river, the road for the next seven miles pa.sses over a tract of modified drift, con
sisting of fiat or slightly undulating sand and fine gravel, with the higher portions only five or ten feet ahove 
the depressions, to which the descent is by long and gentle slopes. Its hight above the river and the Lower Rice 
lake is twenty to forty feet. Part of this tract is wooded with small jack pines, but fully half of it, is prairie. 
Its width reaches at least one or two miles on each side of the road, as far as the view extends. ' 

About two miles southwest of Mountain lake and creek, and thence onward four miles to the Twin lakes, 
the morainic belt on the east approaches nearly or quite to the road, which there crosses low knolls and eskers of 
sand and coarse gravel, with crests ten to twenty-five feet above the depressions, mostly trending from north to 
south, either prairie or sparingly wooded. The morainic hills, composed of till with many boulders, and having 
the usual very rough contour, rise to hights of 100 to 200 feet above the road within one to two miles east, bear
ing small hardwood and occasional p·nes. Many portions of this range were formerly covered with a valuable 
forest of white pine, now mostly burned, but still remaining on its crest east of the Twin lakes. Another tract 
of large white pine woods, probably marking a low belt of morainic till fift)' to seventy-five feet above the Twin 
lakes, was seen on their west side and along a distance of several miles north ward. 

The Twin lakes, Heron lake, and White Earth lake are approximately 1,500 feet above the sea, being about 
100 feet below the White Earth Agency. Between the Twin lakes the roac! lies on a tract of moderately undu
lating sand and gravel ten to twenty feet above these lakes, west to the outlet from the south to the north lake, 
a stream four to six feet wide and three to six inches deep. Within the next half mile west the road runs along 
the south side of a kame of sand and fine gravel, twenty-five to forty feet high, and esker-like deposits extend about 
half a mile farther southwest. Next are two miles of till with abundant boulders, in low morainic accumula
tions, the contour being a diversified assemblage of knolls, hillocks, and short ridges, more frequently trending 
from east to west than otherwise, but rising to elevations only ten to fifty feet above the intervening hollows and 
plentiful lakes. 

Thence to the southwest end of the South Heron lake, a distance of about four miles, the surface continues 
similarly uneven but with no prevailing trend, and the material is sand and coarse gravel in eskers, contain
ing water worn cobbles up to eight or twelve inches in diameter but no larger boulders. These deposits were 
once partly covered with red and white pines, of which here and there a dead trunk remains standing. At 
present considerable tracts are wholly destitute of timber, while others bear small poplars. 

From South Heron lake to the White Earth Agency the surface is till. For two miles, to White Earth 
lake, it has a morainic contour with elevations ten to forty feet above the hollows and lakes, but these show no 
noteworthy parallelism in thei~ trends. The forest has no pines, but consists of a heavy growth of dej::iduous 
species, including bur and black oaks, elm, hackberry, basswood, canoe birch, and poplars. Between the mouth 
of White Earth lake and the Agency, a distance of six miles, the same hard wood forest alternates with areas of 
prairie, and the surface is moulded in smooth swells and massive, broadly rounded, low hills, twenty-five to fifty 
feet above the abundant lakelets which are of all sizes from a few rods to a mile or more in length. The till here 
seems rilOre clayey, and the soil ~ore fertile than in any portion of the country about Red lake, or thence south
ward along this road to the vicinity of White Earth lake. 

The field outfit of the survey on the plains is shown in figure 2, plate V V, a 

photograph taken before starting in the morning. 



OHAPTER VIII. 

THE GEOLOGY OF ITASOA OOUNTY.* 

By U. S. GRANT. 

Ci't t' l en Itasca CO'-lnty (plate 65) IS the central one in the tier of 01 ua /.On anc ar ·cc. c 

seven counties on the northem side of the state, bordering on Canadian territory. 

The county is approximately rectangular in outline, the greatest length (north and 

south) being 116 miles, and the width sixty-two miles. The area was formerly 

5,878.88 square miles, or 3,762,483.01 acres, of which 5,662.27 square miles (3,624,041.22 

acres) are land, and 216.31 square miles (138,438.89 acres) are water.t Since the 

foregoing figures were compiled (by Hon. H. H. Young, previous to 1884),256 square 
miles have been taken from Cass county and added to Itasca county, making the 

jJresent ({rea of Itasca county 6,134.88 square miles. The area thus added is the triangle 
bounded on the northeast by the Mississippi river, on the south by the south line 
of T. 53 N., and on the west by the west line of R. 27 VV. Itasca county thus becomes, 
with one exception (St. Louis, 6,611.75 square miles), the largest county in Minnesota. 

SURFACE FEATURES. 

Natural drainage. Itasca and St. Louis counties are the only two counties 

which lie in the three great drainage basins of the state, i. e., the basins of (1) Hud

son bay, (2) The gulf of St. Lawrence, and, (3) The gulf of Mexico. 

(1). Hudson Bay basin. About two-thirds of the area of Itasca county is drained 

eventually into Hudson bay, largely through the Rainy river, which runs westward 

along the northern side of the county. The southern limit of this drainage, or the 

"The material for the chapter on this county has been collected from the following sources: Field work of H. V. WINOHELL 
in 1887 and his report (Sixteenth Amwal Report, pp. 390-478); field work of N. H. WINCHELL in 1888 and his report (Eighteenth 
Annual Report, pp. 10-19); field work of WARREN UPHAM in 1893 and his report (Twenty-second Annnal Repo,·t, pp. 18-00); field 
work of G. E. CULVER in 1893 and his report (T'wenty-second Annnal Report, pp. 97-114); field work of H. V. WINCHELL and U. S. 
GRANT in 1894 and their report (Twenty-third A nnuetl RepoTi, pp. 36--105); report on the geology of the Rainy lake region, by A. 
C. LAWSON (Geol. SU.T-VCY of Canada, new series, vol. iii, part. i, pp. 1F-182F.) We are also indebted to HON. S. P. SNIDER and MR. 
R. M. BENNETT) of Minneapolis, for certain information concerning the Mesabi iron range. 

This chapter is necessarily incomplete for two reasons: Fi)'st-A large part of the county is Ullsettled and has not been 
visited hy parties of the survey. Only part of the southern third of the county has been examined in detail, and for our kno",:"l
edge of the rest of the county, except for the district around Rainy lake, we are principally dependent on reports of canoe tripS 
along the Big Fork and Little Fork rivers. Second-The writer of this chapter has seen only a small portion of the county,-lll 
fact, the only part of it which he has visited is a limited area arolmd Rainy lake in the extreme northeastern part of the cOu:'ty. 
Thus the chapter is, of necessity, largely a compilation. No attempt is made to i;'dicate the sources for each item of informatlOn; 
the general acknowledgment to the sources given above is considered sufficient. 

+ These figures are .taken from p. 115, voL i, of the final report of this survey. olince the publication of that volume a ~UJllber 
of the Ullsurveyed tOWllBhips have been surveyed and it seems that a careful determination of the land and water areas III these 
townships ,,":onlcl chang: the figures given above.' The water area (216.31 square miles) certainly seems too small, e~pedallY whe~ 
compared wlth the adJollll1lg county on the east (St. Louis), whose water area is given as 774.49 square miles excluSlve of any par 
oflake Superior. 
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south) being 116 miles, and the width sixty-two miles. The area was formerly 

5,878.88 square miles, or 3,762,483.01 acres, of which 5,662.27 square miles (3,624,041.22 

acres) are land, and 216.31 square miles (138,438.89 acres) are water.t Since the 

foregoing figures were compiled (by Hon. H. H. Young, previous to 1884),256 square 
miles have been taken from Cass county and added to Itasca county, making the 

present area of Itasca county 6,134.88 square miles. The area thus added is the triangle 
bounded on the northeast by the Mississippi river, on the south by the south line 
of T. 53 N., and on the west by the west line of R. 27 W. Itasca county thus becomes, 
with one exception (St. Louis, 6,611.75 square miles), the largest county in Minnesota. 

SURFACE FEATURES. 

Natural drainage. Itasca and St. Louis counties are the only two counties 

which lie in the three great drainage basins of the state, i. e., the basins of (1) Hud

son bay, (2) The gulf of St. Lawrence, and, (3) The gulf of Mexico. 

(1). H1Idson Bay basin. About two-thirds of the area of Itasca county is drained 

eventually into Hudson bay, largely through the Rainy river, which runs westward 

along the northern side of the county. The southern limit of this drainage, ot the 
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in 1887 and his report (Shteenth Anmtal Repm·t, 1'1'.393-478); field work of N. H. WINCHELL in 1888 and his report (Eighteenth 
Annual RepoTt., pp. 13-19) ; field work of WARREN UPHAM in 1893 and his report (Twenty-second A n"'tal Rep01·t, pp. 18-1313); field 
work of G. E. CULVER in 1893 and his report (Twenty-secone! Annual Repo,·t, pp. 97-114); field work of H. V. WINCHELL and U. S. 
GRANT in 1894 and their report (Twenty-th-lr!l Annual Repo,'!, pp. 36--105); report on the geology of the Rainy lake region, by.8.. 
C. LAWSON (Geol. Survcy Of Canada, llew series, vol. iii, part i, pp. IF-182F.) We are also indebted to HON. S. P. SNIDER and MR. 
R. M. BENNETT, of Minneapolis, for certain information concerning the Mesabi iron range. 

This chapter is necessarily incomplete for two reasons: Firsi-A large part of the county is unsettled and has not been 
visited by parties of the survey. Only part of the sonthern third of the county has been examined in detail, and for our kno~l
edge of the rest of the county, except for the district around Rainy lake, we are principally dependent on reports of canoe tTl?S 
along the Big Fork and Little Fork rivers. Seeoncl-The writer of this chapter has seen only a small portion of the county,-JU 
fact, the only part. of it which he has visited is a limited area arolmd Rainy lake, in the ext.reme northeastern part o~ the co~ty: 
Thus the chapter IS, of neceSSIty, largely a compilation. No attempt is made to indicate the sources for each item of mformation, 
the general acknowledgment to the sources given above is considered sufficient. 

t These figures aretaken from p. 115, vol. i, of the final report of this survey. Bince the publication of that volume a :,umber 
of the lUlsurveyed townships have been surveyed, and it seems that a careful determination of the land and water areas m these 
townships would chal,;ge the figures given alJove. The water area (216.31 square miles) certainly seems too small, e~peciallY when 
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oflalte Superior. 
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divide between waters flowing into Hudson bay and those flowing into the gulf of 

Mexico, has approximately the following course: On the west it enters the county in 

T. 148-29, and runs southeast, keeping south of Bowstring lake, into T. 146-25, where 

it turns northeast and continues in this direction to the southern part of T. 60-24, 

thence running eastward to the eastern edge of the county. The lakes and streams 

to the north of this divide, with the exception noted below, empty into the Rainy 

river, principally through the Big Fork (Bowstring) and Little Fork rivers. The former 

flows northward through the central part of the northern half of the county and the 

latter flows northwest through the northeastern quarter of the county. The only por

tion of the northern two-thirds of Itasca county which is not drained by the Rainy 

river is a comparatively small district lying in the central part of the western side of 

the county. This area, comprising about 300 square miles, drains westward into 

Red lake, whose waters eventually find their way to Hudson bay. 

(2). Gulf of St. Lawrel/,ce basin. The part of the county which lies in this 

basin is very insignificant. A small area, not exceeding forty square miles, in the 

southeastern corner of' the county, is drained by a branch of the Floodwood river, 

which is a tributary of the St. Louis. This small area is largely included in T.53-22. 

(3). Gltlf of Mexico basin. That part of the county lying south of the divide 

mentioned under the Hudson Bay basin is, with the exception of the small area 

belonging to the gulf of St. Lawrence basin, drained by the Mississippi river into the 

gulf of Mexico. The principal tributaries of this river in Itasca county are the 

Prairie and Swan rivers. About one-third of the area of the county belongs in this 

drainage basin. 

In general, it may be stated that Itasca county is poorly chained. This is 

evinced by the larger number of lakes and swamps in the southern part of the 

county, and by the extensive swampy areas in the northern part. 

(4). Lakes. The southern third of Itasca county contains numerous lakes and 

ponds of all sizes from those an acre or less in extent to those of several square miles 

of surface area. The majority of these lakes are in the drainage basin of the Mississ

ippi. They are scattered in the vicinity of Grand Rapids, the county seat, but are 

more especially numerous in the district ten to thirty miles north of this town. 

Many of these lakes, especially the smaller ones, have no surface outlets. The north

ern half of the county contains practically no lakes, but Rainy lake borders on the 

northeastern corner of the county. The two largest lakes lying entirely within the 

county are Bowstring lake, containing about twenty-three square miles, and Poke

gama lake, containing about ten square miles. Lake Winnibigoshish,* lying near 
the southwestern cornel' of the county and partly contained in Oass county, is a 

comparatively shallow body of water some fifty miles in area. Net lake is on the - 'See p. 57 of this volume. 
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Mexico, has approximately the following course: On the west it enters the county in 

T. 148-29, and runs southeast, keeping south of Bowstring lake, into T. 146-25, where 

it turns northeast and continues in this direction to the southern part of T. 60-24, 

thence running eastward to the eastern edge of the county. rrhe lakes and streams 

to the north of this divide, with the exception noted below, empty into the Rainy 

river, principally through the Big Fork (Bowstring) and Little Fork rivers. The fonner 

flows northward through the central part of the northern half of the county and the 

latter flows northwest through the northeastern quarter of the county. The only por

tion of the northern two-thirds of Itasca county which is not drained by the Rainy 

river is a comparatively small district lying in the central part of the western side of 

the county. This area, comprising about 300 square miles, drains westward into 

Red lake, whose waters eventually find their way to Hudson bay. 

(2). Gtdf of St. Lawrel/,ce basin. The part of the county which lies in this 

basin is very insignificant. A small area, not exceeding forty square miles, in the 

southeastern cornel' of' the county, is drained by a branch of the Floodwood river, 

which is a tributary of the St. Louis. This small area is largely included in T. 53-22. 

(3). Gtdj of Mexico basin. That part of the county lying south of the divide 

mentioned under the Hudson Bay basin is, with the exception of the small area 

belonging to the gulf of St. Lawrence basin, drained by the Mississippi river into the 

gulf of Mexico. The principal tributaries of this river in Itasca county are the 

Prairie and Swan rivers. About one-third of the area of the county belongs in this 

drainage basin. 

In general, it may be stated that Itasca county is poorly drained. This is 

evinced by the larger number of lakes and swamps in the southern part of the 

county, and by the extensive swampy areas in the northern part. 

(4). Lakes. The southern third of Itasca county contains numerous lakes and 

ponels of all sizes from those an acre or less in extent to those of several square miles 

of surface area. The majority of these lakes are in the drainage basin of the Mississ

ippi. They are scattered in the vicinity of Granel Rapids, the county seat, but are 

more especially numerous in the district ten to thirty miles north of this town. 

Many of these lakes, especially the smaller ones, have no surface outlets. The north

ern half of the county contains practically no lakes, but Rainy lake borders on the 

northeastern corner of the county. The two largest lakes lying entirely within the 

county are Bowstring lake, containing about twenty-three square miles, and Poke

gam a lake, containing about ten square miles. Lake Winnibigoshish,* lying near 

the southwestern corner of the county and partly contained in Cass county, is a 

comparatively shallow body of water some fifty miles in area. Net lake is on the - 'See p. 57 of this volume. 
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eastern side of the county and contains about eleven square miles. Rainy lake is by 

far the largest lake bordering on Itasca county. The surface of this lake, inclusive 

of islands, has been computed to include 344 square miles, its greatest known depth 

is 110 feet, and the average depth is not far from forty-seven feet. Only a small 

part of its surface lies in Itasca eounty. 
(5). I1)Ipoi'f(lJ/tC cf n'/!el's and lakes. It is only within the last few years that 

the southern part of the county has been reached by railroads, and even now the 

area tmversed by railroads ai1d wagon roads is only a small part of the whole. The 

Mississippi and Rainy rivers are large enough to admit of the use of steamboats, and 

the latter river is regularly supplied with boats running from the Canadian Pacific 

railroad at Rat Portage, at the north end of the Lake of the Woods, to Koochiching, 

where a fall (see plate 0, figure 2) in the river prevents further navigation, but 

above this fall boats ply on the waters of Rainy lake. Before the advent of mil and 

wagon roads, in aJl the county, and now in a large part of it, almost the only means 

of travel in the summer season was by canoe through the various lakes and along 

the streams. The canoe routes along the Big Fork and Little Fork rivers offer at 

present almost the only access to the interior of the northern half of the county. 

In the winter season considerable traveling is done on "winter roads," which on 

account of the lack of improvement and the large swampy areas, are frequently 

impassable during the summer months. 

Topogmphy. The surface of Itasca county is comparatively level and there are 

no very prominent elevations-no districts which approach at all towards the moun

taneous-but hills, which rise fifty to seventy-five feet above the surrounding 

country, are not uncommon, and occasionally they rise to three or four times fifty 

feet. We may compare the surface to a plain whose surface, it is true, contains 

slight inequalities or undulations. This plain slopes very gently in two directions 

from a line which is the divide between the waters flowing into Hudson bay and 

those flowing into the gulf of Mexico. (See page 1(7). On the south of this line the 

plain slopes south and southwest to the Mississippi river, and on the north the slope 

is north to the Rainy river. This line, however, only divides the plain into two 

areas of different slope, but does not divide it into two areas which are topographi

cally distinct. The plain is, nevertheless, capable of division into two districts 

tOl)ographically di::;tinct, in one of which the surface of the plain is undulating, and 

in the other it is more neaTly a true plain. The first of these districts may be called 

the dl'~ft clistJ'/:ct and the second the lake-beel district. The dividing line between the 

two districts is the shore line of the glacial lake Agassiz, whose course is shown on 

the map (plate 65). The country lying south and east of this shore line belongs to 

the first district, and that lying north and west to the second. There is another 
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is 110 feet, and the average depth is not far from forty-seven feet. Only a small 

part of its surface lies in Itasca eounty. 

(5). IJ)lpoi'f(lJ/tC cl }'il!e)'s and lakes. It is only within the last few years that 

the southern part of the county has been reached by railroads, and even now the 
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Mississippi and Rainy rivers are large enough to admit of the use of steamboats, and 

the latter river is regularly supplied with boats running from the Canadian Pacific 

railroad at Rat Portage, at the north end of the Lake of the VV oods, to Koochiching, 

where a fall (see plate 0, figure 2) in the river prevents further navigation, but 

above this fall boats ply on the waters of Rainy lake. Before the advent of rail and 

wagon roads, in aJl the county, and now in a large part of it, almost the only means 

of travel in the SU111mer season was by canoe through the various lakes and along 

the streams. The canoe routes along the Big Fork and Little Fork rivers offer at 

present almost the only access to the interior of the northern half of the county. 

In the winter season considerable tTaveling is done on "winter Toads," which on 

account of the lack of improvement and the large swampy areas, are frequently 

impassable during the summer months. 

Topogmphy. The surface of Itasca county is comparatively level and there are 

no very prominent elevations-no districts which approach at all towards the moun

taneous-but hills, which rise fifty to seventy-five feet above the surrounding 

country, are not uncommon, and occasionally they rise to three or four times fifty 

feet. We may compare the surface to a plain whose surface, it is true, contains 

slight inequalities or undulations. This plain slopes very gently in two directions 

from a line which is the divide between the waters flowing into Hudson bay and 

those flowing into the gulf of Mexico. (See page 1(7). On the south of this line the 

plain slopes south and southwest to the Mississippi ri vel', and on the north the slope 

is north to the Rainy river. This line, however, only divides the plain into two 

areas of different slope, but does not divide it into two areas which are topographi

ca,lly distinct. The plain is, nevertheless, capable of division into two districts 

topographically distinct, in one of which the surface of the plain is undulating, and 

in the other it is more nearly a true plain. The first of these districts may be called 

the (h~ft clist)'/ct and the second the lake-beel district. The dividing line between the 

two districts is the shore line of the glacial lake Agassiz, whose course is shown on 

the map (plate (5). The country lying south and east of this shore line belongs to 

the first district, and that lying north and west to the second. There is another 
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very small topographic district, quite distinct from the two others, in the extreme 

northeastern corner of the county. rEhis is called the rocky lake district. 

(1). Drij't cUstrict. '{'his district is so called from the fact that its topography 

is almost entirely conditioned by drift deposits. In only a few places do the under

lying rocks appear at the surface. While the actual elevation of some parts of the 

eounty, notably the ridge just to the north of the Me::;abi iron-bearing rocks in T. 

57-23, and probably that lying southwe::;t of Pokeganm lake, is due to elev~Ltions of the 

rock surface underlying the drift, still the actual jiJl'Jn of the present surface i::; con

ditioned by the drift which covers, sometimes to a thickne::;s of many feet, the under

lying rock surface. Thus the present surfaee i::;, in its form., due to the drift deposits, 

though the aetual elevation of the surface is sometimes dependent on the altitude of 

the rock surface beneath the drift. As the smface is thus so similar to that of many 

other counties of the state, whieh have already been deseribed, it will not be 

necessary to speak of it in detail. In brief, the surfaee of thi::; part of Itasca county 

is moderately undulating, with some areas which are knolly 01' hilly, and others

often quite large areas-which are nearly level. nle lakes and swamps lie in the 

lower parts o~ the nearly level and undulating districts, while in the hilly districts 

they occupy the small depressi(')ns between the hills. 

The most pronounced elevations in the county are the two ridges spoken of 

above. The first of these is about four miles in length and runs west-southwest from 

the south end of Pokegama lake. 'Ehe ridge lies in sees. 22, 23, 27, 28, and 29 of T. 

54-26, and its highest point is 1,617 feet above the sea, or nearly 350 feet above Poke

gama lake. The other ridge lies along the north side of the Mesabi iron-bearing 

rocks and reaches an altitude of over 1,650 feet in the northeastern part of T. 57-23. 

This is the highest known point in the county, but eonsiderable higher altitudes are 

reached by the same ridge (the Giant's range) to the east in -St. Louis county. There 

are other hilly districts which will be mentioned under the moraines of the county. 

The level or approximately level areas are, at least when their extent is con

sidered, as noticeable as the hilly areas. As has been stated above, the surface is 

largely a plain with little differenees in elevation. This fact is brought out dearly 

on comparing the elevations along the line of the Duluth and Winnipeg railroad 

from Wawina, in the southeastern corner of the county, to the crossing of Downes 

creek west of Round lake. From Wawina, which is in the drainage basin of the 

gulf of St. Lawrence, the road passes over the divide between this basin and that of 

the gulf of Mexico, touches the Mississippi river at several points, and then passes into 

the basin of Hudson bay. Thus, in this distance of sixty-six and a half miles the 

road runs in three continental drainage basins, but its extreme altitudes are 1,268 

and 1;350 feet above the sea, or a difference of only eighty-two feet. Northwest of 
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This is the highest known point in the county, but considerable higher altitudes are 

reached by the same ridge (the Giant's range) to the east in -St. Louis county. There 

are other hilly districts which will be mentioned under the moraines of the county. 

The level or approximately level areas are, at least when their extent is con

sidered, as noticeable as the hilly areas. As has been stated above, the surface is 

largely a plain with little differences in elevation. This fact is brought out dearly 

on comparing the elevations along the line of the Duluth and Winnipeg railroad 

from Wawina, in the southeastern corner of the county, to the crossing of Downes 

creek west of Round lake. From Wawina, which is in the drainage basin of the 

gulf of St. Lawrence, the road passes over the divide between this basin and that of 

the gulf of Mexico, touches the Mississippi river at several points, and then passes into 

the basin of Hudson bay. Thus, in this distance of sixty-six and a half miles the 

road runs in three continental drainage basins, but its extreme altitudes are 1,268 

and 1,350 feet above the sea, or a difference of only eighty-two feet. Northwest of 

l 
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[Lake-bed district. Rocky lake district. 

Elevations. 

Downes creek the road reaches an altitude of 1,442 feet along the ridge which sepa

rates the waters flowing into the Big Fork (Bowstring) river from those flowing into 

Red lake, but this divide is only 174 feet above Wawina, the lowest point of the 

railroad in the county. Another striking instance of the general flatness of parts 

of the county is shown in the swamps and muskegs, some of which reach a 

dimension of many square miles. One of these level areas exists in the vicinity of 

Swan river station, especially to the east of this point. 

(2). Lake-bed district. This includes that part of the county north of the 

shore line of the glacial lake Agassiz, except the area directly adjacent to Rainy lake. 

In general surface form this area was formerly quite similar to the drift district of the 

county, but since the ice retreated from the northern part of the county it has been 

considerably modified by deposits in the bed of the glacial lake Agassiz. These 

deposits have covered up and obliterated in part the ancient drift surface, so that 

the land is now very flat, having a slope toward the north which is too small to 

allow good drainage. As a consequence this part of the county contains extensive 

swampy areas, and it is usually only along the banks of the streams, which flow in 

sinuous channels five to forty feet below the level surface, that rriLlC~ dry land is 

found. In places the rivers have cut down through the veneer of lake deposits into 

the drift and occasionally to the underlying rock. 
(3). Rocky lake district. As already stated the part of the county included 

in this district is only the immediate vicinity of Rainy lake. Here are low rounded 
bosses of rock, alternating with water and swamp areas. Very little drift is found 
and the soil is usually quite thin and frequently lacking altogether. This type of 
topography reaches an extensive development toward the east in the northern part 
of St. Louis, Lake and Cook counties and will be mentioned more fully in the descrip
tions of those counties, and also in the appendix to this chapter. 

ELEVATIONS. 

The average elevation of Itasca county has been estimated by Mr. Warren Upham at about 1,280 feet 
above sea level. Below are given the elevations of a number of points: 

D1thdh and TiVinnipeg l'aill'oad. 

Wawina, -
Swan River station (crossing of D. M. R. and N. R. R.), 
Summit, in deep cut, 900 feet long; natural surface, 1,333; grade, 
Swan River, bed, 1,257; water, 1,264; high water (1888), 1,272; grade, 
Blackberry, -
Blackberry brook, bed, 1,271; grade, -
Summit, cutting 5 feet; grade, 
Prairie river, bed, 1,244; water, 1,246; grade, 
La Prairie, 
Grand Rapids, _ _ _ _ 

Pokegama falls, Mississippi river above the dam, bed, 1,269; water, 1,276; 
grade, - _ _ _ _ _ _ _ _ 

Summit, in deep cut, 1,000 feet long; natural surface, 1,323; grade, 
Bass brook, bed, 1,268; water, 1,275; grade, _ _ _ 
Cohasset, 
Summit, cutting 6 feet; grade, 

Miles from 
Duluth. 

69.8 
74.4 
75.2 
78.7 
85.6 
86.1 
88.0 
90.5 
91.2 
93.8 

96.4 
97.3 

·98.0 
98.3 

101.9 

Feet above 
sea level. 

1,268 
1,293 
1,303 
1,276 
1,300 
1,298 
1,299 
1,283 
1,283 
1,287 

1,285 
1,297 
1,285 
1,284 
1,312 
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[Lake-bed district. Rocky lake district. 

Elevations. 

Downes creek the road reaches an altitude of 1,442 feet along the ridge which sepa

rates the waters flowing into the Big Fork (Bowstring) river from those flowing into 

Red lake, but this divide is only 174 feet above Wawina, the lowest point of the 

railroad in the county. Another striking instance of the general flatness of parts 

of the county is shown in the swamps and muskegs, some of which reach a 

dimension of many square miles. One of these level areas exists in the vicinity of 

Swan river station, especially to the east of this point. 

(2). Lake-bed district. This includes that part of the county north of the 

shore line of the glacial lake Agassiz, except the area directly adjacent to Rainy lake. 

In general surface form this area was formerly quite similar to the drift district of the 

county, but since the ice retreated from the northern part of the county it has been 

considerably modified by deposits in the bed of the glacial lake Agassiz. These 

deposits have covered up and obliterated in part the ancient drift surface, so that 

the land is now very flat, having a slope toward the north which is too small to 

allow good drainage. As a consequence this part of the county contains extensive 

swampy areas, and it is usually only along the banks of the streams, which flow in 

sinuous channels five to forty feet below the level surface, that n:iLlC~ dry land is 

found. In places the rivers have cut down through the veneer of lake deposits into 

the drift and occasionally to the underlying rock. 
(3). Rocky lake cli.sb'ict. As already stated the part of the county included 

in this district is only the immediate vicinity of Rainy lake. Here are low rounded 
bosses of rock, alternating with water and swamp areas. Very little drift is found 
and the soil is usually quite thin and frequently lacking altogether. This type of 

topography reaches an extensive development toward the east in the northern part 
of St. Louis, Lake and Cook counties and will be mentioned more fully in the descrip
tions of those counties, and also in the appendix to this chapter. 

ELEVATIONS. 

The average elevation of Itasca county has been estimated by Mr. Warren Upham at about 1,280 feet 
above sea level. Below are given the elevations of a number of points: 

D1thdh and vVinnipeg railroad. 

Wawina, -
Swan River station (crossing of D. M. R. and N. R. R.), 
Summit, in deep cut, 900 feet long; natural surface, 1,333; grade, 
Swan River, bed, 1,257; water, 1,264; high water (1888), 1,272; grade, 
Blackberry, -
Blackberry brook, bed, 1,271; grade, -
Summit, cutting 5 feet; grade, 
Prairie river, bed, 1,244; water,1,246; grade, 
La Prairie, 
Grand Rapids, _ _ _ _ 

Pokegama falls, Mississippi river above the dam, bed, 1,269; water, 1,276; 
grade, - _ _ _ _ _ _ _ _ 

Summit, in deep cut, 1,000 feet long; natural surface, 1,323; grade, 
Bass brook, bed, 1,268; water, 1,275; grade, _ _ _ 
Cohasset, 
Summit, cutting 6 feet; grade, 

Miles from Feet above 
Duluth. sea leveL 

69.8 1,268 
74.4 1,293 
75.2 1,303 
78.7 1,276 
85.6 1,300 
86.1 1,298 
88.0 1,299 
90.5 1,283 
91.2 1,283 
93.8 1,287 

96.4 1,285 
97.3 1,297 

-98.0 1,285 
98.3 1,284 

101.9 1,312 



Elevations.] 

DeeL' river, bed, 1,271; grade, 
Deer River station,* 
Summit, cutting 6 feet; grade, 
Stream, bed, 1,281; grade, -
Summit, cutting 3 feet; grade, -
Stream, bed, 1,278; grade, -
Summit, cutting 3 feet; grade, -

ITASCA COUNTY. 

Outlet of Cut Foot Sioux lake, water level with lake Winnibigoshish, 
1,292it grade, 

Summit, cutting 9 feet; grade, -
Pigeon river, bed, 1,301; grade (not at bridge), 
Pigeon river, bed, 1,306; water 1,308; grade, 
Summit, natural surface and grade, 
Downes creek, bed, 1,317; grade, 
Summit, natural surface and grade, 
Creek, bed 1,363; grade, 
Summit, cutting nearly 20 feet; grade, 
McMillan creek, bed, 1,359; grade, 
Summit, cutting, 5 feet; grade, 
Armstrong creek, bed, 1,341; grade,! 

Miles from 
Duluth. 

107.0 
108.5 
111.1 
115.5 
116.6 
118.2 
121.6 

125.4 
128.0 
130.0 
130.9 
134,4 
136.2 
143.7 
144.7 
150.7 
155.1 
155.4 
157.1 

D1tl1£th, ~lVIississippi RiveT' and N01"thent railway. 

Mississippi, southern terminus of railroad, 
Swan river, water, 1,226; grade, 
Highest level between the two crossings of Swan river, natural surface, 

1,276; grade, 
Swan river, water, 1,252; grade, 
Swan River station (crossing of Duluth and Winnipeg railroad); grade, 
South side of S. E. X sec. 29, T.54-23, creek, bed 1,308; grade, 
N. part of sec. 16, T. 54-22; grade, 
S. W. 74 sec. 35, T. 55-22, natural surface, 1,466; grade, -
Creek, bed 1,391; grade, 
Creek, be'd 1,360; grade, 
Creek, bed 1,350; grade, 
Creek, bed 1,338; grade, 
Creek, bed 1,336; grade,§ -

JJfississippi Tiver. 

At southwest corner of Itasca county, 

Miles from 
Mississippi. 

0.0 
0.5 

2.1 to 3 
3.5 
6.7 

10.0 
12.8 
15.7 
17.2 
18.7 
19.3 
19.9 
21.0 

Lake Winnibigoshish, also Little Winnibigoshish lake, formerly 
Lake Winnibigoshish, as raised by dam of reservoir system,~ 
Mississippi river at head and foot of small rapids three miles below Little Winnibigoshish 

lake, 
At mouth of Leech Lake river, 
At White Oak point, 
At mouth of Vermilion river, 
At outlet of Pokegama lake, formerly 
At head of Pokegama falls, formerly 
Same, as raised by dam, -
At foot of Pokegama falls, 900 feet frOID the last, 
At head of Grand Rapids, one-third mile from the last, 
At mouth of Split Hand river, 
At southern edge of Itasca county, 

Other elevations. 

Summit of ridge in N. E. X sec. 28, T. 54-26, about 
Summit of ridge in secs. 11 and 12, T. 57-22, about 

(Probably the highest land in Itasca county). 
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Feet above 
sea level. 

1,281 
1,291 
1,322 
1,296 
1,311 
1,291 
1,317 

1,299 
1,314 
1,310 
1,313 
1,350 
1,339 
1,383 
1,372 
1,442 
1,388 
1,391 
1,365 

Feet above 
sea level. 

1,242 
1,241 

1,271 
1,261 
1,293 
1,315 
1,418 
1,456 
1,405 
1,369 
1,366 
1,345 
1,347 

Feet above 
sea level. 

1,299 
1,290-1,293 

1,298 

1,288-1,287 
1,279 
1,276 
1,273 
1,270 
1,269 
1,275 
1,254 
1,248 
1,236 
1,230 

Feet above 
sea level. 

1,617 
1,675 

* Road not constructed beyond this point when these elevations were determined. 
+ See altitude of lake Winnibigoshish given under Mississippi river on this pag'e. 
tThe crossing of Armstrong creek is probably near the west line of Itasca county. 
~This point is near the eastern edge of Itasca county. .' . . 
'If This dam is constructed with capacity to raise the lake to 1,304 feet, but it is not expected that It WIll be rmsed hIgher 

than 1,300 feet. . 

Elevations.] 

Deer river, bed, 1,271; grade, 
Deer River station,* 
Summit, cutting 6 feet; grade, 
Stream, bed, 1,281; grade, -
Summit, cutting 3 feet; grade, -
Stream, bed, 1,278; grade, -
Summit, cutting 3 feet; grade, -

ITASCA COUNTY. 

Outlet of Cut Foot Sioux lake, water level with lake Winnibigoshish, 
1,292;t grade, 

Summit, cutting 9 feet; grade, -
Pigeon river, bed, 1,301; grade (not at bridge), 
Pigeon river, bed, 1,306; water 1,308; grade, 
Summit, natural surface and grade, 
Downes creek, bed, 1,317; grade, 
Summit, natural surface and grade, 
Creek, bed 1,363; grade, 
Summit, cutting nearly 20 feet; grade, 
McMillan creek, bed, 1,359; grade, 
Summit, cutting, 5 feet; grade, 
Armstrong creek, bed, 1,341; grade,t 

Miles from 
Duluth. 

107.0 
108.5 
111.1 
115.5 
116.6 
118.2 
121.6 

125.4 
128.0 
130.0 
130.9 
134.4 
136.2 
14:3.7 
144.7 
150.7 
155.1 
155.4 
157.1 

D1thdh, lYlississippi River' and N01,than railway. 

Mississippi, southern terminus of railroad, 
Swan river, water, 1,226; grade, 
Highest level between the two crossings of Swan river, natural surface, 

1,276; grade, 
Swan river, water, 1,252; grade, 
Swan River station (crossing of Duluth and Winnipeg railroad); grade, 
South side of S. E. X sec. 29, T.54-23, creek, bed 1,308; grade, 
N. part of sec. 16, T. 54-22; grade, 
S. W. 74 sec. 35, T. 55-22, natural surface, 1,466; grade, -
Creek, bed 1,391; grade, 
Creek, be'd 1,360; grade, 
Creek, bed 1,350; grade, 
Creek, bed 1,338; grade, 
Creek, bed 1,336; grade,§ -

lIIississippi river. 

At southwest corner of Itasca county, 

Miles from 
Mississippi. 

0.0 
0.5 

2.1 to:3 
3.5 
6.7 

10.0 
12.8 
15.7 
17.2 
18.7 
19.3 
19.9 
21.0 

Lake Winnibigoshish, also Little Winnibigoshish lake, formerly 
Lake Winnibigoshish, as raised by dam of reservoir system,~ 
Mississippi river at head and foot of small rapids three miles below Little Winnibigoshish 

lake, 
At mouth of Leech Lake river, 
At White Oak point, 
At mouth of Vermilion river, 
At outlet of Pokegama lake, formerly 
At head of Pokegama falls, formerly 
Same, as raised by dam, -
At foot of Pokegama falls, 900 feet from the last, 
At head of Grand Rapids, one-third mile frOID the last, 
At mouth of Split Hand river, 
At southern edge of Itasca county, 

Other elevations. 

Summit of ridge in N. E. X sec. 28, T. 54-26, about 
Summit of ridge in secs. 11 and 12, T. 57-22, about 

(Probably the highest land in Itasca county). 

'Road not constructed beyond this point when these elevations were determined. 
t See altitude of lake Winnibigoshish given under Mississippi river on this page. 
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Feet above 
sea level. 

1,281 
1,291 
1,322 
1,296 
1,311 
1,291 
1,317 

1,299 
1,314 
1,310 
1,31:3 
1,350 
1,3:39 
1,383 
1,:372 
1,442 
1,388 
1,:391 
1,:365 

Feet above 
sea level. 

1,242 
1,241 

1,271 
1,261 
1,293 
1,315 
1,418 
1,456 
1,405 
1,369 
1,366 
1,345 
1,347 

Feet above 
sea leveL 

1,299 
1,290-1,293 

1,298 

1,288-1,287 
1,279 
1,276 
1,27:3 
1,270 
1,269 
1,275 
1,254 
1,248 
1,2:36 
1,2:30 

Feet above 
sea level. 

1,617 
1,675 

t The crossing of Armstrong creek is probably neal' the west line of Itasca county. 
~This point is near the eastern edge of Itasca county. .. . . 
'!fThis dam is constructed with capacity to raise the lake to 1,304 feet, but it is not expectecl that It WIll be raised hIgher 

than 1,300 feet. 
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Pokegama lake, formerly 
Same, as raised by dam, 
Bowstring lake, 

THE GEOLOGY OF MINNESOTA. 

Deer lake, south side of T. 57-26, 
Wabano lake, centre of T.57-25, 
Tront lake, south side of T. 58-25, 
Spider lake, west side of T. 58-25, 
Ruby lake, N. W. ;'4 T. 58-25, 
Rainy lake, 
Rain;' river, at outlet of Rainy lake, 
Rainy river, below second rapids at outlet of Rainy lake, 
Rainy river, at head of Koochiching falls, 
Rain~ river, at foot of Koochiching falls,t -
Kabetogama lake, 

[Soil and timber. 

Feet above 
sea level. 

1,271 
1,275 
1,321' 
1,307 
1,298 
1,300 
1,325 
1,312 
1,111* 
1,111 
1,108 
1,107 
1,08"-
1,121 

80il aneZ timber. The soil of the county is similar to that of the counties to 

the south and west. In general the county may be divided into two districts as far 

as soil is concerned. The first of these includes the district described under the 

section devoted to topography as the drift district, and the second is there described 

~LS the lake-bed district. The first district includes the southern half of the county. 

Here the subsoil is till, or modified drift, and the surface soil is usually black loam. 

In but comparatively few districts does the till contain sufficient gravel and boulders 

to render the soil unfit for cultivation. Some areas of the stratified drift are too 

sandy, but as a rule the soil of the southern part of Itasca county is very fertile, 

and that of the northern part of the county is as fertile, if not more so. All the 

usual farm products of the state can be raised in this county, except perhaps the 

ordinary Indian COl'll. Farming has been canied on in the county but a compar

atively few years, while that part Df Ontario, bordering on the Rainy river, has been 

cultivated successfully for many years. Many of the swan1.py areas can be easily 

and cheaply chained, and thus many more areas of fertile ground can be added to 

that which is naturally well chained. '1'he recent establishment of a state agri

cult mal experiment station at Grand Rapids will undoubtedly materially aid in the 

settlement of the county by a farming community. Other remarks on the soil of 

Itasca county will be found in the appendix to this chapter. 

N one of the county is in the prairie area of Minnesota, and it was all 

originally timbered. The only exceptions to this statement are the marshy areas 

along some of the stremns and lakes. Of course the most valuable timber is the 

white and red (Norway) pine, which have been extensively cut for lumber. Next 

in importance is the hard, or sugar maple. These three trees grow on the drier 

ground, and are, especially the white pine and sugar maple, almost exclusively con

fined to the areas of till. Another pine, the jack or Bank's piile, is quite common, 

but is of little value. It grows usually on sandy soil. Other trees are spruce, 

* As deter;Jlined by leveling- from Ely along the international boundary, done by L. A. OGAARD for the Geological and 
Natural History Survey of Minnesota. 

tBy leveling by L. A. OGAARD for the Roocmcmng company this fall was found to be twenty-one feet in high water and 
twenty-iour and a half feet in low water. 
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Pokegama lake, formerly 
Same, as raised by dam, 
BOlVstring lake, 

THE GEOLOGY OF MINNESOTA. 

