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ERRATA. 

On page 10, after the footnote add A. iTving, Metarn01phisrn of Rocks, 
page 96. 

On page 16, 16th line from top, for "structure of crystallines rocks" 
read structures of crystalline rocks. 

On page 17, under "Remarks," eighth line from the top, for "No.1" 
read No.4. 

On page 68, fourth and eighth lines from the bottom, for "539" read 
538. 

On page 88, last line, hefore "T. 66-5" insert 22. 
On page 138, sixth line from top, strike out "V." 
On page 184, line 6 from top, after "interior" insert of the continents. 
On page ]85, line 17 from bottom, for "Ontario, Erie and Huron," read 

Ontario. 
On page 188, line three from top, for "Goulai's," read Goulais. 
On page 191, line one from top, for "labradorite" read plagioclase. 
On page] 91, line ten from top, for "altitude" read attitude. 
On page ]92, line five from top, for "oragraphic" read orog1·aphic. 
On page ]92, line nineteen from bottom. for "material" read natm·al. 
On page ]93, line twenty from bottom, for "canals" read vents. 
On page ]93, line seventeen from top, for "all" read mostly. 
On page 19!, line seven from top, for "this" read the. 
On page ]96, line fifteen from top, for "impossible" read possible. 
On page ]96, line nineteen from top, omit "protecting." 
On page 201, line five from bottom, after "It is not" insert infrequently. 
On page 202, line one from top, for "indentation" read indentatio/ls. 
On page 20:1, line nineteen from bottom, for "embankment" read em-

bayment. 
On page 215, line fifteen from bottom, for "time" read line . 
. On page 216, line sixtepn from top, for "Of the two" read Of two. 
On page 217, in title of Fig. 1, for "Keewenian" read Keweenian. 
On page 223, line 14 from bottom, for "fallen" read full. 
On page 226, line eleven from top, for "terraces" read t£1'1·anes. 
On page 233, line thirteen from top, omit "[See PI. X., l!'ig. 2]." 
On page 234, line twenty· one from top, for "plane" read plan. 
On page 236, line three from bottom, for "aerial" read a real. 
On page 238, line twenty-two from top, for "in" read on. 
On page 241, line six from top, for "leads" rgad levels. 
On page 242, line nineteen from top, for "XXI." read XI. 
On page 250, line two from bottom, for "339.7" read 439.7. 
On page 252, line sixteen from bottom, after "cave of the" insert em-

bayment. 
On page 252, line nine from bottom, for "dents" read strands. 
On page 253, line four from top, for "thickened" read thicker. 
On page 270, at bottom of cut, insert "Fig. 11." 
On page 271, line three from top, for "build" read built. 
On page 271, line twenty-one from bottom, for "and gravel" read gmvel. 
On page 273, line twenty from top, for "gravel" read finest. 
·On page 277, line thirteen from top, for "rigid" read ridged. 
On page 281, line eleven from bottom, for "benches" read beaches. 
On page 284, line fourteen from top, for "altitude;' attitude: 
On page 289, line five, from bottom, for "altItude' read att~tude. 



ADDRESS. 

MINNEAPOLIS, May 1, 1892. 

To the Pre8~clent oj the Univer.sit'Y: 

DEAR SIR.-Herewith is transmitted the twenthieth annual 
report of the Geological and Natural History Survey, of which 
I have charge. This marks the close of the second decade of 
my connection with this work, which began with the commence
ment of the survey in 1872. It is with some satisfaction that I 
can look over the work of the last twenty years, and with some 
regret that I can see its deficiencies. As a State enterprise, 
however, the Minnesota survey is unique in its plan, its super
visory auspices, its slow but uninterrupted progress, and in 
the duration of its personal directorship. 

Ten years ago, in the submission of my tenth annual report, 
I ventured to congratulate the University and the State on the 
success which had attended the survey at that date, but the 
second ten years have been more prosperous than the first ten. 
Therefore, while renewing my congratulations, I think it is 
safe to bespeak for the third decade as great and, perhaps, 
greater advance in all the channels of scientific research ordered 
by the law. The University of Minnesota has a golden oppor
tunity to place herself far in the van of progress in science 
among such institutions in America, and the overseers of the 
surVflY, as they are also overseers of the University, cannot 
fail to see the ways and means for bringing about such a result. 

Respectfully submitted, 
N. H. WINOHELL, 

State Geologist and Ourator of the General Museum .. 
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REPORT. 

SUMMARY STATEMENT. The funds of the survey, derived 
almost wholly hitherto from sales of the Salt Spring"la,nds, 
not only became exhausted, on account of increased expense 
of exploration in the northern part of the state, but indebted 
to the University fund proper for advances to the amount of 
about fifteen thousand dollars. The Legislature of 1887 made 
a cash appropriation, of ten thousand dollars for certain eco
nomic researches, and that with some aid from the Salt Spring 
fund kept the field work going for four years, i. e. till the 
report on the iron ores of the state (Bulletin No. VI.) was pub
lished. The Legislature of 1891 made another cash appropria
tion for the survey amounting to fifteen thousand dollars, with 
a view of cancelling, in part at least, the deficit in the funds 
and of carrying forward the field-work toward completion. 
In the meantime the iron ore interests have rapidly developed, 
and it has become incumbent on the survey to make much 
closer examination into the geographic distribution of the rocks 
carrying this ore, as well as into many questions relating to 
their geology. While it has been purposed to enter at once on 
the preparation of the final report on the geology of the north
ern part of the state, it is found to be judicious to prosecute 
further field-work there. Large public and private interests 
are involved in the developments taking place. It would be 

. discreditable to stop the survey short of satisfactory comple
tion while such important economic results are dependent on a 
knowledge of the rocks carrying this iron ore. The season 
has been spent therefore in further field examinations and 
especially on the Mesabi iron range. Mr. U. S. Grant was at 
work on the eastern end of the range, and his (accompanying) 
report shows some of the results of his field-work. Mr. H. V. 
Winchell was directed to make a general economic study of the 
entire range, and to carry his data and statistics to as late a 
date as possible. His report therefore owing to lateness of 
publication laps over into the year 1892. The same season 
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(1891) Dr. A. C. Lawson, late of the Canadian geological survey, 
was employed to make a survey of the elevated beaches of the 
north shore of lake Superior, and incidental to that to make 
such study of the rock formations as his opportunities afforded. 
His interesting report on the beaches .accompanies this, and 
two other supplementary papers by him are to be included in 
a separate publication-probably Bulletin IX. 

Renewed activity also has been given to paleontological work 
on the Trenton and Hudson River fossils. Mr. Chas. Schu
chert made a collecting tour in Wisconsin and in Iowa, and in 
southern Minnesota, and was engaged to assist in the prepara
tion of chapters for the Paleontology of the state, while Mr. 
E. O. Ulrich continued his work on the Bryozoa. In all the 
paleontological work the survey has been aided gratuitously 
by Mr. W. H. Scofield, of Cannon Falls. The printing of Vol. 
III, of the final report, as outlined in the "Summary state
ment" for the seventeenth annual report, is now going forward. 

It was thought best to divide the report of Mr. Herrick on 
the Mammals of the state into two parts,and to issue them sep
arately as bulletins (VII and VIII). The first part, embracing 
the popular and semi· technical descriptions, is now in press, 
and when issued will constitute an interesting publication of 
the survey. The other portion is in Prof. Herrick's hands, 
and when it has been revised by him, and changed so as to 
comport with the advances made since the volume was first 
tendered for publication, it will appear as another bulletin of 
the survey. The report of Dr. Hatch on the Birds of the state 
is intended for similar publication, but i.t is not at hand. Dr. 
Hatch left the state about a year ago and has never actually 
put his manuscript in the custody of the survey. His present 
address is unknown. . 