Deer lake, south side of T. 57-:16, 
Wabano lake, centre of T.57-25, 
Tront lake, south side of T. 58-25, 
Spider lake, lVest side of T. 58-25, 
Ruby lake, N. W. ?i T. 58-25, 
Rainy lake, 
Rain~' river, at outlet of Rainy lake, 
Rain;' river, below second rapids at outlet of Rainy lake, 
Rainy river, at head or Koochiching falls, 
Rain~ river, at foot of Koochiching falls,t -
Kabetogama lake, 

[Soil and timber. 

Feet above 
sea level. 

1,271' 
1,275 
1,321' 
1,307 
1,298 
1,300 
1,325 
1,312 
1,111* 
1,111 
1,108 
1,107 
1,084. 
1,121 

80il and timue!'. The soil of the county is similar to that of the counties to 

the south and west. In general the county may be divided into two districts as far 

as soil is concerned. The first of these includes the district described under the 

section devoted to tOl)ography as the drift district, and the second is there described 

as the lake-bed district. The first district includes the southern half of the county. 

Here the suhsoil is till, or modified drift, and the surface soil is usually black loam. 

1 n but comparatively few districts does the till contain sufficient gravel and boulders 

to render the soil unfit for cultivation. Some areas of the stratified drift are too 

sandy, but as a rule the soil of the southern part of Itasca county is very fertile, 

and that of the northern part of the county is as fertile, if not more so. All the 

usual farm products of the state can be raised in this county, except perhaps the 

ordinary Indian corn. Farming has been carried on in the county but a compar

atively few years, while that part -of Ontario, bordering on the Rainy river, has been 

cultivated successfully for many years. Many of the swampy areas can be easily 

and cheaply drained, and thus many more areas of fertile ground can be added to 

that which is naturally well chained. The recent establishm.ent of a state agri

cultural experim.ent station at Grand Rapids will undoubtedly materially aid in the 

settlement of the county by a fanning community. Other remarks on the soil of 

Itasca eounty will he found in the appendix to this chapter. 

N one of the eounty is in the prairie area of Minnesota, and it was all 

originally timbered. The only exceptions to this statement are the marshy areas 

along some of the stremns and lakes. Of course the most valuable timber is the 

white and red (Norway) pine, whieh have been extensively cut for lumber. Next 

in importanee is the hard, or sugar maple. These three trees grow on the drier 

ground, and are, especially the white pine and sugar maple, almost exclusively con

fined to the areas of tilL Another pine, the jack or Bank's pine, is quite common, 

but is of little value. It grows usually on sandy soil. Other trees are spruce, 

, * As cl<otCIl'l;"inBcl by l'oveling from Ely along the international boundary, clone by L. A. OGAARD for the Geological and 
~"atural Hlstory Survey of Minnesota. 

tBy.leveling by L. A. OGAARD for the Koochiching company this fall was found to be twenty-one feet in high water and 
twenty-foul and a half feet In low water. 



ITASCA COUNTY. 173 
SoU and timber.] 

tamarack, balsam fir, elm, scrub oak, basswood, white birch and balsam poplar, the 

last two being abundant in areas in which the original forest has been destroyed 

by fire. Hardwood timber was the chief original growth in certain parts of the 

southern half of the county, as in T. 54-26, and it also occms quite frequently in 

the northern half of the county, and also along the Rainy river. The white pine, 

the red pine and hard maple form the chief lumber supply or the county, which is 

by no means yet exhausted. The large swampy areas will soon become of import

ance as furnishing extensive supplies of spruce timber for pulp in paper making. 

A very noticeable feature in the flora of Itasca county is the prevalence in cer

tain areas of deciduous trees; in this respect the flora is in marked contrast with 

that of the counties to the east. In the northern edge of the county there is a very 

sudden change in the character of the timber as one passes, at the west end of 

Rainy lake, from the country of rock to the level plain of clays. On the former the 

timber (original growth) is usually not large and it is composed chiefly of conifers, 

while on the latter the growth is larger, and deciduous trees abound. Along the 

Little Fork and Big Fork (Bowstring) rivers there is plenty of goocl timber. The 

banks of the latter stream, alop.g the last ten miles of its course, contain the 

following: basswood, soft maple, elm, black ash, white ash, white oak, aspen, white 

birch, balm of Gilead, box elder, three varieties of willow, ironwoocl, cottonwood, 

spruce, white ceclar, Norway pine, jack pine, mountain maple, dogwood, cherry, 

alder and Juneberry. In the ten miles higher up the stream, groves of fine Norway 

pine are seen at intervals. 
An interesting featUre in many parts of Itasca county is the manner in which certain lakes are "growing 

up" to swampy areas. Thus, many of the swamps were formel'ly shallow lakes, although this is not the origin of 
all the swampy areas, especially those of large extent. In the shallow lakes vegetation is frequently quite rank 
and byits growth and decay adds slowly to the land surface, which thus gradually intrudes upon the water 
area. This process of filling in of a lake is more rapid in shallow water and along shores or in bays where the 
vegetation is not broken up by the action of waves. As the lake is becoming filled with vegetable matter the 
solid areas extend farther and farther from the shore, while the centre of the lake may still be open water. In 
many places this process of lake filling can be distinctly seen in operation. At the centre is an area of open 
water in which grow a few water plants (pond lilies, etc.) These increase in number farther from the centre 
and are gradually replaced by other plants (cat-tails, etc.,) which grow in marshy spots. Outside of this is an 
area· which sustains moss, a few shrubs and grass. Such an area forms a meadow, and in the latter part of the 
summer this becomes drier and often furnishes a considerable crop of hay. Beyond this occur scattering, small 
tamaracks and spruces surrounded by the meadow plants. Such an area, i. e., a comparatively open swamp 
with scattered, small tamaracks and spruces, is called a muskeg. (These muskegs are very common in Itasca 
county, and they sometimes are many miles in extent, but the larger ones probably do not originate from the 
growing up of shallow bodies of water.) Beyond the muskeg proper the trees increase in size and number, form
ing a typical tamarack or spruce swamp, and beyond this is higher and drier ground, usually supporting pines 
and hardwood, which represents the shore of the old lake. The relation of these different zones of plant growth 
in a lake which is being filled in can be seen in numerous localities and has been well described.* 

'OONWAY MACMILLAN. BuU. T01'rey Botanical Chtb, vol. xxiii, No. 12, pp. 500-5U7, plates 279-281, December, 1896. 
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tamarack, balsam fir, elm, scrub oak, basswood, white birch and balsam poplar, the 

last two being abundant in areas in which the original forest has been destroyed 

by fire. Hardwood timber was the chief original growth in certain parts of the 

southern half of the county, as in T. 54-26, and it also occurs quite frequently in 

the northern half of the county, and also along the Rainy river. The white pine, 

the red pine and hard maple form the chief lumber supply of the county, which is 

by no means yet exhausted. The large swampy areas will soon become of import

ance as furnishing extensive supplies of spruce timber for pulp in paper making. 

A very noticeable feature in the flora of Itasca county is the prevalence in cer

tain areas of deciduous trees; in this respect the flora is in marked contrast with 

that of the counties to the east. In the northern edge of the county there is a very 

sudden change in the character of the timber as one passes, at the west end of 

Rainy lake, from the country of rock to the level plain of clays. On the former the 

timber (original growth) is usually not large and it is composed chiefly of conifers, 

while on the latter the growth is larger, and deciduous trees abound. Along the 

Little Fork and Big Fork (Bowstring) rivers there is plenty of good timber. The 

banks of the latter stream, alo,ng the last ten miles of its course, contain the 

following: basswood, soft maple, elm, black ash, white ash, white oak, aspen, white 

birch, balm of Gilead, box elder, three varieties of willow, ironwood, cottonwood, 

spruce, white cedar, Norway pine, jack pine, mountain maple, dogwood, cherry, 

alder and Juneberry. In the ten miles higher up the stream, groves of fine Norway 

pine are seen at intervals. 
An interesting feature in many parts of Itasca county is the manner in which certain lakes are "growing 

up" to swampy areas. Thus, many of the swamps were formerly shallow lakes, although this is not the origin of 
all the swampy areas, especially those of large extent. In the shallow lakes vegetation is frequently quite rank 
and byits growth and decay adds slowly to the land surface, which thus gradually intrudes upon the water 
area. This process of filling in of a lake is more rapid in shallow water and along shores or in bays where the 
vegetation is not broken up by the action of waves. As the lake is becoming filled with vegetable matter the 
solid areas extend farther and farther from the shore, while the centre of the lake may still be open water. In 
many places this process of lake filling can be distinctly seen in operation. At the centre is an area of open 
water in which grow a few water plants (pond lilies, etc.) These increase in number farther from the centre 
and are gradually replaced by other plants (cat-tails, etc.,) which grow in marshy spots. Outside of this is an 
area which sustains moss, a few shrubs and grass. Such an area forms a meadow, and in the latter part of the 
summer this becomes drier and often furnishes a considerable crop of hay. Beyond this occur scattering, small 
tamaracks and spruces surrounded by the meadow plants. Such an area, i. e., a comparatively open swamp 
with scattered, small tamaracks and spruces, is called a muskeg. (These muskegs are very common in Itasca 
county, and they sometimes are many miles in extent, but the larger ones probably do not originate from the 
growing up of shallow bodies of water.) Beyond the muskeg proper the trees increase in size and number, form
ing a typical tamarack or spruce swamp, and beyond this is higher and drier ground, usually supporting pines 
and hardwood, which represents the shore of the old lake. The relation of these different zones of plant growth 
in a lake which is being filled in can be seen in numerous localities and has been well described.* 

'OONWAY MACMILLAN. Bu/'!. Torrey Botanical ell/b, vol. xxiii, No. 12, pp. 500-5U7, platea 2i9-281, December, 1896. 
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GEOLOGICAL STRUCTURE.* 

The rock formations which occur in Itasca county are of different ages, includ

ing both the oldest and the most recent known to man. The different strata are 

included under the following divisions, the most recent being placed at the top: 
Post-glacial. 
Glacial. 
Cretaceous. 
Animikie. 
Post-Archean dikes. 
Archean. 

The Archean. The rocks included in this division are divided into three 

groups. These groups are the granitic rocks, the Coutchiching and the Keewatin. 

(1). Gmnitic rocks. The term Laurentian has been applied frequently to 

these rocks, but as an age term it is objectionable because some, if not a large part, 

of the rocks which have been included under it are eruptives of later date than the 

Laurentian, while others may be of Laurentian (pre-Keewatin) age. Our present 

knowledge allows us to state positively that some of these granitic rocks are post

Keewatin (or later) eruptives, but it does not allow us to indicate just which rocks 

in Itasca county are actually of Laurentian age. It is not the writer's intention to 

affirm that there are no Laurentian rocks in Itasca county, but the fact still remains 

that no one is at present able to state with certainty where such rocks are, although 

it seems most probable that future work will enable us to recognize them. As 

far as known to the writer there is not in Itasca county, nor for that matter in the 

northeastern part of the state, any considerable area of rocks which might properly 

be called true gneisses. In fact all of the rocks heretofore mapped as Laurentian in 

this part of the state are more properly termed granites, or gneissoid granites when 

they possess parallel structures. It is true that a small part of the rocks mapped as 

Coutchiching (or Vermilion) might properly be called gneisses, but such rocks are of 

of small extent and are more conveniently and more accurately classed with the 
mica schists to which the name Coutchiching has beeil applied. 

In composition these granitic rocks are mainly granites, i. e., they are plutonic 
rocks composed of quartz, alkali feldspar and another mineral which may be horn
blende, biotite, augite or muscovite. Sometimes more than one of the latter minerals 
are present, but the essential minerals are the quartz and alkali feldspar. As the 
quartz decreases in amount the rock varies to a syenyte, or to a dioryte when the 
feldspar becomes principally a lime-soda variety. Syenytes and diorytes are both 
found among the granitic rocks of Itasca county. These rocks are frequently more or 
less schistose and have some of their minerals elongated in a common direction, and 
can be termed gneiss aid granites, but, as already stated, they do not form true gneisses. 

. *The discussion under t.his head is frequently rather summary and brief. Additional mat,ter concerning the Archean 
III the vlCinity of Rainy lake will be found in the appendix (Preliminary report on the Rainy lake gold region) to this chapter, 
while further information concerning the Giant's Range granite and the Animikie will be found in the chapters devoted to the 
speClal parts of the Mesabi iron range included in Itasca county, i. e., the Pokegama Lake, Grand Rapids and Swan Lake plates. 
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Some of these rocks are intrusive into the surrounding rocks, while others may 

not be. But in no case in northeastern Minnesota do these Archean granitic rocks 

in themselves present good evidence of having once been sediments, no matter what 

theory may be proposed for their origin.* They can thus be considered as eruptive 

rocks, although of course not necessarily in every case of later date that the rocks 

with which we now find them in contact. 

In Itasca county granitic rocks occur 111 several localities as gIVen below. 

AdditioDallocalities for such rocks may be found when the county is explored more 

carefully. 
Giant's Range. This belt of granite lies just to the north of the rocks of the Mesabi iron range. The 

granite forms a ridge which extends from the eastern side of the county southwest to and beyond the falls of 
Prairie river near the south side of T. 56-25 W. The southern limit of this granite belt can be quite definitely 
located, but the northern limit is unknown, being concealed by the drift. The southern limit enters the county 
neal' the northeast corner of sec. 12, T. 57-22, crosses the south line of T. 57-23 in sec. 33, crosses the west line of 
T. 56-24 near the northwest corner of sec. 19, and crosses the south line of T. 56-25 in sec. 33, beyond which 
outcrops are not known. This granite varies consjderably, being sometimes of a reddish and sometimes of a gray 
color, at times of quite coarse grain and again finer. The chief minerals are quartz, feldspar, black mica (biotite) 
and hornblende. In places this granite takes on a parallel or streamed structure, as at the Upper falls of Prairie 
river, where the granite has been described as lying in nearly flat beds. In Itasca county this granite has not 
been found in contact with other rocks, except the Animikie strata which overlie it unconformably, so its age and 
nature cannot be determined. However, from the fact that it includes pieces of hornblende schist, and because 
it is geographically continuous with the Giant's Range granite in St. Louis county, which is thought to be erup
tive into the Lower Keewatin, we can state with a good degree of certainty that the Giant's Range granite in 
Itasca county is an eruptive of an age later than the Lower Keewatin. And it is possible that it is of an earlier 
date than the Upper Keewatin, although this point is still to be determined. This granite will be spoken of again 
in the description of the Pokegama Lake sheet. 

North of Net lake.t This granite varies from reddish to almost white in color, and is of fine or medium 
grain. Outcrops are reported from the east line of sec. 13, T. 66-22; east line, near north edge, of sec. 36, T. 66-22; 
and in secs. 22, 23 and 24, T. 66-23. At the two latter localities the granite is bounded on the north by mica 
schist. We have no definite information as to the relation of the granite to the adjoining mica schist. 

Little Fork river. The rock here (T. 63-22) has not been studied as yet, but it is properly a syenyte or 
perhaps a dioryte, rather than a granite. It is a medium grained rock composed of pinkish feldspar, often in 
tabular forms, and a varying amount of biotite and hornblende, with perhaps some augite. Frequently the 
tabular feldspars are arranged with their flat sides approximately parallel. This rock is evidently of later date 
than the mica schist of this part of the region, for it contains numerous angular fragments of mica schist, as 
shown in the accompanying figure. 

FIG. 16. FRAGMENTS OF MICA SCHIST INCLUDED IN SYENITE. 
Rapid No. 13, Little Fork river. 

Big Fork river. The first outcrop seen in descending the Big Fork (probably in the S. W. 34 of sec. 35, 
T. 150-25) is of granite. The specimens collected here show a rather coarse-grained, hornblend~ granite, which is 
grayish, greenish or reddish in color. The feldspar varies from white to flesh colored and browmsh red, the horn-

*TwentY-first Annual Repo?·t, pp. 50--54,1893. See also further discussion of the granites in vol. v, of this report. 
. + For information concerning this area of granite, and also for specimens of it, we are mdebted to Mr. C. L. CHASE, of 

Hastlllgs, Minn. 
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Some of these rocks are intrusive into the surrounding rocks, while others may 

not be. But in no case in northeastern Minnesota do these Archean granitic rocks 

in themselves present good evidence of having once been sediments, no matter what 

theory may be proposed for their origin.* They can thus be considered as eruptive 

rocks, although of course not necessarily in every case of later date that the rocks 

with which we now find them in contact. 
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color, at times of quite coarse grain and again finer. The chief minerals are quartz, feldspar, black mica (biotite) 
and hornblende. In places this granite takes on a parallel or streamed structure, as at the Upper falls of Prairie 
river, where the granite has been described as lying in nearly flat beds. In Itasca county this granite has not 
been found in contact with other rocks, except the Animikie strata which overlie it unconformably, so its age and 
nature cannot be determined. However, from the fact that it includes pieces of hornblende schist, and because 
it is geographically continuous with the Giant's Range granite in St. Louis county, which is thought to be erup
tive into the Lower Keewatin, we can state with a good degree of certainty that the Giant's Range granite in 
Itasca county is an eruptive of an age later than the Lower Keewatin. And it is possible that it is of an earlier 
date than the Upper Keewatin, although this point is still to be determined. This granite will be spoken of again 
in the description of the Pokegama Lake sheet. 

North of Net lake.t This granite varies from reddish to almost white in color, and is of fine or medium 
grain. Outcrops are reported from the east line of sec. 13, T. 66-22; east line, near north edge, of sec. 36, T. 66-22; 
and in secs. 22, 23 and 24, T. 66-23. At the two latter localities the granite is bounded on the north by mica 
schist. We have no definite information as to the relation of the granite to the adjoining mica schist. 

Little Forle river. The rock here (T. 63-22) has not been studied as yet, but it is properly a syenyte or 
perhaps a dioryte, rather than a granite. It is a medium grained rock composed of pinkish feldspar, often in 
tabular forms, and a varying amount of biotite and hornblende, with perhaps some augite. Frequently the 
tabular feldspars are arranged with their flat sides approximately parallel. This rock is evidently of later date 
than the mica schist of this part of the region, for it contains numerous angular fragments of mica schist, as 
shown in the accompanying figure. 
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Big Fork river. The first outcrop seen in descending the Big Fork (probably in the S. W. ;Ii of sec. 35, 
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blende is more or less altered to chlorite, and some epidote has been developed in the rock. One of the specimens 
contains a larae proportion of quartz. Just below this, around a bend in the river, is an outcrop, on both sides of 
the river, of dioryte. This rock is somewhat decayed, and is dark gray or reddish, depending on the color of 
the feldspar. Another outcrop of nearly similar rock is seen near the east side of sec. 25, T. 61-27, and another 
at S. W. corner of sec. 30, T. 61-26. 

Rainy lake. The granite rocks at Rainy lake are described in the appendix to this report. It may be 
stated here, however, that the granite rocks at Rainy lake in Itasca county occur in five areas. The first of 
these is at Koochiching falls; the second at the lake shore and islands in sec. 27, T. 71-23; the third on Grassy 
island in sec. 25, T. 71-23; the fourth in secs. 3 and 4, T. 70-22; and the fifth along the south shore of Kabetogama 
lake. As far as studied these areas of granite are thought to be eruptive into the surrounding rocks. This is 
especially true of the second area. 

Other localit·ies. From Mr. L. A. Ogaard, of Koochiching, we have received information of outcrops of 
granitic rocks at the following points: 1. Center of sec. 10, T. 68-24; outcrop about one-fourth acre in extent; 
biotite granite. 2. S. E. :l4 sec. 19, T. 64-24; outcrop about one-half acre in extent; granite. 3. S. E. 74, sec. 
11, T. 61-24; outcrop about one acre in extent; dioryte, but not clearly a part of the granitic rocks. It is possibly 
Keewatin. 

(2.) The CoutclL}:ching.* This term has been applied to a large series of crystal

line schists, mostly mica schists, of the Archean. They show no elastic structures, 

being completely crystalline, but from the regular banding similar to the bedding of 

sedimentary rocks, and from the fact that at times they seem to grade into the 

sedimentary rocks of the Keewatin, they have been considered, in the reports of this 

survey, as in the main a metamorphosed sedimentary series. The term was proposed 

for a mica schist series older than the Keewatin and as such it seems to have been 

correc.tly applied in the Rainy Lake district. But other crystalline schists have been 

mapped as Coutchiching (or Vermilion) which have been shown to be metamorphosed 

Keewatin sediments. These apparently owe their more crystalline character to the 

effect of intrusive granite and thus they are not necessarily lower in the geological 

scale than the Keewatin rocks, but may occur at any horizon in the Keewatin.t 

The Coutchiching rocks are essentially mica schists, composed of biotite, feldspar 

and quartz, with some other accessory minerals and sometimes with muscovite or 

hornblende. The schistose structure is usually quite pronounced and in places alter

nations of beds of different color and composition can be seen. In general the strike 

of the schistose structure is east-northeast, and the dip varies. As far as studied no 

clastic grains have been recognized in these rocks, but from the fact that in places 

the Coutchiching rocks grade into the Keewatin clastics, as mentioned above, it 

seems clear that parts, at least, of what ~as been called Coutchiching represent con

siderably metamorphosed sedimentary rocks. These mica schists outcrop in many 

places along the Little Fork and Big Fork (Bowstring) rivers and along the south 

side of Rainy lake. They are more fully described in the appendix to this report. 

The Coutchiching rocks may be referred to five areas; Net lake, north of Net 
lake, Little Fork river, Big Fork river, and Rainy lake. The relations of these areas 

to each other are not known, both on account of lack of exposures, the rocks being 

., • For the description ~nd mapping of the 'areas of Coutchiching and Keewatin rocks along the Little Fork and Big lfork 
rJ:vers we a::e dependent entirely on notes and specimens collected on hurried ('anoe trips along these rivers. We know very little 
of the relatIons of these two rock series along th0se rivers, and so the areas are outlined mainly by the lithological charact~r of 
the speCImens collected, the mica schist areas being referred to the Coutchiching, and the" greenstone" areas to the Keewatm. 

t U. S. GRANT, TwenHeth Annuca Report, p. 59, 1893; Twenty-second Annual Report, p. 71, 1894. J. E. SPURR, Twenty
seco?1d Annual Report, p, 121, 1894. A. R. ELFT~LA.N, Twenty-seconel Annltal Report, p. 159, 1894. 
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and quartz, with some other accessory minerals and sometimes with muscovite or 
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nations of beds of different color and composition can be seen. In general the strike 

of the schistose structure is east-northeast, and the dip varies. As far as studied no 
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the Coutchiching rocks grade into the Keewatin clastics, as mentioned above, it 

seems clear that parts, at least, of what ~as been called Coutchiching represent con

siderably metamorphosed sedimentary rocks. These mica schists outcrop in many 

places along the Little Fork and Big Fork (Bowstring) rivers and along the south 
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1'he Coutchiching rocks may be referred to five areas; Net lake, north of Net 
lake, Little Fork river, Big Fork river, and Rainy lake. The relations of these areas 

to each other are not known, both on account of lack of exposures, the rocks being 
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t U. S. GRANT, TwenHeth Anmw~ Repo?-t, p. 59, 1893; Twenty-second Annual Report, p. 71, 1894. J. E. SPURR, Twenty
seco?1d Annual Report, p. 121, 1894. A. H. ELFTMAN, Twenty-secone! Annual Report, p. 159, 1894. 
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covered by glacial deposits, and also lack of exploration. 1'he relation of these 

Coutchiching rocks to the surrounding rocks is not fully known. As stated above 

some of the so-called Coutchiching is a modified part of the Keewatin, while some of 

it, notably that at Hainy lake, within Minnesota, probably underlies the adjacent Kee

watin unconformably. It is quite customary to find the Coutchiching mica schists 

cut through and through by granite dikes, and sometimes two series of dikes occur, 

one cutting both the schist and the other series of dikes. It also frequently happens 

that outcrops are found in which there are beds of granite or gneiss in the schist 

running parallel with its schistose structure. Such occurrences have often been 

described in the reports of the survey as "interbedded mica schist and granite." It 

is possible that some such occurrences really show alternations of bands of different 

composition of the same formation, but it is certain that in some cases the" inter

bedded" granite (or "gneiss") represents intrusive rock which has been forced 

between the layers of mica schist. This is especially clear when the bands of granite 

are seen at times not only running with the schist but also at times cutting across 

the strike and joining other bands or dikes. 
Net lake. In only one place near the shores of this lake is there any considerable exposure of rock. 

This is on a small island, near the east side of the Jake, just west of the Indian village. This island is composed 
of mica schist and gneiss cut by granite intrusions. The whole is then cut by a large greenstone dike from 
which stringers have been sent out across and through the other rocks. The dike strikes about north and 
south, and the mica schist strikes N. 58° E. and dips to the south of this direction at an angle of about 70°. 

North of Net lake. We have reports of mica schist just to the north of the granite on the east line of 
sec. 13, T. 66-22; also to the north of the granite in sees. 22,23 and 24, T. 66-23. The relation of the two rocks 
is not known. 

Little Fork river. At the top of Oak rapids (N. E. ~ sec. 22, T. 65-24) is an outcrop of mica schist in the 
bed of the river. This schist appears to be in place; it strikes E. 10° S. and dips S.200. Considerable mica 
schist is exposed on the northeast side of these rapids, and it is described as interbedded with a coarse muscovite 
granite or pegmatyte. Near the foot of the rapids the schist contains much quartz in veins, and many small 
garnets. 

In sec. 31, T. 66-24, is a rapid (Dead Man's rapid) over mica schist" interbedded" with granite. The 
schist strikes north 80° E. and dips toward the south at an angle of 72°. It is very silicious and contains quartz 
veins, and sometimes weathers red. The beds of granite (or gneiss) are of all thicknesses up to three or four 
feet. Just below these rapids is an exposure of massive dioryte, and a short distance below this mica schist 
occurs again cut by granite. 

Following down the river a number of other outcrops of mica schist are found. Frequently these are 
cut by, or "interbedded" with, granite or gneiss. The last* exposure is in the S. W. ~ sec. 14, T. 68-25, where 
there is a low exposure of mica schist and granite in thin beds dipping north at a high angle and striking east 
and west. At this place figure 17 shows the relation between the mica schist and granite. 

A ridg'e of mica schist and granite is reported by Mr. L. A. Ogaard on the county road from Koochiching 
to Grand Rapids. This ridge lies near the centre of the south edge of T. 67-24. 

Big Fork rive1'. The first exposure on this stream is about fifteen miles above its mouth. Here is an 
outcrop, about 200 feet long, of granitic rock on the west bank. Patches of mica schist occur in the granite 
and at the lower end of the exposure is mica schist banded with thin belts or sheets of granite. Phases of the 
rock occur in which garnets are abundant. About seven miles above this exposure is another one of mica 
schist. About thirty miles above the mouth of the river mica schist, veined and striped with granite, crosses the 
river. The strike is east and west. 

A mile and" a half below the mouth of Sturgeon rivert a low moutoneed surface of gray mica schist 
protrudes from the water. Half a mile below the mouth of Sturgeon river a low outcrop of mica schist crosses 
the river from southeast to northwest. This outcrop would be invisible at any time except when the river was 
very low. The schist is cut by two veins or dikes of granite. One of these is narrow, fine grained and gray in 

'Prof. G, E. CULVER reports that an outcrop of hard, garnetiferous mica schist crosses the river four miles above its 
mouth. The strike is northeast and southwest, and the dip nearly verticaL 

tThis river comes from the west and enters the Big Fork river in tlJ.e sQutlJ.eastern part of T, 155-2(i, 
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covered by glacial deposits, and also lack of exploration. 1'he relation of these 
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very low. The schist is cut by two veins or dikes of granite. One of these is narrow, fine grained and gray in 

·Prof. G. E. CULVJllR reports that an outcrop of hard, garnetiferous mica schist crosses the river four miles above its 
mOllth. The strike is northeast and southwest, and the dip nearly vertical. 

tThis river comes from the west and enters the Big Fork river in the s9utlleastern part of T. 155-2(i. 
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color, being composed very largely of quartz and feldspar and very little biotite and muscovite. The other is at 
least twelve feet wide; the specimens collected show a coarse mass of feldspar penetrated by quartz, forming an 
excellent example of coarse graphic gnf:ilite. 

At Big Falls (sec. 36 or 35, T. 155-25) the rock is granite and mica schist which is cut at the head of the 
falls by a diabase dike at least twenty feet wide, running north 10° east. A quarter of a mile below the falls 
mica schist and granite outcrop in the river. The strike is north 68° east, and the dip is south at a high angle. 
At the falls the rock is much disturbed and has no constant strike and dip. Less than a mile above the falls is 
an outcrop in the river of granite and mica schist. The strike appears to be east 50° south, and the dip south
west at a high angle. 

No other outcrops occur until reaching a rapid about seventy-two miles from the mouth of the river; this 
is probably near the centre of T. 63-26. Here fine mica schist occurs projecting only a few inches above the 
water. This outcrop would be hidden by high water. One or two small veins of granite cut the schist. A 
short distance above this is more mica schist, striking north 68° east and dipping northwest, at a high angle. 
The schist is quite hard in places and contains hornblende, chlorite and garnets. A little above this and on the 
east side of the stream the strike changes to north 40° east. Here is a dike, about ten feet wide, which runs 
nearly north and south. The schist is hard, fine, siliceous and brittle next the dike. On the west side of the 
river is some gray granitic rock which appears like a fine-grained syenyte. Only a few feet of this is visible, but it 
seems to cut the mica schist. 

S 

FIG. 17. MICA SCHIST AND" INTERBEDDED GNEISS" OR GRANITE. 
Little Fork river, S. W. X sec. 14, T. 6&-25. 

(3). The Keewatin. This series of rocks is of the age of the iron-bearing rocks 

of the Vermilion iron range. It is not developed extensively in Itasca county, at 

least as far as surface exposures are concerned, occurring in one locality on the 

Little Fork river, at several places on the Big Fork (Bowstring) river, west of Stur

geon lake, on Rainy river and at Rainy lake. The latter occurrence is described in 

the appendix to this chapter. At some of the other places the rock may be described 
by the ambiguous term" greenstone." 

The relation of the Keewatin to the Coutchiching has already been spoken of 

m brief. No evidence on this point has been furnished by explorations in Itasca 

county outside of the Rainy Lake area, and here the evidence has not been worked 

out in full. Lawson was inclined to assume an unconformity between the Coutchi-. 

ching and the Keewatin above. Recently the Minnesota survey has obtained con

clusive evidence for the separation of the Keewatin rocks in St. Louis and Lake 

counties into two unconformable series, which are termed the Lower and Upper 
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Keewatin. Whether this separation can be extended into Itasca county is as yet 

unknown. There are, however, certain facts which favor the possible separation of 

the Keewatin in the Rainy Lake district into two series, but whether this separation 

can be made or not, is only to be determined by future work. Dr. A. P. Coleman, 

who has done considerable work in this district, is also of the opinion that such a 
separation can possibly be made.* 

Little Fork river. At a rapid, probably in secs. 5 or 6, T. 63-22, is a low exposure of fine-grained green 
schist, striking east and west and standing vertical. This rQck is quite hard and firm, and contains a few small 
quartz grains. It is cut by a dike of a fine-grained syenyte containing muscovite. About a mile below this 
is a rapid with an exposure on the south side of the river. The rock is a green mica schist strikingly similar to 
that mentioned above. The strike is N. 70° E., and the dip 90°. Half a mile below this is more green mica schist. 

Big Fork j'iver. At and near RiGe rapids (probably in section 13, T. 61-26), and at three or more localities 
between Rice rapids and the mouth of Deer river, occur exposures of rocks which are referred to the Keewatin. 
The specimens collected at these points vary considerable in character, but in general may be called green
stones. They evidently represent at least three classes of rocks: (1) Clastic rocks, probably containing con
siderable basic volcanic material, (2) Surface igneous rocks, and (3) Intrusive diabase or dioryte. Under the 
first class are some very fine-grained green to greenish gray rocks, sometimes showing an indistinct slaty cleavage. 
At times these rocks are aphanitic and again they show small quartz grains imbedded in an aphanitic ground
mass. The second class includes specimens quite similar to those of the first class; in fact, if it were not for the 
amygdaloidal cavities in the second class they could not readily be told microscopically from some of the first 
class. These amygdaloidal cavities are filled largely with quartz. The other class of rocks are rather coarse 
diorytes or diabases. There are specimens which do not clearly belong to either one of the three classes, but 
which show intermediate characters. In general all these rocks are considerably altered from their original 
condition. 

At and near a dam on Deer river (sec. 23, T. 62-25) a hard green micaceous rock occurs; it is somewhat 
schistose, this structure striking N. 36°-40° E., and standing nearly vertical. 

At Little falls, and in its vicinity, are other exposures of greenstone. Little falls is some ten 0r twelve 
miles below the mouth of Deer river and probably near the northeast corner of T. 62-26. 

West of Stttrgeon lake, in T. 60. The survey has received information, mostly from Mr. H. V. Winchell, 
of certain exposures in this locality. While the information is not definite enough to enable us to outline the 
extent of the Keewatin rocks in that part of the county, it seems quite clear that rocks of this age underlie much, 
if not all, of Ts. 60 and 61 in Rs. 22, 23 and 24. Lean iron ore occurs at southeast corner of sec. 36, T. 60-25, and 
at the west quarter post of sec. 7, T. 60-22. Keewatin rocks outcrop in sec, 12, T. 61-19. Near the south side of 
sec. 34, T. 61-22, hornblende schist occurs. At southwest corner of same section green schist, often massive and 
agglomeratic, outcrops; the strike is nearly north and south; farther west the strike is southeast and northwest. 
In sees. 7 and 18, T. 60-22, and secs. 11 and 12, T. 60-23, are outcrops of horneblendic and sericitic schist; strike 
northeast (and east?). 

Rainy river. At the Longue Sault rapids (sec. 26, T. 160-27) hornblende schists outcrop along the river 
from about one-fourth of a mile above the rapids to near their foot, where they appear to be in contact to the 
south with a rather coarse-grained, reddish granitoid gneiss, which is exposed in two small islands at the foot of 
the rapids. The strike is with the direction of the river, or east and west, and the dip is toward the north at 
angles which are sometimes as low as 45°. Keewatin rocks occur on Canadian territory on the Pine river, whose 
mouth is opposite the northeast corner of T. 160-29; also on a small creek which empties into Rainy river about 
three miles and a half below the Longue Sault rapids. They also occur near the mouth of Rapid river, just west 
of Itasca county. (See report on Beltrami county, pp. 141). 

Post A'l"chean dikes. In the descriptions of the Coutchiching exposures some 

greenstone or diabase dikes have been mentioned. These dikes are essentially of 

of diabase, which in some places has been altered and decayed so that the rock has 

been called a greenstone. On the edges the dikes are very fine grained, showing 

that they were intruded when the surrounding rocks were not highly heated; the 

grain becomes gradually coarser towards the center of the dikes. The dikes cut the 

granitic rocks, the Coutchiching and the Keewatin, and are thus later than these, 

i. e., tHey are post-Archean in age. Moreover, the dikes have not been subjected to 

* Personal letter . 
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* Personal letter. 
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the intense pressure and foldings to which the Archean rocks have frequently been 

subjected, and they are therefore later than the last folding of the Archean. How 

much later, we are unable to say with certainty. N one of these dikes have been 

found in the Animikie in Itasca county, but to the east of this county there are 

numerous diabase dikes in the Animikie rocks, but whether these are of the same 

age as the dikes in the Archean is not positively known. There are, however, some 

reasons (not conclusive, however) for assuming that these dikes in the Archean are 

of post-Animikie age and that they are of the same date as the great injections of 

basic igneous rocks which occurred after the Animikie, i. e., in Cabotian and Manitou 

time. But as to whether these dikes date from the Cabotian or the Manitou, or from 

both, we cannot say. 
In general the dikes have a northwest and southeast direction, although a few 

are found which vary from this direction. 
On the Big Fork river about thirty-three miles above its mouth is an exposure of coarse, greenish gray 

rock which probably is part of a dike, although the surrounding rocks do not appear. 
On the Rainy river about six miles above Manitou rapids is a dike, on the Minnesota side of the river. It 

forms a prominent bluff and cuts through green hornblende schists. At Manitou rapids the river flows over 
a large dike whose strike appears to be northwest and southeast. The contact with the enclosing rock is not 
seen, but there is a distinct gradation in grain, and the direction of ·the ridge or rock is taken as the direction 
of the dike itself. Another dike appears on the south side of the river one mile below the Longue Sault rapids, 
and another crosses the river about half a mile above the mouth of Rapid river. This last locality is near the 
west line of Itasca county. 

Other dikes are mentioned in the appendix to this chapter. 

The Aniimikie. After the Archean rocks had been deposited and elevated and 

more or less folded, the land again sank below sea level and the Animikie rocks were 

laid down. In Itasca county the only belt of these rocks we now have is along what 

is known as the Mesabi iron range, which lies just to the south of the Giant's range 

granite. The Animikie rocks enter the county on the east in T. 57-22, and extend 

in a southwesterly direction to the Mississippi river at Pokegama falls. To the west 

of this we know almost nothing of the Animikie rocks, nor have we any information 

which will lead us to state just how many miles west of the Mississippi river they 

go, but it seems most reasonable to conclude that these rocks, carrying with them 

the Mesabi iron-bearing rocks, extend for a considerable number of miles southwest 
from Pokegama falls.* 

The strike of the Animikie in Itasca county is approximately east-northeast and 

west-southwest, varying from this general direction only locally. The dip is towards 

the south-southeast at a low angle which probably averages less than ten degrees. 

In the northeastern part of T. 56-24, there is an irregularity, mentioned in· the 

description of the Grand Rapids plate, which seems to indicate that the Animikie 

possesses not only a monoclinal south-southeastward dip but that it also has been 

thrown into gentle folds by a force acting from the east or west. The quartzyte is 
*See also pp. 65 and 68 of this volume. 
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are found which vary from this direction. 
On the Big Fork river about thirty-three miles above its mouth is an exposure of coarse, greenish gray 

rock which probably is part of a dike, although the surrounding rocks do not appear. 
On the Rainy river about six miles above Manitou rapids is a dike, on the Minnesota side of the river. It 

forms a prominent bluff and cuts through green hornblende schists. At Manitou rapids the river flows over 
a large dike whose strike appears to be northwest and southeast. The contact with the enclosing rock is not 
seen, but there is a distinct gradation in grain, and the direction of ·the ridge or rock is taken as the direction 
of the dike itself. Another dike appears on the south side of the river one mile below the Longue Sault rapids, 
and another crosses the river about half a mile above the mouth of Rapid river. This last locality is near the 
west line of Itasca county. 

Other dikes are mentioned in the appendix to this chapter. 

The Animikie. After the Archean rocks had been deposited and elevated and 

more or less folded, the land again sank below sea level and the Animikie rocks were 

laid down. In Itasca county the only belt of these rocks we now have is along what 

is known as the Mesabi iron range, which lies just to the south of the Giant's range 

granite. The Animikie rocks enter the county on the east in T. 57-22, and extend 

in a southwesterly direction to the Mississippi river at Pokegama falls. To the west 

of this we know almost nothing of the Animikie rocks, nor have we any information 

which will lead us to state just how many miles west of the Mississippi river they 

go, but it seems most reasonable to conclude that these rocks, carrying with them 

the Mesabi iron-bearing rocks, extend for a considerable number of miles southwest 
from Pokegama falls.* 

The strike of the Animikie in Itasca county is approximately east-northeast and 

west-southwest, varying from this general direction only locally. The dip is towards 

the south-southeast at a low angle which probably averages less than ten degrees. 

In the northeastern part of T. 56-24, there is an irregularity, mentioned in the 

description of the Grand Rapids plate, which seems to indicate that the Animikie 

possesses not only a monoclinal south-southeastward dip but that it also has been 

thrown into gentle folds by a force acting from the east or west. The quartzyte is 

"See also pp. 65 and 68 of this volume. 
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sometimes, as at Prairie River falls, thrown into gentle folds whose ~~xes run with 

the general strike of the Animikie. 

In Itasca county in general the rocks of the Giant's range (granite) and the 

Mesabi iron range (Animikie) are pretty well covered by drift deposits so that out

crops are not common. For much of our mapping of these rocks we are dependent 

on test pits and diamond drill records. However, in the first ten or fifteen miles 

east of the Mississippi river there are more outcrops and fewer test pits than farther 

east in the county. 

The kinds of i'ocks that occur in the Animikie in Minnesota allow that forma

tion to be divided into four divisions;~' these are, in descending order, as follows: 
Upper or graywacke slate member, composed of black to gray slates and fine graywackes with some 

flinty slates and fine-grained slaty quartzytes. 
Black slate member, composed largely of black, apparently carbonaceous, slates, frequently very fissile. 
Taconyte 01' iron·beaTing membeT, composed of taconyte and iron ore. 
Lowel' or qua1'tzyte membel', composed of tine and coarse-grained quartzyte which is often conglomeratic 

in the lower beds. The Pokegama quartzyte, and also called at times Pewabic quartzyte. 