Since the last summary statement the nineteenth report has 
been issued and distributed. The library of the survey grad
ually grows. Our reports are sent in exchange to all parts of 
the world. The list of additi.ons by this means shows this 
growth. There is also herewith presented a statement of reg
istrations in the museum, now reaching 8,441. 



T. 

THE CRYSTALLINE ROCKS, 

SOME PRELIMINAltY CONSIDERATIONS AS TO THEIR STRUCTURES 

AND ORIGIN. 

N. H. WINOHELL. 

Sufficient field-work has now been done on the crystalline rocks 
of the state to enable us to enumerate the formations which they 
contain, and to express with some confidence the stratigraphic 
relations which they bear to one another. These )mportant pre
liminary steps, having been taken with care and thoroughness, 
there remains the task to deduce from the facts ascertained some 
further principles of taxonomic geology and of genetic derivation 
for the rocks themselves. 

In attempting to present these facts of the geology of the lake 
Superior region in such a manner as to indicate some general 
truths which may serve as guides for classification and nomencla
ture, it is the desire of the writer to acknowledge that he has been 
but one among several recent factors that have helped to bring 
some system out of confusion and chaos. After the report of 
Foster and Whitney in 1851, on the mineral lands C'f the lake 
Superior region, in which it was maintained that it was impossible 
to divide the crystalline rocks into any systematic, consistent 
order of succession, either stratigraphic or chronological, there 
have been numerous geologists who, having made exam illations in 
one part or another of the lake Superior region, have shown 
that the crystalline rocks are susceptible of stratigraphic subdivi
sion, and have attempted to express such subdivision. Generally 
they have shown that it is possible to separate them into two 
parts. This binary classification was really instituted prior to 
the work of Foster and Whitney by Alexander Murray and Sir 
William Logan of the Canadian survey. While the Canadian 
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survey itself has tenaciously held to this simple classification, 
some of its individual members have, unwittingly sometimes, but 
intentionally at other times, put on record important facts that 
have called attention to inconsistencies, and to the confusion that 
has resulted, and some of them have in a measure abandoned the 
original nomenclature of Murray and Logan, and have instituted 
new names to express subdivisions that are needed and which were 
not recognized by Murray and Logan. 

On the other side of lake Superior, the state surveys of Mich
igan and Wisconsin, while adding many and interesting facts to 
the general fund of knowledge or the crystalline rocks, have 
added but little to the advancement of their special taxonomy, or 
their genetic relationships. These surveys were mainly occupied 
with the discovery of their geograpbic areas, and the delineation 
of their local details of stratigraphy and outcrop. They adopted, 
in general, the stratigraphic principles and the nomenclature of 
the Canadian survey of 1857, but also showed that it was necessary 
to institute many minor distinctions in stratigraphy-without, 
however, attempting to establish any certain order for all the dis
tinctions which they recorded. 

It is evident that before any inquiry can be entered upon af; to 
the more minute internal relations of these formations, it is essen
tial that the serial order which thay sustain to each other, at least 
some of their grand stratigraphic taxonomy, shall be determined. 
To the solution of these problems very much time has been given, 
both by members of the United States geological survey, and by 
those engaged on some of the state surveys. An. essential con
cord has been reached by the more recent investigators on some of 
the main questions of relationship, as well as some of the minor 
stratigraphic details. While the statements of this paper will be 
based on facts developed in Minnesota, it cannot be questioned 
that the principles involved, and many of the facts on which they 
are based will be found dnplicated with equal or greater clearness, 
in Wisconsin and Michigan, as well as in Canada. The great syn
clinorium of the lake Superior valley seems to have been wrought 
out in a series of strata of very old date, and it manifests its con
cordant history in the plications and duplications of its rocky 
rim on all its sides alike. ' 

The principal rock terranes, as made out in the region north-
west from lake Superior are as follows: " 

1. A series of alternating fragmental and eruptive beds, known 
as Nipigon or Keewenawan, the upper portion composed almost 
netirely of red sandstones, placed unconformably beneath a later 
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series of conglomerates and sandstones in which is found the 
" Diekllocephalus fauna" of the p~imordial. 