These divisions have been made out from a study of the Animikie along the 

whole exte:r;.t of the Mesabi range in Minnesota. In Itasca and St. Louis counties 

the lower two divisions are well developed, but lack of outcrops prevents us from 

knowing much concerning the upper two divisions, although the black slate member 

is known in St. Louis county; while in Cook county, near Gunflint and North lakes, the 

upper three members exist in their typical development, but the lower member 

is lacking. 

FIG. 18. GENERALIZED SEOTION, SIX MILES LONG, FROM NORTH· NORTHWEST TO SOUTH-SOUTHEABT AOROSS 
THE MESABI IRON RANGE IN ITASOA OOUNTY. 

In Itasca county the quartzyte and taconyte members comprise the rocks of 

the Mesabi iron range. It is possible that the black slate member (and perhaps the 

upper member) exist in this county to the south of the outcrop of the iron-bearing 

rocks, but the covering of drift is so thick that these slates have not been found. 

However, it has been reported that fragments of black slate are abundant in the 

drift at a locality three or four miles south of sec. 22, T. 56-24. This would seem to 

indicate that the black slate member actually does exist in Itasca county. 
The general relations of the Animikie rocks and the Giant's range granite in 

Itasca county are shown in figure 18, above. 
(1). The Pokegama qttar'tzyte consists in the main of a rather coarse-grained 

vitreous quartzyte, sometimes containing small pebbles and frequently iron stained. 

'Twenty-second Annual Report, p. 74, 
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However, it has been reported that fragments of black slate are abundant in the 
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In color it is white, gray, reddish and greenish. Typical exposures occur at Poke

O"ama falls and at Prairie River falls. The quartzyte lies directly upon the granite 
b 

of the Giant's range, and oceupies a narrow belt between this rock and the taeonyte 

member. The materials of the quartzyte were undoubtedly derived in large part 

from the granite. The width of the surfaee outerop of the quartzyte belt is rarely 

more than half a mile, and the average width is less than this. At Prairie River 

falls the quartzyte dips 10° and 12° degrees towards the south-southeast. At Poke

gama falls the dip is in different plaees about 15° towards south, 80° west; about 15° 

towards south, go east; go towards south, 22° east. The average of these is about 11 0. 

If we assume that the quartzyte has an average horizontal outcrop of a third of a 

mile, and an average dip of 11°, the thickness will be about 335 feet. This is prob

ably too large an estimate, and it seems probable that the average thickness of this 

quartzyte member in Itasca county is less than 300 feet. 

(2). The taconyte o)'i)'on-bearing member is compos~d of rocks varying much in 

general appearance, but to which the name taconyte has been applied. One extreme 

variety of this rock is the pure iron ore (hematite, or sometimes magnetite), and the 

other extreme is regarded as a glauconitic greensand. All gradations between these 

two extremes are known. The most common types are finely banded rocks, which 

are red, gray and greenish in color. The banded varieties, when they contain iron 

ore, and especially when red, are known as taconyte and jasper, banded jasper and 

ore, jasper, or jaspilyte. These rocks have been described in full in Bulletin No. 10 

and also in the Twentieth Annual Report. The iron ore deposits of the Mesabi 

range are eonfined to this iron-bearing member of the Animikie, and the ore occurs 

in bodies of various shapes at almost any horizon in this member. The maximum 

thickness of the iron-bearing member is not known in Itasca county, but estimates 

made to the east in St. Louis county place its thickness between 500 and 1,000 feet, 

with an average of about 800 feet. The belt occupied by this iron-bearing member 

of the Animikie is at least a mile in width and is in places known to be twice this 

distance. How much wider the belt may be is not known on account of the covering 

of drift and the lack of test pits. 

The Cretaceous. After the Animikie, the next sedimentary rocks which occur 

in Itasca county belong to the Cretaceous. We have no knowledge of clastic 

rocks of intermediate age in this county. During the long time in which were 

deposited the Upper Cambrian, Silurian and Devonian strata in the southern part of 

the state, and the Carboniferous, Permian, Triassic, and Jurassic in other districts, 

Itasea county was either above the sea level, or, if during any of this time it was 

below sea level, all traees of sediments deposited at such a time have sinc'e been 
removed by erosion. 
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In color it is white, gray, reddish and greenish. Typical exposures occur at Poke

aama falls and at Prairie River falls. The quartzyte lies directly upon the granite 
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of the Giant's range, and OCeUl)ies a narrow belt between this rock and the taconyte 

member. The materials of the quartzyte were undoubtedly derived in large part 

from the granite. The width of the surface outcrop of the quartzyte belt is rarely 

more than half a mile, and the average width is less than this. At Prairie River 

falls the quartzyte dil)S 10° and 12° degrees towards the south-southeast. At Poke

gama falls the dip is in different IJlaces about 15° towards south, 80° west; about 15° 

towards south, 8° east; 8° towards south, 22° east. The average of these is about 11°. 

If we assume that the quartzyte has an average horizontal outcrop of a third of a 

mile, and an average dip of 11°, the thickness will be about 335 feet. This is prob

ably too large an estimate, and it seems IJrobable that the average thickness of this 

quartzyte member in Itasca county is less than 300 feet. 

(2). The taconyte oyi1'on-bea)"'ing member is compos~d of rocks varying much in 

general appearance, but to which the name taconyte has been applied. One extreme 

variety of this rock is the pure iron ore (hematite, or sometimes magnetite), and the 

other extreme is regarded as a glauconitic greensand. All gradations between these 

two extremes are known. The most common types are finely banded rocks, which 

are red, gray and greenish in color. The banded varieties, when they contain iron 

ore, and especially when red, are known as taconyte and jasper, banded jasper and 

ore, jasper, or jaspilyte. These rocks have been described in full in Bulletin No. 10 

and also in the Twentieth Annual Report. The iron ore deposits of the Mesabi 

range are confined to this iron-bearing member of the Animikie, and the ore occurs 

in bodies of various shapes at almost any horizon in this member. The maximum 

thickness of the iron-bearing member is not known in Itasca county, but estimates 

made to the east in St. Louis county place its thickness between 500 and 1,000 feet, 

with an average of about 800 feet. The belt occupied by this iron-bearing member 

of the Animikie is at least a mile in width and is in places known to be twice this 

distance. How much wider the belt may be is not known on account of the covering 

of drift and the lack of test pits. 

The CretaceOIts. After the Animikie, the next sedimentary rocks which occur 

in Itasca county belong to the Cretaceous. We have no knowledge of clastic 

rocks of intermediate age in this county. During the long time in which were 

deposited the Upper Cambrian, Silurian and Devonian strata in the southern part of 

the state, and the Carboniferous, Permian, Triassic, and Jurassic in other districts, 

Itasca county was either above the sea level, or, if during any of this time it was 

below sea level, all traces of sediments deposited at such a time have sinc'e been 
removed by erosion. 
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The Cretaceous strata are known in several places in Itasca county, but the 

unconsolida.ted nature of the deposits, when lacking in fossils, renders them some

times somewhat difficult to distinguish, at least in a hurried examination, from gla

cial or post-glacial deposits. Thus, probably some exposures of these rocks have been 

overlooked. In general the Cretaceous strata are composed of clays, shales and 

sands, sometimes conglomeratic, with also some beds of lignite. These strata have 

a.,horizontal position. The facts, that large parts of the state probably now contain 

Cretaceous rocks and that the Cretaceous ocean extended over practically all of the 

state excepting Cook, Lake and the eastern part of St. Louis county, were first stated 

by the state geologist in 1878.* More recent work has tended to confirm this state

ment, and we are justified in saying that all of Itasca county was covered by the 

Cretaceous ocean, and that even now a large part of the county is underlain by strata 

of this age, although of course they are now largely obscured by the covering of drift. 

Fossils collected fro111 Cretaceous beds just to the east of Itasca countyt show 

that the containing strata belong quite certainly to the Colorado formationt of the 

Upper Cretaceous, and it is safe to assume that all of the Cretaceous rocks in Itasca 
county belong to the Upper Cretaceous, 

Little Fork river. The banks of a creek which enters this river probably in the S. E. ~ sec. 9, T. 64-23, 
are formed of a fine, sticky, horizontally stratified clay, which becomes shaly on drying. This clay is fine, soft, 
bluish gray, and is in strata from one to three inches thick. The banks of the creek for one-fourth mile back 
from the river are twenty to thirty feet high and are formed of this clay, of which a total thickness of at least 
forty feet can be seen in this vicinity. A few cycloid fish scales and other fossils were found, and a microscopic 
examination of this shale by Messrs. Woodward and Thomas revealed characteristic Cretaceous Foraminifera. 
Less than a mile below this on the Little Fork river is a bluff of shale, forty feet high. A little below this, on 

. the east side of the river, are clay hills eighty feet high. Six miles farther down the river, probably in sec. 1, 
T. 64-24, a stream, whose banks are of shale, comes in from the south. The hills in the vicinity are 75 to 100 
feet in hight, and appear to be of horizontal Cretaceous strata. Another locality for these rocks is in sec. 36, 
T.68-25. 

Big Fork river. A few miles below the mouth of Sturgeon river (T.I55-25) the Cretaceous occurs in the 
river bank. In T. 64-27 are other exposures probably belonging to the Cretaceous. A few miles below the 
mouth of Deer river (T. 6~25), and also in several places along this river, between its mouth and Deer lake, the 
Cretaceous is again seen. In places these beds are hard and polished by the river's action. 

Other exposures of Cretaceous rocks probably occur on the Little Fork and Big Fork (Bowstring) rivers, 
but they have not been carefully sepaTated from the horizontal clays and sands which were deposited in the 
glacial lake Agassiz. 

Other Oretaceous areas. It has been thought, and with apparently good reason, that some of the more 
noticeable hills in the southern part of Itasca county are composed of Cretaceous strata immediately underlying 
a thickness of only a few feet of drift. Such hills are the high ridge just southwest of Pokegama lake, and an 
oval hill in secs. 22 and 23, T. 55-26. Mr. H. V. Winchell reports that quite recently Cretaceous strata, very 
rich in fossils, have been encountered in the test pits of the Arcturus Iron company in secs.I3 and 24, T. 56-24. 

Glacial deposits. As already stated, Itasca county is covered by deposits of 

glacial drift. The average and the maximum thicknesses of the drift are not 

definitelyknowll. The thickness varies from nothing to an average of perhaps over 

fifty feet, while in the western and southern part of the county the drift is probably 

in places considerably over a hundred feet in thickness. In general it may be said 

that this covering of drift is thickest toward the west and southwest, and that it 

* BUUetin Minnesota Academy Natural Science, voL i, pp. 347-349. 
tHo V. WINOHELL. American Geologist, vol. xii, pp. 220-223, Oct., 1893. 
t C. A. WRITE, Ibid., p. 221. 
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The Cretaceous strata are known in several pla,ces in Itasca county, but the 

unconsolidated nature of the deposits, when lacking in fossils, renders them some

times somewhat difficult to distinguish, at least in a hurried examination, from gla

cial or post-glacial deposits. Thus, probably some exposures of these rocks have been 

overlooked. In general the Cretaceous strata are composed of clays, shales and 

sands, sometimes conglomeratic, with also some beds of lignite. These strata have 

a ,horizontal position. The facts, that large parts of the state probably now contain 

Cretaceous rocks and that the Cretaceous ocean extended over practically all of the 

state excepting Cook, Lake and the eastern part of St. Louis county, were first stated 

by the state geologist in 1878.* More recent work has tended to confirm this state

ment, and we are justified in saying that all of Itasca county was covered by the 

Cretaceous ocean, and that even now a large part of the county is underlain by strata 

of this age, although of course they are now largely obscured by the covering of drift. 

Fossils collected from Cretaceous beds just to the east of Itasca countyt show 

that the containing strata belong quite certainly to the Colorado formationt of the 

Upper Cretaceous, and it is safe to assume that all of the Cretaceous rocks in Itasca 
county belong to the Upper Cretaceous. 

Little Fork river. The banks of a creek which enters this river probably in the S. E. 7.4: sec. 9, T. 64-23, 
are formed of a fine, sticky, horizontally stratified clay, which becomes shaly on drying. This clay is fine, soft, 
bluish gray, and is in strata from one to three inches thick. The banks of the creek for one-fourth mile back 
from the river are twenty to thirty feet high and are formed of this clay, of which a total thickness of at least 
forty feet can be seen in this vicinity. A few cycloid fish scales and other fossils were found, and a microscopic 
examination of this shale by Messrs. Woodward and Thomas revealed characteristic Cretaceous Foraminifera. 
Less than a mile below this on the Little Fork river is a bluff of shale, forty feet high. A little below this, on 
the east side of the river, are clay hills eighty feet high. Six miles farther down the river, probably in sec. 1, 
T. 64-24, a stream, whose banks are of shale, comes in from the south. The hills in the vicinity are 75 to 100 
feet in hight, and appear to be of horizontal Cretaceous strata. Another locality for these rocks is in sec. 36, 
T.68-25. 

Big Fork river. A few miles below the mouth of Sturgeon river (T.155-25) the Cretaceous occurs in the 
river bank. In T. 64-27 are other exposures probably belonging to the Cretaceous. A few miles below the 
mouth of Deer river (T. 62-25), and also in several places along this river, between its mouth and Deer lake, the 
Cretaceous is again seen. In places these beds are hard and polished by the river's action. 

Other exposures of Cretaceous rocks probably occur on the Little Fork and Big Fork (Bowstring) rivers, 
but they have not been carefully separated from the horizontal clays and sands which were deposited in the 
glacial lake Agassiz. 

Other Oretaceous areas. It has been thought, and with apparently good reason, that some of the more 
noticeable hills in the southern part of Itasca county are composed of Cretaceous strata immediately underlying 
a thickness of only a few feet of drift. Such hills are the high ridge just southwest of Pokegama lake, and an 
oval hill in sees. 22 and 23, T. 55--26. Mr. H. V. Winchell reports that quite recently Cretaceous strata, very 
rich in fossils, have been encountered in the test pits of the Arcturus Iron company in sees. 13 and 24, T. 56-24. 

Glacial deposits. As already stated, Itasca county is covered by deposits of 

glacial drift. The average and the maximum thicknesses of the drift are not 

definitely known. 'fhe thickness varies from nothing to an average of perhaps over 

fifty feet, while in the western and southern part of the county the drift is probably 

in places considerably over a hundred feet in thickness. In general it may be said 

that this covering of drift is thickest toward the west and southwest, and that it 

* Bulletin Minnesota Academy Natural Science, vol. i, pp. 347-349. 
tHo V. WINOHELL. American Geologist, vol. xii, pp. 220-223, Oct., 1893. 
t C • .8.. WHITE, Ibid., p. 221. 
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thins gradually toward the east and northeast. The only part of the county where 

the drift is very thin 01' almost wanting, is in the immediate vicinity of Rainy and 

Kabetogama lake~, but north of Net lake and along the Mesabi iron range, and just 

to the north of this the rocks are not so heavily drift-covered and they outcrop 

occasionally. In composition the drift of Itasca county is similar to that of the 

adjoining counties. Its material has been derived from the north, northwest and 

northeast, and perhaps from the east. Thus crystalline rock material is common, as 

are also fragments of limestone from the Winnipeg region and lignite from the Cre

taceous. Boulders, while not scarce, are not so common as might be expected, 

although certain bouldery belts are known, especially along the upper part of the 

Big Fork river. In general it may be said that a large part of the drift material has 

not been transported far, having originated directly from the Cretaceous rocks of 

the county, and thus boulders will not be as common as in districts where the drift 

is chiefly derived from the Archean rocks. 

(1). Glacial str'ice. * Below is a list of the directions of glacial strioo noted in 

Itasca county: 
Rainy lake-

N. E. M N. W. M sec. 30, T. 71-23, 
West line of sec. 29, T. 71-23, south shore of lake, 
S. W. M S. W. M sec. 29, T.71-22, 
N. W. M sec. 28, T. 71-22, 
Sec. 28, T. 71-23, 
East side of sec. 29, T. 71-22, south shore of lake, 
S. E. M, sec. 28, T. 71-22, 
S. W. M S. W. M sec. 24, T. 71-23, 
Near head of Black bay, 

Rainy river-
172 miles below Koochiching, 
2\\-4 miles below Koochiching, 
3:x! miles below Koochiching, 
Island in sec. 3, T. 159-25, 4 miles above Manitou rapids, 
Sec. 27, T. 169-27, 1 mile below Longue Sault rapids, _ 
Pine river,t first rapid, 
Pine river, second rapid, -
One mile above mouth of Rapid river, near west line of Itasca county, 

Little Fork river-
Sec. 6, T, 69--25, 
T.67-24, -
T. 67-24, near southwest corner, 
Sec. 31 (?), T. 66-24, 
T. 64-22, near S. W. corner, -

Net lake, small island near east side of lake, 
Big Fork (Bowstring) river-

16 miles above mouth of river, T. 157-25, 
27 miles above mouth of river, S. part of T.156-25, _ 
IVz miles below Sturgeon river, T. 155-25, _ 
Big Falls, near S. E. corner of T. 155-25, 
12 miles below Little falls, near centre of T. 63--26, 
Near same place, -
A short distance above, 
Little Falls, near N. E. corner T. 62-26, 
One-eighth mile above Little falls, -

'Referred to the trne meridian. 

south 40° W. 
south 50° W. 
south 55° W. 
south 43° W. 
south 32° W. 
south 60° W. 
south 52° W. 
south 60° W. 
south 52° W. 

south 40° W. 
south 40° W. 
south 32° W. 
south 38° W. 
south 24° W. 
south 24° W. 
south 24° W. 
south 38°W. 

south 50" W. 
south 40° W. 
south 42° W. 

south 20° W. and south 80° E. 
south 10° E. 

south 20° W. to south 24° W. 

south 44° W. 
south 58° to 62° E. 

south 24° E. 
south 80° E. 

south 58° to 70. E. 
south 10° W. and south 30° E. 

south 60° E. 
south 2° to 8° E. 

south 2° K 

tThis river empties into Rainy river nearly opposite the northeast corner of T. 160-29 W. 
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Sec. 6, T, 69-25, 
T.67-24, -
T. 67-24, near southwest corner, 
Sec. 31 (?), T. 66-24, 
T. 64-22, near S. W. corner, -

Net lake, small island near east side of lake, 
Big Fork (Bowstring) river-

16 miles above mouth of river, T. 157-25, 
27 miles above mouth of river, S. part of T.156-25, _ 
11'2 miles below Sturgeon river, T. 155-25, _ 
Big Falls, near S. E. corner of T. 155-25, 
12 miles below Little falls, near centre of T. 63-26, 
N ear same place, -
A short distance above, 
Little Falls, near N. E. corner T. 62-26, 
One-eighth mile above Little falls, _ 

*Referred to the t.rue meridian. 

south 40° W. 
south 50° W. 
south 55° W. 
south 43° W. 
south 32° W. 
south 60° W. 
south 52° W. 
south 60° W. 
south 52° W. 

south 40° W. 
south 40° W. 
south 32° W. 
south 38° W. 
south 24° W. 
south 24° W. 
south 24° W. 
south 38° W. 

south 50° W. 
south 40° W. 
south 42° W. 

south 20° W. and south 80° E. 
south 10° E. 

south 20° W. to south 24° W. 

south 44° W. 
south 58° to 62° E. 

south 24° E. 
south 80° E. 

south 58° to 70. E. 
south 10° W. and south 30° E. 

south 60° E. 
south 2° to 8° E. 

south 2° K 

t This river empties into Rainy river Ilearly opposite the northeast corner of T. 160-29 W. 
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On Deer river, ~ mile above its mouth, 
Half way between mouths of Deer and Rice rivers, 
Sec. 5 (?), T.61-25, 
A short distance above the last, 
Rice River rapids, upper exposure, probably in sec. 13, T. 61-26, 
Near the same place, below last, 
T. 61-26, perhaps in sec. 27, 
T. 150-25, probably in S. W. 7i sec. 35, 

Pokegama falls, 
Prairie river,lower falls, S. E. 7i sec. 34, T. 56-25, 

south 80° to 90° E. 
south 70° to 800 E. 

south 70° E. 
son th 70° to 80° E. 

so nth 35° E. 
south 65° E. 
south 70° E. 

son th 5° to 0° E. 
south 500 E. 

south 4° to 10° E. 
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From an examination of the directions of these striCB at R.ainy lake, on the 

Rainy river and on the lower parts of the Little Fork and Big Fork (Bowstring) 

rivers, it will be seen that the last ice movement thus recorded in the northern part 

of Itasca county had a general southwesterly direction. A lack of a sufficient number 

of known striCB in the southern part of the county prevents us from stating definitely 

the direction here, but it was most probably more nearly south than southwest. 

Some of the directions recorded on the upper parts of the Little Fork and Big Fork 

rivers are rather anomalous. They indicate a motion either from the northwest and 

west toward the southeast and east, or from the southwest and east toward 

the northwest and west. The latter direction is regaTCled as the true one by 

Mr. Warren Upham, who refers this direction of motion to the fact that the ice

sheet in the western and northwestern part of the county disappeared, probably on 

account of melting by the waters of the glacial lake Agassiz, before the ice in the 

central part of the county. The ice thus left would move out toward the areas £Tee 

from ice and some of it would thus mOve west, or north of west, producing the 

anomalous strife. * 
The glacial deposits take four chief forms: (1) Till, non-morainic; (2) Morainic 

accumulations; (3) Modified drift, and (4) Deposits in the glacial lake Agassiz. Each 

of these types of deposits has characteristic features, but the exploration of the 

county has been so incomplete that we are unable to outline or describe all the clif

ferent areas. 

(2). Moraines. Considerable areas are covered by rough, hilly drift represent

ing the deposits from the end of the ice where it remained in approximately a con

stant position for some time. Four such morainic belts are supposed to cross Itasca 

county. The most southern has been termed the ninth or Leaf Hills moraine. This 

is represented by the hilly district in the southern part of T. 53-24, and the south

west corner of T. 53-23. This moraine is crossed by the Mississippi in sec. 26, T . 

. 53'-24. The tenth or Itasca moraine enters Itasca county in T. 53-27, passes north

eastward along the south side of Siseebakwet lake in T. 54-26, includes most of 

Pokegama lake and also Trout lake in T. 55-24, and presumably continues through 

T. 56-23, leaving the county about the north part of the east side of T. 57-22. One 
~ 

"It i~ also quite reasonable to assume that these anomalous strire were produced by ice of the Lake Superior lobe moving 
tow"rds the west, and even north of west. . 

ITASCA COUNTY. 
lI1ora,ines.] 

On Deer river, ~ mile above its mouth, 
Half way between mouths of Deer and Rice ri vcrs, 
Sec. 5 (?), T. 61-25, 
A short distance above the last, 
Rice River rapids, upper exposure, probably in sec. 13, T. 61-26, 
Near the same place, below last, 
T. 61-26, perhaps in sec. 27, 
T. 150-25, probably in S. W. 74 sec. 35, 

Pokegama falls, 
Prairie river, lower falls, S. E. 74 sec. 34, T. 56-25, 

south 800 to 900 E. 
south 700 to 80° E. 

south 70° E. 
south 700 to 800 E. 

south 3[iO E. 
south 65° E. 
south 700 E. 

south GO to 00 E. 
south 500 E. 

south 40 to 10° E. 

185 

From an examination of the directions of these strice at R.ainy lake, on the 

Rainy river and on the lower parts of the Little Fork and Big Fork (Bowstring) 

rivers, it will be seen that the last ice movement thus recorded in the northern part 

of Itasca county had a general southwesterly direction. A lack of a sufficient number 

of known strice in the southern part of the county prevents us from stating definitely 

the direction here, but it was most probably more nearly south than southwest. 

Some of the directions recorded on the upper parts of the Little Fork and Big Fork 

rivers are rather anomalous. They indicate a motion either from the northwest and 

west toward the southeast and east, or from the southwest and east toward 

the northwest and west. The latter direction is regarded as the true one by 

Mr. Warren Upham, who refers this direction of motion to the fact that the ice

sheet in the western and northwestern part of the county disappeared, probably on 

account of melting by the waters of the glacial lake Agassiz, before the ice in the 

central part of the county. The ice thus left would move out toward the areas free 

from ice and some of it would thus move west, or north of west, producing the 
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accumulations; (3) Modified drift, and (4) Deposits in the glacial lake Agassiz. Each 
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county has been so incomplete that we are unable to outline or describe all the dif
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(2). Moraines. Considerable areas are covered by rough, hilly drift represent

ing the deposits from the end of the ice where it remained in approximately a con

stant position for some time. Four such morainic belts are supposed to cross Itasca 

county. The most southern has been termed the ninth or Leaf Hills moraine. This 

is represented by the hilly district in the southern part of T. 53-24, and the south

west corner of T. 53-23. This moraine is crossed by the Mississippi in sec. 26, T . 
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peculiar kettle occurs on this moraine. It is in the top of the highest hill in sec. 21, 

T. 56-24. The hill is about 150 feet above the little stream near its base and is 

separated from adjoining hills. The kettle, which simulates a crater very closely, 

occupies nearly the whole top of the hill and is about sixty feet deep and fifteen 

rods across the top of its narrow rim. 
The eleventh or Mesabi moraine is thought to be represented by low hills just· 

north of lake Winnibigoshish. It is strongly developed in the northern part of T. 

56-27, passes along the south side of Deer lake in the northern part of T. 56-26, then 

turns northward and includes the hilly lake country in the east parts of T. 57-26 and 

T. 58-26, and the west parts of T. 57-25 and T. 58-25. This district probably repre

sents a reentrant angle in the ice front. The moraine passes eastward through the 

north part of T. 57-25, and presumably continues directly eastward approximately 

coinciding in position with the Mesabi moraine at the eastern limit of Itasca county. 

The twelfth or Vermilion moraine, as mapped by Mr. Warren Upham, is repre

sented by hills just to the south of Net lake. Its western extension is not known, 

but it may pass into the area of the glacial lake Agassiz and be obscured by the 

deposits of that lake. 

Prof. N. H. Winchell, in studying the drift characters in St. Louis county, has 

reached the conclusion that the VenTlilion moraine does not pass south of Net lake, 

but that it runs more to the north, and enters Itasca county near the west end of 

Kabetogama lake, being continuous with the line which separates the rocky surface 

at Rainy lake from the level plain of clays to the west and southwest of this lake.* 

In the mapping of Beltrami county, Prof. J. E. Todd finds five morainic 

areas, south of the highest shore line of lake Agassiz, which pass into Itasca county. 

On the Itasca county map these moraines are represented as entering the county, 

but we have no information which will allow us to designate with certainty their 

position for any considerable distance east of the Beltrami-Itasca county line. 

(3). lJIIoclijiecl drift occurs in several areas in the southern part of the county. 

The most extensive area is the fiat country between the Mississippi and Swan rivers, 

extending from Blackberry southeast to the limits of the county. Other areas occur 

in the triangular district bounded on the east, south and west by the Mississippi 

river in T. 55-27, also north of the river in the vicinity of Ball Club lake. 

(4). The glacial lake Agassiz. t This body of water covered a considerable part 

of the northern half of Itasca county during the closing stages of the Glacial period .. 

Unfortunately the shore lines and the deposits of this glacial lake have not been 

studied in detail in this county. The highest shore line, whose approximate locatioll 

is shown on the county map (plate 65) enters the county on the west in the northern 

* See chapter on and map of the north part of St. Louis county in this volume. 
t For a full description of this lake, see" The glacial lake Agassiz," by WARREN UPHAM. Mon. xxv, U. S. Geol. Survey. 
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l)eculiar kettle occurs on this moraine. It is in the top of the highest hill in sec. 21, 

T. 56-24. The hill is about 150 feet above the little stream near its base and is 

separated from adjoining hills. The kettle, which simulates a crater very closely, 

occupies nearly the whole top of the hill and is about sixty feet deep and fifteen 

rods across the top of its narrow rim. 
The eleventh or Mesabi moraine is thought to be represented by low hills just· 

north of lake Winnibigoshish. It is strongly developed in the northern part of T. 

56-27, passes along the south side of Deer lake in the northern part of T. 56-26, then 

turns northward and includes the hilly lake country in the east parts of T. 57-26 and 

T. 58-26, and the west parts of T. 57-25 and T. 58-25. This district probably repre

sents a reentrant angle in the ice front. The moraine passes eastward through the 

north part of T. 57-25, and presumably continues directly eastward approximately 

coinciding in position with the Mesabi moraine at the eastern limit of Itasca county. 

The twelfth or Vermilion moraine, as mapped by Mr. Warren Upham, is repre

sented by hills just to the south of Net lake. Its western extension is not known, 

but it may pass into the area of the glacial lake Agassiz and be obscured by the 

deposits of that lake. 

Prof. N. H. Winchell, in studying the drift characters in St. Louis county, has 

reached the conclusion that the Vermilion moraine does not pass south of Net lake, 

but that it runs more to the north, and enters Itasca county near the west end of 

Kabetogama lake, being continuous with the line which separates the rocky surface 

at Rainy lake from the level plain of clays to the west and southwest of this lake.* 

In the mapping of Beltrami county, Prof. J. E. Todd finds five morainic 

areas, south of the highest shore line of lake Agassiz, which pass into Itasca county. 

On the Itasca county map these moraines are represented as entering the county, 

but we have no information which will allow us to designate with certainty their 

position for any considerable distance east of the Beltrami-Itasca county line. 

(3). Modified cl?'ift occurs in several areas in the southern part of the county. 

The most extensive area is the flat country between the Mississippi and Swan rivers, 

extending from Blackberry southeast to the limits of the county. Other areas occur 

in the triangular district bounded on the east, south and west by the Mississippi 

river in T. 55-27, also north of the river in the vicinity of Ball Club lake. 

(4). The glacial lake Agassiz.t This body of water covered a considerable part 

of the northern half of Itasca county during the closing stages of the Glacial period .. 

Unfortunately the shore lines and the deposits of this glacial lake have not been 

studied in detail in this county. The highest shore line, whose approximate location 

is shown on the county mal) (plate (5) enters the county on the west in the northern 

* See chapter on ancl map of the north part of St. Louis county in this volume. 
tFor a full clescription of this lake, see" The glacial lake Agassiz," by WARREN UPHAM. Mon. xxv, U. S. Geol. Survey. 
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part of T. 153-29, at an altitude of over 1,200 feet above sea level. It extends east

ward and southeastward, and we have its probable location where it crosses the Big 

Fork river.* This is near the western edge of T. 62-25, and here the beach is 

thought to be about 1,250 feet in altitude. It then is thought to run northward, 

turning east probably in the southern part of T. 65-25, and crossing the Little Fork 

river near where that river is crossed by the county road from Grand Rapids to 

Koochiching. This is in the southeastern part of T. 65-24. From this point the 

line runs northward and then eastward, leaving the county in T. 69-22, at an alti

tude of something over 1,250 feet. It is only just to say that we have no certain 

record of this beach, as a beach, in Itasca county, but the above location is given 

from a knowledge of elevations and the general character of the country within and 
without the old lake area. 

The character of the surface to the north and west of the shore of lake Agassiz 

is noticeably different from that to the south and east of this line. As has already 

been stated, the land included in the area of this lake is in general a plain with a fiat, 

monotonous surface. The land has such a small slope that large parts are covered 

by swamps. The origin of the present surface can best be explained by assuming 

that as the ice retreated the land was a gently rolling or fiat area covered with 

glacial deposits. These deposits were then covered who1ly or in part by material 

deposited in the glacial lake. These lacustrine beds exist in considerable force along 

the Rainy river and the lower parts of the Big Fork (Bowstring) and Little Fork 

rivers. It is probable that they thin out or nearly disappear at the southwestern part 

of this lake in Itasca county. It is most plausible to refer these beds, which are 

mostly of sands and clays, to material derived directly from the ice and deposited in 

the lake. 

The place where the marked contrast between this plain of lacustrine deposits 

and the surrounding areas can be best seen is at the west end of Rainy lake. The 
. ' 

lacustrine deposits, which are in full force along the Rainy river, here end abruptly 

and are replaced on the east by a·surface of rock and scanty drift among which lacus

trine beds seem to be entirely lacking. As yet no evidences of beaches have been 

found here and moreover some of the lacustrine beds are a few feet above the level " , 
of Rainy lake. It is thus seen that the body of water in which these deposits were 

laid down must have covered Rainy lake, unless it was prevented from doing so by 

the ice-sheet. Moreover, from our knowledge of the altitudes of the shore lines of 

lake Agassiz farther west, and the elevation of the land which has taken place toward 

the northeast since the time of lake Agassiz, it is safe to assume that, if this lake did 

extend overthe area now occupied by Rainy lake, the surface of the water of the - • Seventeenth Annual Repo,·t, p. 434. 
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from a knowledge of elevations and the general character of the country within and 

without the old lake area. 

The character of the surface to the north and west of the shore of lake Agassiz 

is noticeably different from that to the south and east of this line. As has already 

been stated, the land included in the area of this lake is in general a plain with a fiat, 

monotonous surface. The land has such a small slope that large parts are covered 

by swamps. The origin of the present surface can best be explained by assuming 

that as the ice retreated the land was a gently rolling or fiat area covered with 

glacial deposits. These deposits were then covered wholly or in part by material 
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glacial lake was here in the vicinity of one hundred feet above the present surface of 

Rainy lake. There was certainly an ice boundary to this glacial lake along part of 

its northern area, preventing the water from flowing out into Hudson bay. It seems 

to explain the facts better to assume that at one time, not necessarily at the end of 

the life of the glacial lake, the ice border of the lake retreated comparatively slowly 

in the district along the Rainy river. During this period much material ,derived 

directly from the ice was deposited as sediment in the water of this lake. These 

lacustrine deposits covered up the true till, which was derived directly from the ice

sheet, and which was not distributed by, and laid down as sediment in, the waters 

of lake Agassiz. 

The line where the lacustrine deposits end can be drawn from the west end of 

Kabetogama lake northwest past the west end of Black bay and the outlet of R~iny 

lake. This line is approximately at right angles to the last ice-motion in this area.' 

To the west and south of this line these deposits occur, while to the east and north 

of it they seem to be entirely lacking. It may be that the ice retreated very 

suddenly from this line, or it is possible that this line represented the ice-boundary 

of the lake, when it was chained away to Hudson bay. Either supposition will 

account for the sudden ending of the lacustrine deposits. The idea that this line 

represents the ice-boundary of lake Agassiz has been proposed by Lawson, but 

Upham regards it as rather improbable. To the writer it seems that the idea that 

this line represents the line of the ice-boundary of lake Agassiz at one time, but 

perhaps not necessarily at the end of the life of the glacial lake, is quite in accord

ance with the observed facts. As has been stated above, professor Winchell regards 

the Vermilion moraine as practically coincident, in the vicinity of Rainy lake, with 

the line separating the country covered by lacustrine deposits from that in which 

they are lacking. This moraine represents a considerable period during which the 

front of the ice-sheet was practically stationary, and it would seem that during this 

same period the ice-front was stationary near the limit of the lacustrine deposits, 

and that here was, for a time at least, the ice-border of the glacial lake Agassiz. 

After this moraine and the lacustrine deposits were formed, the ice must have 

retreated very rapidly, leaving a comparatively small amount of drift material, and 

practically no lacustrine deposits on the country north and east of this limit. 

The thickness of these lacustrine deposits in the glacial lake Agassiz necessarily 

varies considerably, and the limits of the beds are not fully known, except on the 

northeast, as already mentioned. These deposits are well developed on the lower 

parts of the Big Fork (Bowstring) and Little Fork rivers, and along Rainy river. 

The following description is taken from Lawson's account of these beds.* 

* Geol. Stu-vey of Canada, Annual Report, vol. ill, part 1, pp.170F-173F. 
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glacial lake was here in the vicinity of one hundred feet above the present surface of 

Rainy lake. There was certainly an ice boundary to this glacial lake along part of 

its northern area, preventing the water from flowing out into Hudson bay. It seems 

to explain the facts better to assume that at one time, not necessarily at the end of 

the life of the glacial lake, the ice border of the lake retreated comparatively slowly 

in the district along the Rainy river. During this period much material .derived 

directly £1'om the ice was deposited as sediment in the water of this lake. These 

lacustrine deposits covered up the true till, which was derived directly from the ice

sheet, and which was not distributed by, and laid down as sediment in, the waters 

of lake Agassiz. 

The line where the lacustrine deposits end canbe drawn from the west end of 

Kabetogama lake northwest past the west end of Black bay and the outlet of Rainy 

lake. This line is approximately at right angles to the last ice-motion in this area. 

To the west and south of this line these deposits occur, while to the east and north 

of it they seem to be entirely lacking. It may be that the ice retreated very 

suddenly £1'om this line, or it is possible that this line represented the ice-boundary 

of the lake, when it was drained away to Hudson bay. Either supposition will 

account for the sudden ending of the lacustrine deposits. The idea that this line 

represents the ice-boundary of lake Agassiz has been proposed by Lawson, but 

Upham regards it as rather improbable. To the writer it seems that the idea that 

this line represents the line of the ice-boundary of lake Agassiz at one time, but 

perhaps not necessarily at the end of the life of the glacial lake, is quite in accord

ance with the observed facts. As has been stated above, professor Winchell regards 

the Vermilion moraine as practically coincident, in the vicinity of Rainy lake, with 

the line separating the country covered by lacustrine deposits from that in which 

they are lacking. This moraine represents a considerable period during which the 

£1'ont of the ice-sheet was practically stationary, and it would seem that during this 

same period the ice-front was stationary near the limit of the lacustrine deposits, 

and that here was, for a time at least, the ice-border of the glacial lake Agassiz. 

After this moraine and the lacustrine deposits were formed, the ice must have 

retreated very rapidly, leaving a comparatively small amount of drift material, and 

practically no lacustrine deposits on the country north and east of this limit. 

The thickness of these lacustrine deposits in the glacial lake Agassiz necessarily 

varies considerably, and the limits of the beds are not fully known, except on the 

northeast, as already mentioned. These deposits are well developed on the lower 

parts of the Big Fork (Bowstring) and Little Fork rivers, and along Rainy river. 

The following description is taken from Lawson's account of these beds.* 

• GBut. 8u.rvey of Canacia, Annual Report, vol. ill, part 1, pp.170F-173F. 
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u The~e brief notes by earlier o~servers of the formations through which Rainy river cuts its way, do not 
give a sufficIently clear or comprehensIVe account of their character, their distribution or their geological history. 
I shall, therefo~e, attempt to sllppl.ement them by observations I have been enabled to make in the field myself, 
as well as to pomt out the connectIOn of the facts adduced with those that have been observed by others in the 
study of post-glacial phenomena in adjoining regions. I am at a loss to understand Dr. Bigsby's statement that 
he saw no marks of stratification in the banks of the river. 1'here are abundant and distinct evidences of the 
deposition of the greater part of the formations in stratiform layers or beds. They are first observed on Rainy 
lake on the west shore of Sand bay, as bedded clays. Between Rainy lake and Fort Frances, the banks of the 
river are composed of light colored, more or less sandy and calcareous clays with numerous pebbles of yellow or 
cream-colored limestone. The banks rise about ten or twelve feet above the surface of the river at its mean 
hight, and the country back from the river is flat. Below the falls of Fort Frances the river sinks in level, 
between twenty-two feet and twenty-five feet. And as the surface o[ the country remains flat, the hight of the 
river banks below the falls is increased by this amount. The banks here present a more or less steeply scarped 
aspect, a character which they retain almost continuously to the mouth of the river, although there are occa
sionally shortostretches of sloping banks or low shores which are wet or dry, according to the hight of the water 
in the river. For a long distance down the river from t,he falls, evidences of stratification are not very prominent 
in the banks. The clay is very calcareous or marly, and crumbles readily when dry, forming a steep talus. The 
bedding can, however, be seen occasionally in the short scarp which rises above this talus (iuite distinctly. In 
these cases, thicker beds of a calcareous or sandy clay, with numerous small pebbles, are generally separated by 
thin partings of purer unctuous clay. The thicker beds usually vary from two inches to six inches in thickness, 
and are often much more sandy than clayey. For the first three miles below the falls, the underlying glaciated 
rocks upon which the formation rests crop out occasionally on both sides of the river. From these exposures I 
should .iudg'e that the mean level of the rocky surface of the country along this part of the river would be but 
little below the surface of the river, and that we have in the hight of the banks a vertical section nearly equal to 
the mean thickness_of the formation, which would, therefore, be between thirty feet and forty feet. After turning 
the bend three miles below Fort Frances, no rocks crop out along the river for over twelve miles. Throughout 
this distance, the character of the banks varies but little and presents only a few points of special interest. On 
the Indian reserve opposite the mouth of Little American or Little Fork river there is a peculiar tenace-like 
ridge running parallel with the river a few hundred feet from the water's edge. It is observable only for a short 
distance where the Indians have cleared away the bush. Between the Little and Big American rivers on the 
Canadian side there can be seen an extensive, apparently unstratified mass of clean, unctuous, blue clay under
lying the bedded marly clays and sands of the upper portion of the bank. Below the Big American river the 
bedded clays, sandy and marly clays and sands prevail, and the lower unstratified blue clay was not again 
observed for a considerable distance. On Mr. George Singleton'S farm (sec. 9, T. 5, S. R. xxviii), the glaciated 
surfaces of the old rocks outcrop from beneath these post-glacial deposits, not only on the river banks, but over 
a considerable area in the rear of his faorm, the rock being a hornblende-syenyte gneiss. Rock exposures are more 
common from this point on to the bottom of the Longue Sault than anywhere else along the river, and some of 
the more prominent points appear to have been islands in the fresh water lake, in which the post-glacial forma
tions were deposited. The latter cannot be on the average much more than twenty-five feet or thirty feet thick 
along this part of the river. The surface of the country rises gently, however, on the north side of the river, and 
at the back of Mr. Lutterel's farm (sec. 22, T. 5, S. R. xxviii) a low, flat gravel ridge was observed whicb probably 
lies on top of the beds exposed at the river bank. Between this point and Manitou rapid many more boulders 
of Archean rocks were observed imbedded in the strata of the river banks than had been noticed higher up the 
stream, although they are not prominent near the rapid itself, the formation, as observed by Dr. Bigsby, being 
unusually clayey there. Near the eastern limit of the Indian reserve at Manitou rapid there many be seen on the north 
side of the river a mass of unbedded clay with pebbles to a thickness of ten feet to fifteen feet above the surface 
of the river, and resting upon this four feet of evenly bedded sanely clay in which the pebbles are mostly yellow 
colored limestone. Down near the rapid these upper beds are wanting iust at the water's edge and the lower clay 
only is seen. This lower clay is proba-bly the same formation as that noted between the Big and Little American 
rivers. 

"Below the Longue Sault Rapids for some miles the banks of the river on either side, wherever the scarped 
faces permit of close observation, show only bedded marly clays, and clayey sands with pebbles. If the unstrati
fied lower clay underlies these beds, as appears quite probable, it is concealed by the soft talus that has fallen 
from the scarp. Mr. Cameron informed me that he had sunk a well four miles back from the river on a logging 
road (sec. 21, T. 4, S. R. xxv) for twenty-two feet, and had bored a further forty feet through formations similar 
to those on the bank of the river before he struck solid rock. He obtained water at this depth of sixty-two 
feet, but found it extremely hard, a fact due to the abundance of calcareous matter in the loose strata through 
which water must percolate before reaching the comparatively impermeable surface of the underlying hard 
rocks. The "formations up the Pine river, as far as the second rapid, are, as on :r:ainy river, bedded ~arly cl~ys 
and clayey sands, together with gravel made up very largely of limestone debl:ls. At the first rapld on. Pme 
rivera gravel ridge which lies on the glaciated surface of the rock has been cut mto by workmen enga~edlIl ~he 
construction of a dam across the rapid. The gravel is rather fine, mostly calc~reous, a~d much mlXed wlth 
clayey matter. In it were found large numbers of fresh-water shells, toget~er wlth some frag~ents. of bones of 
the buffalo (Bas americamls Gmelin). Fresh-water shells were also found 1Il the beds on Ramy l'lver, at the 
conflup,nce of Pine river, and at various points below this, particularly, however, in the bedded sands and clays at 
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a considerable area in the rear of his farm, the rock being a hornblende-syenyte gneiss. Rock exposures are more 
common from this point on to the bottom of the Longue Sault than anywhere else along the river, and some of 
the more prominent points appear to have been islands in the fresh water lake, in which the post-glacial forma
tions were deposited. The latter cannot be on the average much more than twenty-five feet or thirty feet thick 
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the mouth of Beaudette river. Although the shells at these points are numerous, the species are few. The 
following have been identified by Mr. Whiteaves: Sphcerimn sulcatmn Lamark; Sphceriwn striatinum(?) • 
Lamark; Planorbis (Helisol1w) bic(winatus Say; Limncea (Limnophysa) desidiosa Say (one, broken). Near 
the confluence of Beaudette river, and from that point on to the mouth of Rainy river, the banks still retain 
their abruptly scarped aspect rising from ten feet to twenty feet above the river, but the formations composing 
them gradually change in character, and the clay gives place to a fine light-yellow mudC(y sand, bedded often 
with very thin partings of clay. A third of the way from Beaudette river to the mouth of Rainy river, this 
yellow sand is observed to rest upon a pebble cong'lomerate made up of limestones and Archean pebbles 
imbedded in a partially hardened mud matrix." . 

Post-glacial deposits. These deposits are of limited extent and take the form of 

alluvial material along the larger rivers. Such deposits are still being laid down in 

high water along the river flood plains. Alluvium occurs along the Mississippi river, 

especially in T. 53-24, and T. 54-24, also along the lower parts of the Little Fork and 

Big Fork rivers. The Rainy river, contrary to expectation, does not seem to be 

depositing alluvium; it is a river with practically no flood plain. These statements 

are made from a knowledge of the upper part of this ri vel' valley and the published 

accounts seem. to show that the rest of the valley is similar to its upper part. The 

Rainy river from the outlet of Rainy lake to Koochiching falls, a distance of about 

three miles, flows in a shallow, steep-sided trench, the water, even in low stages, 

reaching nearly from one steep bank to the other. The river in high water does not 

reach to the top of these banks and so no alluvium is deposited. Below the falls, 

for a distance of several miles, the conditions are the same, except that the banks 

are twenty to forty feet higher, and here also no alluvium occurs. 

MATERIAL RESOURCES.* 

TVater-poUJe1's. There are numerous rapids and small falls along the streams of 

this county which, by a little improvement, could be developed into good water

powers. Pokegama falls and Grand rapids on the Mississippi, Big falls on the Big 

Fork (Bowstring) river and several smaller falls on this river and on the Little Fork 

are examples of these water-powers. By far the largest water-power in the district 

is that of the Koochiching falls (see plate 0, figure 2). Here the Rainy river 

. descends from twenty-one to twenty-four and a half feet, the amount of fall vary

ing with the stage of the water. It has been estimated that there are 12 000 cubic feet , 
of water flowing over this fa1l every second, and the power here generated averages 
30,000 horse-power, with a probable minimum of 20,000 horse-power. This is thus 

seen to be by far the largest water-power in the state, much exceeding that at St. 
Anthony falls. A dam of from five to ten feet at the head of these falls would 
increase the hight of the falls as many feet, and would also raise the level of Rainy 
lake from two to seven feet, thus furnishing an immense mill-pond with an enor

mous supply of water for use in times of low water in the river. The value of 
this water-power as an aid in the development of this part .of the state cannot 
be overestimated. 

*8ee als6 under" Other resources," in the appendix to this chapter. 
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Clays. As yet no clay beds have been worked in Itasca county, but there is no 

reason why some of the glacial and post-glacial clays will not be used for brick mak

ing as the county becomes better settled. The best clays are probably in the 

Cretaceous strata. These have not been explored carefully, but it seems probable 

. that much good pottery clay, and even clay for finer material, can be obtained from 

these beds. Kaolin occurs in connection with the Cretaceous strata in the Minne

sota River valley, and may also be found in Itasca county. 

)J![ica. Some of the coarse pegmatyte dikes in the Rainy Lake region contain 

plates of mica of considerable size, and a mica mine has been reported as started 

near Kettle falls in St. Louis county. 

Gold. The appendix to this chapter deals with the gold discoveries in the 

vicinity of Rainy lake, and it will not be necessary here to repeat information which 

can be found there. 

Jq·on. The Mesabi range traverses the county from the east side of T. 57-22, 
southwest to the Mississippi river at Pokegama falls. Already deposits of hematite 

ore have been found along this range in Itasca county, as at the Mesabi Chief mine 
and on the land of the Arcturus Iron company. The iron of the Mesabi range is 
discussed elsewhere. It is sufficient to say here that the taconyte or iron-bearing 
member of the Animikie, which is the horizon of the extensive and numerous deposits 
of hematite in St. Louis county, exists in Itasca county, as described and as shown 
on the geological map. The exploration of this belt of taconyte has not been as 
thorough as might be desired, and the results of the exploration are not as encour
aging as in certain localities in St. Louis county. Still the future will probably 

show the existence of other hematite deposits in Itasca county, although it is not 
thought that as many and as rich deposits will be found as exist in St. Louis county. 

Rocks of the same age as the Vermilion iron range rocks exist in the vicinity of 
Rainy lake, but we know of no prospects for iron ore discoveries in this district in 
Itasca county, although farther east in Ontario iron ore occurs in rocks of the 

same age. 
The Vermilion iron range extends into Itasca county from the east, but its 

limits are not definitely known. Its rocks are deeply covered by the drift west of 
the central part of the county, but in Ts. 60 and 61, J}.s. 22, 23 and 24, outcrops of the 

characteristic rocks of the Vermilion iron range are reported. Although parties of 
the survey have not visited this district, we feel certain that rocks of the same age 
and nature as the rocks of the Vermilion iron range exist here, and that this district 

is a promising one for explorations for iron ore. Jaspilyte and lean ore already 

have been reported from this locality. 
GEOLOGICAL MAP. 

On the map here presented (plate 65) the areas shown to belong to the Archean, Animikie or Cretaceous are 
those in which the rocks actually outcrop pretty continuously or in which we are reasonably sure that they 
exist immediately under the drift. It is thought best to thus represent knowledge which is definite, rather than 
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to represent the supposed extent of the different formations.. On the map the areas described in this chapter as 
containing Coutchiching rocks are indicated by the title "hornblende and mica-schists." The county has been 
too little explored to enable us to map with accuracy the different types of drift deposits. We have shown the 
actual and most probable extent of the moraines in the sonthern part of the county, but have not attempted to 
separate the areas covered by till from those covered by modified drift. The extent of the alluvium covered 
areas is not accurately known. Much of the southern part of the county has been unstudied and it is simply 
represented as covered by the drift. The area included in lake Agassiz is known to have at the north a consider
able covering of lacustrine deposits, while on the south and especially the southwest these deposits in all 
probability do not cover the till to any great extent, if at all. Our present knowledge will not enable us to out
line more definitely these two types of surface in the bed of the old lake. 

ROCK SAMPLES. 

The following rock samples, illustrating the geology of Itasca county, have been collected by the survey: 
N. H. H7incheZl's ser-ies, 1,521 to 1,539. 
H. V. lVincheWs series, 83 to 159, 213 to 285, 326 to 327. 
U. S. Grant's series, 1,025 to 1,0.55. 
jYTllse-wn Register, 8,000 to 8,0l6, 8,0l8, 8,021, 8,024, 8,025, 8,112 to 8,114. 

APPENDIX TO THE REPORT' ON ITASOA OOUWJ.1Y. 

The nOTtheastern corner of Itasca county contains the only gold mine 111 the 

state, and, as the Rainy Lake gold district is well known, it was thought best to 
introduce here information concerning this district. In the latter part of 1894 a 
preliminary report was written on this district; as parties of the survey have not 
since visited it, nothing of importance can now (January, 1897) be added to that 
report. It is consequently largely reproduced here with very few alterations except 
the omission of certain parts not directly dealing with the region in question. The 
report was published early in 1895 and occupies pp. 36 to 105 of the twenty-third 
annual report of this survey. It is a matter of some congratulation to the authors 
of this report that their statements in the conclusion do not need to be altered, 
unless it is to make them more emphatic. The Little American mine is the only 
producing gold property on the Minnesota side of Rainy lake, but in several places 
in Canadian territory adjoining the lake, developments are such as to show definitely 
that profitable gold mining ean be carried on in the Rainy Lake district. 

PRELIMINARY REPORT ON THE RAINY LAKE* GOLD REGION. 

By H. V. WINCHELL AND U. S. GRANT. 

INTRODUCTORY. 

. This report makes no pretension to be an exhaustive description of the Rainy Lake country and of the gold 
I,nterest centered. there. The :Ime allowed for study in the flelc1 and in the laboratory has been entirely insufficient 
for the pr.eparatlOn. of anythmg but a preliminary paper. The authors have, however endeavored to present a 
report whIch WIll O'ive some nrecise and r l' 1 1 . f· t' ...' . . d 

to " e !a J e m olma Ion concernmg thIS regIOn, the occurrence, rIchness an 

* There is an idea more or less prevalent d't lIt d' . ruption of the French n~me' Regna'lt . R ," a'!th I las )een sate m prmt, that the name of this lake is derived from a cor-
grounds for this idea, which' appea~'~ to o;e lel:~, ~,el er of wlll~h has the sam.e meaning as t,he English Tainy. There are .no good 
sented is that by Oehagach an Ass' 'b . neJey an assumptJ.on. The earliest map we have seen, on which this lake IS repro
Tec((.'n~Ulli8l(fn. The next';'a O~'':''~~ic~:ne ?hlBf, wh? traced 1~ for Verendrye in 1730. On this map Rainy lake is called "Lac 
Heves de Ie partie occidentale Ju Canada" !':tny lak: IS ~hownls that?f Bnache, entitled "Carte physique des terrains les plus 
rle la Fluir," which is sufficient proof t.hat. at t.hP~l~hsfe~ I~ 17t4. On. t.his map Ramy lake is designated as "Lac Tecamarl1'o"eno'U 
let Fluie (Lake of the Raill). There are th' a ear y a ,e, 40 years ago, the lake was known to the French explorers as Lac. de 
of the original French designation. Most ~~~tost f:,cetl~enFt g:ounds for the belief that the name Rainy lake is a direct translation 

y, a so, e rench name was a translation of the Chippewa name. 
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probability do not cover the till to any great extent, if at all. Our IJresent knowledge will not enable us to out
line more definitely these two types of surface in the bed of the old lake. 

ROCK SAMPLES. 

The following rock samples, illustrating the geology of Itasca county, have been collected by the survey: 
N. H. H7inchell's series, 1,521 to 1,539. 
H. V. vVinchell's series, 83 to 159, 213 to 285, 326 to 327. 
U. S. G1'Ctnt's seT'ies, 1,025 to 1,0.55. 
lIfusewn Register, 8,000 to 8,010, 8,018, 8,021, 8,024, 8,025, 8,112 to 8,114. 

APPENDIX TO THE REPORT' ON ITASOA OOUNrry. 

The northeastern cornel' of Itasca county contains the only gold mine 111 the 

state, and, as the Rainy Lake gold district is well known, it was thought best to 

introduce here information concerning this district. In the latter part of 1894 a 

preliminary report was written on this district; as parties of the survey have not 

since visited it, nothing of importance can now (January, 1897) be added to that 

report. It is consequently largely reproduced here with very few alterations except 

the omission of certain parts not directly dealing with the region in question. The 

report was published early in 1895 and occupies pp. 36 to 105 of the twenty-third 

annual report of this survey. It is a matter of some congratulation to the authors 

of this report that their statements in the conclusion do not need to be altered, 

unless it is to make them more emphatic. The Little American mine is the only 

producing gold property on the Minnesota side of Rainy lake, but in several places 
in Canadian territory adjoining the lake, developments are such as to show definitely 

that profitable gold mining can be carried on in the Rainy Lake district. 

PRELIMINARY REPORT ON THE RAINY LAKE* GOLD REGION. 

By H. V. WINCHELL AND U. S. GRANT. 

INTRODUCTORY. 

. This report makes no pretension to be an exhaustive description of the Rainy Lake country and of the gold 
mterest centered. there. The .time allowed for study in the field and in the laboratory has been entirely insufficient 
for the preparatIOn of anytlllng but a preliminary paper. The authors have however endeavored to present a 
report which will Jive some precise and rel' bl . f· t' '. '. '. . d " ·la e III Olma lOn concermng thIS regwH, the occurrence, nchness an 

* There is an idea more or less prevalent nd·t 1 b t t d . . 
rnption of the French n~med R-egnar:lt or R .' a .th~ laS ee~ S a e m prmt, that the name of this lake is derived from a cor· 
grounds for this idea which appear" t b 811e, ~Iel <.r of whIch has t,he same meanmg as t,he English ?'ainy. There are 110 good 
sen ted is that bv O~ha ach > 0. ~ ~ mere.y an assumption. The earliest map we have seen, on Which this lake is rBprB-
1'eC((.m~"';lli.;"fj;. 'The n~xt, ~:~ ~;~~~~~:ne chief, wh? traced it for Verendrye in 1730. On this map R-ainy lake is called "Lac 
eleves de Ie partie occidentale Ju Oanada" !~ny lakr: IS shown IS that M Buache.' entitled "Oarte physique des terrains les plus 
cle Ie< Plaie," which is sufficient proof that. at th~~l~h"~e~ '~ 17t4. On. this map R-amy lake is designated as "Lac l'ecamamw"eno'u 
/« Pluie (Lake of the Rain). There are tl ear y a ,e, 40 yeaIs ago, the lake was known to the French explorers as Lac. de 
of the original French designation. Mostl~~~~OSt f:,cetl1lent grounds for the belief that the name Rainy lake is a direct translatIOn 

y, a so, Ie French name was a translation of the Ohippewa name. 
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necessary treatment of ~he ores, t~e geological stru?ture, and the other resources. It is hoped that this report will 
be of value as a.n ~asl~y accessible source of mformation to intelligent persons who desire to gain some 
knowledge of t~IS .dlstnct, as well as to those who are now in the region or who are contemplating visiting it. 

·The descnptlOn of th~ geology an.d tl:e g~neral physical features of the Rany Lake region applies especially 
to t~at part of the lake ~nd lt~ shores lymg ll: Mmnesota, but most of these statements will hold equally well for the 
ternto~y on t~e other. Side of ~he InternatIonal boundary. When certain features find better development in 
Canadian terl"lt~ry this fact Will be I~entioned. The geological observations of the authors have been supple
mentary to, and 111 a large degree confirmatory of, the reports on this region written by A. C. Lawson* and H. V. 
Winchell.t '1.'0 these reports we are indebted for corroboration of many of the facts observed in the field and in 
some c~ses for ~tatements which are essential. to this report, but which we are unable to make wholly on ~ur own 
authonty. ThiS general acknowledgment WIll suffice to make it unnecessary to give references in cases where 
our observations agree with those of the above mentioned authors, but where we are entirely indebted for cer
tain statements to the previously published reports reference will he made to the source of the information.t 

GENERAL FEA'I.'URES AND GEOLOGY. 

1. GENERAL FEATURES. 

Location. The area shown on the accompanying geologica.! map (plato N) comprises the region here 
reported on. Roughly speaking, it includes the northeastern corner of Itasca county, the northwestern-corner of 
St. Louis county and a belt of country, eight to fifteen miles wide, immediately to the northward in Ontario. 
More accurately the region mapped and described extends from the east side of range 18, St. Louis county 
(about longitude 92° 34' west of Greenwich), west to the west line of range 24, Itasca county (about longitude 
93° 29'), a distance of forty-two miles; and from the south side of township 69 (about latitude 48° 25') north to 
latitude 48° 45', a distance of twenty-three miles. The map thus includes 966 square miles, which are a bout 
equally divided between Minnesota and Ontario. 

Rainy lake comprises the larger part of the water surface in the area mapped. It extends along the inter
national boundary from Kettle falls, in sec. :30, T. 70-18, westward to its outlet in sec. 25, T. 71-24, a distance of 
about forty·one miles. Less than one-fourth of the surface of the lake lies in Minnesota, and several bays 
extend north and northwest of the area shown on the geological map. 

Rainy Lake City, which was the first town started in this district in Minnesota, is situated in sec. 43, 
T. 71-22, Itasca county, and is 135 miles in a straight line north-northwest of Duluth and 250 miles north of St. Paul 
and Minneapolis. Koochiching, Itasca county, and Fort Frances, Ontario, are on opposite sides of the Rainy river 
at Koochiching falls, twelve mjles west of Rainy Lake City and two and a half miles west of the outlet of Rainy 
lake. 

Topography. Rainy lake is a very irregularly outlined body of water with many crooked bays and numer
ous islands, which vary in size from mere reefs to those several square miles in extent. The surface of the lake, in
clusive of islands, has been computed to include 344 square miles. Its extreme length is from the east end of 
Hale bay, which is about four miles east of Kettle falls, northwestwardly to the extremity of Northwest bay, in 
all, fifty-five miles. The extent of the lake east and west is forty-six miles, and the extreme width (north and 
south) thirty-three miles, of which twenty-three miles are in Canadian territory. On account of the irregular 
shape of the lake and its numerous points and islands there is DO very considerable stretch of open water, but in 
a few places the view is unobstructed for ten to fifteen miles in one direction. That part of the lake lying along 
the international boundary consists of an eastern arm extending from Kettle falls to Brule narrows, and the 
southern side of the main part of the lake lying west of Brule narrows. The eastern arm is twenty miles long 
(east and west) and from two to five miles wide. rfhe main part of the lake has several large bays running north 
into Ontario; in fact, most all of this section of the lake lies north of the boundary line. The only extensive 
bay on the Minnesota side is a shallow body of _water lying in the north half of T. 70-22, known as Black bay, or 
as Rat Root lake by the Indians. 

The land surrounding Rainy lake, except on the west, slopes toward the lake, which thus receives the 
drainage of a considerable area. The extent of the drainage basin of Rainy lake is some 16,440 square miles, of 
which 4,440 are in Minnesota and 12,000 in Ontario. The two most important sources of supply from Minnesota 
are the waters of the Vermilion river and those of the international boundary chain of lakes. This latter 
source brings water from both sides of the boundary line for a distance of 150 miles to the east-southeast of 
Kettle falls, i. e., from the divide between the lake Superior and the Hudson bay drainage in T. 65-2 W., Cook 
county (between North and South lakes). Rainy lake, whose drainage basin is equal to nearly one-fifth of the 
area of the state of Minnesota discharo'es its waters through the Rainy river. This begins at the outlet of the 
lake in sec. 25, T. 71-24, a locality know~l as Koochiching by the Indians. Here are two small ral)ids, with a fall 
of three feet, beyond which the river flows westward as a stream 600 to 1,200 feet in width to the Lake of the 

'Report on the geology of the Rainy Lake region. Gcol. and Nat. Ilisl. Sll1'vrV of Cwwila, AmInal Report for 1887-'88, new 
series,~vol. iii, pp. 1 F-182 F. pIs. 12-19,1889. Accompanied by a geological map. . " ,. C 

+Repo~t of observations made during the summer of 1887. Geol. and Nett. I,hsi. /Surrev 0/ ]JImn., S,xteenth (1881) Annual 
Report, pp. 395-478, 1888. Accompanied by a geological map. . ' . " 

t Since this report was published the Ontario Bureau of Mines has issued report; 0': the Ramy.Lake regIOn: as follo>,:,s. 
A. P. COLEMAN. Gold in Ontario: its associated rocks and mmerals. FOllrth Repo? t of the Bw eem 0/ "lIme.s Of Ont((1 10, pp. 

35-100,1895; with maps. 
A. P. COLEMAN. Second report on the gold fields of western Ontario. Fifth Repo,'! of the BUTeau of JJlines Of Ontario, pp. 

47-106, 1896; with maps. 
ARCHIBALD BLUE. A tour of inspection in northwestern Ontario. Ibicl, pp. 107-190. 
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necessary treatment of ~he ores, t~e geological stru:ture, and the other resources, It is hoped that this report will 
be of value as a.n ~asI~y accessIble source of mformation to intelligent persons who desire to gain some 
knowledge of thIS dlstnct, as well as to those who are now in the reo-ion or who are cOllte I t' . 't' 't 

• • 'b " '" mp a ll1g VISI ll1g I . 
The deSCrIptIon of th~ geology an.d tl:e g~neral physical features of the Rany Lake reg'ion applies especially 

to t~at part of the lake ~nd It~ shores Iymg 11: Mll1nesota, but most of these statements will hold equally well for the 
ternto~y on t~e other. SIde of ~he InternatIOnal boundary. When ceI'tain features find better development in 
CanadIan ternt~ry thIS fact WIll be l~entioned. The geological observations of the authors have been supple
mentary to, and III a large degree confirmatory of, the reports on this region written by A. C. Lawson* and H. V. 
Winchell.t '1.'0 these reports we are indebted for corroboration of manyof the facts o~)served in the field, and in 
some c~ses for ~tatements which are essential to this report, hut which we are unable to make wholly on our own 
authonty. ThIS general acknowledgment will suffice to make it unnecessary to give references in cases where 
our observations agree with those of the above mentioned authors, hut where we are entirely indebted for cer
tain statements to the previously published reports reference will he made to the source of the information.t 

GENERAL FEA'I.'URES AND GEOLOGY. 

1. GENERAL FEA'TURES. 

Location. The area shown on the accompanying geological map (platc N) l:omprises the region here 
reported on. Roughly speaking, it includes the northeastern corner of Itasca county, tho northwestern-corner of 
St. Louis county and a belt of country, eight to fifteen miles wide, immediately to the northward in Ontario. 
More accurately the region mapped and described extends from the east side of rang'e 18, St. Louis county 
(about longitude 92° 34' west of Greenwich), west to the west line of range 24, Itasca county (about longitude 
93° 29'), a distance of forty-two miles; and from the south side of township 69 (about latitude 48° 25/) north to 
latitude 48° 45', a distance of twenty-three miles. The map thus includes 966 square miles, which are about 
equally divided between Minnesota and Ontario. 

Rainy lake comprises the larg'er part of the water surface in the area mapped. It extends along the inter
national boundary from Kettle falls, in sec. ;:)0, T. 70-18, westward to its outlet in sec. 25, T. 71-24, a distance of 
about forty-one miles. Less than one-fourth of the surface of the lake lies in Minnesota, and several bays 
extend north and northwest of the area shown on the geological map. 

Rainy Lake City, which was the first town started in this district in Minnesota, is situated in sec. 43, 
T. 71-22, Itasca county, and is 135 miles in a straight line north-northwest of Duluth and 250 miles north of St. Paul 
and Minneapolis. Koochiching, Itasca county, and Fort Frances, Ontario, are on opposite sides of the Rainy river 
at Koochiching falls, twelve lniles west of Rainy Lake City and two and a half miles west of the outlet of Rainy 
lake. 

Topography. Rainy lake is a very irregularly outlined body of water with many crooked bays and numer
ous islands, which vary in size from mere reefs to those several square miles in extent. The surface of the lake, in
clusive of islands, has been computed to include 314 square miles. Its extreme length is from the east end of 
Hale bay, which is about four miles east of Kettle falls, northwestwardly to the extremity of Northwest bay, in 
all, fifty-five miles. The extent of the lake east and west is forty-six miles, and the extreme width (north and 
south) thirty-three miles, of which twenty-three miles are in Canadian territory. On account of the irregular 
shape of the lake and its numerous points and islands there is no very considerable stretch of open water, but in 
a few places the view is unobstructed for ten to fifteen miles in one direction. That part of the lake lying along 
the international boundary consists of an eastern arm extending from Kettle falls to Brule narrows, and the 
southern side of the main part of the lake lying west of Brule narrows. The eastern arm is twenty miles long 
(east and west) and from two to five miles wide. The main part of the lake has several large bays running north 
into Ontario; in fact, most all of this section of the lake lies north of the boundary line. The only extensive 
bay on the Minnesota side is a shallow body of_water lying in the north half of T. 70-22, known as Black bay, or 
as Rat Root lake by the Indians. 

The land surrounding Rainy lake, except on the west, slopes toward the lake, which thus receives the 
drainage of a considerable area. The extent of the drainage basin of Rainy lake is some 16,140 square miles, of 
which 4,440 are in Minnesota and 12,000 in Ontario. The two most important sources of supply from Minnesota 
are the waters of the Vermilion river and those of the international boundary chain of lakes. This latter 
source brings water from both sides of the boundary line for a distance of 150 miles to the east-southeast of 
Kettle falls, i. e., from the divide between the lake Superior and the Hudson bay drainage in T. 65-2 W., Cook 
county (between North and South lakes). Rainy lake, whose drainage basin is equal to nearly one-fifth of the 
area of the state of Minnesota discharo'es its waters through the Rainy river. This begins at the outlet of the 
lake in sec. 25, T. 71-24, a locality knOW:l as Koochiching by the Indians. Here are two small rapids, with a fall 
of three feet, beyond which the river flows westward as a stream 600 to 1,200 feet in width to the Lake of the 

'Report on t,he geology of the Rainy Lake region. Qeol. «lid Nat. IIisl. Sll1'1'CV of CUI1[((7((, AlUmal He-port for 1887-'88, new 
series,~vol. iii, pp. 1 F-182 F. pIs. 12-19, 1889. Accompanied by a geological map. . " . ' c 

tHeport of ohservations made during the summer of 1887. Qeol. ancr Nat. I'chsl. ;Survey 0/ JJImn., S,xteenth (1881) Annual 
Report, pp. 395-478, 1888. Accompanied hy a geological map. " _. 

t Since this report was published the Ontario Bureau of Mines has issued reports on the Hamy Lake regIOn, as follows. 
A. P. COLEMAN. Gold in Ontario: its associated rocks and minerals. Fonrth RepoTt of the EW'eCn< 0/ "1-fmes uf Onl(l,TlO, pp. 

35-100,1895; with maps. 
A. P. COLEMAN. Second report on the gold fields of western Ontario. Fifth Repo,-! of the EUTaw of lJ1ine8 of Onlurio, pp. 

47-106, 1896; with maps. 
ARCHIBALD BLUE. A t,onr of inspection in northwestern Ontario. IbiC/, pp. 107-190. 
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Woods, and from thence the waters find their way into Hudson bay. Two and·a half miles west of the outlet 
are the Koochiching falls, where the river plunges over a ledge of rock twen.ty-on~ to twenty-four and a half 
feet high at different stages of water in the river. (See plate 0, figure 2.) It IS estImated that there are 12,000 
cubic feet of water flowing out of Rainy lake every second. 

The altitude of Rainy lake has been definitely determined as 1,111 feet above sea level. The greatest 
known depth of the lake is at a place about six miles north-northw:st of the Brule narrows, where ~here is the 
lowest depression in the region, or a depth of water of 110 feet, whIle the average depth of the lake IS probably 
not far from fOTty-seVen feet.* The accompanying table gives the hights in feet above the sea level of some of 
the lakes in this ~·i<.:init}' and to the southward. Those marked by an asterisk are accurately determined. 

Feet. 

Rainy lake, . *1,111 
Kabetogama lake, *1,121 
Namekan lake, *1,121 
Sand Point lake, *1,121 
Crane lake, *1,121 
Little Vermilion laket *1,121 
Basswood (Bassimenan) lake, >!-1,300 
Vermilion lake, *1,357-1,360 
Lake Superior, *601.56 

The Rain}' Lake district is of the nature of a plateau with a very gentle slope from all directions, except 
the west, toward the lake. This plateau, while not having a perfectly even surface, still is not broken by any 
considerable elevations or depressions, and altogether has a decided flatness. The immediate shores of the lake 
usually do not rise more than fifty feet above the water, and land 100 feet higher than the lake surface is not 
c:omrn~n. The highest land in the Minnesota part of this district is just to the south of Kabetogama lake, and 
the highest elevation in the area mapped is between Open WatsT narrows and Bear's passage, where a ridge rises 
ahout 275 feet above the lake level, or about 1,400 feet above the level of the sea. The lowest depTession has 
already been mentioned, 110 feet below the surface of the lake, or 1,001 feet above the sea. The average eleva
tion of the land is probably not more than sixty feet higher than the lake, 01' 1,171 feet above the sea. A 
number of soundings made by Dr. A. C. Lawson show that the geneTallevel of the lake bottom is about' as much 
below the surface of the water as the adjacent land is above it; consequently if land and water areas were in 
equal amounts, the general level of the plateau would be nearly that of the sUTfac:e of the lake. But, as the 
land surface much exceeds the wateT, the average elevation is some feet above the lake level; and it is estimated 
that the average elevation of the plateau in the aTea shown on the geological map (plate N) is appToximately 
1,150 feet above the sea, or about 500 feet higher than lake Superior. 

The remarkable geneTal flatness of the district is well shown by the large area penetJ;ated by water that 
stands at nearly the same level. Rainy lake itself, with an extent of forty-six miles east and west and thirty-three 
miles north and south, may be said to extend thTough a Tectangular aTea of these dimensions; thus its wateTs are 
spread out in vaTious parts of a district including 1,500 square miles, and the general elevation of this rectangular 
district is not many feet above the lake surface. While just to the south and southeast is a series of lakes, 
including Kabetogama, Namekan, Sand Point, Crane and Little Vermilion lakes, which have an area probably 
half as large as Rainy lake and which stand at a level only ten feet higher. 

This plateau-like nature of the district will be again referred to in the outline of the geological history of 
the Tegion, and a possible explanation of the present topography will be suggested. 

In its general appearance this distTict is characteTistic: of much of northeastern Minnesota; it is a country 
of lakes, swamps, and timbered rocky knolls. The surface, especially in the district here reported on, is not truly 
hilly, but mammillated or hummocky. The small knolls that rise above the level of the lakes and swamps are 
glacially rounded and are covered with only a sc:ant soil, which, however, supports quite a luxuriant growth of 
pines, spruces, balsam fir, white birch and poplar. The shores of Rainy lake are generally rocky, but toward the 
western end sand heaches are frequently seen, and the heads of the bays are usually marshy or swampy. Over 
large tracts there are IJractically no surface deposits of glacial or more recent origin, the rocks coming to the 
surface whenever the thin forest soil is pushed aside. The surface is dotted with nUmerous lakes and lakelets 
varying in size from an acre to bodies of water a hundred or more square miles in extent. The lakes are largely 
in completely rock-bound basins and most of them are elongated in a direction parallel to the trend of the country 
rocks. From one rocky basin a short, rapid stream carries the water of one lake down to the next lower 
basin, and in this way the greater part of the drainage is accomplished. Aside from these streams there are over 
large areas none of any importance and nothing that can be called a river, but wherever the rocks are covered 
with considerable quantities of drift the lakes become scarcer and the drainage is carried on by the ordinary 
nvers and smaller streams. The outlets of the lakes are so narrow that, after the melting of the snows and after 
the early spring rains, the waters are partially dammed back and held at a level four or five or even ten feet 
higher than normally. ' 

. At the west end of Rainy lake this surface of lake and rock suddenly gives way to a plain of clays, through 
WhICh the underlying rock rarely emerges. The change from the rocky lake country to this clay plain is abrupt 

* A. C. LA.WSON. Op. cit., pp. 13 F, 16 F. 

tKahetogama and Namekan lakes seem to he at exactly the same level Namekan lake is a little below Sand point lake, 
and the latter is a litt,le lower than Crane and Lit,tle Vermilion lakes. . 
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\Voods, and from t.hence the waters find their way int.o Hudson bay. Two and·a half miles west of the outlet 
are t.he Koochic.hing falls, where the river plunges over a ledge of rock twen.ty-on~ to twenty-four and a half 
feet high at different stages of water in the river. (See plate 0, figure 2.) It IS esbmated that there are 12,000 
cubic feet of wat.er flowing out of Rainy lake every second. 

The altitude of Rainy lake has been definitely determined as 1,111 feet above sea leveL The greatesf 
known depth of t.he lake is at a place about six miles north-northw:st of the BrulE; narrows, where ~here is the 
lowest depression in the region, or a depth of water of 110 feet, whIle the average depth of the lake IS probably 
not far hom forty-seven feet.* The accompanying ta ble gives t.he hights in feet above the sea level of some of 
the lakes in this 'vicinity and to the southward. Those marked by an asterisk are accurately determined. 

Rainy lake, 
Kabetogama lake, 
Namekan lake, 
Sand Point lake, 
Crane lake, 
Little Vermilion laket 
Basswood (Bassimenan) lake, 
Vermilion lake, 
Lake Superior, 

Feet . 
. *1,111 

*1,121 
*1,121 
*1,121 
*1,121 
*1,121 
"1,300 

*1,357-1,360 
*601.56 

The Rainy Lake district is of the nature of a plateau with a very gentle slope from all directions, except 
the west, toward the lake. This plateau, while not having a perfectly even surface, still is not broken by any 
considerable ele,-ations or depressions, and altogether has a decided flatness. The immediate shores of the lake 
usually do not rise more than fifty feet above the water, and land 100 feet higher than the lake surface is not 
c:omm~n. The highest land in the Minnesota part of this district is just to the south of Kabetogama lake, and 
the highest eleva tion in the area mapped is between Open Water narrows and Bear's passage, where a ridge rises 
ahout L275 feet above the lake level, or about 1,400 feet above the level of the sea. The lowest depression has 
already he en mentioned, 110 feet below the surface of the lake, or 1,001 feet above the sea. The average eleva
tion of the land is probably not more than sixty feet higher than the lake, or 1,171 feet a bove the sea. A 
number of soundings made by Dr. A. C. Lawson show tha t the general level of the lake bottom is about as muc.h 
below the surface of the water as the adjacent land is above it; consequently if land and water areas were in 
equal amounts, the general level of the plateau would be nearly that of the surface of the lake. But, as the 
land surface much exceeds the water, the average elevation is some feet above the lake level; and it is estimated 
that the average elevation of the plateau in the area shown on the geological map (plate N) is a.pproximately 
1,150 feet above the sea, or about 500 feet higher than Jake Superior. 

The remarkable general flatness of the district is well shown by the large area penetrated by water that 
stands at nearly the same leveL Rainy lake itself, with an extent of forty-six miles east and west and thirty-three 
miles north and south, may be said to extend through a rectangular area of these dimensions; thus its waters are 
spread out in various parts of a distric.t including 1,500 square miles, and the general elevation of this rectangular 
district is not many feet above the lake surface. While just to the south and southeast is a series of lakes, 
including Kabetogama, Namekan, Sand Point, Crane and Little Vermilion lakes, which have an area probably 
half as large as Rainy lake and which stand at a level only ten feet higher. 

This plateau-like nature of the district will be again referred to in the outline of the geological history of 
the region, and a possible explanation of the present topography will be suggested. 

In its general appearance this district is characteristic of much of northeastern Minnesota; it is a country 
of lakes, swamps, and timbered rocky knolls. The surface, especially in the district here reported on, is not truly 
hilly, but mammillated or hummocky. The small knolls that rise above the level of the lakes and swamps are 
glacially rounded and are covered with only a scant soil, which, however, supports quite a luxuriant growth of 
pines, spruces, balsam fir, white birch and poplar. The shores of Rainy lake are generally rocky, but toward the 
western end sand heaches are frequently seen, and the heads of the bays are usually marshy or swampy. Over 
large tracts there are practically no surface deposits of glacial or more recent origin, the rocks coming to the 
surface whenever the thin forest soil is pushed aside. The surface is dotted with numerous lakes and lakelets 
varying in size from an acre to hodies of water a hundred or more square miles in extent. The lakes are largely 
in completely rock-bound basins and most of them are elongated in a direction parallel to the trend of the cOl1ntry 
rocks. From one rocky basin a short, rapid stream carries the water of one lake down to the next lower 
basin, and in this way the greater part of the drainage is accomplished. Aside from these streams there are over 
large areas none of any importance and nothing that can be called a river, but wherever the rocks are covered 
'II:ith considerable quantities of drift the lakes become scarcer and the drainage is carried on by the ordinary 
nvers and smaller streams. The outlets of the lakes are so narrow that, after the melting of the snows and after 
the early spring rains, the waters are partially dammed back and held at a level four or five or even ten feet 
higher than normally. ' 

. At the west end of Rainy lake this surface of lake and roc.k suddenly gives way to a plain of clays, through 
WhICh the underlying rock rarely emerges. The change from the rocky lake country to this clay plain is abrupt 

* A. C. LA. WSON. Op. cit., pp. 13 F, 16 F. 
t K,abetogama and Namekan lakes seem to he at exact,ly the same level. Namekan lake is a little below Sand Point lake, 

and the la,ter 18 a httle lower than Crane and Lit-tle Vermilion lakes. 
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and very striking, and is intensified by an equally sudden change in the flora; the lake shores and the country 
to the east have a forest largely of evergreens and boreal in its aspect, while to the west of the lake a forest 
largely deciduous and more southern in its character appears. The extremely flat surface of the plain is, as far as 
altitude is concerned, ~ continuation of the rocky plateau to the east; it has a gentle slope to the west and is 
unvaried by lakes or other features except the shallow, steep-sided trenches cut by the Eainy river and its 
tributaries. 

II. GEOLOGY. 

The rocks underlying this district are among the most ancient known. To a considerable extent they are 
completely crystalline, and, while many of them bear evidence of having been deposited in water as true 
sediments, still they offer no trace of any fossils and are regarded by some geologists as older than the earliest 
life on the globe. From the flat position, in which these strata were originally deposited, they have heen elevated, 
folded and crumpled so that now they stand in abnormal attitudes; and in addition to the mountain-making 
forces to which these rocks have been subjected, they have been intruded by vast masses of granitic rock. Thus 
it is difficult to decipher the exact structure of the region. Another cause of this difficulty is the almost univer
sal development, except in some of the granitic rocks, of parallel schistose structures, which are easily mistaken 
for sedimentary planes and whlCh are not always parallel to these planes, although as a rule in this district the 
schistose structure coincides in direction with the bedding. The general strike of the rocks is from east and west 
to east-northeast and west-southwest, but outside of the area shown on the geological map the strike varies 
much, the rule being that it follows around the outlines of the great granite-gneiss masses of the region. 

In age, all of these rocks, with possibly the exception of the diabase dikes whose exact age is unknown, 
are pre-Cambrian. They are readily separable into four distinct groups. Beginning with the lowest these are: 
(1) Laurentian, composed of granites and granitoid gneisses and allied rocks; (2) Coutchiching, composed of 
mica schists grading into fine grained gneisses; (3) Keewatin, composed of hornblendic, greenish and sericitic 
schists, conglomerates, graywackes, etc.; (4) Diabase dikes, more recent than and cutting all the others. 'fhe 
following table will show the position of these rocks at the hase of the geological column, their equivalents in 
the country to the sout.heast of Eainy lake and their designations in t.he terms used by the Geological and 
Natural History Survey of Minnesota. In the nomenclature of the U. S. Geol. Survey the Keewatin and 
Coutchiching belong to the Algonkian, and the Laurentian to the Archean or Basement Complex. In the table 
the uppermost or more recent rocks are placed at the top. 