2. Lower down are found alternating beds of "eruptive" sheets 
and fragmental rocks, but the fragmental are quite different from 
those in No.1, being thin-bedded slates, often black siliceous and 
actinolitic schists, magnetitic jaspers, quartzytes and cherty quartz
ytes. These are interbedded with sheets of eruptive rock or rock 
composed of pyroclastic materials which were probably of tufaceous 
origin, presenting more or less evident sedimentary strnctures. 

3. The eruptive facies is intensified at this horizon by the protru
sion of immense quantities of true basic eruptive (gabbro) which 
is found to have embraced in itself considerable masses of the 
next older strata, particularly of the Pewabic quartzyte and its 
modifications. This gabbro is intimately associated with acid 
eruptive rocks of cotemporary date, constituting red felsytes, 
quartz porphyries and reddish granites. This gabbro is the bear
er of large quantities of titanic magnetite, and very often the 
underlying quartzyte, involved in the gabbro, is also highly charged 
with magnetite, though never titaniferous. 

4. The bottom of the Animikie is characterized by a great 
quartzyte associated with iron ores and cherts, which, however, 
do not always appear in their typical characters at this horizon. 
Associated with this quartzyte, and with some of the beds imme
diately overlying it, are the important iron deposits of the "Mesabi 
range." This quartzyte lies unconformably on all the older 
rocks, but principally it has been examined in its contact with the 
granite and greenstone of the Giant's range. Wherever its lower beds 
are found exposed they are apt to be conglomeritic with debris from 
the underlying formations. This has been styled Pewabic quartzyte. 
It is subject to great lithologic variations, due on the one hand to 
admixtures of mechanical debris from the older rocks, and on the. 
other to chemical precipitations in the ocean in which it was 
gathered, and to the mingling of volcanic tuff from the eruptions 
that were coincident with its deposition, some of which are seen 
as interbedded sheets of co temporary date. Its color is usually 
gray, but on the Mississippi river, at Pokegama falls, it is 
superficially red to the depth of two or three inches, and still fur
ther southwest. in Pipef:;tone c(,nnty, it is extensively changed to 
a red color. Its grains are coarse, rounded and evident. but they 
ar~ joined, generally, into a compact mass by the deposition of 
secondary silica. In the near vicinity of the cotemporary vol
canic disturbances its grain is very fine, like jaspilyte, and in 
some cases it has acquired a dense crystalline structure from COIl

tact with the gabbro. 
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There is but little, if any doubt, that the great physical break 
which separates the preceding from the following extends through
out the lake Superior district, and that it marks the greatest 
erosion-interval which has been discovered in paleozoic geology, 
as distinctly pointed out by Dr. A. O. Lawson. 

A scant fauna has been found to characterize the terranes down 
to this point, and so far as the characters indicate, the fauna is 
primordial. This whole series, by its stratigraphic position, its 
fauna, lithology, and its accidental features, is bound in one 
grander group, and resembles that which is known as Taconic. 

Nos. 3 and 4 are separable from No.2 by divergence in dip and 
strika, as well as by a marked difference of lithology, Between 
these and No. 2 there is in Minnesota some evidence of noncon
formity, and such has also been stated of them in Wisconsin. 