GEOLOGICAL NAMES. EAINY LAKE DISRICT. EQUIV ALENTS TO THE SOUTHEAST. 

0 

I I 

>-< 
Q Keweenawan. Diabase dikes(?) Copper-bearing rocks of lake Superior. 0 

N H 

'" ~ 
I' 

0 
Q 

I 
Animikie. (Wanting'.) Iron ores and other rocks of the Mes--<i H 8 abi range. <lj 

Pol 

I 
Keewatin. 

I 

Green and sericitic schists, Iron ores and other rocks of the Ver-
i conglomerates, gray- milion range. 
-<i 

wackes, etc. Z 
H 
~ 
-<i 

I 
<lj « 
~ 

I 

z 
Coutchiching. Mica schists. Crystalline schists on both sides of the ~ 0 

I 0 Vermilion range (?) 
~ 

-~~-<lj 

I 

I 

I 

LAURENTIAN 

I 
Granites and gneisses. Granite and gneisses of Vermilion and 

including Eruptives. Basswood lakes. 

The Eainy lake district has no solidified rocks more recent than these ancient Archean ones, but s:attere.d 
over the surface are small deposits of glacial drift, and just west of the lake, as has already been mentIOned, IS 

a considerable thickness of clays. 
The Laurentian.* The Laurentian is composed entirely of completely crystalline rocks,--granites and 

syenites with gneisses of the same mineralogical composition. The extent of territory cov~red by such :ocks in 
northern Minnesota and adjacent portions of Ontario is surprisingly great. Nearly a thll'd of the regIOn here 
reported on is underlain by the Laurentian, while all the shores of Eainy lake north of the area sho:v~ on the geolog
ical map are composed entirely of these same rocks. Contrary to expectation, these hard gramtlC rocks do not 
always form pronounced hill ranges, as is the case with the Giant's range of granitic hills on t~e northern flank 
of the Mesabi iron range, but very frequently these areas of Laurentian rock give a comparatJvel~ leve! surface 
on which are extensive and extremely irregularly outlined bodies of water. Examples of these splder-hke lakes 

*Inthis report the term LaIi1'ent-ian is used to include all the gneissic and granitic rocks of the -!,-r<:hean in this/~gion. 
That many of these rocks are of later date than and intrusive into, parts of the Coutchichlllg and Keewatlll, 18 welllmo\\ n, ~ut, 
as such·rocks have generally been mapped and described as Laurentian in the previous reports of the. J'YIlllnesota survey .. , ar . as 
they have been also described under this term by Lawson in his well known writings on the geology of that ll)art o~ Ontf't'~ y~~g 
immediately to the north of Minnesota and as such rocks are g'enerally known as Laurentian, the wrIters 1aVje: lOUgdl, t 8;S tl 0 

retain this term in the present report, 'even though this usage is, in part at least, a violation of the idea of Lauren 'lan use s ,,",c ' y 
as an age term . 
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and very striking, and is intensified by an equally sudden change in the flora; the lake shores and the country 
to the east have a forest largely of evergreens and boreal in its aspect, while to the west of the lake a fore~t 
largely deciduous and more southern in its character appears. The extremely flat surface of the plain is, as far as 
altitude is concerned, ~ continuation of the rocky plateau to the east; it has a gentle slope to the west and is 
unvaried by lakes or other features except the shallow, steep-sided trenches cut by the R.ainy river and its 
tributaries. 

II. GEOLOGY. 

The rocks underlying this district are among the most ancient known. To a considerahle extent they are 
completely crystalline, and, while many of them bear evidence or having been deposited in water as true 
sediments, still they offer no trace of any fossils and are regarded hy SOlle geologists as older than the earliest 
life on the globe. From the flat position, in which these strata were originally deposited, they have heen eleva ted, 
folded and crumpled so that now they stand in abnormal attitudes; and in addition to the mOLmtain-making 
forces to which these rocks have been subjected, they have heen intruded hy vast masses of granitic rock. Thus 
it is difficult to decipher the exact structure of the region. Another cause of this difficulty is the almost univer
sal development, except in some of the granitic rocks, of pal'alle! schistose structures, which are easily mistaken 
for sedimentary planes and whIch are not always parallel to these planes, although as a rule in this district the 
schistose structure coincides in direction with the bedding. The general strike of the rucks is from east and west 
to east-northeast and west-southwest, but outside of the area shown on the geological map the strike varies 
much, the rule being that it follows around the outlines of the great granite-gneiss masses of the region. 

In age, all of these rocks, with possibly the exception of the diabase dikes whose exact age is unknown, 
are pre-Cambrian. They are readily separable into four distinct groups. Beginning with the lowest. these are: 
(1) Laurentian, composed of granites and granitoid gneisses and allied rocks; (2) Coutchiching, cum posed of 
mica schists grading into fine grained gneisses; (3) Keewatin, composed of hOl'l1hlendic, greenish and sericitic 
schists, conglomerates, graywackes, etc.; (4) Diahase dikes, more recent than and cutting all the others. 'rhe 
following table will show the position of these rocks at the base of the geological column, their erJuivalents in 
the country to the sout.heast of R.ainy lake and their designations in the terms used by the Geological and 
Natural History Survey of Minnesota. In the nomenclature of the U. S. Geol. Survey the Keewatin and 
Coutchiching belong to the Algonkian, and t.he Laurentian to t.he Archean 0]' Basement Complex. In the table 
the uppermost or more recent rocks are placed at the top. 

GEOLOGICAL NAMES. R.AINY LAKE DrSRICT. EQUIVALENTS TO THE SOUTHEAST. 

0 

I I 

H 
c5 Keweenawan. Diabase dikes(?) Copper-bearing rocks of lake Superior. 0 

N H 
Z s 

I 

0 
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I 
Animikie . (Wanting'.) Iron ores and other rocks of the Mes-...: H 8 abi range. <!j 

p, 

I 
Keewatin. 

I 

Green and sericitic schists, Iron ores and other rocks of the Ver-
i conglomerates, gray- milion range. ...: wackes, etc. Z 
H 
Pl 

<!j ...: 
E-< 

~ 

I 

z 
Cou tchiching·. Mica schists. Crystalline schists on both sides of the 

~ 0 
0 Vermilion range (?) 
~ ----
<!j 

I 

I 

I 

LAURENTIAN 

I 
Granites and gneisses. Granite and gneisses of Vermilion and 

including Eruptives. Basswood lakes. 
---

The R.ainy lake district has no solidified rocks more recent than these ancient Archean ones, but scattered 
over the surface are small deposits of glacial drift, and just west of the lake, as has already been mentioned, is 
a considerable thickness of clays. 

The Laurentian.* The Laurentian is composed entirely of completely crystalline I'OLOks,--granites and 
syenites with gneisses of the same mineralogical composition. The extent of territory cov~red by such rocks in 
northern Minnesota and adjacent portions of Ontario is surprisingly great. Nearly a thIrd of the regIOn here 
reported on is underlain by the Laurentian, while all the shores of R.ainy lake north of the area show~ on the geolog
ical map are composed entirely of these same rocks. Contrary to expectation, these hard gramtlC rocks do not 
always form pronounced hill ranges, as is the case with the Giant's range of granitic hills on t~e northern flank 
of the Mesabi iron range, but very frequently these areas of Laurentian rock give a comparatIvel~ leve! surface 
on which are extensive and extremely irregularly outlined bodies of water. Examples of these spIder-lIke lakes 

---- .' d 't' Is f the Archean in this region 
'In this report the term La''''entian is use,d to il':clu~e all the gneISSIC an ~r~1111C roc~,.; 'vatin is ,~ell known' Imt: 

That many of these rocks are of later date than, and mtrnslVe mto, parts .of the C~utchiChlllg .~n f t~' l'Ilinr:esota survey, ;nd as 
as such ,rocks have generally been mapped and descl'lbed as LaurentIan m the p,evlOus repol 9 0 e J t t f 0 t' , I ' 
they have been also described under t,his t.erm by Lawson in his well known writings on the geology of.t la ll)ar, °th n ,al't'lOb Ytllltg 
im ill tel t 1 ' Jl known as Laurentian the Wl'lters lave . oug 1, es 0 
~e a. y ot!,enorthofMinnesot.a,andassuclr~cksare?'e~era.y .,,' th"d ofLaunmtianuseclstrictly 

retain this term In the present report, even though thIS usage 18, III pal t at least" a vlOlatlOll of e 1 ea 
as an age term . 
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stretching over considerable areas of granite can be seen in Saganaga, Basswood (Bassimenan) and Crooked lakes, 
and in Lac la Croix and a large portion of Rainy lake itself. 

In color the Laurentian rocks are white, gray, pinkish and reddish, the prevailing color in anyone place 
being largely due to the color of the most important mineral,-the feldspar. In grain these rocks vary from those 
in which the individual minerals can scarcely be recognized with the naked eye, to very coarse aggregates where 
some of the feldspar crystals are several inches across. Most of these rocks can be called granites, i. e., they are 
granular aggregates of quartz and feldspar with a dark mineral,. eithe.r black mica (bio~ite) ho;nblende ~r aug~te. 
Sometimes two of these are present, and in other places, especIally m the coarse gramed dIkes or vems whlCh 
occur in the mica schists, white mica (muscovite) is the only mineral present in addition to the quartz and feld
spar. The quartz frequently diminishes in quantity and even comp:etely disappears; s~lCh a rock :vith no .quartz, 
or a very small amount of it, is known as syenyte. In fact all the mmerals vary greatly 111 amount m the dIfferent 
parts or' one rock mass. For example, a rock in a certain place composed of quartz, feldspar and hornblende 
will vary by a gradual decrease of the hornblende until almost none is left, and we have a rock composed almost 
entirely of quartz and feldspar; or, as the hornblende decreases, mica or augite may increase and we have a 
change from a hornblende granite to a mica or an augite granite. The only mineral which is prevalent throughout 
the whole of the Laurentian is feldspar, and even this varies greatly in amount within small distances. 

In structure also the Laurentian rocks differ considerably. The granites and syenytes are sometimes 
massive in appear~nce, ;:. e., they exhibit no schistose or laminated structures; the structure is granular, and 
every part of an exposure is like every other part, except perhaps as regards the relative proportions of the 
different minerals or the fineness of the grain. But this massive appearance is by no means prevalent through
out the whole region; it generally gives place to a somewhat schistose or foliated structure. Some of the minerals 
of the granite or syenyte are often see.n elongated or flattened in one direction; this is especially true of the 
mica. When this is the case the rock breaks more easily along the planes in which these crystals lie. Or the 
rocks may be crossed by narrow streaks which are composed largely of one mineral with the longer diameters 
of many of the crystals lying' roughly parallel. At other times certain bands, one to three or more inches wide, 
will be seen running through the rock, each band being of a somewhat different composition or texture from the 
ad.joining ones. These foliated and banded rocks are known as gneisses, and in this reg'ion they can be conven
iently designated as granite gneiss or syenyte gneiss, depending upon whether the mineralogical composition is 
similar to that of granite or syenyte. These various features of the Laurentian rocks allow them to be separated 
into different classes or groups both mineralogically and structurally, but these groups are frequently seen 
grading into each other. The hornblende granite of one point will pass gradually into a hornblende syenyte 
near by, and this again may change to a mica syenyte. Again, a perfectly massive rock will become foliated 
within a short distance, the intervening steps between the massive and the foliated or gneissic rock being 
readily traceable. It thus is often impossible to draw a line between the various phases of these Laurentian 
rocks; consequently in the geological map no attempt has been made to separate. the different varieties. It is 
unnecessary to describe all the outcrops of these rocks, or to indicate the areas occupied by each of the different 
groups, but a brief account of a few of the more interesting or typical occurrences will be given below. 

At Koochiching falls the rock is a medium gray biotite syenyte; the component minerals are white feldspar 
and biotite, with a little hornblende and epidote. This syenyte is massive in some places, but usually shows a 
slight indication of a foliated or gneissic structure, thus approaching a biotite syenyte gneiss. It contains many 
darker masses, sometimes a foot or more in diameter; they are composed of the same minerals as the main part 
of the rock, but the mica makes up a very large proportion of each dark mass. These darker masses can be 
referred to fragments of foreign rock included in the syenyte, or to segregations of the basic minerals of the 
syenyte itself. This medium grained gray biotite syenyte is the usual phase of the rock at the. falls. It is 
especially weH shown in the rocks thrown out from an excavation for a canal at Fort Frances made by the 
Canadian government some years ago. Below the falls the rock becomes porphyritic with crystals of flesh 
colored feldspar which are often an inch in length. These crystals stand out all over the weathered surfaces of 
the rock. Two islands about three-fourths of a mile below the falls C,ontain excellent exposures of this rock; the 
upper of these islands is composed of syenyte alone, while the lower also shows a fine micaceous schist, which, in 
places, is seen in sharp contact with the syenyte; and in other places there is apparently a transition from the 
syenyte to the mi8a schist within a distance of a few feet.* Along the river above the falls on the Canadian side 
no outcrops were seen, but two exposures of the syenite occur on the Minnesota side; the first of these is in the 
town of Koochiching about where the north line of sec. 34, T. 71-24, cuts the shore, and the second is near the 
centre of the N. ;.~ of N. W. J4 sec. 35, T. 71-24. At the latter outcrop the rock is porphyritic with feldspar 
crystals, most of which are bright red in color, while a few are greenish. 

. .In the N. E. 74 of sec. 28, rr. 71-23, in Rainy lake, is an island elongated in a north and south direction, 
whIle Just a few yards to the southwest is another and smaller island on which the usual relations of the mica 
schist and the granite are clearly and llDmistakably shown. The latter rock forms the northeast side of this 
little island and the former the southwest side; along the centre of the island the two are in contact. The 
~ra~i:e is a li.gh.t gray rock .of medi~lm grain, 8omposed of white feldspar, which is probably largely orthoclase, 
.[ualtz and bIOtIte. There IS sometImes a suh-porphyritic aspect due to the existence of a few crystals of feld
~pa~' l~rger than t.he other crystals of the rock. There is also an indication of a foliated structure caused by an 
mdlshnct streammg of t.he biotite and an elongation of some of the feldspars in one direction. This is not 
pronounced enough to stnctly allow the application of the term gneiss, and the rock may be called simply a granite, 

.*,~e·venleenp,(1887) Am,. Rep!. Geol.ancl iVa.!. ~Hist. S",'vcy o/lvIinn.,pp. 410-412,1888. See alsoA. N.WINCHELL. The 
Koochiclung gramtc, A 111. GeM .• vol. xx, pp. 2Q3-299, 1897. 

196 THE GEOLOGY OF MINNESOTA. 
[The Laurentian. 

stretching- over considerable areas of granite can be seen in Saganaga, Basswood (Bassimenan) and Crooked lakes, 
and in L~c la Croix and a large portion of Rainy lake itself. . . . . 

In color the Laurentian rocks are white, gray, pinkish and reddIsh, the prevaIlmg color m anyone place 
being largely due to the color of the most important mineral,--:the feldspar. In grain these rocks vary from those 
in which the individual minerals can scarcely be recognized wIth the naked eye, to very coarse aggregates where 
some of the feldspar crystals are several inches across. Most of these rocks can be called granites, i. e., they are 
granular aggregates of quartz and feldspar with a dark mineral,. eithe.r black mica (bio~ite) h0.rnblende?r aug~te. 
Sometimes two of these are present, and in other places, espeCIally m the coarse gramed dIkes or vems whICh 
occur in the mica schists, white mica (muscovite) is the only mineral present in addition to the quartz and feld
spar. The quartz frequently diminishes in quantity and even comp.letely disappears; s:18h a rock :vith no ~uartz, 
or a very small amount of it, is known as syenyte. In fact all the mmerals vary greatly 111 amount m the dIfferent 
parts of' one rock mass. For example, a rock in a certain place composed of quartz, feldspar and hornblende 
will vary by a gradual decrease of the hornblende until almost none is left, and we have a rock composed almost 
entirely' of quartz and feldsl)ar; or, as the hornblende decreases, mica or augite may increase and we have 11 

change from a hornblende granite to arnica or an augite granite. The only mineral which is prevalent throughout 
the whole of the Laurentian is feldspar, and even this varies g-reatly in amount within small distances. 

In structure, also, the Laurentian rocks differ considerably. The granites arid syenytes are sometimes 
massive in appearance,1:. e., they exhibit no schistose or laminated structures; the stnlCture is granular, and 
every part of an exposure is like every other part, except perhaps as regards the relative proportions of the 
different minerals or the fineness of the grain. But this massive appearance is by no means prevalent through
out the whole region; it generally gives place to a somewhat schistose or foliated structure. Some of the minerals 
of the granite or syenyte are often seen elongated or flattened in one direction; this is especially true of the 
mica. When this is the case the rock breaks more easily along the planes in which these crystals lie. Or the 
rocks may be crossed by narrow streaks which are composed largely of one mineral with the longer diameters 
of many of the crystals lying roughly parallel. At other times certain bands, one to three or more inches wide, 
will be seen running through the rock, each band being of a somewhat different composition or texture from the 
ad,joining ones. These foliated and banded rocks are known as gneisses, and in this region they can be conven
iently designated as granite gneiss or syenyte gneiss, depending upon whether the mineralogical composition is 
similar to that of granite or syenyte. These various features of the Laurentian rocks allow them to be separated 
into different classes or groups both mineralogically and structurally, but these groups are frequently seen 
grading into each other. The hornblende granite of one point will pass gradually into a hornblende syenyte 
near by, and this again may change to a mica syenyte. Again, a perfectly massive rock will become foliated 
within a short distance, the intervening steps between the massive and the foliated or gneissic rock being 
readily traceable. It thus is often impossible to draw a line between the various phases of these Laurentian 
rocks; consequently in the geological map no attempt has been made to separate the different varieties. It is 
unnecessary to describe all the outcrops of these rocks, or to indicate the areas occupied by each of the different 
groups, but a brief account of a few of the more interesting or typical occurrences will be given below. 

At Koochiching falls the rock is a medium gray biotite syenyte; the component minerals are white feldspar 
and biotite, with a little hornblende and epidote. This syenyte is massive in some places, but usually shows a 
slight indication of a foliated or gneissic structure, thus approaching a biotite syenyte gneiss. It contains many 
darker masses, sometimes a foot or more in diameter; they are composed of the same minerals as the main part 
of the rock, but the mica makes up a very large proportion of each dink mass. These darker masses can be 
refeiTed to fragments of foreign rock included in the syenyte, or to segregations of the basic minerals of the 
syenyte itsel£. This medium grained gray biotite syenyte is the usual phase of the rock at the. falls. It is 
especially well shown in the rocks thrown out from an excavation for a canal at Fort Frances made by the 
Canadian government some years ago. Below the falls the rock becomes porphyritic with crystals of flesh 
colored feldspar which are often an inch in length. These crystals stand out all over the weathered surfaces of 
the rock. Two islands about three-fourths of a mile below the falls contain excellent exposures of this rock; the 
upper of these islands is composed of syenyte alone, while the lower also shows a fine micaceous schist, which, in 
places, is seen in sharp contact with the syenyte; and in other places there is apparently a transition from the 
syenyte to the mica schist within a distance of a few feet.* Along the river above the falls on the Canadian side 
no outcrops were seen, but two exposures of the syenite occur on the Minnesota side' the first of these is in the 
town of Koochiching about where the north line of sec. 34, T. 71-24, cuts the shore, 'and the second is near the 
centre of the N. % of N. W. 7.i sec. 35, T. 71-24. At the latter outcrop the rock is porphyritic with feldspar 
crystals, most of which are bright red in color, while a few are greenish. 

. .In the N. E. );} of sec. 28, T. 71-23, in Rainy lake, is an island elongated in a north and south direction, 
whIle Just a few yards to the southwe.st is another and smaller island on which the usual relations of the mica 
schist. and the granite are clearly and lmmistakahly shown. The latter rock forms the northeast side of this 
little island and the former the southwest side; along the centre of the island the two are in contact. The 
granit.e is a li.gh.t gray rock .of medium grain, l;omposed of white feldspar, which is proba.bly largely orthoclase, 
quartz and bIOtIte. There IS sometimes a suh-porphyritic aspect due to the existence of a few crystals of feld
~pa~' l~rger than t.he other crystals of the rock. There is also an indication of a foliated structure caused by an 
mdlstmct streammg of t..he biotite and an elongation of some of the feldspars in one direction. This is not 
pronounced enough to stTlctly allow the application of the term gneiss, and the rock may be called simply a granite, 

*I~evenlefll.p, (1887) An?1. Rep!. Geol. and Nal. J.fisi. S1l1'vey oj l}finn., pp. 410-412,1888. Se.e algoA. N. WINOllELL. The 
Koochich1l1g gramte, Am. Geol.. vol. xx, pp. 293-299, 1897. 
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or ~ gnei~sic o~ ~neissoid g:anit~ if it is ?esi~ed to m~ke the existence of an indistinct foliation prominent. 
ThIS partIal follatIOn agrees m stnke and dIP wIth the mlCa schist which stands nearly vertical and trends 50° to 
60° east of north. At the contact line, which roughly follows the direction of the strike, the granite is not 
particularly finer grained, nor does it differ otherwise from its normal condition. A few angular frao'ments of 
mica schist are to be seen entirely surrounded by the granite, and in the mica schist are irregular vein-like forms 
or dikes running both across and along the beds of mica schist; some of these dikes can be traced dil'eGtly into 
the main mass of granite. They are of all sizes from a fraction of an inch to several feet in width. A hand 
specimen collected to illustrate~"t.act shows a small stringer of granite, one-fourth of an inch wide, which 
starts out from the m~in m~ss ( : '"'' for two inches in the mica schist and then gradually thins Ollt 
and disappears. The relatIOnr ,i" ~C)nclusively that the granite here acts as an eruptive 
rock and that it has been forcoc:., ",i-n cracks or fissures in tlm mica schist. At 
the contact the mica schist does not apIJtc:_ -,.l,. a short distance away but it is 
harder and less schistose, and microscopical examll'~ · .• arlllogical ch~ngBs due 
to the heat of the granite. Another interesting featLlre un "".. -~" 11 dikes of 
a finer grained rock which cuts the granite itself and is therefore of laCt, 
white granite composed almost entirely of quartz and feldspar; it cuts the ma", 
dikes which are two feet or less in width. These dikes are not finer grained at the'~edges L'he 

and they do not exhibit any foliation; there is nothing to show definitely how much later these dikes a,c 

the main mass of the granite, but it is probable that the two rocks do not differ much in age. One dike of this 
fine-grained white granite (or aplyte) was seen in the mica schist. 

Three-fourths of a mile east of these islands, on the blunt point near the centre of the north side of sec. 
27, T. 71-23, the granite and mica schist are again seen in contact. Here the granite exists commonly in thick 
bed-like forms between the layers of mica schist, but in many places these" beds" are seen to be directly con
tinuous with other masses of granite that cut directly across the beds of mica schist. The contact of these two 
rocks can also be seen on the island in the S. E. :";J. sec. 22, T. 71-23. 

It is not uncommon to find in the mica schists large veins or dikes of very coarse-grained rock of a com, 
position similar to the granites. In such places the individual crystals often reach a length of several inches. The 
minerals of these coarse-grained rocks are feldspar, which is usually pinkish or reddish and is either orthoclase or 
microcline, quartz, and most commonly muscovite'. The quartz and feldspar are often grown together in such a 
manner as to form graphic granite, i. e., a certain large mass of feldspar, which is shown to be all one crystal by 
the extension of the same cleavage plane through it, is spotted all over by smaller grains of quartz; and each 
quartz grain, when studied under the microscope, is seen to have the same crystallographic axis as the other 
grains in the same feldspar crystal, showing that these grains are really all parts of the same quartz crystal. 
Perhaps a good illustration of this growing together or interpenetration of feldspar and quartz can be had by 
likening the feldspar crystal to a sponge full of cavities, which cavities have all been filled by a continuous mass 
of quartz. Rocks of this nature are quite common along the shores of Kabetogama lake, and to the south and 
east along the international boundary. The individual crystals of feldspar often reach surprising dimensions. 
For instance, in one place a crystal was seen which measured actually thirty-three inches in length, and many 
were found over a foot long. The locality where this large crystal occurs is on the point which is at the centre 
of the W. Yz of S. E. 71 sec. 19, T. 70-18, on the south shore of the eastern arm of Rainy lake. Here this coarse
grained rock, which is often known as pegmatyte, forms large veins or dikes in the mica schist. Sometimes these 
pegmatyte forms occur in the granite itself. 

A short distance northwest of Shoal lake are gold-bearing veins in an area which has been mapped as 
granite. The rock in which the veins occur is somewhat different from that seen elsewhere, and, as it has been 
called by various names, we have endeavored to make a rather careful examination of the specimens we have of 
this rock in order to determine, if possible, just what the rock is. As just stated, this rock has been called 
granite, and there are areas in the midst of the rock which hold the veins that are true granite, and which do 
not seem to be sharply separated from the vein-holding rock. A description of a specimen from one of these 
granitic areas on Wiegand's location, A L 75, is as follows: 

Macroscopically this rock is a gray granite of medium grain, and quite fresh. The minerals are quartz, 
feldspar and biotite; the first two are in approximately equal amounts and compose three-fourths to five-sixths 
of the rock. The feldspar is whitish, varying to greenish and pinkish, the latter shade apparently due to iron 
staining. 

Under the microscope the structure of the rock is seen to be truly granitic. In addition to the minerals 
mentioned above are small flakes of muscovite and a few greenish areas composed of chlorite. The quartz is 
ordinary granitic quartz containing bubbles and gas cavities. It shows undulatory extinction, and frequently a 
large grain has been fissured into many smaller ones which, however, have not been separated from each other 
and so extinguish at almost the same time. Undulatory extinction and this fracturing of the grains are the 
effects of pressure on the quartz, which mineral is one of the first to show the effects of having been subjected to 
pressure, especially when enclosed in a hard, solid substance like granite. The feldspar is highly altered, largely 
-to a mass of brightly polarizing flakes and fibres, which seem to be muscovite. In some gra~n~ a trace 'of 
polysynthetic twinning still remains, and undulatory extinction is present. The feldspar was ongmally ortho, 
claseand an acid plagioclase apparently of the albite-oligoclase series. ... . 

To sum up, this rock is a typical medium grained biotite granite, or gramtyte, WIth the feldspar conSId
erably altered; the rock has been subjected to pressure, as shown by the fracturing of the quartz and the 
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or ~ gnei~sic o~ ~neissoid g:anit~ if it is ~esi~ed to m~ke th~ existence of an indistinct foliation prominent. 
ThIs partIal foliatIOn agrees m stnke and dIp wIth the mICa schIst which stands nearly vertical and trends 50° to 
60° ~ast of north. A~ the contact ~ine,.v~hich l'ou~'hly follows the direction of the strike, the granite is not 
partlCula:ly finer gramed, no~' does It dIffer othenVlse fro~ its normal condition. A few angular frDgrnents of 
mica schIst are to be seen entIrely surrounded by the gramte, and in the mica schist are irregular vein-like forms 
or dikes running both across and along the beds of mica schist; some of these dikes can he traced directly into 
the main mass of granite. They are of all sizes from a fraction of an inch to several feet in width. A hand 
specimen collected to illustrate ,~nt.act shows a small stringer of granite, one-fourth of an inch wide, which 
starts out from the main mass ( . '~q for two inches in the mica schist and then gradually thins out 
and disappears. The'relatiol1f , ; ,. ~C)nclusively that the granite here acts as ~n eruptive 
rock and that it has been forc""" ",j-" cracks or fissures in tlm mica schist. At 
the contact the mica schist does not apIJtc._ -·.1.,. a short distance away hut it is 
harder and less schistose, and microscopical examu,~ · .• arillogical ch~nges due 
to the heat of the granite. Another interesting featUre UIl "',,, -~" II dikes of 
a finer grained rock which cuts the granite itself and is therefore of laLt" 
white granite composed almost entirely of quartz and feldspar; it cuts the mOho 
dikes which are two feet or less in width. These dikes are not finer grained at the'Osdges L'he 
and they do not exhibit any foliation; there is nothing to show definitely how much later these dikes 'he 

the main mass of the granite, but it is probable that the two rocks do not differ much in age. One dike of this 
fine-grained white granite (or aplyte) was seen in the mica schist. 

Three-fourths of a mile east of these islands, on the blunt point near the centre of the north side of sec. 
27, T. 71-23, the granite and mica schist are again seen in contact. Here the granite exists commonly in thick 
bed-like forms between the layers of mica schist, but in many places these" beds" are seen to be directly con
tinuous with other masses of granite that cut directly across the beds of mica schist. The contact of these two 
rocks can also be seen on the island in the S. E. ;Y;1 sec. 22, T. 71-23. 

It is not uncommon to find in the mica schists large veins or dikes of very coarse-grained rock of a com
position similar to the granites. In such places the individ ual crystals often reach a length of several inches. The 
minerals of these coarse-grained rocks are feldspar, which is usually pinkish or reddish and is either orthoclase or 
microcline, quartz, and most commonly muscovite'. The quartz and feldspar are often grown together in such a 
manner as to form graphic granite, i. e., a certain large mass of feldspar, which is shown to he all one crystal by 
the extension of the same cleavage plane through it, is spotted all over by smaller grains of quartz; and each 
quartz grain, when studied under the microscope, is seen to have the same crystallographic axis as the other 
grains in the same feldspar crystal, showing that these grains are really all parts of the same quartz crystal. 
Perhaps a good illustration of this growing together or interpenetration of feldspar and quartz can be had by 
likening the feldspar crystal to a sponge full of cavities, which cavities have all been filled by a continuous mass 
of quartz. Rocks of this nature are quite common along the shores of Kabetogama lake, and to the south and 
east along the international boundary. The individual crystals of feldspar often reach surprising dimensions. 
For instance, in one place a crystal was seen which measured actually thirty-three inches in length, and many 
were found over a foot long. The locality where this large crystal occurs is on the point which is at the centre 
of the W. Yz of S. E. X, sec. 19, T. 70-18, on the south shore of the eastern arm of Rainy lake. Here this coarse
grained rock, which is often known as pegmatyte, forms large veins or dikes in the mica schist. Sometimes these 
pegmatyte forms occur in the granite itself. 

A short distance northwest of Shoal lake are gold-bearing veins in an area whioh has been mapped as 
granite. The rock in which the veins occur is somewhat different from that seen elsewhere, and, as it has been 
called by various names, we have endeavored to make a rather careful examination of the specimens we have of 
this rock in order to determine, if possible, just what the rock is. As just stated, this rock has been called 
granite, and there are areas in the midst of the rock which hold the veins that are true granite, and which do 
not seem to be sharply separated from the vein-holding rock. A description of a specimen from one of these 
granitic areas on Wiegand's location, A L 75, is as follows: 

Macroscopically this rock is a gray granite of medium grain, and quite fresh. The minerals are quartz, 
feldspar and biotite; the first two are in approximately equal amounts and compose three-fourths to five-sixths 
of the rock. The feldspar is whitish, varying to greenish and pinkish, the latter shade apparently due to iron 
staining. 

Under the microscope the structure of the rock is seen to be truly granitic. In addition to the minerals 
mentioned above are small flakes of muscovite and a few greenish areas composed of chlorite. The quartz is 
ordinary granitic quartz containing bubbles and gas cavities. It shows undulatory extinction, and frequently a 
large grain has been fissured into many smaller ones which, however, have not been separated from each other 
and so extinguish at almost the same time. Undulatory extinction and this fracturing of the grains are the 
effects of pressure on the quartz, which mineral is one of the first to show the effects of having been sUb.iected to 
pressure, especially when enclosed in a hard, solid substance like granite. The feldspar is highly altered, largeJy 
-to a mass of brightly polarizing flakes and fibres, which seem to be muscovite. In some gra~n~ a trace -of 
polysynthetic twinning still remains, and undulatory extinction is present. The feldspar was ongmally ortho-
clase and an acid plagioclase apparently of the albite-oligoclase series. ... . 

To sum up, this rock is a typical medium grained biotite granite, or gramtyte, WIth the feldspar conSId
erably altered; the rock has been subjected to pressure, as shown by the fracturing of the quartz and the 
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undulatory extinction ~f both quartz and feldspar, but no schistose structure can be seen either in the hand 

specimen or in the slide. .,.... 
The rock in which the veins occur at WIegand s 10catlOn, A L 75, IS a peculIar greemsh gray rock composed 

of quartz grains imbedded in yellowish green ground mass. The quartz is in glassy grains of all sizes up to those 
one-fourth of an inch across; some of the grains are pinkish, due to iron staining. The ground mass is too fine
grained to allow its constituents to be distingu~shed by the naked ~ye; it ~ppears homogeneo~s, is. soft, h~s a 
greasy feel, can be readily scratched with a kmfe and effervesces slIghtly .wIth cOld. hydrochlorIc aCId. A ~hght 
schistose structure can be distinguished in the ground mass. A few grams of pynte occur, but fully a thIrd of 

the rock is quartz. 
The thin section shows a numb.er of quartz grains of various shapes and sizes imbedded in a ground mass 

of minute fibres. The quartz shows undulatory extinction and fissuring to a better degree than in the granite 
just described. A few small fiakes of muscovite are present, also a small amount of calcite and an opaque yellow· 
ish substance. The fibres of the ground mass are quite small and polarize in rather bright colors; they are 
muscovite or sericite. Mixl>ri iD wi'cl-. Lhe :fibres are very mil1l1te grains of quartz and perhaps also some of feld
spar. At pl~(',,~ ill the ground mass are irregular areas and shreds of feldspar; often these have a few flakes of 
:!:..lICa in them and their edges are iagged, due to a penetration of the fibres into the feldspar substance. Fre
quently several areas of feldspar in the same vicinity extinguish together, showing that they are remnants of an 
originally larger grain which has passed almost completely into mica. The fibres of the ground mass are often 
elongated in one direction; this causes the schistose structure of the rock. 

As to iust what this rock was originally it is hard to make a positive statement. That it has been subiected 
to pressure and shearing is evident from the condition of the quartz and the schistose structure of the rock. It 
is also evident that some parts, at least, of the ground mass are due to a breaking down of feldspar grains, the 
remnants of which are still present; it is not improbable that most of the ground mass has a like origin. While 
all the field relations of this rock are not known, still it oceurs in an area of rock in which are parts that are 
certainly granite, as that iust described, and it does not seem to be sharply separated from these certainly 
granitic areas. The quartz grains are very similar to those in the granite above described. Thus it seems possi
ble, and indeed probable, that the rock under consideration was originally a granite, and that it has been 
subjected to pressure and shearing, which have induced the schistose structure, and which, with the aid of 
percolating waters and perhaps heat also, altered the original minerals (exeepting the quartz) to the present 
Jibrous ground mass. The quartz shows fracturing and undulatory extinction, but is otherwise unaltered, as it is 
almost indestructible when compared with the other minerals of the granite. That the rock might have been 
other than a. granite it is impossible at present to deny; there are, however, no characters that necessarily indicate 
another origin. The original nature of the rock ean be determined only by a careful investigation of the field 
relations supplemented by microseopic evidence. But from our present knowledge we would consider this rock 
as most probably an altered phase of granite. 

The exact nature and origin of these Laurentian' completely crystalline rocks in the Rainy Lake region 
and elsewhere are rather complicated questions and cannot yet be settled to the satisfaction of all who have studied 
them. That these rocks in the region here considered are now totally lacking in characters that clearly show 
them to have once been clastic like ordinary sediments goes without saying. And there is no positive proof 
that the more pronounced gneisses,-those that show alternations of bands of different mineralogical or structural 
characters, which varieties of gneiss are not common,~were once sedimentary, although the presence of this 
banding and other less pronounced foliation is to some a strong argument for an originally sedimentary nature. 
That these granitic rocks are intrusive in numerous places into the Coutchiching mica schists, and often into 
the Keewatin rocks, is absolutely certain. Good proof of the metamorphism of the clastic rocks of the region to 
form gneisses has not yet been observed, although places that show this may be found in the future. Dr. 
A. C. Lawson, who is familiar with this region, thinks that these Laurentian rocks represent older rocks than the 
Coutchiching, but whether originally sedimentary or not is only to be guessed at; they have been softened and 
fused and while in this condition have been intruded into the rocks lying above them and there solidified. The 
following quotation frOID this author will help to explain his view: 

"This group of crystalline rocks, granites and syellytes, foliated and non-foliated, forms the floor of the 
region upon which rest all other formations that are not in the condition of dikes or intrusive bosses. Regarded 
as a geological system of rocks it occupies an apparently paradoxical and anomalous place in any scheme of 
classification. As the floor or basis upon which the geological column of stratiform rock rests, it must be 
regarded as the first or fundamental system of rocks of which we have any cognizance. If, however,'we inquire 
as to the age of these rocks, we are forced, by the direct application of the simplest principles of geological 
science, to look upon them as of later age than certain of the series which overlie them. We do not yet know 
their original condition prior to the fusion from which they solidified into granites, syenytes and gneisses. They 
may have been sedimentary; they may have been the original crust of the earth. The abstract speculations 
that are so often indulged in on this and similar questions have not decided the facts of the matter. There is 
yet no .sufficient gro~md ~or a !ust opinion upon it. But whatever may have been that original condition the evi
denc~ ~s clear. on thIS pOlllt, V1Z.: that the fusion and solidification, whereby they were brought into their present 
condItion as firm crystallllle rocks, took place at a period subsequent to the existence, in a hard, brittle condition, 
of the stratiform and often very distinctly clastic rocks which occupy a higher place in the column. Therefore, 
a.s rocks, the members of this fundamental system are of younger age than that of the nearest overlying forma
hons. An analogous case with which every geologist is familiar is that of dikes. These are of younger age 
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undulatory extinction ~f both quartz and feldspar, but no schistose structure can be seen either in the hand 

specimen or in the slide. .,.... 
The rock in which the veins occur at WIegand s 10catlOn, A L 75, IS a peculIar greemsh gray rock composed 

of quartz grains imbedded in yellowish green ground mass. The quartz is in glassy grains of all sizes up to those 
one-fourth of an inch across; some of the grains are pinkish, due to iron staining. The ground mass is too fine
grained to allow its constituents to be distingu~shed by the naked ~ye; it appears homogeneo~s, is. soft, h~s a 
greasy feel, can be readily scratched with a kmfe and effervesces slIghtly wIth cold hydrochlonc aCId. A sllght 
schistose structure can be distinguished in the ground mass. A few grains of pyrite occur, but fully a third of 

the rock is quartz. 
The thin section shows a numb.er of quartz grains of various shapes and sizes imbedded in a ground mass 

of minute fibres. The quartz shows undulatory extinction and fissuring to a better degree than in the granite 
just described. A few small flakes of muscovite are present, also a small amouut of calcite and an opaque yellow
ish substance. The fibres of the ground mass are quite small and polarize in rather bright colors; they are 
muscovite or sericite. Mix",1 iD wi',l-. Lhe :iibres are very minllte grains of quartz and perhaps also some of feld
spar. At p18(,"~ ill the ground mass are irregular areas and shreds of feldspar; often these have a few flakes of 
:!:.J.lca in them and their edges are iagged, due to a penetration of the fibres into the feldspar substance. Fre
quently several areas of feldspar in the same vicinity extinguish together, showing that they are remnants of an 
originally larger grain which has passed almost completely into mica. The fibres of the ground mass are often 
elongated in one direction; this causes the schistose structure of the rock. 

As to iust what this rock was originally it is hard to make a positive statement. That it has been subjected 
to pressure and shearing is evident from the condition of the quartz and the schistose structure of the rock. It 
is also evident that some parts, at least, of the ground mass are due to a breaking down of feldspar grains, the 
remnants of which are still present; it is not improbable that most of the ground mass has a like origin. While 
all the field relations of this rock are not known, still it occ.urs in an area of rock in which are parts that are 
eertainly granite, as that iust described, and it does not seem to be sharply separated from these certainly 
granitic areas. The quartz grains are very similar to those in the granite above described. Thus it seems possi
ble, and indeed probable, that the rock under consideration was originally a granite, and that it has been 
subjected to pressure and shearing, which have induced the schistose structure, and which, with the aid of 
perc.olating waters and perhaps heat also, altered the original minerals (excepting the quartz) to the present 
11brous ground mass. The quartz shows fracturing and undulatory extinction, but is otherwise unaltered, as it is 
almost indestructible when c.ompared with the other minerals of the granite. That the rock might have been 
other than a granite it is impossible at present to deny; there are, however, no characters that necessarily indicate 
another origin. The original nature of the rock can be determined only by a c.areful investigation of the field 
relations supplemented by microscopic evidence. But from our present knowledge we would consider this rock 
as most probably an altered phase of granite. 