5. Below this group is the fundamental "complex," made up 
of crystalline rocks and their debris. It is in this complex that 
are found some of the problems that have long been studied, and 
in which remain some of the unsettled questions. Still great ad
vance has been made in deciphering its structure and stratigraphy. 
Three grand parts have been made out, in stratigraphic order, 
while a fourth is well established, but occurs sporadically. The 
first of these parts is a volcanic formation of great thickness, oc
cupying, however a fixed position in geographic extent and in 
stratigraphic order. This is known as the Keewatin. Most of its 
rocks are volcanic tuffs presenting more or less evidence of aqueous 
sedimentation. There is one important part of this series, spec
ially designated Kawishiwin, which differs from the rest. It em
braces the great bulk of the "greenstones" and chloritie schists 
and jasperoid hematites of the formation, and it seems to be the 
latest known member of the Keewatin, although it still remains to 
pe shown whether this massive greenstone phase be not of fitful 
distribution and liable to occur in other parts of the Keewatin. 
The most of the Keewatin rocks are graywackes, sericitic schists, 
agglomerates, conglomerates, with some exceedingly fine-grained, 
glossy, serpentinous schists. It also embraces modifications of 
these, which will be mentioned later. The conglomerates and the 
agglomerates appear at different horizons, the latter being espec
ially abundant in the Kawishiwin horizon. The hematite ores 
which characterize the Keewatin, are found in the Kawishiwin 
stage. They are in lenticular lodes, and in general they stand 
upright, conformable with the general position of the rocks and 
and all the macro-structure of the country. 
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6. The next older rocks are conformably linked with the Kee
watin rocks in stratigraphy, and they are no less intimately united 
with them lithologically. There is an increasing degree of fresher 
crystallization evident in the Keewatin toward the bottom, and 
when the strata become wholly crystalline they have received the 
name of Vermilion series. There has not yet been seen in Min
nesota any unconformity between the Keewatin and the Vermilion, 
and indeed it appears that the crystalline characters occur some
times out of their normal stratigraphic place, indicating that their 
existence is not dependent on stratigraphic order wholly-though 
in the main it is. The Vermilion schists, otherwise known as 
crystalline schists, contain magnetic iron ore, but generally they 
are destitute of it. They are nsually plainly stratiform, in as evi
dent a manner as the stratified rocks of the Keewatin, but they 
also embrace some dark, massive "greenstone' belts in which no 
stratification bands are visible. They consist essentially of mica 
schists and hornblende schists. 

7. The base of the Vermilion, when not disturbed by upheaval 
in Archean time, has a gradual transition into conformable, strati
form gneiss, which is of like character with the transition from the 
Keewatin to the Vermilion. Indeed there is nothing to distinguish 
the Vermilion schists from the gneiss of the Laurentian, except an 
increase in the feldspathic and siliceous ingredients at greater depth 
in the series. Even after the Laurentian characters, viz., more 
or less massive or gneissic acid rock, have become fully established 
through a thickness of a hundred, or three hundred feet, there 
may recur, well within the gneiss, a parallel and extended belt of 
rock with struction and lithology like those of the Vermilion 
schists, or, vice versct, there have been seen thick beds of gray 
gneiss, conformable with the sedimentary stratification, well within 
the Vermilion schists, making an essential part of the series. 
Therefore it is plain that the base of the Vermilion, when not 
broken by upheaval and brecciation is an uncertain and vanishing 
plane which cannot be located exactly with any unanimity or con
sistency by different field geologists-nor even by the same geol
ogist. 

But this normal interstratification and gradual passage from the 
Vermilion to the Laurentian is not always found, nor indeed is it, 
perhaps, the most frequent. There is more frequently a great 
disturbance manifest at this horizon, resulting in brecciation and 
confusion. In most cases there are numerous "dikes" of the 
lighter-colored granitic rock cutting the schists, and there are 
larger areas and knobs ureless basic rock. Th~re is 
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every character that indicates that these were both in a :f:I.uid or 
plastic state, and that the only non-:f:I.uid rock was the older schist 
which is seen variously embraced in isolated pieces by both. 

One other character pertaining to the structural relations of the 
parts of the Archean complex should be mentioned, viz: The erup
"tive characters just described, so far as they pertain to the Lauren
tian gneiss, do not always come into contact with the crystalline 
schists of the Vermilion, but sometimes small areas of Laurentian 
granite are directly in contact with schists that have the imper
fectly crystalline condition of the Keewatin. 

The Archean complex, therefore, is, normally, a unit in its 
grander features, and while separable into differing members, in 
the same manner as the overlying Taconic, and liable to disturb
ance and to the action of invading igneous rock, in the same 
manner it is plainly one in its grander history an~ its chief gen
etic characters. 

With this statement, which gives a concensus* of the results 
reached by several geologists who have given special attention to 
the field evidences, we have given, perhaps, all that can be said to 
be settled as to the major structural relations. It is when we go 
further, and attempt to discover some of the minor relations sub
sisting between these parts, or enter upon the study of their genesis, 
that we find a divergence of opinion. These differences of opinion 
result, of course, from a study of the problems from different points 
of view, or along different ways of research, by reason of which 
different geologists have seen only portions of the evidence. It is 
to be presumed that when two geologists should see and compre
hend all the facts there would be between them an exact agree
ment of opinion. The significance of a geological fact, when once 
pointed out, can be apprehended and applied only in one of two 
diverse directions, and can be used by one geologist as well as by 
another. This, of course, requires that the fact and its interpreta
tion shall be embraced in a correct underlying philosophy. If a 
philosophical principle be assumed, at the outset, which is false, 

\ there will be danger of a vicious interpretation of all the facts that 
are discussed by the geologist who holds t1;te false philosophy. He 
may be very expert in the discovery and the grouping of the rela
tions of the facts which he employs, but all his reasoning is .viti
ated by the weakness, or worthlessness, of his initial datum. It is 
necessary, therefore, to examine every assumed principle on which 

'The position of the principal gabbro horizon (that at Duluth and at Little Sagan
aga lake) may be excepted from this statement, as it is not settled so as to be admitted 
by all observers, that the gabbro followed immediately after the Pewabic quartzyte. 
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this or the other interpretation is based. and to maintain among 
the facts discussed a rigid and correct rule of relationship within 
the a<.'cepted philosophy. It is eq ually certain that the correctness 
or falsity of a philosophical principle applicable to geologic facts, 
when pointed out, can be apprehended, and would be, by one 
candid geologist as readily as by another. There is hence. on the 
assumption that geologists are all candidly in pursuit of the truth 
only, a reason to expect that not only will all the facts necessary 
to the solution of present problems be discovered and known 
finally by all geologists cor::cerned, but that they will be subordi
nated to a sonnd pllilosophical discussion and settlement. 

The unsettled problems pertaining to these rocks. whather in 
the Laurentian, the Ontarian or the Taconic, are very frequently 
connected with tile "eruptive" members, whether truly eruptive or 
not, and with the genesis of some of the minor non-eruptive parts. 
It might be mentioned also that there is still some question as to 
the stratigraphic place of the gabbro of the Mesabi range of hills 
and as to its relation to the Auimikie. rrhere is also some uncer
tainty as to the manner of distribution of the eruptive rocks both 
of the A.nimikie and of the Nipigon through those formations, and 
the effect of such distribution on the cotemporary sedimentary 
beds at places remote from the points of issue of the eruptives. 
In short, it is not altogether certain but that the terms Nipigon 
Hnd Animikie have been applied to some extent at different and 
distant points to different but cotemporary phases of the same for
mation.* The Pewabic quartzyte shares less in this uncertainty, 
maintaining its identity at the base of the Taconic. 

USE OF TERMS. 

It is one of the primary essentials to the investigation of the 
crystaliine rocks, after the ascertainment of their physical and 
stratigraphic characters, that there shall he a clear understanding 
of the terms selected to define them, and this necessity appears 
greater in no case than in the use of the terms "metamorphism," 
and "alteration" and the terms "schistose," "laminated," "stratified," 
"gneissic," "bedded" and ·'banded." These terms have been vari
ously employed. and great confusion has resulted. 