The exact nature and origin of these Laurentian' completely crystalline rocks in the Rainy Lake region 
and elsewhere are rather complicated questions and c.annot yet be settled to the satisfaction of all who have studied 
them. That these rocks in the region here considered are now totally lacking in characters that clearly show 
them to have once been clastic like ordinary sediments goes without saying. And there is no positive proof 
that the more pronounced gneisses,-those that show alternations of bands of different mineralogical or struc.tural 
characters, which varieties of gneiss are not common,~were once sedimentary, although the presence of this 
banding and other less pronounc.ed foliation is to some a strong argument for an originally sedimentary nature. 
That these granitic rocks are intrusive in numerous places into the Coutchiching mica schists, and often into 
the Keewatin rocks, is absolutely certain. Good proof of the metamorphism of the clastic rocks of the region to 
form gneisses has not yet been observed, although places that show this may be found in the future. Dr. 
A. C. Lawson, who is familiar with this region, thinks that these Laurentian roc.ks represent older rocks than the 
Coutchic.hing, but whether originally sedimentary or not is only to be guessed at; they have been softened and 
fused and while in this condition have been intruded into the rocks lying above them and there solidified. The 
following quotation from this author will help to explain his view: 

"This group of crystalline rocks, granites and syenytes, foliated and non-foliated, forms the floor of the 
region upon which rest all other formations that are not in the condition of dikes or intrusive bosses. Regarded 
as a geological system of rocks it occupies an apparently paradoxical and anomalous place in any scheme of 
classification. As the floor or basis upon which the geological column of stratiform rock rests, it must be 
regarded as the first or fundamental system of rocks of which we have any cognizance. If, however,'we inquire 
as to the age of these rocks, we are forced, by the direct application of the simplest princ.iples of geological 
sc.ienc.e, to look upon them as of later age than certain of the series which overlie them. We do not yet know 
their original condition prior to the fusion from whic.h they solidified into granites, syenytes and gneisses. They 
may have been sedimentary; they may have been the original crust of the earth. The abstract spec.ulations 
that are so often indulged in on this and similar questions have not dec.ided the facts of the matter. There is 
yet no .sufficient gro~md ~or a !ust opinion upon it. But whatever may have been that original condition the evi
denc~ ~s clear. on thIS pO!~t, VIZ.: that the fusion and solidification, whereby they were brought into their present 
c.ondltJon as firm crystallme rocks, took place at a period subsequent to the existence, in a hard, brittle condition, 
of the stratiform and often very distinctly clastic rocks which Oc.cupy a higher plac.e in the column. Therefore, 
a.s rocks, the members of this fundamental system are of younger age than that of the nearest overlying forma
bons. An analogous case with which every geologist is familiar is that of dikes. These are of younger age 
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than the strata they cut, although the main mass, of which they are merely the apophyses, is far inferior to 
those strata and may form the base upon which they rest."* 
- Under this view, concerning the Laurentian, the'floor on which the Coutchiching rocks and in some 

places the Keewatin, were deposited is now entirely unrecognizable; it has been softened and mo~ed so that its 
relation to the Couchiching is now an eruptive one. On the other hand, it seems probable that parts of this old 
floor are still preserved; such places, however, have not yet been found in this locality, all the granite and gneiss 
areas examined apparently showing an eruptive relation to the Coutchiching; and the same can be said of the 
relations of the granite and gneiss to the Keewatin. However, to the northeast of Rainy lake rocks apparently 
corresponding to the Keewatin have been found unconformable upon an older series of granites and gneisses:r 
supposed to represent the Laurentian; and it is not impossible that the Keewatin conglomerate seen on the north 
of Shoal lake will be found to be unconformable on the granite to the north. Many problems concerning these 
ancient rocks,-Laurentian, Coutchiching and Keewatin,-especially as regards their relations to each other,
are still unsolved, and it will not be profitable to discuss them further here. 

The C01ttchiching. This series of rocks, while occupying a large amount of territory, is of comparatively 
simple character and will need but a brief description. They extend along the south shore of Rainy lake from 
the outlet east to Jackfish bay, then for a distance of eight miles (to the line between Itasca and St. Louis 
counties) the Keewatin occupies the shore, but all the south shore east of this and all the shores of the eastern 
arm of the lake, with the exception of a few granite areas, lie entirely in rocks of this series. Other small areas 
are found to the north of the belt of Keewatin rocks that runs east-northeast from Jackfish bay. 

Lithologically the Coutchiching is preeminently a mica schist formation; with the mica, which is mostly 
biotite, is either quartz or feldspar, and commonly both in the more coarsely crystallized facies. The rocks near 
the outlet of Rainy lake are mostly quite fine grained mica schists or even gray to brownish mica slates, but 
usually the Coutchiching rock is a well defined mica schist. In close proximity to some of the granite masses, 
as along the north shore of Kabetogama lake, the mica schist becomes quite coarsely crystallized and might 
properly be called a gneiss, but it is not easily confounded with the gneisses of the Laurentian. In addition to the 
usual minerals, others, such as garnet and staurolite, are sometimes found in the mica schists not far from their 
contact with masses of granite. The schistose structure, due to an arrangement of the mica scales in roughly 
parallel positions, is characteristic of this series. In many places there are rapid alternations of bands, from an 
inch to several feet in width, of slightly different mineralogical composition, structure or color; the position of 
these bands gives the strike and dip of the rock, and where they are lacking the schistose structure is taken to 
indicate the strike and dip, as this structure seems to be parallel with the banding wherever the two are seen 
together. There is a vast thickness of this monotonous mica schist formation along the eastern arm of Rainy 
lake and to the southward; several estimates by Dr. A. C. Lawson show an apparent thickness of about five 
miles.t These Coutchiching rocks in several particulars appear so much like ordinary sediments that it seems 
necessary to consider them as sedimentary beds which have been more or less recrystallized in sit-It by metamor
phic processes. This change has been largely in the nature of regional metamorphism, but the more coarsely crys
talline condition of the beds in close proximity to intrusive masses of granite shows that contact metamorphism 
has also played an important part. 

The relation of the Ooutchiching to the Laurentian has already been mentioned. Its relation to the 
Keewatin is not definitely known. The Ooutchiching, however, is lithologically quite distinct from the overlying 
Keewatin rocks, and in the field it is a comparatively easy task to separate these two series of rocks. Where 
they are in contact, however, they have the same strike and dip and thus appear strictly conformable. But the 
difference in lithology between the Coutchiching and Keewatin is marked; in the former we have no evidence of 
volcanic activity, while in the latter there are numerous proofs of great volcanic activity, in fact, the Keewatin 
can be said to be characterized as a period of intense and wide-spread eruptions. Moreover, in the Keewatin 
are conglomerates, which, in places, seem to be basal beds resting on the Coutchiching. Lawson§ has conse
quently inferred an unconformity between these two series, and while the existence of this is not undoubtedly 
proven, it still seems quite probable. 

The Keewatin. This series of rocks is more varied in lithology than either of the others just described, 
and it is of more interest on this account, and also because in it are found many of the gold-bearing veins thus 
far discovered. The rocks are conglomerates, slates, sericitic, chloritic and hornblendic schists, agglomerates, 
graywackes, and more or less altered igneous rocks, both acid and basic. The presence of large amounts of 
hornblendic and other green schists, some of which are clearly of igneous origin, gives to this rock series a 
prevalent green color and this abundance of "greenstones" and" green schists" is one of the most character
istic and distinctive f~atures of the Keewatin series. That parts of these green rocks represent ancient igneous 
ejections, both lavas and ash beds is absolutely certain; and, as before stated, they show that the Keewatin was 
a time of violent and extensive volcanic activity. But the Keewatin was also a time of deposition for ordinary 
sediments. Much of the fragmental volcanic material seems to have been deposited in water, which has ~iven 
a stratiform character to the beds and mixed with this fragmental igneous matter was more or less of ordmary 
sediments; the two kinds of deposits evidently grade into each other, the igneous material predominating in close 
proximity to volcanic vents. These Keewatin rocks, like the other series, have participated in great earth move-

*Amp,r. Jo"r. Sci., 3d series, vol. xxiii, pp. 474-475,1887. . ,_ n •• 
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than the strata they cut, although the main mass, of which they are merely the apophyses, is far inferior to 
those strata and may form the base upon which they rest."* 

Under this view, concerning the Laurentian, the floor on which the Coutchiching rocks, and in some 
places the Keewatin, were deposited is now entirely unrecognizable; it has been softened and moved so that its 
relation to the Couchiching is now an eruptive one. On the other hand, it seems probable that parts of this old 
floor are still preserved; such places, however, have not yet been found in this locality, all the granite and gneiss 
areas examined apparently showing an eruptive relation to the Coutchiching; and the same can be said of the 
relations of the granite and gneiss to the Keewatin. However, to the northeast of Rainy lake rocks apparently 
corresponding to the Keewatin have been found unconformable upon an older series of granites and gneisses:i 
supposed to represent the Laurentian; and it is not impossible that the Keewatin conglomerate seen on the north 
of Shoal lake will be found to be unconformable on the granite to the north. Many problems concerning these 
ancient rocks,-Laurentian, Coutchiching and Keewatin,-especially as regards their relations to each other,
are still unsolved, and it will not be profitable to discuss them further here. 

The Coutchiching. This series of rocks, while occupying a large amount of territory, is of comparatively 
simple character and will need but a brief description. They extend along the south shore of Rainy lake from 
the outlet east to J ackfish bay, then for a distance of eight miles (to the line between Itasca and St. Louis 
counties) the Keewatin occupies the shore, but all the south shore east of this and all the shores of the eastern 
arm of the lake, with the exception of a few granite areas, lie entirely in rocks of this series. Other small areas 
are found to the north of the belt of Keewatin rocks that runs east-northeast from Jackfish bay. 

Lithologically the Coutchiching is preeminently a mica schist formation; with the mica, which is mostly 
biotite, is either quartz or feldspar, and commonly both in the more coarsely crystallized facies. The rocks near 
the outlet of Rainy lake are mostly quite flne grained mica schists or even gray to brownish mica slates, but 
usually the Coutchiching rock is a well defined mica schist. In close proximity to some of the granite masses, 
as along the north shore of Kabetogama lake, the mica schist becomes (Iuite coarsely crystallized and might 
properly be called a gneiss, but it is not easily confounded with the gneisses of the Laurentian. In addition to the 
usual minerals, others, such as garnet and staurolite, are sometimes found in the mica schists not far from their 
contact with masses of granite. The schistose structure, due to an arrangement of the mica scales in roughly 
parallel positions, is characteristic of this series. In many places there are rapid alternations of bands, from an 
inch to several feet in width, of slightly different mineralogical composition, structure or color; the position of 
these bands gives the strike and dip of the rock, and where they are lacking the schistose structure is taken to 
indicate the strike and dip, as this structure seems to be parallel with the banding wherever the two are seell 
together. There is a vast thickness of this monotonous mica schist formation along the eastern arm of Rainy 
lake and to the southward; several estimates by Dr. A. C. Lawson show an apparent thickness of about five 
miles.+ These Coutchiching rocks in several particulars appear so much like ordinary sediments that it seems 
necessary to consider them as sedimentary beds which have been more or less recrystallized in sUn by metamor
phic processes. This change has been largely in the nature of regional metamorphism, but the more coarsely crys
talline condition of the beds in close proximity to intrusive masses of granite shows that contact metamorphism 
has also played an important part. 

The relation of the Coutchiching to the Laurentian has already been mentioned. Its relation to the 
Keewatin is not definitely known. The Coutchiching, however, is lithologically quite distinct from the overlying 
Keewatin rocks, and in the field it is a comparatively easy task to separate these two series of rocks. Where 
they are in contact, however, they have the same strike and dip and thus appear strictly conformable. But the 
difference in lithology between the Coutchiching and Keewatin is marked; in the former we have no evidence of 
volcanic activity, while in the latter there are numerous proofs of great volcanic activity, in fact. the Keewatin 
can be said to be characterized as a period of intense and wide-spread eruptions. Moreover, in the Keewatin 
are conglomerates, which, in places, seem to be basal beds resting on the Coutchiching. Lawson§ has conse
quently inferred an unconformity between these two series, and while the existence of this is not undoubtedly 
proven, it still seems quite probable. 

The Keewatin. This series of rocks is mOl'e varied in lithology than either of the others just described, 
and it is of more interest on this account, and also because in it are found many of the gold-bearing veins thus 
far discovered. The rocks are conglomerates, slates, sericitic, chloritic and hOl'llblendic schists, agglomerates, 
graywackes, and more or less altered igneous rocks, both acid and basic. rEhe presence of large amounts of 
hornblendic and other green schists, some of which are clearly of igneous origin, gives to this rock series a 
prevalent green color and this abundance of "greenstones" and" green schists" is one of the most character
istic and distinctive f~atures of the Keewatin series. That parts of these green rocks represent ancient igneous 
ejections, both lavas and ash beds, is absolutely certain; and, as before stated, they show that the Keewatin was 
a time of violent and extensive volcanic activity. But the Keewatin was also a time of deposition for ordinary 
sediments. Much of the fragmental volcanic material seems to have been deposited in water, which has ~iven 
a stratiform character to the beds and mixed with this fragmental igneous matter was more or less of ordmary 
sediments; the two kinds of deposits evidently grade into each other, the igneous material predominating in close 
proximity to volcanic vents. These Keewatin rocks, like the other series, have participated in great earth move-
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ments, which have produced slaty and schistose structures. The effects of these movements se~m to have been 
better registered in the Keewatin rocks than elsewhere by a more pronounced and almost _ulllversalJy present 

schistose cleavage. 
The most important belt of Keewatin rocks is that which is first seen on the south shore-of Rainy lake at 

Jackfish bay. 'Vest of here this belt has not been carefully traced out, but a few outcrops have been seen, 
some of which will be mentioned below. East of this bay the Keewatin forms the south shore of the line 
between Itasca and St. Louis counties; and a number of islands just -to the north of the shore, the largest of 
which are Grassy, Grindstone, Dryweec1 and Sand Point, are mostly composed of the same rocks. This belt of 
Keewatin runs a little north of east, crosses the lake, and extends past Seine bay, and Shoal and Bad Vermilion 
lakes and eastward beyond the limits of the map. 

To the west of J ackfish bay sections were made south from Rainy river in two places. The first was along 
the west line of sec. 35, T. 71-24, and southward for a mile and a half beyond the south line of this section. No 
outcrops were seen; the ground passed over is nearly level and forms a part of the clay plain which lies along 
the river. However, in the S. E. 74 of S. W. 7~ of this same section there is an exposure of considerable extent, 
which rises a few feet above the level of the plain. The rock is a fine-grained gray sericitic schist or slate with no 
pronounced lines of sedimentation. The cleavage, as measured in three places, runs N. 50° E. (mag.) and stands 
about vertical. Parallel with the cleavage are fine lamin::e which, in the absence of more definite indications, 
are assumed to represent the true sedimentary planes of the rock 'rhe second section was made from the lake 
shore at the outlet, along the east line of range 24, to a point half a mile south of the southeast corner of T. 
71-24. Several outcrops were crossed, all of which present a schistose cleavage that runs N. about 500 E. (mag.) 
and dips at a high angle toward the northwest. In some places a distinct alternation of beds of different com
position was seen; these give the true strike of the rock which, as far as seen, coincides with the cleavage. The 
rock of these outcrops is largely a sericitic schist, but it frequently becomes darker colored and greenish, and 
contains minute laminlB of white siliceoLls material. 

On the south shore of Jackfish bay and on an island in this bay near the west line of sec. 26, T. 71-23, 
are excellent exposures of conglomerate. The conglomerate of this island, which is made entirely of this rock, 
has as a matrix a greenish to grayish fine-grained schistose rock composed of silvery micaceous scales and other 
material which is too finely divided for recognition by the naked eye. In some places the matrix becomes 
coarser and is crowded with quartz grains the size of a pin's head and larger. The pebbles of the conglomerate 
are very numerous and are well distributed throughout the rock of the island; they vary in size from pieces the 
size of a 1)e8 to those that are ten inches across. Several kinds of rock are represented in these pebbles, but the 
most common is white or yellowish vein quartz; next in abundance are pebbles of a gray rock which seems to be 
a very fine-grained granite. Pebbles more or less similar to the matrix are also common; these are not easily 
recognized on fresh fractures, but on weathered surfaces they are quite readily distinguished. The pebbles are 
mostly well rounded; this is especially true of those composed of quartz which are very sharply separated from 
the matrix and can be easily dislodged. The conglomerate has been subjected to shearing and stretching and as 
a result the pebbles are commonly seen flattened in one plane, which coincides in direction with the schistose 
cleavage of the matrix. The strike of this cleavage is N. 60--65° E. (mag.) and the dip is about vertical. In 
a few places there are some indications that the true strike of the conglomerate is almost at right angles to the 
strike of the cleavage; these indications, however, are not entirely satisfactory evidence of the position of the 
bedding, nor is there satisfactory evidence that the true strike is parallel with the cleavage. On the south shore 
of this bay are other outcrops of the conglomerate, the matrix at this place being a green schist. Small peb
bles are not common here, most of those seen being over six inches in diameter; sometimes they reach a size of 
three feet in greatest diameter. These boulders are largely of one rock-a rather fine-grained greenish to 
pinkish biotite granite. They are well rounded and lie with their long axes parallel with the strike, which is 
here plainly coincident with the schistose cleavage. 

Other exposures of conglomerate occur to the east of Jackfish bay on the south shore in the N. % of sec. 
31 and the S. l,f of sec. 30, T. 71-22. Here the matrix is a green hornblende schist, more or less siliceous. The 
pebbles are mostly of about the same nature as the matrix and are distinguishable only on weathered surfaces. 
They have been elongated in a direction parallel with the cleavage, and on this account and also because they 
so closely resemble the matrix it is hard to tell whether they originally possessed rounded outlines or not. 
However, a few boulders occur at this place, which are of rock similar to the granitic boulders in the exposures 
on Jackfish bay, and they are distinctly and smoothly rounded. 

On the south shore of Dryweed island in sec. 25, T. 71-22, the rock of the island, which is a sericiticschist, 
becomes conglomeratic with granitic boulders similar to those just mentioned. 

Another belt of conglomerate is seen along the north side of Grassy and Shoal lakes. The specimens we 
hav.e of this show the matrix to be a rollgh green hornblendic schist, sometimes quite rich in large and small 
grams of (Juartz. The pebbles are of greenstone, black and red jasper, quartz and felsyte, many of them being 
well rounded ... Just north west of Shoal lake this conglomerate is fonnd resting directly upon the granite mass 
of Barl Vermlhon lake. The exact eon tact line is exposed for some distance, and small patches of the conglom-
E'r~te, w~i~h are easily dislodged, are found lying directly on the surface of the granite. Although a casual examin
atIon fa1~ed to find any pebbles in the conglomerate that could be certainly referred to the underlying granite, still 
the relatlOns of the. two rocks at this 1Jlace seem to indicate that the conglomerate is unconformable on the granite.' 

Another. typlcal rock of the Keewatin series is seen in the S. ~ of sec. 29, T. 71-22. The conglomerate to 
the west of thIS gradually loses its greenish character and becomes lighter colored and silicious on going east-
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ments, which have produced slRty and schistose structures. The effects of these movements se~m to have been 
better registered in the Keewatin rocks than elsewhere by a more pronounced and almost ymversally present 

schistose cleava,ge. 
The most important belt of Keewatin rocks is that which is first seen on the south shore-of Rainy lake at 

Jackfish bay. ,Vest of here this belt has not been carefully traced out, but a few outcrops have been seen, 
some of which will be mentioned below. East of this bay the Keewatin forms the south shore of the line 
between Itasca and St. Louis counties; and a number of islands just -to the north of the shore, the largest of 
which are Grassy, Grindstone, Dryweed and Sand Point, are mostly composed of the same rocks. This belt of 
Keewatin runs a little north of east, crosses the lake, and extends past Seine bay, and Shoal and Bad Vermilion 
lakes and eastward beyond the limits of the map. 

To the west of J aekfish bay sections were made south from Rainy river in two places. The first was along 
the west line of sec. 35, T. 71~24, and southward for a mile and a half beyond the south line of this section. No 
outcrops were seen; the ground passed over is nearly level and forms a part of the clay plain which lies along 
the river. However, in the S. E. ~c;: of S. W. ~;l of this same section there is an exposure of considerable extent, 
which rises a few feet above the level of the plain. The rock is a fine-grained gray sericitic schist or slate with no 
pronounced lines of sedimentation. The cleavage, as measured in three places, runs N. 50° E. (mag.) and stands 
about vertical. Parallel with the cleavage are fine lamince which, in the absence of more definite indications, 
are assumed to represent the true sedimentary planes of the rock. 'rhe second section was made from the lake 
shore at the outlet, along the east line of range 24, to a point half a mile south of the southeast corner of T. 
71~24. Several outcrops were crossed, all of which present a schistose cleavage that runs N. about 50° E. (mag.) 
and dips at a high angle toward the northwest. In some places a distinct alternation of beds of different' com
position was seen; these give the true strike of the rock which, as far as seen, coincides with the cleavage. The 
rock of these outcrops is largely a sericitic schist, but it frequently becomes darker colored and greenish, and 
contains minute lamince of white siliceous material. 

On the south shore of J ackfish bay and on an island in this bay near the west line of sec. 26, T. 71-23, 
are excellent exposures of conglomerate. The conglomerate of this island, which is made entirely of this rock, 
has as a matrix a greenish to grayish fine-grained schistose rock composed of silvery micaceous scales and other 
material which is too finely divided for recognition by the naked eye. In some places the matrix becomes 
coarser and is crowded with quartz grains the size of a pin's head and larger. The pebbles of the conglomerate 
are very numerous and are well distributed throughout the rock of the island; they vary in size from pieces the 
size of a pea to those that are ten inches across. Several kinds of rock are represented in these pebbles, but the 
most common is white or yellowish vein quartz; next in abundance are pebbles of a gray rock which seems to be 
a very fine-grained granite. Pebbles more or less similar to the matrix are also common; these are not easily 
recognized on fresh fractures, but on weathered surfaces they are quite readily distinguished. The pebbles are 
mostly well rounded; this is especially true of those composed of quartz which are very sharply separated from 
the matrix and can be easily dislodged. The conglomerate has been subjected to shearing and stretching and as 
a result the pebbles are cOllmonly seen fiattened in one plane, which coincides in direction with the schistose 
cleavage of the matrix. The strike of this cleavage is N. 60~65° E. (mag.) and the dip is about vertical. In 
a few places there are some indications that the true strike of the conglomerate is almost at right angles to 'the 
stril{e of the cleavage; these indications, however, are not entirely satisfactory evidence of the position of the 
bedding, nor is there satisfactory evidence that the true strike is parallel with the cleavage. On the south shore 
of this bay are other outcrops of the conglomerate, the matrix at this place being a gTeen schist. Small peb
bles are not common here, most of those seen being over six inches in diameter; sometimes they reach a size of 
three feet in greatest diameter. These boulders are largely of one rock-a rather fine-grained greenish to 
pinkish biotite granite. They are well rounded and lie with their long axes parallel with the strike, which is 
here plainly coincident with the schistose cleavage. 

Other exposures of conglomerate occur to the east of Jackfish bay on the south shore in the N. Yz of sec. 
31 and the S. 1/; of sec. 30, T. 71~22. Here the matrix is a green hornblende schist, more or less siliceous. The 
pebbles are mostly of about the same nature as the matrix and are distinguishable only on weathered surfaces. 
They have been elongated in a direction parallel with the cleavage, and on this account and also because they 
so closely resemble the matrix it is hard to tell whether they originally possessed rounded outlines or not. 
However, a few boulders occur at this place, which are of rock similar to the granitic boulders in the exposures 
on J ackfish bay, and they are distinctly and smoothly rounded. 

On the south shore of Dryweed island in sec. 25, T. 71~22, the rock of the island, which is a sericiticschist, 
becomes conglomeratic with granitic boulders similar to those just mentioned. 

Another belt of conglomerate is seen along the north side of Grassy and Shoal lakes. The specimens we 
hav.e of this show the matrix to be a rongh green hornblendic schist, sometimes quite rich in large and small 
grams of quartz. The l)ehbles are of greenstone, bla.ck and red jasper, qua.rtz and felsyte, many of them being 
well rounded ... Just northwest of Shoal lake this conglomerate is fonnd resting directly upon the granite mass 
of Barl Vermlhon lake. The exact "olltact line is exposed for some distance, and small patches of the conglom-
er~te, w~kh are easily dislodged, are found lying directly on the surface of the granite. Although a casual examin
atlOn fal~ed to find any pebbles in the conglomerate that could be certainly referred to the underlying granite,still 
the relatlOns of the. two rocks at this place seem to indicate that the conglomerate is unconformable on the granite: 

Another. typlCal rock of the Keewatin series is seen in the S. Yz of sec. 29, T., 71~22. The conglomerate to 
the west of thlS gradually loses its greenish character and becomes lighter colored and silicious on going east-
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ward; at the same time the boulders become less numerous and finally disappear altogether and we have a rock 
that is fine-grained, hard, tough, siliceous, and silvery gray in color. This rock forms bare, r~unded knobs in sec. 
29, and is quite massive in appearance. It continues eastward to form Grindstone and Dryweed islands, but on 
these islands, especially the latter, it becomes softer and more schistose, forming' a siliceous sel'icitic schist. It 
also in places shows evidences of bedding which is parallel with the schistose stI'UctUl'8, and, as mentioned above 
it becomes conglomerate on the south shore of Dryweed island in sec. 25, T. 71-22. ' 

Just to the south of this belt of siliceous sericitic schist lies a belt of greenish schists, which are of interest 
for the reason that in them are found the veins that have been most exploited for gold. rl'his belt of rock comes 
to the shore in the N. E. :4 of N. W. :4 of sec. 32, T.71-22, and continues eastward forming the islands in the 
N. 7:l of N. W. :4 of sec. 33, the most easterly of these islands being the one on which the Little American mine 
is located. The south shore of the lake eastward from Rainy Lake City to the line between Itasca and St. Louis 
counties is skirted by this belt of, rock, and the islands in the S. E. 7'1 of sec. 27, the S. E. :4 of sec. 26, the S. ~"2 of 
sec. 35, T. 71-22, and some small reefs near the centre of sec. 30, rl'. 71-21, are composed of the same. This belt 
of schists varies somewhat in lithology, being composed of sericitil!, lOhloritilO and hornblendic schists, which are 
quite fine-grained and usnally quite siliceous. The smaller and more eastern of the islands in the S. E. :4 of 
sec. 26 has a small amount of more aeid and lighter colored rOl!k than is usual in this belt. This rock consists 
of scattered quartz grains imbedded in a siliceous and schistose matrix; it perhaps represents an ancient (luartz 
porphyry. 

Further mention and description of parts of the Keewatin will be fonnd in the section entitled "Descrip
tion of veins in general and of individual properties." 

The diabase dikes. These are not very numerous in the area hm'e reported on, and the total amount of 
such rock is very insignificant when compared with the rocks of the three series already described. The dike 
rock is dark, tough and heavy; it varies much in grain in the larger dikes, according to the distance from the dike 
walls, the interior being coarser than the exterior. The rock is usually an ordinary diabase, with the ophitic struc
ture, and is composed essentially of augite and plagioclase feldspar. Several dikes were seen in the syenyte a short 
distance below Koochiching falls, and a larger one occurs in the same rock in the N. W. :4 of sec. :35, T. 71-24. The 
largest dikes seen are those near the mouth of Jackfish bay; while th8se two are not strictly parallel, they both 
have a general northwest-southeast direction. The more eastern of these lOuts through rocks which belong to 
the three rock systems of the region. The exact age of these dikes is not known. 'rhey are, however, later than 
all the other rocks of the region which they cut, and they have not been subjected to the same forces which pro
duced so pronounced cleavages in the older rocks. During the Keweenawan time there were great numbers of 
basic eruptions and injections in the Lake Superior basin, and the dikes of the Rainy Lake region may perhaps 
date from the same time. 

Gladal deposits. As has already been stated, the rocks aronnd Rainy lake are usually not covered by 
glacial drift or later deposits. In some places, however, there are small areas where there are thin sheets of 
till concealing the bed rock, and glacial boulders are common throughout the whole region. The general direc
tion of glacial movement across the Rainy Lake basin, as shown by scratches on the rocks, was from northeast 
to southwest. Below are given a few heretofore unpublished courses of glacial strim in the Rainy lake region 
referred to magnetic north. * 

Centre of west side of S. E. :4 sec. 19, T. 70-18, south shore of Rainy lake, 
N. E. :4, N. W. X sec. 30, T. 71-23, south shore of Rainy lake, 
West line of sec. 29, T. 71-23, south shore of Rainy lake, 
S. W.:4, S. W. X sec. 29, T71-22, south shore of Rainy lake, 
N. W. :4, S. E. :4 sec. 28, T. 71-22, east end of Grindstone island, Rainy lake, 
N. W. 74, N. W. 74 sec. :30, T. 71-21, small island at east end of Dryweed island, Rainy 

south :30-:350 W. 
sonth 300 W. 
south 40 0 W. 
south 45° W. 
south :33° W. 

~ w~~W 

The level area devoid of rock which begins at the west end or the outlet of Rainy lake is underlain by a 
considerable thickness of glacial deposits. These deposits consist of clays, which are often calcareous and 
sandy, and are quite frequently bluish in color. Scattered throughout these clays are small pebbles of various 
kinds of rocks, the most common of which is a fine-grained yellowish or pinkish limestone; sometimes fragments 
of this limestone are found which contain a few fossil remains. These clays are thought to have been deposited 

. from melting ice and from streams flowing into the glacial lake Agassiz. This lake covered the Red river valley, 
the Lake of the Woods and Rainy Lake areas and a laro'e amount of territory to the west and northwest at the 
close of the glacial period; the history and d~posits of this great glacial lake have been carefully investigated 
by Mr. Warren Upham.t The thickness of the clay deposits along that part of the Rainy river, shown on the 
geological map, probably does not much exceed forty feet; in general in this area the hight of the river banks 
above its bed is a direct measure of the thickness of the clays. 

There are no post-glacial formations in the region except the usual soil, vegetable accumulations in 
swamps, and a few sand beaches, mostly derived from the clays by the washing and sorting action of the lake's 
waves. 

* Other lists of gIacial strim in this region have been published by A. O. LAWSON (G~ol. Snrl'ey Canac,/a, voL},ii, p~. 16~-
169F, 1889); H. V. WINOHELL (lYIinn. Geol. Survey, Seventeenth Annual Report, 1888) ; WARREN UPHAM (11Imn. Gwl. IS 1U "y, 
TwentY'secoRd Annual Report, pp. 35--40, 1894). . .. 

+ Geol. and Nat. Hist, SU1'Ve1j of lvIinnesota, Eleventh (1882) Annual Report, pp. 137-153, 1884. I~itl., Flll,:1 RepOl':' vo\ 11, I?" 
517-52!, 1888. u. S. Geol. SU1'vey, B{,Uetin 39,1887. Geol. Survey of Canacla, Annual Report, llew serIes, vol. IV, pp. lE-156E, 18JO. 
Als0ln a monograph of the U. S. GeoI. Survey entitled "The Glacial Lake AgaSSIZ." 
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ward; at the same time the boulders become less numerous and finally disalJpear altogether, and we have a rock 
that is fine-grained, hard, tough, siliceous, and silvery gray in color. This rock forms bare, rounded knobs in sec. 
29, and is quite massive in appearance. It continues eastward to form Grindstone and Dryweed islands but on 
these islands, especially the latter, it becomes softer and more schist03e, forming' a siliceous sel'icitic schist. It 
also in places shows evidences of bedding which is parallel with the schistose structure, and, as mentioned above, 
it becomes conglomerate on the south shore of Dryweed island in sec. 25, T. 71-22. 
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largest dikes seen are those near the mouth of Jackfish bay; while these two are not strictly parallel, they both 
have a general northwest-southeast direction. The more eastern of these cuts through rocks which belong to 
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Centre of west side of S. E. ;,;;;; sec. 19, T. 70-18, south shore of Rainy lake, 
N. E. ;,;;;;, N. W. X sec. 30, T. 71-23, south shore of Rainy lake, 
West line of sec. 29, T. 71-23, south shore of Rainy lake, 
S. W.;';;;;, S. W. ;,;;;; sec. 29, T71-22, south shore of Rainy lake, 
N. W. ;,;;;;, S. E. ;,;;;; sec. 28, T. 71-22, east end of Grindstone island, Rainy lake, 
N. W. 7~, N. W. ;,;;;; sec. 30, T. 71-21, small island at east end of DrywBed island, Rainy 

south 30-35° W. 
south 30° W. 
south 40° W. 
south 45° W. 
south :33° W. 

lake, south 42° W. 
The level area devoid of rock which begins at the west end or the outlet of Rainy lake is underlain by a 

considerable thickness of glacial deposits. These deposits consist of clays, which are often calcareous and 
sandy, and are quite frequently bluish in color. Scattered throughout these clays are small pebbles of various 
kinds of rocks, the most common of which is a fine-grained yellowish or pinkish limestone; sometimes fragments 
of this limestone are found which contain a few fossil remains. These days are thought to have been deposited 

. from melting ice and from streams flowing into the glacial lake Agassiz. This lake covered the Red river valley, 
the Lake of the Woods and Rainy Lake areas, and a large amount of territory to the west and northwest at the 
close of the glacial period; the history and deposits of this great glacial lake have been carefully investigated 
by Mr. Warren Upham.t The thickness of the clay deposits along that part of the Rainy river, shown on the 
geological map, probably does not much exceed forty feet; in general in this area the hight of the river banks 
above its bed is a direct measure of the thickness of the clays. 

There are no post-alacial formations in the region except the usual soil, vegetable accumulations in 
swamps, and a few sand b:aches, mostly derived from the clays by the washing and sorting action of the lake's 
waves. 

• Other lists of gJ.acial stri", in this region have been published by A. O. LAWSON (G~ol. SUlTry Canada, vol. },ii, p~. 16:;"-
169F,I889); H. V. WINOHELL (lJfinn. Geol. SUT'NY, Seventeenth Annual Report, 1888); WARREN UPHAM (111mn. Gwl. /Sw"y, 
Twenty·second Annual Report, pp. 35-40, 1894). . .. 

+ Qeol. and Nat. Hist, SW'vey of llIinnesota, Eleventh (1882) Annual Report, pp. 137-153, 1884. I~itl., FIll,:1 Report., vol. 11, pp. 
517-52!,1888. U.8. Geol. SU"vey, B';'Uetin39, 1887. Geol. 8,,,,,,,ey of Canada, Annual Report, new senes, vol. IV, pp. lE-156E, 1890. 
Also 111 a monograph of the U. S. Geol. Survey entitled "The Glacial Lake AgaSSIZ." 
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Auriferous gravels forming placers are not known about Rainy lake. Some search for placers has been 
made but there seems to be no probability that any will be found. 

, Auriferous gravels may have existed in some of the old water courses just before the Glacial period, but 
if they did thus exist, which is improbable, they were entirely r~moved by glacial agencies. Since that time 
there has been no erosion violent enough to prod uce any gravel deposIts. To be sure, gravels can be found in some of 
the depressions, but these are of glacial origin, and consequently are not necessarily derived from the auriferous 
rocks near at hand, but may have been and probably were transported many miles; moreover, in the glacial 
crravels there has been no assorting of the various constituents and concentration of the heavier portions, and so 
the gold, if it does exist in the gravels, i@ scattered through them indiscriminately and in such minute quantities 
as to preclude the possibility of profitable working. 

Sketch of the geological history. The oldest sedimentary rocks of which we have knowledge in the Rainy 
Lake region are the mica schists of the Coutchiching, but what composed the surface upon which these rocks 
were deposited is now unknown. An immense thickness of nearly uniform deposits was built up during Coutchi
ching time, and at the end of this period of deposition there was possibly a period of cessation of deposition 
accompanied by elevation of the land above the sea level and by erosion. But whatever the events at the close 
of the Coutchiching, we know that at the beginning of the Keewatin time there was a change from the deposition 
of uniform rather acid rocks to deposits of the most varied nature, in which basic volcanic material played an 
important part. The Keewatin was a period of rapid deposition and widespread volcanic activity. After the 
end of Keewatin deposition there was a IJeriod of elevation and intense folding, crumpling and shearing of the 
then existing strata, accompanied by the intrusion of enormous masses of granitic rock. The rocks were much 
altered or metamorphosed at this time by the dynamic forces to which they were subjected and also by the close 
proximity of large masses of intrusive rock; thus the strata underwent regional metamorphism, more or less 
pronounced throughout the district, and contact metamorphism where intruded by the granitic masses. We 
know that the folding and alteration took place in post-Keewatin time, and, from the relations of similar rocks 
to the Animikie soutlleast of Rainy lake, we suppose that it occurred in pre-Animikie time. This period of 
folding and alteration probably left the strata in approximately the same position and crystalline condition as 
we now find them. The accompanying cut (figure 19) will show the general relations of the rocks of the Rainy 
Lake region after this period and after the erosion to which they have been subjected up to the present time.* 
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FIG. 19. GENERALIZED SEOTION NORTH AND SOUTH THROUGH THE RAINY LAKE REGION. 
[According to A. O. Lawson.] 

Some time after the events just spoken of, possibly in Keweenawan time, the rocks of the region were cut 
by the diabase dikes. 

From the end of the Keewatin time to the present we have no proof that the land has ever been below sea 
level nor that it has ever been covered by post-Archean deposits, excepting, of course, the deposits of the Glacial 
epoch. It is possihle that the Cretaceous ocean may have extended over this region, as strata of that age are 
found in northern Minnesota along the Big and Little Fork rivers and on the Mesabi iron range.t If such 
strata ever did exist in the Rainy Lake district, all traces of them have been removed by erosion. 

From Keewatin time to the present, through all the immense period during which in other places wer~ 
deposited the rocks of the Taconic, Cambrian, Silurian, Devonian, and other series up to the present period, or 
at least during a considerable portion of this time (for strata may have been deposited here during some of these 
periods and afterwards removed), we must assume that this region was above the sea level and was thus sub
jected to erosion. After the folding the surface was probably mountainous, and the amount of rock removed 
must have been enormously great; the number of hundreds of feet that the surface has thus been lowered can-. 
not be estimated. The effect of this long-continued erosion was to gradually reduce the surface of the land to 
a lower level, and finally, when sufficient time had elapsed, an approximately flat surface not far above sea level 
would result. The probability of the production of such a flat or base-leveled area in Minnesota and Manitoba 

, *It is quite probable that on future study, after carefully plotting the dips and strikes, the folding of this regio."- w:i1l be 
fo'."'~. to be much more co.mpl~x than this generalized cut indicates. For instance, what is represented as a single syncline III the 
Kce" atm may really conSIst of several closely compressed synclines and anti-clines. But as yet data are not at hand to show the 
eXlstence of these numerous smaller folds. 

t H. V. WINOHELL. (,NIl. ancl Nat. rIist. 8"" ve'Y oj lYIinn. Seventeenth (1887) Annual Report 1888. A me". Geol., vol. xii, 
pp. 220-223, Oct., 1893. ' , 

.J. E. SPURR. Cieal. <Ina Nat. Hisl. S""vey oj JlNnn., Bulletiu 10, pIs. 10 and 11, 1894. 
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pronounced throughout the district, and contact metamorphism where intruded by the granitic masses. We 
know that the folding and alteration took place in post-Keewatin time, and, from the relations of similar rocks 
to the Animikie southeast of Rainy lake, we suppose that it occurred in pre-Animikie time. This period of 
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Lake region after this period and after the erosion to which they have been subjected up to the present time.* 
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Some time after the events just spoken of, possibly in Keweenawan time, the rocks of the region were cut 
by the diabase dikes. 

From the end of the Keewatin time to the present we have no proof that the land has ever been below sea 
level nor that it has ever been covered by post-Archean deposits, excepting, of course, the deposits of the Glacial 
epoch. It is possihle that the Cretaceous ocean may have extended over this region, as strata of that age are 
found in northern Minnesota along the Big and Little Fork rivers and on the Mesabi iron range.t If such 
strata ever did exist in the Rainy Lake district, all traces of them have been removed by erosion. 

From Keewatin time to the present, through all the immense period during which in other places wer~ 
deposited the rocks of the Taconic, Cambrian, Silurian, Devonian, and other series up to the present period, or 
at least during a considerable portion of this time (for strata may have been deposited here during some of these 
periods and afterwards removed), we must assume that this region was above the sea level and was thus sub
jected to erosion. After the folding the surface was probably mountainous, and the amount of rock removed 
must have been enormously great; the number of hundreds of feet that the surface has thus been lowered can-, 
not be estimated. The effect of this long-continued erosion was to gradually reduce the surface of the land to 
a lower level, and finally, when sufficient time had elapsed, an approximately flat surface not far above sea level 
would result. The probability of the production of such a flat or base-leveled area in Minnesota and Manitoba 

, *It is quite probable that on future study, after carefully plottip.gthe dips and strikes, the folding of this regio.n ~U be 
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+ H. V. WINOHELL. (Tfol. ancl Nat. l"Iist. 8m'vey of lYIinn Seventeenth (1887) Annual Report 1888 Am,,'. Geol., vol. xii, 
pp. 220-223, Oct., 1893. ., , . 
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during Tertiary and early Quarternary times has been shown by Mr. Warren Upham,* and this cause will very 
conveniently explain the generally flat and plateau-like character of the Rainy Lake region. Since the produc
tion of this base level the hard Archean rocks have not been dec ply eroded, and the surface consequently still 
retains approximately this base-leveled topography. 