Anyone who has given attention to the rocks as they appear in 
the field will have noted that there are two opposing tendencies of 
change which the Archean rocks have experienced. He finds a 
force, or several forces, which promote what might be styled a de-

*The Nipigon here is supposed to be the equivalent of the Keweenawan. to which 
this statement more strictly applies. 
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structive or degradational transition from one mineral condition to 
another-in other words a weathering process. This has resulted 
both in past geologic eons and in the short time that has elapsed 
since the glacial epoch, in converting hornblende to chlorite and 
to talc or serpentine, biotite to muscovite, and to the various 
hydrated micas,feldspar to mica or kaolin, menaccanite to leucoxene, 
and in short, it is that change which is preliminary to the final 
disintegration of the minerals concerned and their disappearance 
either in the superficial soils or in solution and distribution in any 
waters that can carry them away. The forces that promote this 
change are water and at~lOspheric air, and since these have been 
present since the rocks existed as rocks, and were also present 
and equally or more active at the date of their birth, it is plain 
that the effect of their influence will be likely to be found through
out the history of the Archean rocks, at all points where there can 
be said to be any identifiable data to mark their history. It will 
be noticed that all these changes of condition result from an at
tack, an ever energetic assault, which the atmosphere, through 
some of its agents, is making on the primary elementary condi
tions of the minerals of the earth. It is essentially a carbonizing, 
an oxygenizing and a hydrating process. It is ever present, and 
its avenues of effectivB attack are myriad. As a result of this 
warfare between the earth and the air the surface of the earth has 
become habitable by the various grades of organized beiugs, vege
table and animal. This process is one of the most important, in 
its progressive steps, and one of the most stupendous in its results. 
however slow and gentle it appears, which we can contemplate in 
the history of the earth. It is not designed here to dwell upon it, 
although it has resulted in the production of all our limestones, 
sandstones, shales and usual soil-producing strata, and has 
brought about those conditions by which water at ordinary tem- . 
peratures can remain permanently on the surface of the earth. 

Opposed to this destrnctive process, the geologist who contem
plates the crystalline rocks observes Imother operation. This 
force acts to expel the carbon and the water, and as much of the 
oxygen as possible, which have been taken up by the operation of 
the destructive process. This is essentially a reconstructive oper
ation, and its effect is to bring all the min8rals subjected to its 
action back again to or toward the conditions which they 
possessed originally. The reconstructive process will be impeded, 
naturally, and sometimes diverted from its normal result, by acci
dents of environment, either physical or chemical. which have 
transpired since the primary crystallization, thl"Jugh the action of 
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the destructive agents of the air, already mentioned. For 
instance, whereas a normal and natural change, through destruct
ive agencies, would be manifested in the conversion of augite to 
hornblende, and of hornblende to chlorite, and also of an ortho
clase feldspar to a potash mica, and thence to sericite, and to 
kaolin, when the reconstructive process were to take these final 
products in hand, it would not be able, perhaps, to restore them to 
their original conditions of composition and crystallization, pro
ducing augite and orthoclase feldspar, but the utmost of its 
result\! might be a form of aornblende and a black mica. Certain 
natural and insurmountable obstacles seem to oppose the reforma
tion of exactly the same minerals through that method of regenera
tion. It cannot be questioned, however, that could the original 
conditions be restored, both of heat, pressure and moisture, and 
the same forces be brought to bear on the same elements, in the 
same proportions, as in the first crystallzation, the result would be 
the reconstruction of identically the same crystals. This re
crystallizing process, compared with that of disintegration, is much 
less observable, and in the later geological ages it is less common 
than in the earlier. This apparent diminution, however, may be 
only apparent, and due to the fact that its later effects are likely 
to be buried at great depths below the clastic strata of the super
crust, and hence invisible to the geologist. It is only where and 
when some of the causes that promote it break through the super
crust and become apparent at the surface of the earth, as in the 
cases of volcanic forces, that the student of these rocks can observe 
the method of this reconstruction in the production of its char
acteristic minerals. The causes that produce these retro-changes 
are, hence, only exceptional and local, and do not disturb in the 
grand aggregate, the onward course of the unequal warfare between 
the air and the earth, which inevitably is tending to the subjuga
tion of the latter by the fonner. Thr reaction of the crystalline 
forces against disintegration was mO'lt powerful and effective in 
Archean time, when the earth was beatednearer the surface. The 
voluminous sedimentation that resulted from the first attacks of 
the atmospheric agents on the heated earth's surface, has been the 
most exposed to this re-construction. At that early date in the 
formation ani clol33amin9.tion of fragmautal matarial" by the air or 
the ocean, the nature of the sediments themselves had not so far 
become differentiated from their parent sources, as are the sedi
ments of the present ocean, and in the event of re-construction 
could more easily and more abundantly re-produce the mineral!; of 
the parent rock. The forces which are concerned in the recon-
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struction of the primary minerals in the Archean rocks, are seated 
below the crust of the earth, and their power seems to increase at 
greater depths. Whellfwer they manifest themselves in concrete 
form at or near the surface they are combined, in some occult re
lations with pressure and moisture. Primarily we may, perhap3 
as correctly as any way, express these forces in a single term, by 
the words dry heat, either as the re,m]tor as the cause of gravitation, 
but as dry heat was associated with varying degrees of pressure 
and perhaps of moisture, in the first crystallizations, so it appears 
to be, even more closely, associated with the same agents in the 
production of the restored re-crystallizations. Hence it would be 
equally correct, for our present purpose, to ascribe all the re
constructions of which we are speaking, to the three well known 
agents of metamorphism, viz., heat, pressure and moisiu1'e. When 
these com bine in their action on any of the early sediments, such 
as may have been long subjected to levigation and hence may have 
been greatly changed from their parent condition by the ocean, the 
concentrated effect is to cause the greatest degree of re-crystalliza
tion, and restoration of primary characters. 