Glacial agencies have, since the base-leveling, removed any decayed rock or other material that may have 
remained on the rocky surface, and have produced the gently rounded and hummocky surface now existing. 
Since glacial time the Archean area has suffered practically no erosion, the lakes and streams following the 
depressions and irregularities which remained at the departure of the ice-sheet. The clayey plain to the west 
of Rainy lake also shows evidences of having been subjected to erosion for but a short period, and even during this 
time the erosion has not been extensive or violent. '1'he surface is still monotonously flat except for the narrow, 
steep-sided, shallow trenches cut into it by the Rainy river and its tributaries; and only the largest of these 
streams have cut entirely through the blanket of clays down to the underlying rock, while none of them have 
excavated channels in the rock itself. This clay plain thus presents the peculiarities which are characteristic of 
a topographically young surface. 

DESCRIPTION OF VEINS IN GENERAL AND OF INDIVIDUAL 

PROPERTIES IN MINNESOTA. 

At the time this examination was conducted but little more than a year had elapsed since the first shot 
was fired in a gold quartz vein on Rainy lake. Remote from railroads, with not even a wagon road at that time 
to connect it with the rest of Minnesota, this region must of necessity have a slower development than other 
new districts of equal natural resources but greater accessibility. Reached by a hundred or more miles of 
canoeing, Rainy lake had, prior to 1894, been seen, aside from those who traveled the "Dawson Route" in the 
"seventies," only by a few trappers, pine estimators, explorers and natives. The few farmers aud traders who 
remained on Rainy river after this route across the country from Fort William to Fort Garry was abandoned
owing to the construction of the Canadian Pacific railway-rarely left their farms or trading posts to go to 
Rainy lake; and the few lumbermen engaged in their work around the lake were there only when the rocks 
were covered with snow. So it is little to be wondered at that the quartz veins remained undiscovered and 
undisturbed. Gold is usually found in placers and from them traced to the lodes whose rotting has produced 
the placers. But here there are no placers, and the veins are not rotted to any depth-another reason why they 
might easily be overlooked or condemned as barren. But explorers for mineral deposits have sharp eyes. They 
examine everything that falls beneath their gaze. With pick and pan they pound up and wash every piece of 
rock that has a rusty stain, every fragment of quartz that comes into their hands. To them one species of rock 
is as good as another. In fact they frequently cannot tell the rocks apart or any of their names correctly. But 
an explorer's unaided eye can often detect at a glance a speck of gold that a mineralogist might pass over with a 
magnifying glass. His scent is keen and his zeal unflagging. Thus it happens that he sometimes stumbles 
upon discoveries in unexpected places. 

The recentness of gold discoveries at Rainy lake, and its remoteness from railroads, have delayed develop
ment. It can hardly be said that there are any mines as yet in the entire district. The depth of the deepest 
shaft did not exceed forty-five feet at the time of examining it, and there are no underground levels. But one 
five-stamp mill is thus far set up in the region-that of the Little American company, and not more than 500 
tons of ore have been milled. The result of operations here, however, has been sufficiently encouraging to induce 
several other companies to order mills, and it is expected that there will be half a dozen mills in operation before 
the end of 1895. 

Throughout the region quartz veins are common and even abundant, but most of them are small and insig
nificant and contain no minerals of economic importance. These small veins, known as gash veins, cut the rocks 
in various directions as narrow ribbons which gradually taper to a point and disappear; they are thus of limited 
length and are at most only a few inches wide, the majority being less than one inch across. They are found in 
all the rock series of the region and are especially noticeable in some of the gneisses and granites. These small 
gash veins are not known to be of any value, and exploitation of them is useless. 

The prospecting for gold is now being conducted in three different classes of deposits, if we include those 
of the Canadian side as well as those in Minnesota. These three classes are (1) Segregated veins, (2) Fissure veins, 
(3) Fahlbands; the first two being properly called veins, the last being rather belts of the country rock charged 
with an unusual amount of meta)liferous material. 

r. SEGREGATED VEINS. 

The veins on the south side of Rainy lake, and hence all those in that portion of the gold district :vhich 
lies in this state, are of the variety known as "segregated veins." They are conformable. with the b.e~dmg or 
foliation of the schists, but their gangue, being chiefly quartz, differs entirely in mineralogICal.composltlO.n from 
the enclosing rocks. This class of veins may extend with unbroken continuity for a conSIderable ~Is.tance 
through the country rock, or may form lens-shaped bodies of limited extent, occupying a more or less d.lstmctly 
defined belt of country. They vary in thickness from an inch to five or more feet, and may extend con~muously 
for fifty or a hundred feet, or may pinch out in a shorter distance. When one of these quartz lenses IS found, 
usually others exist close b:r in the direction of the strike; and, moreover, two or three of these lenses may be 

* Am,,'. Geol., vol. xiv, pp. 235--246, Oct., 1894. 
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usually others exist close b:f in the direction of the strike; and, moreover, two or three of these lenses may be 

• Ame?·. Geol., vol. xiv, pp. 235-246, Oct., 1894. 



204 THE GEOLOGY OF MINNESOTA. 
[Description of veins and individual properties. 

found side by side, or overlapping each other, being separated by only a few inches of the country rock. Thus 
there comm~nlY exists a belt of rock, from one to ten or even more feet in width, in which quartz lenses are 
common; and i'n this belt the rock around the lenses is more or less completely impregnated with quartz. To 
this belt of quartzose rock, including the quartz lenses, the miners and explorers loosely apply the term vein. 
The" vein" may thus be several feet in width, but it is not composed wholly of vein material; in fact, it is seldom 
more than half quartz, and usually the quartz makes no more than one-fourth of the total. The accompanying 
figure represents the surface exposure of one of these veins; it also represents fully as well a vertical cross 
section of the vein. The areas of undulatory lines indicate the country rock, and the darker areas the quartz 
lenses, while the dotted area represents the belt of country rock which is more or less impregnated with quartz. 
The last two parts form the vein, using this term in its larger sense. , 

FIG, 20. GENERALIZED SURFACE SECTION OF ONE OF THE SEGREGATED VEINS. 

The minerals occurring in the veins are not many. The lenses are composed of pure white, coarsely crys
tallized quartz; sometimes no other mineral is present. Usually, however, and always in the gold-bearing veins, 
there is some pyrite and a dark chloritic material which can generally be referred to fragments of the country 
rock. Pyrite is also frecluently disseminated through the quartz-impregnated rock which surrounds the lenses. 
The gold occurs associated with the pyrite, but sometimes small flakes can be seen in the white quartz appar
ently entirely separated from the pyrite. Where the veins have weathered or decayed, particles of gold, the size 
of a pin's head, or occasionally IDuch larger, can be found on the surface of the vein in cavities left by the decay 
of the pyrite. Most commonly no gold is visible to the unaided eye. The gold is confined principally to the 
quartz lenses, but also occurs in small amounts in the quartzose rock around the lenses. 

These veins vary considerably in width and in the amount of quartz lenses in them. A vein that is ten 
feet wide and half to two-thirds quartz in one spot IDay vary in the distance of a few rods to half that width, 
and may contain not more'than a fifth part quartz; or on account of the absence of the quartz lenses it may be 
almost unrecognizable. Further on it may widen out and contain a large number of the lenses. Variation in 
the amount of gold seems to be as common and as pronounced as variation in width, or number of quartz lenses, 

On account of the water covered areas and those covered by swamps or soil, no vein has been traced any 
great distance, but in all probability they will frequently be found to extend more or less brokenly for several 
miles. The vein of the Little American mine appears again on the island just to the west of the one on which 
this mine is situated; while to the east and in the direction of the strike apparently the same vein appears at 
several places: On the south shore of Rainy lake in the S. W. 7.4: of S. W. 74 sec. 26, T. 71-22; in the S. E. 74 of 
S. E. 74 of the same section; and also on the island in the S. W. :xl of S. W. :xl sec. 25. Thus when a vein is 
known at one point it can confidently be searched for again in other exposures along the strike, but nothing can, 
be safely predicted as to its size and richness at other points. These facts can be determined only by exploi
tation and assays, but a vein which has a considerable width and richness at one point will more probably have 
the same characters at other points. In making these statements concerning the extent of certain veins over 
considerahle distances, reference is had only to the larger and more pronounced ones, i. e., those which are 
several feet in width, and which have a number of quartz lenses lying side by side or nearly so. Single lenses of 
(Juartz are not uncommonly found, but these are of only small size, and others cannot always be found by 
following along the strike of the first. 

As has been already stated, these veins run parallel to the strike of the cleavage of the country rock. They 
are thus narrow beds now standing in a nearly vertical position and extending indefinite distances. They occur 
in the rocks of both the Keewatin and Coutchiching. The veins found in the Coutchiching rocks are almost 
entirely of pure quartz, containing very little other mineral matter.' They are very poor, or entirely lacking in 
gold. None of the veins in this series of rocks have as yet proved of value. The veins in the Keewatin rocks 
are richer, and are the only ones in which paying amounts of gold have been found on the Minnesota side of the 
lake. '1'he best veins occur in the greenish schists of the Keewatin. As far as known the most promising belt 
of this rock is that which comes to the shore at the head of the bay in the N. Yz of sec. 32, T. 71-22, and extends 
eastward from there, including the Little American island, and those just to the west of it, a narrow strip along 
~he sou~h shore of the lake eastward from Rainy Lake City to the west line of St. Louis county, and the small 
Islands Just to the north of this shore. Another belt of this rock just touches the north side of Dryweed island, 
and in it is the Lyle mine, near the centre of the S. E. :xl of sec. 23, T. 71-22. 

A consideration of the manner in which these veins were probably formed may throw some light on their 
exact l~ature. The cleavage planes of the country rock, parallel to which lie the veins, while trending on the 
whole 111 one general directiolJ, still vary to a certain extent in their directions in distances of a few inches or feet, 
i. e". they ar~ undulating. An attempt was made to indicate this fact in the cut (figure 20, above) repr~
sentmg a sectIOn of one of these veins; here the undulating lines represent the cleavage planes of the rock. ThIS 
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found side by side, or overlapping each other, being separated by only a few inches of the country rock. Thus 
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section of the vein. The areas of undulatory lines indicate the country rock, and the darker areas the quartz 
lenses, while the dotted area represents the belt of country rock which is more or less impregnated with quartz. 
The last two parts form the vein, using this term in its larger sense. 

FIG. 20. GENERALIZED SURFAOE SEOTION OF ONE OF THE SEGREGATED VEINS. 
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ently entirely separated from the pyrite. Where the veins have weathered or decayed, particles of gold, the size 
of a pin's head, or occasionally much larger, can be found on the sUl'face of the vein in cavities left by the decay 
of the pyrite. Most commonly no gold is visible to the unaided eye. The gold is confined principally to the 
quartz lenses, but also occurs in small amounts in the quartzose rock around the lenses. 

These veins vary considerably in width and in the amount of quartz lenses in them. A vein that is ten 
feet wide and half to two·thirds quartz in one spot may vary in the distance of a few rods to half that width, 
and may contain not more' than a fifth part quartz; or on account of the absence of the quartz lenses it may be 
almost unrecognizable. Further on it may widen out and contain a large number of the lenses. Variation in 
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several feet in width, and which have a number of quartz lenses lying side by side or nearly so. Single lenses of 
'1uartz are not uncommol1ly found, but these are of only small size, and others cannot always be found by 
following along the strike of the first. 

As has been already stated, these veins run parallel to the strike of the cleavage of the country rock. They 
~re thus narrow beds now standing in a nearly vertical position and extending indefinite distances. They occur 
III the rocks of both the Keewatin and Coutchiching. The veins found in the Coutchiching rocks are almost 
entirely of pure quartz, containing very little other mineral matter. They are very poor, or entirely lacking in 
gold. None of the veins in this series of rocks have as yet proved of value. The veins in the Keewatin rocks 
are richer, and are the only ones in which paying amounts of gold have been found on the Minnesota side of the 
lake. The best veins OCcur in the greenish schists of the Keewatin. As far as known the most promising belt 
of this rock is that which comes to the shore at the head of the bay in the N. ~ of sec. 32, T. 71-22, and extends 
eastward from there, including the Little American island, and those just to the west of it, a narrow strip along 
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Islands Just to the north of this shore. Another belt of this rock just touches the north side of Dryweed island, 
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A consideration of the manner in which these veins were probably formed may throw some light on their 
exact l~ature. The cleavage planes of the country rock, parallel to which lie the veins, while trending on the 
whole III one general directiolJ, still vary to a certain extent in their directions in distances of a few inches or feet, 
i. e.,. they ar~ undulating. An attempt was made to indicate this fact in the cut (figure 20, above) repr~
sentlllg a sectIon of one of these veins; here the undulating lines represent the cleavage planes of the rock. ThIS 
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cleavage is seen to be undulating or wave-like in form, in a vertical as well as in a horizontal section. '1'ho sur
face of one layer of tho rock may be very roughly likened to the surface of a lake with a " choppy" sea; just 
fitting into this surface is another complementary one of the rock layer next adjacent. Along the veins there 
has been some slipping (or faulting) of the different layers on each other; that this is the case is indicated by 
the sheared and crushed condition of the rock and by the frequent slickensided surfaces. When this faulting 
occurred, especially where there was no great pressure normal to the fault plano, there would be formed certain 
irregularly lens-shaped cavities, where the surface of one layer did not fit the surface of the next adjacent one. 
These lens-shaped cavities are now represented by the lenses of quartz. This faulting would not be confined 
to slipping between two layers alone, but wonld occur between several adjacent layers, so that the faulted area 
is not strictly a plane, bnt a bed of several inches or feet in thickness. How great this faulting has been we do 
not know, but that the area of weakness, in which were crushed rock and cavities, extends to a considerable 
depth seems quite certain. In this area of weakness, solutions would easily travel, and mineral matter would be 
deposited from them; thus would occur the impregnation of the crushed rock and the filling of the cavities. 
Under this view of the origin and nature of these veins it is seen that they lie along lines of faulting, and that 
they could thus receive solutions emanating from great depths; thus these veins are in many features closely 
analogous to true fissure veins. 

General considerations bearing upon the question of the source of the metalliferous eonstituents of these 
veins have already been given. In this connection, however, the views of Dr. A. C. Lawson upon this subject 
are pertinent and interesting, coming from one who has carefully studied the region under consideration. He 
says:* 

"The distribution of veins and metalliferous deposits in the Archean has further an interesting bearing 
upon the question of the history of these rocks. The Laurentian rocks of the region are remarkably barren of 
metalliferous deposits. The upper Archean, particularly the Keewatin series which is largely composed of vol
canic rocks, is rich in such deposits as native gold (with a little associated silver), iron ores, copper pyrites, iron 
pyrites, mispickel, galena and zinc blende. These minerals are abundant in the Keewatin series, though, of 
course, only occasionally found sufficiently concentrated to be of economic value. 

"There can be but little doubt that their occurrence in these rocks is intimately associated with the vol
canic rocks, although the period of their formation is not necessarily that of the formation of the volcanic rocks 
themselves. Now, unless we regard the floor upon which the upper Archean was deposited to have been the 
original crust of the earth, for which supposition we have no good evidence, we must assume that it was made 
up of ordinary strata, either volcanic or sedimentary, or composed of both. As such it is probable that it was 
traversed by veins; and that in the volcanic portions, if not elsewhere, these veins were metalliferous. 

"But in the Laurentian we do not find anything like the number of veins that are found in the Upper 
Archean, and those that are occasionally observed are not metalliferous. The simplest explanation of this 
marked difference between the Upper and Lower Archean, as regards veins and metalliferous deposits, appears 
to the writer to be precisely that which gives a satisfactory account of all the other features of the region, viz.: 
that the Laurentian rocks have passed through a state of fusion, while the superincumbent Upper Archean 
remained unfused. This fusion would cause the dissemination throughout the magma of whatever metalliferous 
deposits had been segregated in veins, so that they could not be detected by ordinary means. The veins which 
cut the Upper Archean are probably, as before suggested, due to aqueous emanations from the Lower Ai'chean 
magma, the metals in the veins being probably derived from the volcanic rocks traversed by these emanations, 
so that the very causes which obliterated veins and metalliferous deposits in the lower portion of the Archean 
may be said to have given rise to those in the Upper Archean." 

Little American mine. This vein, the first to be discovered and developed, belongs to the class of segre
gated veins. Situated on a small island in the N. W. 7.! of sec. 33, T. 71-22, one hundred miles from any railroad, 
and developed" in the face of all the obstacles to be met with in a new district, it has served to attract attention 
to this undeveloped portion of our state, and, whether it proves to be the most profitable mine in the region or 
not, it will in this way always be remembered as the most useful. 

Geo. W. Davis discovered the vein while prospecting alone about the last of July, 1893. Reaching the island 
one evening about dark he had no opportunity to examine the quartz which he saw until the following morning 
when he "panned" it and obtained gold. Mr. Davis remained on the island and in the vicinity for nearly a month, 
and then went only as far away as Fort Frances to renew his store of provisions. On his return, about the last 
of August, he brought back with him a man named Quirk and a blacksmith from the "Fort," and together they 
fired the first blast on the 29th day of August, 1893. Snbsequently going to Duluth with sampl~s of .hls are and 
telling of his d,iscovery, a company called the Bevier Mining and M.illing company ~vas orgamzed m January, 
1894, with A. S. Chase, "Hutch" Bevier and" Jeff" Hildreth as incorporators. Havmg some trouble to secure 
title to the land it was purchased from the government by using the right of selection 01: "sc:'ip" of the S~. Paul, 
Minneapolis & Manitoba railway. Active operations were at once begun under the dll'ectlOn of Mr. H.lldreth, 
and a five-stamp mill (see plate 0, figure 1) was set up on the mainland at Rainy Lake City, abo:lt one n:lle from 
the island, where the shaft was sunk. This mill began stamping on July 16,1891, and contmued With some 
interruption until September 24 of the same year, when, having used all the ore in stock and fi~dmg the ~ost of the 
operation too great, it was shut down. Shortly afterwards the operation of the mine and mill ~assed. mto other 
h d d I · . b' AI' ection of the mme Will reveal a . an s an pans were laid for work on a more systemabc aSlS. casua msp 

*Cong"i!8 geol. inte?',wtiona.Z, 4nie Sess., 1888, p. 145. 

15 

ITASCA COUNTY. 205 
Little American mine.] 
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occurred, especially where there was no great pressure normal to the fault plane, there would he formed certain 
irregularly lens-shaped cavities, where the surface of one layer did not fit the surface of the next ad.iacent one. 
These lens-shaped cavities are now represented by the lenses of quartz. This faulting would not be confined 
to slipping between two layers alone, but would occur between several adjacent layers, so that the faulted area 
is not strictly a plane, but a bed of several inches or feet in thickness. How great this faulting has been we do 
not know, but that the area of weakness, in which were crushed rock and cavities, extends to a considerahle 
depth seems quite certain. In this area of weakness, solutions would easily travel, and mineral matter would be 
deposited from them: thus would occur the impregnation of the crushed rock and the filling of the cavities. 
Under this view of the origin and nature of these veins it is seen that they lie along lines of faulting, and that 
they could thus receive solutions emanating from great depths; thus these veins are in many features closely 
analogous to true fissure veins. 

General considerations bearing upon the question of the source of the metalliferous constituents of these 
veins have already been given. In this connection, however, the views of Dr. A. C. Lawson upon this subject 
are pertinent and interesting, coming from one who has carefully studied the region under consideration. He 
says:* 

"The distribution of veins and metalliferous deposits in the Archean has further an interesting bearing 
upon the question of the history of these rocks. The Laurentian rocks of the region are remarkably barren of 
metalliferous deposits. The upper Archean, particularly the Keewatin series which is largely composed of vol
canic rocks, is rich in such deposits as native gold (with a little associated silver), iron ores, copper pyrites, iron 
pyrites, mispickel, galena and zinc blende. These minerals are abundant in the Keewatin series, though, of 
course, only occasionally found sufficiently concentrated to be of economic value. 

"There can be but little doubt that their occurrence in these rocks is intimately associated with the vol
canic rocks, although the period of their formation is not necessarily that of the formation of the volcanic rocks 
themselves. Now, unless we regard the floor upon which the upper Archean was deposited to have been the 
original crust of the earth, for which supposition we have no good evidence, we must assume that it was made 
up of ordinary strata, either volcanic or sedimentary, or composed of both. As such it is probable that it was 
traversed by veins; and that in the volcanic portions, if not elsewhere, these veins were metalliferous. 

"But in the Laurentian we do not find anything like the number of veins that are found in the Upper 
Archean, and those that are occasionally observed are not metalliferous. The simplest explanation of this 
marked difference between the Upper and Lower Archean, as regards veins and metalliferous deposits, appears 
to the writer to be precisely that which gives a satisfactory account of all the other features of the region, viz.: 
that the Laurentian rocks have passed through a state of fusion, while the superincumbent Upper Archean 
remained unfused. This fusion would cause the dissemination throughout the magma of whatever metalliferous 
deposits had been segregated in veins, so that they could not be detected by ordinary means. The veins which 
cut the Upper Archean are probably, as before suggested, due to agueous emanations from the Lower Ai'chean 
magma, the metals in the veins being probably derived from the volcanic rocks traversed by these emanations, 
so that the very causes which obliterated veins and metalliferous deposits in the lower portion of the Archean 
may be said to have given rise to those in the Upper Archean." 

Little American mine. This vein, the first to be discovered and developed, belongs to the class of segre
g'ated veins. Situated on a small island in the N. W. 34 of sec. 33, T. 71-22, one hundred miles from any railroad, 
and developed- in the face of all the obstacles to be met with in a new district, it has serve.d to attract attention 
to this undeveloped portion of our state, and, whether it proves to be the most profitable mine in the region or 
not, it will in this way always be remembered as the most useful. 

Geo. W. Davis discovered the vein while prospecting alone about the last of July, 1893. Reaching the island 
one evening about dark he had no opportunity to examine the quartz which he saw until the following morning 
when he "panned" it and obtained gold. Mr. Davis remained on the island and in the vicinity for nearly a month, 
and then went only as far away as Fort Frances to renew his store of provisions. On his return, about the last 
of August, he brought back with him a man named Quirk and a blacksmith from the" Fort," and together they 
fired the first blast on the 29th day of August, 1893. Subsequently going to Duluth with samples of .hIS ore and 
telling of his discovery, a company called the Bevier Mining and Milling company ~vas orgamzed m January, 
1894, with A. S. Chase, " Hutch" Bevier and "J ef!''' Hildreth as incorporators. Havmg some trouble to secure 
title to the land it was purchased from the government by using the right of selection 01: " sC:'ip " of the St. Paul, 
Minneapolis & Manitoba railway. Active operations were at once begun under the dIrectIOn of Mr. H.Jldreth, 
and a five-stamp mill (see plate 0, figure 1) was set up on the mainland at Rainy Lake City, abo~t one U:lle from 
the island, where the shaft was sunk. This mill began stamping on July 16,1891, and contmued WIth some 
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woeful lack of business ability in the arrangement and execution of the operations of mining and milling. The 
expenses must have been at least double what they should have been, even with so many difficulties to overcome. 
The hole in the ground, called by courtesy a shaft, was about 10 x 40 x 44 feet, and was as ragged a cavern as 
can be found in the state. With no timbering, no pumps, nothing but a hand windlass for hoisting ore, rock and 
water, and the mill a mile away, it is a good example of the folly of robbing a mine in order to provide ore for 
present purposes without proper development for future mining. Every item of expense must necessarily have 
been abnormally large by such poor management as is here displayed. 

As to the operation of the mill the following quotation from a letter received from Mr. A. S. Chase, one of 
the directors of the Bevier Mining company, contains considerable reliable information: ' 

"From the best information I have the mill ran in all fifty-two days. The nearest estimate as to quantity 
of OTe crushed is 500 tons. We have no record of each clean-up, but the actual shipments of bullion, were: 
August 10, $362.30; August 20, $1,058.85; September 18, $2,481.76; October 18, $732.42; total, $4,639.33. The cost, 
as near as we can tell, was about $7.00 per ton for mining and milling. With proper ml!nagement it can doubt
less be mined and milled for $3.00 per ton. We have but five stamps, and of course the cost of milling would 
necessarily be large, but there are other reasons for the great cost of producing this bullion, which can be easily 
overcome. The mill produced all the way from eight to twenty -seven ounces of bullion per day, showing very clearly 
that quantities of rock were crushed which, with proper sorting, would not have been used, especially with 
this little mill. lt is certain that there was no attempt at deception, and I am fully convinced that gold in largely 
paying quantities exists in the Rainy lake region." 

The vein is about ten feet in width and dips south about 80°. Its strike is north 80° east, and it is believed 
to run across the next island west of the Little American. The ore is gray quartz with streaks and masses of 
the schist which constitutes the country rock enclosed in it. It contains a rather small amount of pyrites and 
some visible gold. Less than five per cent., and perhaps less than three per cent., of the ore goes into the con
centrates, which have an assay value of about $12.50 per ton. Samples of the ore taken from the vein at the 
depth of ten feet,' and from the top of the stock pile where the ore from the bottom of the pit was supposed to 
lie, assayed $11.51 ($11.39 gold and $0.12 silver) and $3.37 ($3.31 gold and $0.06 silver), respectively. 

Big American niine. This is the homestead of George Davis, the discoverer of gold at Rainy lake. The 
property constitutes the southwest corner of Dryweed island. A pit five feet square and five feet deep has been 
dug in the usual siliceous sericitic schist of the island. In the pit are three quartz lenses, none of them more 
than a foot in width. The rock at the pit is more schistose and greener in color than the adjoining rock. The 
strike is north 70° east (mag.), and the dip is 90°. Exposures near by show other quartz lenses along the strike 
a few yards from the pit, but not enough work has been done here to show the width and probable extent of the vein. 

Other prospects. In the vicinity of Rainy Lake City are several places where some work has been done, 
but the veins are small or the exploitation has not gone far enough to show clearly their extent and value. 
Some of these prospects will be mentioned below. 

On the eastern end of the island in the S. W. 74 S. W. 74 sec. 25, T. 71-22, a shaft has been sunk. It was 
reported to be down to a depth of twenty-eight feet, but in October the work had been abandoned and the shaft 
was partially filled with water; a short drift has been run out towards the south. The vein here, i. e., the belt of 
siliceous rock in which the quartz lenses occur, is about three feet wide as exposed at the sm·face. 

The blunt point of land in the S. W. 74 s. W. 74 sec. 26, T. 71-22, is crossed by another vein, which has 
been uncovered at several places. In some places there is a width of nearly six feet of almost pure white quartz. 
This vein is probably a continuation of the one just mentioned on the island. 

In the S. E. 74 s. E. 74 sec. 23, T. 71-22, is a small island on which is what is known as the "Old Soldier 
Mine." The island is made of mica schist in which are small veins of quartz and some beds or,dikes of gneiss or 
foliated granite. This granitic rock varies in color, being light or dark according to the amount of biotite or 
hornblende it contains. A considerahle amount of pyrite is disseminated through this rock. 

The large island in the N. W. 74 of sec. 26, T. 71-23, known as Kingston island, has a few small veins run
ning across it. Some work is now being done upon these, but at the time of our visit it had not progressed far. 

The vein of the Little American mine is seen again on the island nearest west of the Little American 
island, and the company have commenced operations here and are uncovering the vein and have started a drift 
alongside of it. 

lt was formerly supposed that segregated veins are not so persistent as fissure veins, and that they are not 
so likely to be productive in depth. This view does not appear to have a basis in fact however since "recent 
mining operations h~ve materially modified the received views respecting the value a~d persist~ncy of the 80-

called se~regated vems. Many of them are of great thickness and extent, and, after having been worked to 
very conSlderable depths, have been there found as productive as they were nearer the surface. The character 
of the veinstone ~f such deposits frequently appears to in no way vary from that of true fissure veins, from which 
they often dIffer m no respect except that their course is often parallel to that of the strata between which they 
lie." (Phillips, Ore Deposits, p. 91). 

II. FISSURE VEINS. 

. True .or ~s~ure .ve~ns have already been briefly described, and the prevalent theory of their origin out-
lIned. Theu dlstmgUlshmg feature is their entire independence of the strike or foliation of the enclosing rocks. 
Indeed, because of the wa:y l~ne of strike of the crystalline and semi-crystalline rocks, a fissure vein almost 
a:ways cuts across the stnke m some portion of its course. The walls of fissure veins have usually a more 
direct and even course than those of other veins and al·e smoothed "1· k ·d d" '. ··1 ' or s lC enSI e In a Slilll ar manner. 
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expenses must have been at least double what they should have been, even with so many difficulties to overcome. 
The hole in the ground, called by courtesy a shaft, was about 10 x 40 x 44 feet, and was as ragged a cavern as 
can be found in the state. With no timbering, no pumps, nothing but a hand windlass for hoisting ore, rock and 
water, and the mill a mile away, it is a good example of the folly of robbing a mine in order to provide ore for 
present purposes without proper development for future mining. Every item of expense must necessarily have 
been abnormally large by such poor management as is here displayed. 

As to the operation of the mill the following quotation from a letter received from Mr. A. S. Chase, one of 
the directors of the Bevier Mining company, contains considerable reliable information: . 

"From the best information I have the mill ran in all fifty-two days. The nearest estimate as to quantity 
of ore crushed is 500 tons. We have no record of each clean-up, but the actual shipments of bullion, were: 
August 10, $362.30; August 20, $1,058.85; September 18, $2,481.76; October 18, $732.42; total, $4,639.33. The cost, 
as near as we can tell, was about $7.00 per ton for mining and milling. With proper mll,nagement it can doubt
less be mined and milled for $3.00 per ton. We have but five stamps, and of course the cost of milling would 
necessarily be large, but there are other reasons for the great cost of prod ucing this bullion, which can be easily 
overcome. The mill produced all the way from eight to twenty-seven ounces of bullion per day, showing very clearly 
that quantities of rock were crushed which, with proper sorting, would not have been used, especially with 
this little mill. It is certain that there was no attempt at deception, and I am fully convinced that gold in largely 
paying quantities exists in the Rainy lake region." 

The vein is about ten feet in width and dips south about 800
• Its strike is north 800 east, and it is believed 

to run across the next island west of the Little American. The ore is gray quartz with streaks and masses of 
the schist which constitutes the country rock enclosed in it. It contains a rather small amount of pyrites and 
some visible gold. Less than five per cent., and perhaps less than three per cent., of the ore goes into the con
centrates, which have an assay value of about $12.50 per ton. Samples of the ore taken from the vein at the 
depth of ten feet,· and from the top of the stock pile where the ore from the bottom of the pit was supposed to 
lie, assayed $11.51 ($11.39 gold and $0.12 silver) and $3.37 ($3.31 gold and $0.06 silver), respectively. 

Big American mine. This is the homestead of George Davis, the discoverer of gold at Rainy lake. The 
property constitutes the southwest corner of Dryweed island. A pit five feet square and five feet deep has been 
dug in the usual siliceous sericitic schist of the island. In the pit are three quartz lenses, none of them more 
than a foot in width. The rock at the pit is more schistose and greener in color than the adjoining rock. The 
strike is north 700 east (mag.), and the dip is 900

• Exposures near by show other quartz lenses along the strike 
a few yards from the pit, but not enough work has been done here toshow the width and probable extent of the vein. 

Other prospects. In the vicinity of Rainy Lake City are several places where some work has been done, 
but the veins are small or the exploitation has not gone far enough to show clearly their extent and value. 
Some of these prospects will be mentioned below. 

On the eastern end of the island in the S. W. Xi: S. W. Xi: sec. 25, T. 71-22, a shaft has been sunk. It was 
reported to be down to a depth of twenty-eight feet, but in October the work had been abandoned and the shaft 
was partially filled with water; a short drift has been run out towards the south. The vein here, i. e., the belt of 
siliceous rock in which the quartz lenses occur, is about three feet wide as exposed at the sm·face. 

The blunt point of land in the S. W. Xi: S. W. Xi: sec. 26, T. 71-22, is crossed by another vein, which has 
been uncovered at several places. In some places there is a width of nearly six feet of almost pure white quartz. 
This vein is probably a continuation of the one just mentioned on the island. 

In the S. E. Xi: S. E. Xi: sec. 23, T. 71-22, is a small island on which is what is known as the "Old Soldier 
Mine." The island is made of mica schist in which are small veins of quartz and some beds or. dikes of gneiss or 
foliated granite. This granitic rock varies in color, being light or dark according to the amount of biotite or 
hornblende it contains. A considerable amount of pyrite is disseminated through this rock. 

The large island in the N. W. 74 of sec. 26, T. 71-23, known as Kingston island, has a few small veins run
ning across it. Some work is now being done upon these, but at the time of our visit it had not progressed far. 

The vein of the Little American mine is seen again on the island nearest west of the Little American 
island, and the company have commenced operations here and are uncovering the vein and have started a drift 
alongside of it. 

It was formerly supposed that segregated veins are not so persistent as fissure veins and that they are not 
so likely to be productive in depth. This view does not appear to have a basis in fact however since "recent 
mining operations h~ve materially modified the received views respecting the value a~d persist~ncy of the 80-

called se~regated vems. Many of them are of great thickness and extent, and, after having been worked to 
very conSIderable depths, have been there found as productive as they were nearer the surface. The character 
of the veinst?ne ~f such deposits frequently appears to in no way vary from that of true fissure veins, from which 
they often dIffer m no respect except that their Course is often parallel to that of the strata between which they 
lie." (Phillips, Ore Deposits, p. 91). 

II. FISSURE VEINS. 

. True .01' ~s~ure .vei.ns have already been briefiy described, and the prevalent theory of their origin out-
hned. Then dlStmgmshmg feature is their entire independence of the strike or foliation of the enclosing rocks. 
Indeed, because of the wa:y l~ne of strike of the crystalline and semi-crystalline rocks, a fissure vein almost 
a:ways cuts across the stnke III some portion of its course. The walls of fissure veins have usually a more 
chrect and even course than those of other veins alld al'e smooth d "1' k 'd d" . "1 ' e or s lC enSI e In a Sllnl ar manner. 
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. The veins in the vicinity ~f. Rainy lake which present the characteristics of fissure veins are those in the 
vicimty of Shoal and Bad VermIlIon lakes, east of Seine bay at the east end of Rainy lake 0 . f th . . . . ' . ccurrmg or e 
most part m.a gramtlC rock, the~ stnke north an~ south or northwest and southeast,-almost at right angles 
with the sel'l~s. of .segregated vem~. The quart~ IS so~ewhat different in appearance, perhaps due largely to 
the fact that It IS rlchly charged wIth the sulphIdes of Iron, copper, lead, zinc and silver, and near the surface 
with the oxydized alteration products of these minerals. The fissure veins exploited when this examinati n 
was made are in Canadian territory. 0 

III. FAHLBANDS. 

Fahlb~nds are belts ~f rock, often of considerable ,;idth and extent, impregnated with sulphides of iron, 
copper. and zmc, and sometImes, ~lso, o~ lead, cobalt and slIver. There are usually several of these belts having 
a consIderable degree of pal'aIlehsm wIth one another, and sometimes traceable upon their line of strike for 
several miles. The amount of ore contained in such belts may be quite considerable, but it is only in a few 
localities found to be sufficiently concentrated to render its exploitation profitable. Fahlbands are usually 
found in regions of gneiss, mica and hornblende schists, talc schist, or ehlorite schist. Veins of quartz may be 
present in these fahlbands, running parallel with or intersecting them at various angles, but they are sometimes 
wanting entirely. There is usually a gradual transition from the metalliferous rock of the fahlband into the 
barren rock on either side, with which the fahlbands are usually conformable. When intersected by dikes of 
eruptive rock or veins of quartz, there is frequently a considerable degree of enrichment at the planes of inter
section. There are several points around Rainy lake where prospeeting is in operation in fahlbands. Some of 
these are not worthy 'of mention. The best example of this class of deposit is the Lyle mine. 

Lyle rnine. This is situated on a narrow point which runs out from the north side of Dryweed island near 
the centre of the S. E. 74 of sec. 2:3, T. 71-22, two and one-half miles northeast of Rainy Lake City. This prop
erty was located in the winter of 189:3-94 by William and Edwin Ward, of Duluth. Work was begun on the 
shaft, which is eight feet square, on September 8, 1894, and, at the time of our visit, a month later, it had 
reached a depth of twenty-two feet. The shaft is down in a peculiar kind of siliceous rock which consists of 
narrow bands of (1) Finely divided quartz, (2) A dark greenish material, perhaps largely chlorite, and (:3) Bands of 
1 and 2 combined. This rock constitutes a band about twelve feet wide. 'l'hroughout it are numerous quartz 
stringers or lenses of all sizes from those a fraction of an inch in thickness to one which, where exposed, is two 
and a half feet across. The quartz lenses and the belt of rock in which they occur contain a considerable amount 
of pyrite, more than is common in the veins about Rainy Lake City. Masses of coarsely crystallized siderite are 
found in some of the quartz lenses. This belt of siliceous rock, including the lenses, is probably two-thirds or 
more quartz, and it will be necessary to mine and stamp the whole rock as ore, as it is impracticable to separate 
the quartz lenses. Moreover, the siliceous rock, as stated above, contains considerable pyrite, and possibly 
some gold. 

The country rock at this place is composed of chloritic and sericitic schists and a green schist in which 
are many small spots of siderite. The strike is N. 75° E. (mag.) and the dip 750 to 800 north of this line. 
Just to the south of the little point on which the shaft is situated, on the main land of Dryweed island, the rock 
is the usual sericitic schist which has been mentioned before (page 201) as forming Grindstone and Dryweed 
islands. Here a few quartz lenses occur, but they have not yet been uncovered so as to show their true size and 
extent. 

The surface of the vein at the shaft is rusted and more or less decayed, but this condition does not extend 
downward more than four to six inches, except along cracks. 

TREATMENT OF RAINY LAKE ORES. 

The development of the Rainy Lake region has not been sufficient to furnish data on which to base a 
statement as to the best method of treatment for its ores. Conservative and business-like methods and prin
ciples would lead investors to be absolutely certain that ore existed in quantity sufficient to supply a stamp mill 
for a few years, and that it was of such a character as to be best treated in a particular kind of stamp mill, 
before risking their money in the purchase of one. And in order to gain such information it would be necessary to 
sink shafts numerous enough and deep enough to prove the quantity and quality of the ore. The mere fact that 
four Dr five stamp mills have been built for use in this region, where there is not as yet a shaft or a drill hole 
seventy-five feet deep, is in itself sufficient proof that the mines are being developed by parties of little or no 
experience in the mining business. There can be only one result of such hasty, ill-advised methods of procedure. 
Some, if not all, of the companies, will soon find themselves financially embarrassed. The money which should 
have been spent in mine development will have been spent for machinery. When the stamp mills are on the 
ground and ready for operation there will be no ore to run them for any length of time, and not enough devel
opment in the mines to enable them to produce what the mills require. Thus the mills must be shut down, and 
the public will say it was because there was no gold in the ore. The stockholders will be discouraged,. a~d the 
treasury of the company will be depleted without means of replenishing it. In other cas~s the. free mlllll1~ ore 
will so rapidly pass into refractory are, as the depth of the mine increases, that the mIll whIch was bUIlt to 
treat the surface oxidized ores is unable to extract the gold from these more refractory ores, and must be ~IS
carded-a dead loss to the company-and a new plant purchased. All of these things will exert a da~agl~g 
influence on the reputation of the district as a whole, and should be avoided if possible. In a new dlstrwt 
dOUble precautions should be taken to insure against mistakes. Two or three shafts each 100 feet deep should 
be sunk and connected with levels on every property before a stamp mill or other plant is purchased. Then, 
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The veins in the vicinity ~f Rainy lake which present the characteristics of fisslll'e veins are those in the 
vicinity of Shoal and Bad VermIlion lakes, east of Seine ba}' at the east end of Ral"ny lake a "f th " . . " ' " ccurrmg or e 
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". . hI h d" "" J.0' arge y a 
the fact that It IS rIC y c arge WIth the sulphIdes of Han, copper, lead, zinc and silver, and near the surface 
with the oxydized alteration products of these minerals. The fissure veins exploited when this examination 
was made are in Canadian territory. 

III. FAHLBANDS. 

Fahlb~nds are belts ~f rock, often of considerable ,:idth and extent, impregnated with sulphides of iron, 
coppe~ and ZlllC, and sometrmes, ~Iso, o~ lead, cobalt and silver. There are usually several of these belts having 
a conSiderable degree of parallehslll With one another, and sometimGs traceablG upon their linG of strike for 
several miles. The amount of are contained in such belts may be quite considerable, but it is only in a few 
localities found to be sufficiently concentrated to render its eXl)loitatiol1 l)rofitable. Fahlbands are usually 
found itt regions of gneiss, mica and hornblende schists, talc schist, or chlorite schist. Veins of C(llartz may be 
present in these fahlbands, running parallel with or intersecting them at various angles, but they are sometimes 
wanting entirely. There is usually a gradual transition from the metalliferous rock of the fahlband into the 
barren rock on either side, with which the fahlbands are usually conformable. When intersected by dikes of 
eruptive rock or veins of quartz, there is frequently a considerable degree of enrichment at the planes of inter
section. There are several points around Rainy lake where prospecting is in operation in fahlbands. Sallie of 
these are not worthy of mention. The best example of this class of deposit is the Lyle mine. 

Lyle mine. This is situated on a narrow point which runs out from the north side of Dryweed island near 
the centre of the S. E. ?4 of sec. 2:3, T. 71-22, two and one-half miles northeast of Rainy Lake City. This prop
erty was located in the winter of 189:3-94 by William and Edwin Ward, of DLlluth. Work was begun on the 
shaft, which is eight feet square, on September 8, 1894, and, at the time of our visit, a month later, it had 
reached a depth of twenty-two feet. The shaft is down in a peculiar kind of siliceous rock which consists of 
narrow bands of (1) Finely divided quartz, (2) A dark greenish material, perhaps largely chlorite, and (3) Bands of 
1 and 2 combined. This rock constitutes a band about twelve feet wide. Throughout it are numerous quartz 
stringers or lenses of all sizes from those a fraction of an il1ch in thickl1ess to one which, where exposed, is two 
and a half feet across. The quartz lenses and the belt of rock in which they occur contain a considerable amount 
of pyrite, more than is common in the veins about Rainy Lake City. Masses of coarsely crystallized siderite are 
found in some of the quartz lenses. This belt of siliceous rock, including the lenses, is probably two-thirds or 
more quartz, and it will be necessary to mine and stamp the whole rock as are, as it is impracticable to separate 
the quartz lenses. Moreover, the siliceous rock, as stated above, contains considerable pyrite, and possibly 
some gold. 

The country rock at this place is composed of chloritic and sericitic schists and a green schist in which 
are many small spots of siderite. The strike is N. 750 E. (mag.) and the dip 750 to 800 north of this line. 
Just to the south of the little point on which the shaft is situated, on the main land of Dryweed island, the rock 
is the usual sericitic schist which has been mentioned before (page 201) as forming Grindstone and Dryweed 
islands. Here a few quartz lenses occur, but they have not yet been uncovered so as to show their true size and 
extent. 

The surface of the vein at the shaft is rusted and more or less decayed, but this condition does not extend 
downward more than four to six inches, except along cracks. 

TREATMENT OF RAINY LAKE ORES. 

The development of the Rainy Lake region has not been sufficient to furnish data on which to base a 
statement as to the best method of treatment for its ores. Conservative and business-like methods and prin
ciples would lead investors to be absolutely certain that are existed in quantity sufficient to supply a stamp mill 
for a few years, and that it was of such a character as to be best treated in a particular kind of stamp mill, 
before risking their money in the purchase of one. And in order to gain such information it would be necessary to 
sink shafts numerous enough and deep enough to prove the quantity and quality of the are. The mere fact that 
four or five stamp mills have been built for use in this region, where there is not as yet a shaft or a drill hole 
seventy-five feet deep, is in itself sufficient proof that the mines are being developed by parties of little or no 
experience in the lllining business. There can be only one result of such hasty, ill-advised methods of procedure. 
Some, if not all, of the companies, will soon find themselves financially embarrassed. The money whICh should 
have been spent in mine development will have been I>pent for machinery. When the stamp mills are on the 
ground and ready for operation there will be no are to run them for any length of time, and not enough devel
opment in the mines to enable them to produce what the mills require. Thus the mills must be shut down, and 
the public will say it was because there was no gold in the are. The stockholders will be discouraged,. a~d the 
treasury of the company will be depleted without means of replenishing it. In other cas~s the. free nlllllIl~ are 
will so rapidly pass into refractory are, as the depth of the mine increases, that the mill whIch was bUIlt .to 
treat the surface oxidized ores is unable to extract the gold from these more refractory ores, and must be ~IS
carded-a dead loss to the company-and a new plant purchased. All of these things will exert a darr:agl~g 
infiuence on the reputation of the district as a whole, and should be avoided if IJOssible. In a new dlstnct 
double precautions should be taken to insure aO'ainst mistakes. Two or three shafts each 100 feet deep should 
be sunk and connected with levels on every pro;erty before a stamp mill or other plant is purchased. Then, 
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with the mine Ol)ened up, and enough ore in stock to run the mill for six months, the mine will have a bona 
fide value. No difficulty will be experienced in raising money to buy the machinery needed. No hesitation will 
be felt as to what process to use. No trouble will be had in keeping the mill supplied with ore. The experi
ence of the Lake of the Woods district should not be repeated at Rainy lake, but that is just what will happen 
if matters proceed as they are begun. Too great stress cannot be lai~ on this point. T~e old ada~e that 
" haste makes waste" is nowhere better exemplified than in matters of thIS sort. For the good of the plOneers, 
who deserve to succeed because of their confidence in the new region, and their efforts to develop it, no less than 
for the good of the district, we would urge upon the owners of prospects to " go slow" and develop their properties 
before ordering expensive concentrating and metallurgical plants. 

As already stated, the ore which occurs within fifty feet of the surface of the ground at Rainy lake is free
milling, and the proportion of concentrates will not exceed ten per cent. How much this percentage will be 
increased in depth is uncertain, but that there will be an increase is to be expected. With five or ten per cent. 
of the ore going into the concentrates there will be required facilities for treating these refractory sulphides on 
the spot. The expense of transportation to a smelter and the high smelter charges make shipping out of the 
question. Some method of treating the sulphurets cheaply at the mine or on the lake must be introduced. 

In this connection the description of barrel-chlorination by the Thies process as conducted at the Haile 
mine, Lancaster county, South Carolina, is of interest.* Working on a large scale, ore which assays $4.50 per 
ton on an average and contains ten per cent. of concentrates is treated at a profit by this process. The value of 
the roasted concentrates amounts to $30.00 per ton, and the cost of roasting and chlorination is said to be $4.62 
for one and one-third tons raw pyrites. After thoroughly roasting the sulphurets the roasted material is placed 
in lead-lined iron cylinders 60 x 42 inches, which rotate on their major axes twenty times per minute. Chlorine
gas generated in these barrels dissolves the gold in from four to eight hours, and it is then precipitated by fer
rous SUlphate. With an abundance of cheap fuel and water-power this process might be practicably introduced 
in the Rainy Lake region, and operated in conjunction with stamp mills and amalgamation. 

OTHER RESOURCES. 

This report is devoted primarily to a discl,ssion of the gold-bearing rocks of the Rainy Lake region, but 
it will not be out of place to call attention to other natural resources, as these must play an important part in the 
development of any mining district. Moreover, the presence in the vicinity of Rainy lake of an abundance of 
natural resources, other than the gold, is destined to aid very materially in the rapidity of settlement and develop
ment of the northern parts of Itasca and St. Louis counties. 

Useful mineral substances. In the large pegmatyte veins or dikes, which occur especially in the mica 
schists along the south shore of the eastern arm of Rainy lake and on the shores of Kabetogama lake, are plates 
of mica (muscovite) two or three inches in diameter. As yet no mica has been found in sufficient quantity or in 
large enough plates to be economically useful, but more careful exploration of these pegmatyte veins may be 
rewarded by the discovery of larger masses of this mineral. 

Other minerals, such as iron pyrites, sphalerite (zinc blende) galena and copper pyrites, occur in the Rainy 
Lake region, especially in the quartz veins, but it is hardly probable that large amounts of any of these will 
be found. 

The Keewatin rocks of this district are of the same geological age and of the same general character as 
the rocks in which are the rich iron deposits of the Vermilion range and some parts of the south shore of lake 
Superior. Deposits of iron ore have already been reported from the Seine River country, but as yet no careful 
exploration for iron ore has been attempted. We wish to call special attention to the probability of the existence 
of large masses of iron ore in the Rainy Lake region, and we feel that exploration in this line is more likely to 
result in the discovery of mineral wealth than exploration for any other mineral except gold. The rocks marked 
Keewatin on the map (plate N) are the ones in which exploration for iron ore should be carried on. 

Many of the granites and syenytes, and some of the other rocks, will make excellent building stones. Good 
material for grindstones, whetstones and hones, and probably also for roofing slates, exist in the Keewatin rocks. 
The numerous limestone fragments found in the clays along the banks of the Rainy river have sometimes been 
burned for lime by the settlers. The clays to the west of Rainy lake contain beds which will evidently make 
good bricks, and some of the beds will probably be found to possess the characteristics necessary for some kinds 
of pottery. 

. Coal has been reported a number of times from the banks of the Big Fork and Little Fork rivers, which 
are III Itas.ca county and southwest of Rainy lake. This coal occurs in the form of lignite in the Cretaceous 
shales, whlCh are known to outcrop in places along these rivers, and it is probable that rocks of this age exist, 
although usually buried under a considerable thickness of glacial drift, in most of Itasca county and the counties 
to the .w~st. On account of the discovery and recent development of lignite beds in the vicinity of Redwood 
Falls, It IS thoug~t best to call attention to the possibility of the existence of similar beds in the region to the 
southwe~t of Ramy lake. Th~s lignite in Minnesota does not seem destined to be of any great value, but possibly 
~ome. of It may prove of local Importance. In this connection we quote the statements made III reference to coal 
III Mmnesota by the senior author of this report some two years since: -

. "The opinion of the state geologist and the writer has been frequently expressed that the only coal of any 
sort m the northern part of the state is in thin seams of brown coal, occurring in Cretaceous shales, which 

*Trans. AFn. Inst. Min. Eng., vol. xix, p. 607. 
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with the mine Ol)ened up, and enough ore in stock to run the mill for six months, the mine will have a bona 
fide value. No difficulty will be experienced in raising money to buy the machinery needed. No hesitation will 
be felt as to what process to use. No trouble will be had in keeping the mill supplied with are. The experi
ence of the Lake of the Woods district should not be repeated at Rainy lake, but that is just what will happen 
if matters IJrOceed as they are begun. Too great stress cannot be lai~ on this point. T~e old adal?e that 
"haste makes waste" is nowhere better exemplified than in matters of thIS sort. For the good of the pIOneers, 
who deserve to succeed because of their confidence in the new region, and their efforts to develop it, no less than 
for the good of the district, we would urge upon the owners of prospects to " go slow" and develop their properties 
before ordering expensive concentrating and metallurgical plants. 

As already stated, the are which occurs within fifty feet of the surface of the ground at Rainy lake is free
milling, and the proportion of concentrates will not exceed ten per cent. How much this percentage will be 
increased in depth is uncertain, but that there will be an increase is to be expected. With five or ten per cent. 
of the are going into the concentrates there will be required facilities for treating these refractory sulphides on 
the spot. The expense of transportation to a smelter and the high smelter charges make shipping out of the 
question. Some method of treating the sulphurets cheaply at the mine or on the lake must be introduced. 

In this connection the description of barrel-chlorination by the Thies process as conducted at the Haile 
mine, Lancaster county, South Carolina, is of interest.* Working on a large scale, are which assays $4.50 per 
ton on an average and contains ten per cent. of concentrates is treated at a profit by this process. The value of 
the roasted concentrates amounts to $30.00 per ton, and the cost of roasting and chlorination is said to be $4.62 
for one and one-third tons raw pyrites. After thoroughly roasting the sulphurets the roasted material is placed 
in lead-lined iron cylinders 60 x 42 inches, which rotate on their major axes twenty times per minute. Chlorine
gas generated in these barrels dissolves the gold in from four to eight hours, and it is then precipitated by fer
rous SUlphate. With an abundance of cheap fuel and water-power this process might be practicably introduced 
in the Rainy Lake region, and operated in conjunction with stamp mills and amalgamation. 

OTHER RESOURCES. 

This report is devoted primarily to a discussion of the gold-bearing rocks of the Rainy Lake region, but 
it will not be out of place to call attention to other natural resources, as these must play an important part in the 
development of any mining district. Moreover, the presence in the vicinity of Rainy lake of an abundance of 
natural resources, other than the gold, is destined to aid very materially in the rapidity of settlement and develop
ment of the northern parts of Itasca and St. Louis counties. 

Usef1d mineral substances. In the large pegmatyte veins or dikes, which occur especially in the mica 
schists along the south shore of the eastern arm of Rainy lake and on the shores of Kabetogama lake, are plates 
of mica (muscovite) two or three inches in diameter. As yet no mica has been found in sufficient quantity or in 
large enough plates to be economically useful, but more careful exploration of these pegmatyte veins may be 
rewarded by the discovery of larger masses of this mineral. 

Other minerals, such as iron pyrites, sphalerite (zinc blende) galena and copper pyrites, occur in the Rainy 
Lake region, especially in the quartz veins, but it is hardly probable that large amounts of any of these will 
be found. 

The Keewatin rocks of this district are of the same geological age and of the same general character as 
the rocks in which are the rich iron deposits of the Vermilion range and some parts of the south shore of lake 
Superior. Deposits of iron are have already been reported from the Seine River country, but as yet no careful 
exploration for iron are has been attempted. We wish to call special attention to the probability of the existence 
of large masses of iron are in the Rainy Lake region, and we feel that exploration in this line is more likely to 
resnlt in the discovery of mineral wealth than exploration for any other mineral except gold. The rocks marked 
Keewatin on the map (plate N) are the ones in which exploration for iron ore should be carried on. 

Many of the granites and syenytes, and some of the other rocks, will make excellent building stones. Good 
material for grindstones, whetstones and hones, and probably also for roofing slates, exist in the Keewatin rocks. 
The numerous limestone fragments found in the clays along the banks of the Rainy river have sometimes been 
burned for lime by the settlers. The clays to the west of Rainy lake contain beds which will evidently make 
good bricks, and some of the beds will probably be found to possess the characteristics necessary for some kinds 
of pottery. 

, Coal has been reported a number of times from the banks of the Big Fork and Little Fork rivers, which 
are 111 Itas,ca county and southwest of Rainy lake, This coal occurs in the form of lignite in the Cretaceous 
shales, whICh are known to out.erop in places along these rivers, and it is probable that rocks of this age exist, 
although usually buried under a considerable thickness of glacial drift, in most of Itasca county and the counties 
to the ,w~st. On account of the discovery and recent development of lignite beds in the vicinity cif Redwood 
Falls, It IS thoug~t best to call attention to the possibility of the existence of similar beds in the region to the 
southwe~t of Ramy lake, Th~s lignite in Minnesota does not seem destined to be of any great value, but possibly 
~ome, of It may prove of local Importance, In this connection we quote the statements made In reference to coal 
111 Mll1nesota by the senior author of this report some two years since: 

, "The opinion of the state geologist and the writer has been frequently expressed that the only coal of any 
sort 111 the northern part of the t t ' . th' h' h s a e IS 111 III seams of brown coal, occurring in Cretaceous shales, w !C 

*Trans. Am,. Inst. Min. En,g., voL xix, p. 607. 
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w.ere found in patches on th.e Li~tle Fork river by the writer in 1887. This coal is not of good quality, and the 
discovery of large amounts 111 thICk beds would not be of such great importance as the newspapers would have 
us believe. 
. " At th~ same time, lignite is used to a considerable extent in treeless regions as fuel for ordinary heat
mg and cookmg purposes. In Texas and Dakota such coal is mined in considerable lluantities. Grates of a 
peculiar pattern arc ~evised ir: which. to burn this coal, and it plays (juite an important part in the domestic 
:conomy of those reglO~s. It IS us~d 111 th~ fO~'m of briquettes in Germany. '1'he8e briquettes arc made by dry
mg the brown coal until the water It contall1s IS nearly all driven off, and then subjecting the mass to a pressnre 
of .1,500 to.2,000 atmosph:res.. The resulting briquette is elliptical in form, about six inches long and one inch 
thICk. It IS so hard that It Will not absorb water, even though laid in water for some time. The coal is too fine
grained and not compact enough to use in blast furnace practice. If this brown coal should be found 
dehydrated and consolidated by heat or pressure consequent on eruptions or excessive faulting in the rocks, it 
would have a much greater value. It is not impossible that such deposits may be found in some of the large 
areas northwest of Duluth, as yet but little explored by the geological survey. It is quite desirable that some 
further examination be made of this region in connection with more thorough and careful mapping of the rocks 
of the Mesabi range."* 

Timber. The usual white and Norway pines are found throughout this entire region, but not always of 
sufficient size to pay for cutting. Yet, there are many places along the shores of Rainy lake and the adjoining 
bodies of water where there are groves of good sized pines; and many scattered areas of timber exist in the 
vicinity of the Big Fork and Little Fork rivers. Some of the pine has already been cut and taken to Rat Port
age, but much remains to be cut as soon as the demand for lumber in this district increases. A saw mill was in 
operation near Rainy Lake City during the last summer, and two or three others on Rainy river. 

In hardwood timber the white birch, which occurs throughout the region, and which often reaches a size 
suitable for lumber, may be mentioned; oak and elm of good size occur in the fiat clayey district just to the west 
of Rainy lake. 

The numerous swampy tracts of this part of the state are often covered by a dense growth of excellent 
spruce timber. This is used in large amounts in the manufacture of pulp and paper, and, as the more southern 
regions are being rapidly devastated of their timber, the spruce of northern Minnesota will soon become exceed
ingly valuable; growing, as it does, in the lower and damper grounds, it is not so subject to destruction by forest 
fires as the pine. 

Agricttlttwe. The plain of clays which extends westward and southward from Rainy lake is destined to 
support a large farming popUlation. As already mentioned, these clays were deposited in the glacial lake Agassiz, 
and are thus of similar origin to the subsoil of large parts of the Red River valley. Above this subsoil is a con
siderable thickness of black loam. This land naturally supports a luxuriant growth of vegetation, and, where 
it has been cleared and cultivated, as in many places a)ong the Canadian shore of the Rainy river, it has been 
found to yield large crops. Most all of the usual produce, excepting yellow dent corn, have been successfully 
grown in this district; and especially large returns have been made in oats, wheat, potatoes, cabbage, turnips 
and hay. There are large tracts of land south of the Rainy river, which are as yet unsettled and which are unex
celled for agricultural purposes by other land in the state. As is usual in a new mining country, the farming inter
ests are neglected at first, but in the Rainy Lake district there is no reason why this should continue so, as the con
ditions for making farming a profitable business are here so favorable. 

The following quotation from Dr. A. C. Lawson's report on the geology of the Rainy Lake regiont 
is strong testimony as to the adaptability of the soil and climate of the region for the support of a dense popu
lation : 

"Agriculture is perhaps the most promising of the economic prospects of the region. Rainy river, from 
its source at Coutchiching to Hungry Hall, flows for eighty miles through a rich alluvial plain, which, so far as 
can be judged from the banks of the river, is eminently adapted to support a large agricultural population. 
Travelers and explorers vie with one another in praising the beauties of the river and its capabilities for settle
ment. Mr. S. J. Dawson in his' Report on the exploration of the country between lake Superior and the Red 
river settlement' says of it: 'The distance from Rainy lake to the Lake of the Woods, following the windings of 
the stream, is about eighty miles, and throughout the whole of this extent the land fronting on the river is fit 
for settlement without, I may say, a single break; indeed, I have never seen anything to equal it in myexperi
ence, except at Swan river and on the Assiniboine.' * * * Prof. H. Y. Hind in his account of the country 
examined by the same expedition says: 'No part of the country through which we have passed from lake 
Superior northwards can bear comparison with the rich banks of the Rainy river thus far. The river has preserved 
a very uniform breadth, varying only from about 200 to 300 yards. The soil is a sandy loam at the surface, much 
mixed with vegetable matter. Occasionally, where the bank has recently fallen away, the clay is seen stratified 
in layers of about two inches in thickness, following in all respects the contour of what seems to be unstratified 
drift clay below. Basswood is not uncommon, and sturdy oaks, whose trunks arc from eighteen inches to two 
feet in diameter, are seen in open groves, with luxuriant grasses and climbing plants growing beneath them.' 

"A more recent authority is Mr. J. O. Bolger, P. L. S., who explored the region in the summer of 188El f~r 
the department of crown lands of Ontario, with the special object of ascertaining its fitness for settlement. HIS 
description and opinions are more valuable than the llreceding and are even more optimistic. He says: 

* Qeol. and Nat. Hist. SU"vey oj Minn. ,Twentieth Ann. Rept., pp. 179,180, 1893. 
+ Qeol. Nat. Hist. SU"vey Canaela, part F, 1887, p. 186 F. 
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w.ere found in patches on th.e Li~tle Fork river by the writer in 1887. This coal is not of good c[uality, and the 
dIscovery of large amounts m thICk beds would not be of such great importance as the newspapers would have 
us believe. 
. " At th~ same time, lignite is used to a considerable extent in treeless regions as fuel for ordinary heat
mg and cookmg purposes. In Texas and Dakota such coal is mined in considerable lluantities. Grates of a 
peculiar pattern are ~evised i~ which. to burn this coal, and it plays quite an important part in the domestic 
:conomy of those reglOl?s. It IS us~d m th: fO~'m of briquett:s in Germany. 'Phese briquettes are made by dry
mg the brown coal untIl the water It contall1s IS nearly all dnven off, and then subjecting the mass to a pressnre 
of .1,500 to. 2,000 atmosph~res.. The resulting briquette is elliptical in form, about six inches long and one inch 
thICk. It IS so hard that It WIll not absorb water, even though laid in water for some time. The coal is too fine
grained and not compact enough to use in blast furnace practice. If this brown coal should be found 
dehydrated and consolidated by heat or pressure consequent on eruptions or excessive faulting in the rocks, it 
would have a much greater value. It is not impossible that such deposits may be found in some of the large 
areas northwest of Duluth, as yet but little explored by the geological survey. It is quite desirable that some 
further examination be made of this region in connection with more thorough and careful mapping of the rocks 
of the Mesabi range."* 

Timber. The usual white and Norway pines are found throughout this entire region, but not always of 
sufficient size to pay for cutting. Yet, there are many places along the shores of Rainy lake and the adjoining 
bodies of water where there are groves of good sized pines; and many scattered areas of timber exist in the 
vicinity of the Big Fork and Little Fork rivers. Some of the pine has already been cut and taken to Rat Port
age, but much remains to be cut as soon as the demand for lumber in this district increases. A saw mill was in 
operation near Rainy Lake City during the last summer, and two or three others on Rainy river. 

In hardwood timber the white birch, which occurs throughout the region, and which often reaches a size 
suitable for lumber, may be mentioned; oak and elm of good size occur in the flat clayey district just to the west 
of Rainy lake. 

The numerous swampy tracts of this part of the state are often covered by a dense growth of excellent 
spruce timber. This is used in large amounts in the manufacture of pulp and paper, and, as the more southern 
regions are being rapidly devastated of their timber, the spruce of northel'll Minnesota will soon become exceed
ingly valuable; growing, as it does, in the lower and damper grounds, it is not so subject to destruction by forest 
fires as the pine. 

AgTic1tlt1~re. The plain of clays which extends westward and southward from Rainy lake is destined to 
support a large farming popUlation. As already mentioned, these clays were deposited in the glacial lake Agassiz, 
and are thus of similar origin to the subsoil of large parts of the Red River valley. Above this subsoil is a con
siderable thickness of black loam. This land naturally supports a luxuriant growth of vegetation, and, where 
it has been cleared and cultivated, as in many places a)ong the Canadian shore of the Rainy river, it has been 
found to yield large crops. Most all of the usual produce, excepting yellow dent corn, have been successfully 
grown in this district; and especially large returns have been made in oats, wheat, potatoes, cabbage, turnips 
and hay. There are large tracts of land south of the Rainy river, which are as yet unsettled and which are unex
celled for agricultural purposes by other land in the state. As is usual in a new mining country, the farming inter
ests are neglected at first, but in the Rainy Lake district there is no reason why this should continue so, as the con
ditions for making farming a profitable business are here so favorable. 

The following quotation from Dr. A. C. Lawson's report on the geology of the Rainy Lake regiont 
is strong testimony as to the adaptability of the soil and climate of the region for the support of a dense popu
lation: 

"Agriculture is perhaps the most promising of the economic prospects of the region. Rainy river, from 
its source at Coutchiching to Hungry Hall, flows for eighty miles through a rich alluvial plain, which, so far as 
can be judged from the banks of the river, is eminently adapted to support a large agricultural population. 
Travelers and explorers vie with one another in praising the beauties of the river and its capabilities for settle
ment. Mr. S. J. Dawson in his' Report on the exploration of the country between lake Superior and the Red 
river settlement' says of it: 'The distance from Rainy lake to the Lake of the Woods, following the windings of 
the stream, is about eighty miles, and throughout the whole of this extent the land fronting on the river is fit 
for settlement without, I may say, a single break; indeed, I have never seen anything to equal it in myexperi
ence, except at Swan river and on the Assiniboine.' * * * Prof. H. Y. Hind in his account of the country 
examined by the same expedition says: 'No part of the country through which we have passed from lake 
Superior northwards can bear comparison with the rich banks of the Rainy river thus far. The river has preserved 
a very uniform breadth, varying only from about 200 to 300 yards. The soil is a sandy loam at the surface, much 
mixed with vegetable matter. Occasionally, where the bank has recently fallen away, the clay is seen stratified 
in layers of about two inches in thickness, following in all respects the contour of what seems to be unstratified 
drift clay below. Basswood is not uncommon, and sturdy oaks, whose trunks are from eighteen inches to two 
feet in diameter, are seen in open groves, with luxuriant grasses and climbing plants growing beneath them.' 

"A more recent authority is Mr. J. O. Bolger, P. L. S., who explored the region in the SUillmer of 1886 for 
the department of crown lands of Ontario, with the special object of ascertaining its fitness for settlement. His 
description and opinions are more valuable than the "preceding and are even more optimistic. He says: 

• Geol. and Nat. Hist. SU?'vey oj Minn.,Twentieth Ann. Rept., pp. 179,180, 1893. 
+ Geol. Nat. Hist. SU?'vey Canada, part F, 1887, p. 186 F. 
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'I tirst encountered good land at the point where the forty-ninth parallel or the first base strikes Lake of the 
Woods, and following up Little Grassy river, which empties into the lake a couple of miles south of this point, 
I found, from traveling in every direction, that the block of four townships composed of Ts. 1 and 2 S., Rs. 23 
and 24 E., contains a large percentage of the finest land I have ever seen, and the same description applies to 
the block of land lying westward between these townships and the Lake of the Woods. Little Grassy river is 
navigable for canoes for a distance of about eight miles from its mouth, and the land on the shore is all good, 
being composed of a rich calcareous drift formation equal to any soil in the best agricultural districts of Ontario. 

'" The timber along the river is chiefly large, thrifty poplar, mixed with some scattering oak and swamp 
elm, and some evergreens, such as balsam and spruce; inland the timber changes in character somewhat from 
that along the river shore, as large balm of Gilead, spruce, balsam, and tamarack are met with more frequently, 
and the nice open bush which prevails along the river banks is changed for a tangled, brushy undergrowth; but 
the character of the soil remains the same. Tamarack and spruce swamps occur frequently in this section of 
the country, as is the case all through this large level area of good land which lies along the banks of Rai~y 
river. These swamps were all perfectly dry this summer, and are all capable of being made into excellent land 
by drainage, as they lie nearly as high as the surrounding dry lands, and only require proper ditching to take 
the surface water off in wet seasons. The extreme levelness of the country causes the presence of so mnch 
swamp land here, as the surface water has no means of escaping from the low-lying portions, and, consequently, 
the growth of moss and swamp timber is engendered. I noticed that in most cases the beds of. the little 
streams are deep enough to form outlets for ditches and drains, and these creek beds are usually so numerous 
that to drain any swamp no very long ditches would be required. In nearly all the swamps through which I 
passed I observed the soil to be a black vegetable mould. varying in depth from one to three feet, and always 
underlain by the same calcareous clay alluded to. I seldom met the muskeg proper, that is to say, the wet, 
shaky bog in which water is present at all seasons of the year, and which grows nothing but dwarf spruce and 
moss. I then paddled up Rainy river, and on both shores I found the same kind of 'country as I have described 
as being in the vicinity of Grassy river, and, as there are a good number of settlers along the river on the Canadian 
side, I had an opportunity to observe the soil while under cultivation, and to see the kind of crops it is capable 
of raising. 

'" The soil I found to be most excellent in character,-calcareous clay overlain by a thin streak of whitish fine 
earth about six inches in thickness, and this again covered with a coating of vegetable mould; and these three 
mixed up together in the working of the land form a soil which cannot be excelled in any part of the Dominion. 
I saw along the river crops of potatoes, turnips, hay, oats, wheat, corn, tomatoes and cabbage, all grown to per
fection this season, which sholVs that the climate, as well as the soil, is suitable to successful farming, especially 
when tomatoes ripen, as they certainly did this year, as well as I ever saw them ripen in the vicinity of lake 
Ontario. * * * 

'" The timber is chiefly poplar, which grows to a great size; I have seen trees over eighteen inches across 
the stump, and sixty feet long clear of the limbs. Balm of Gilead, too, prevails in some sections, while spruce, 
tamarack and balsam of thrifty growth are everywhere met with. In some places magnificent cedar abounds, 
large enough for telegraph poles, shingle bolts or any other use to which cedar is applied; there are some groves 
of pine through this section, but it cannot be called a pine country, that is on this drift formation.' 

" Such testimony as to the character and value of the land through which Rainy river flows, leaves little for 
me to say beyond expressing my entire concurrence in the opinions quoted as to the great suitability of the 
country for settlement and agriculture. Settlers are going in gradually and there are some excellent farms along 
the river front. * * * The river affords an easy means of access, and the levelness of the country renders 
roads easy to build." 

This agricultural district is not confined to a narrow belt of land along the river, but has, in Minnesota, an 
approximate area of 5,000 square miles, between Rainy lake and the Red River of the North and south of Rainy 
river. Over this area the annual rainfall varies from thirty-three inches at Rainy lake to se~enteen inches at St. 
Vincent. The absence of hills, rock outcrops, and even of boulders, is remarkable, and the land is nearly all tim
bere~. In short, all the qualifications necessary for a habitable region are found in this hitherto overlooked 
portIOn of our great state. It will not be surprising to see in the Rainy River valley as dense a popUlation as is 
supported by any equal area in Minnesota. 
.. . JJ1iscellCmeOl[S resources. As has already been stated in the description of the physical features of the 
dlstnct, there are waterfalls at the outlets of many of the lakes. Some of these streams are of considerable size, 
and their accessible power would be eagerly sought after if located in the well settled eastern states. By far the 
largest water power in the district is that of the Koochiching falls (plate 0, figure 2). Here the Rainy river 
descends from ~wenty-one to twenty-four and a half feet, the amount of fall varying with the stage of the water. 
It has been estImated that there are 12,000 cubic feet of water flowing over this fall every second, and the power 
here generated averages 30,000 horse power, with a probable minimum of 20,000 horse power. This is thus seen 
to be by far the largest water power in the state, much exceeding that at the falls St. Anthony. A dam of from 
five to ten feet at the head of these falls would increase the hiO'ht of the falls as many feet and would also raise 
the level of Rain! la.ke from two to seven feet, thus furnishing "an immense mill-pond with an enormouS supply 
of w~ter for use III tImes of low water in the river. The value of this water power as an aid in the development 
of thIS part of the state cannot be overestimated. 

. Considerable. trapping is done in the winter in this section of the country and the trade in furs has been 
an Important business ever since the establishment of the Hudson Bay company: which still has a store at Fort 
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'I tirst encountered goodland at the point where the forty-ninth parallel or the first base strikes Lake of the 
Woods, and following up Little Grassy river, which empties into the lake a couple of miles south of this point, 
I found, from traveling in every direction, that the block of four townships composed of Ts. 1 and 2 S., Rs. 23 
and 24 E., contains a large percentage of the finest land I have ever seen, and the same description applies to 
the block of land lying westward between these townships and the Lake of the Woods. Little Grassy river is 
navigable for canoes for a distance of about eight miles from its mouth, and the land on the shore is all good, 
being composed of a rich calcareous drift formation equal to any soil in the best agricultural districts of Ontario. 

", The timber along the river is chiefly large, thrifty poplar, mixed with some scattering oak and swamp 
elm, and some evergreens, such as balsam and spruce; inland the timber changes in character somewhat from 
that along the river shore, as large balm of Gilead, spruce, balsam, and tamarack are met with more frequently, 
and the nice open bush which prevails along the river banks is changed for a tangled, brushy undergrowth; but 
the character of the soil remains the same. Tamarack and spruce swamps occur frequently in this section of 
the country, as is the case an through this large level area of good land which lies along the banks of Rai~y 
river. These swamps were all perfectly dry this summer, and are all capable of being made into excellent land 
by drainage, as they lie nearly as high as the surrounding dry lands, and only require proper ditching to take 
the surface water off in wet seasons. The extl'eme levelness of the country causes the presence of so mnch 
swamp land here, as the surface water has no means of escaping from the low-lying portions, and, consequently, 
the growth of moss and swamp timber is engendered. I noticed that in most cases the beds of the little 
streams are deep enough to form outlets for ditches and drains, and these creek beds are usually so numerous 
that to drain any swamp no very long ditches would be required. In nearly all the swamps through which I 
passed I observed the soil to he a black vegetable mould, varying in depth from one to three feet, and always 
underlain by the same calcareous clay alluded to. I seldom met the muskeg proper, that is to say, the wet, 
shaky bog in which water is present at all seasons of the year, and which grows nothing but dwarf spruce and 
moss. I then paddled up Rainy river, and on both shores I found the same kind of 'country as I have described 
as being in the vicinity of Grassy river, and, as there are a good number of settlers along the river on the Canadian 
side, I had an opportunity to observe the soil while under cultivation, and to see the kind of crops it is capable 
of raising. 

"'The soil I found to be most excellent in character,-calcareous clay overlain by a thin streak of whitish fine 
earth about six inches in thickness, and this again covered with a coating of vegetable mould; and these three 
mixed up together in the working of the land form a soil which cannot be excelled in any part of the Dominion. 
I saw along the river crops of potatoes, turnips, hay, oats, wheat, corn, tomatoes and cabbage, all grown to per
fection this season, which shows that the climate, as well as the soil, is suitable to successful farming, especially 
when tomatoes ripen, as they certainly did this year, as well as I ever saw them ripen in the vicinity of lake 
Ontario. * * * 

'" The timber is chiefly poplar, which grows to a great size; I have seen trees over eighteen inches across 
the stump, and sixty feet long clear of the limbs. Balm of Gilead, too, prevails in some sections, while spruce, 
tamarack and balsam of thrifty growth are everywhere met with. In some places magnificent cedar abounds, 
large enough for telegraph poles, shingle bolts or any other use to which cedar is applied; there are some groves 
of pine through this section, but it cannot be called a pine country, that is on this drift formation.' 

"Such testimony as to the character and value of the land through which Rainy river flows, leaves little for 
me to say beyond expressing my entire concurrence in the opinions quoted as to the great suitability of the 
country for settlement and agriculture. Settlers are going in gradually and there are some excellent farms along 
the river front. * * * The river affords an easy means of access, and the levelness of the country renders 
roads easy to build." 

This agricultural district is not confined to a narrow belt of land along the river, but has, in Minnesota, an 
approximate area of 5,000 square miles, between Rainy lake and the Red River of the North, and south of Rainy 
river. Over this area the annual rainfall varies from thirty-three inches at Rainy lake to seventeen inches at St. 
Vincent. The absence of hills, rock outcrops, and even of boulders, is remarkable, and the land is nearly all tim
bere~. In short, all the qualifications necessary for a habitable region are found in this hitherto overlooked 
portlOn of our great state. It will not be surprising to see in the Rainy River valley as dense a population as is 
supported by any equal area in Minnesota. 
.. . JJliscellane01~s resources. As has already been stated in the description of the physical features of the 
dlstnct, there are waterfalls at the outlets of many of the lakes. Some of these streams are of considerable size, 
and their accessible power would be eagerly sought after if located in the well settled eastern states. By far the 
largest water power in the district is that of the Koochiching falls (plate 0, figure 2). Here the Rainy river 
descends from ~wenty-one to twenty-four and a half feet, the amount of fall varying with the stage of the water. 
It has been estImated that there are 12,000 cubic feet of water flowing over this fall every second, and the power 
here generated averages 30,000 horse power, with a probable minimum of 20,000 horse power. This is thus seen 
to be by far the larg'est water power in the state, much exceeding that at the falls St. Anthony. A dam of from 
five to ten feet at the head of these falls would increase the hiO'ht of the falls as many feet and would also raise 
the level of Rain! la.ke from two to seven feet, thus furnishing ban immense mill-pond with an enormous supply 
of w~ter for use m tImes of low water in the river. The value of this water power as an aid in the development 
of thIS part of the state cannot be overestimated. 

. Considerab.le. trapping is done in the winter in this section of the country and the trade in furs has been 
an Important busmess ever s' th t bl' h '. F t Illce e es a IS ment of the Hudson Bay company, which still has a store at or 
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FranQes. Many of the inland l&kes abound in white fish and lake trout, and the catching and shipping of these 
will furnish livelihood for a considerable population as soon as there are better facilities for transporting the fish 
to market. 
- Stbmmary. It is only necessary here to emphasize the fact that in the Rainy Lake district there are many 
natural resources, aside from the gold-bearing veins, which have not yet been developed, and which would make 
the district an important one, even if it contained no gold. We wish especially to call attention to four of these 
natural resources, which seem destined to make this district develop with rapidity: (1) The excellent farming 
lands; (2) The large bodies of standing timber, suitable for manufacture into lumber and paper; (3) The large 
water-power; and (4) The possibility of the existence of valuable deposits of iron ore. 

CONCLUSION. 

Concisely stated, the facts described in the foregoing pages lead to the following conclusions: There is 
gold in quartz veins in the vicinity of Rainy lake. As yet the development is insufficient to warrant the positive 
assertion that profitable gold mining operations can be conducted there; but in certain localities the prospects 
are full of encouragement and promise to the conservative operator. 

The best portion of the district for gold, so far as at present developed, and as indicated by the appear
ance and nature of the veins, and the geological conditions surrounding them, is not within the limits of our state. 
Some gold is found south of the boundary line, and its discovery was the starting point for the explorations so 
vigorously prosecuted during the past year. 

If the development of operations now in progress shall demonstrate the existence of extensive deposits, as 
we believe will be the case, the futUre of the district for gold mining is assured. It is even now accessible at 
moderate cost; fuel, water and water-power are abundant, and labor cheap. Modern methods have made the 
cost of exploitation, even of refractory ores, much less than it was only a few years ago. With the large bodies of 
low grade ore which are destined to furnish the greater part of the world's output of precious metals in the 
future, the costs of mines and mills as advantageously situated with reference to wood and water as those at 

- Rainy lake have been estimated at $2.00 a ton for mining and $3.00 a ton for barrel chlorination or for treatment 
by the cyanide process of ores adapted to it, and from which ninety per cent. of the metal can be saved. Where 
practically all the gold can be extracted by amalgamation, as at present at Rainy lake, there should be a good 
profit on $5.00 ore in permanent veins which have an average width of five feet or more. 

The surprising adaptability of the soil and climate of the Rainy River valley for agriculture, together with 
its stores of timber for lumber and paper manufacture and its large water-power, instill in us the conviction 
that northern Minnesota is an empire by itself, destined in the near future to become the home of a large and 
prosperous community engaged in the occupations of farming and manufacturing. 
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Frances. Many of the inland la·kes abound in white fish and lake trout, and the catching and shipping of these 
will furnish livelihood for a considerable population as soon as there are better facilities for transporting the fish 
to market. 

Snmmary. It is only necessary here to emphasize the fact that in the Rainy Lake district there are many 
natural resources, aside from the gold-bearing veins, which have not yet been developed, and which would make 
the district an important one, even if it contained no golc1. We wish especially to call attention to four of these 
natural resources, which seem destined to make this district develop with rapidity: (1) The excellent farming 
lands; (2) The large bodies of standing timber, suitable for manufacture into lumber and paper; (3) The large 
water-power; and (4) The possibility of the existence of valuable deposits of iron ore. 

CONCLUSION. 

Concisely stated, the facts described in the foregoing pages lead to the following conclusions: There is 
gold in quartz veins in the vicinity of l~ainy lake. As yet the development is insufficient to warrant the positive 
assertion that profitable gold mining operations can be conducted there; but in certain localities the prospects 
are full of encouragement and promise to the conservative operator. 

The best portion of the district for gold, so far as at present developed, and as indicated by the appear
ance and nature of the veins, and the geological conditions surrounding them, is not within the limits of our state. 
Some gold is found south of the boundary line, and' its discovery was the starting point for the explorations so 
vigorously prosecuted during the past year. 

If the development of operations now in progress shall demonstrate the existence of extensive deposits, as 
we believe will be the case, the future of the district for gold mining is assured. It is even now accessible at 
moderate cost; fuel, water and water-power are abundant, and labor cheap. Modern methods have made the 
cost of exploitation, even of refractory ores, much less than it was only a few years ago. With the large bodies of 
low grade ore which are destined to furnish the greater part of the world's output of precious metals in the 
future, the costs of mines and mills as advantageously situated with reference to wood and water as those at 

, Rainy lake have been estimated at $2.00 a ton for mining and $3.00 a ton for barrel chlorination or for treatment 
by the cyanide process of ores adapted to it, and from which ninety per cent. of the metal can be saved. Where 
practically all the gold can be extracted by amalgamation, as at present at Rainy lake, there should be a good 
profit on $5.00 ore in permanent veins which have an average width of five feet or more. 

The surprising adaptability of the soil and climate of the Rainy River valley for agriculture, together with 
its stores of timber for lumber and paper manufacture and its large water-power, instill in us the conviction 
that northern Minnesota is an empire by itself, destined in the near future to become the home of a large and 
prosperous community engaged in the occupations of farming and manufacturing. 