These two opposing processes proGuce characteristic mineral 
species, and in their multiform physical reactions upon each other, 
under constantly varying physical relations, and varying chemical 
surroundings, they give rise to a large number of intermediate and 
unstable mineral species, which are characteristic of neither one 
nor the other. Such are the zeolites, the sulphides, some carbon
ates, etc. But the principal characteristic minerals which each 
process gives rise to, are too familiar to need en umeration here. * 

Now, as both these processes result in a,change of mineral con
dition in the rocks, the resultant rocks may be said to be meta
morphosed. Indeed, the term" metamorphic" has been applied to 
each. Those who' are predisposed to consider all rocks sedimen
tary until they can be proven to be of eruptive origin, have been 
prone to apply the term "metamorphic" to not only those banded 
schists (the mica schists) which preserve a plain sedimentary 
structure, but also to those greenstone schists which do n'ot pre
serve evident sedimentary banding, but whose minerals are frag
mentary and plainly in a state of transition from a once more 
perfectly crystalline condition to a state of greater" disintegration. 

*The chemical potentialities of silicon heing called out mainly at high tempera
hues. and those of carbon at more moderate temperatures. they seem to stand, as it 
were, at the two opposite poles of matter, dividing the empire between them into what 
we commonly call the Ol'ganic and the Inorganic., but with very undefined boundaries 
along which dwell a seJ'ies of restless and turbulent tribes, the individuals of which 
own no permanent allegiance to either, uassing from tbe domain of each into the other 
in the most facile manner, 
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On the other hand, those who have been prone to claim every 
crystalline rock as eruptive until it can be proven to be of sedimen
tary origin, have been equally liable to ignore the necessary great 
divergence between these two operations, and to set down as 
eruptive not only those massive crystallines which are plainly 
eruptive, but also those imperfectly crystalline masses, whose 
grains are in a transitional state, like the schistose greenstones, 
attributing their semi-disintegration to a force or a process known 
as "dynamic metamorphism." 

For the present purpose we shall apply the term metamorphism 
only to the reconstructed. rocks whose minerals have been forced 
to take on a condition of more thorough crystallization by the ap
pFcation of the forces of heat and pressure in the presence ,)f 
moisture. The micttceous and hOl'llblendic schists, the Vermilion 
series, as above described, illustrate this metamorphism. The 
gneisses into which the Vermillion schists pass conformably, 
downward, also illustrate it perfectly. All other rocks whose min
erals are changed by weathering, frolll the crystalline condition in 
which they were when the rocks were formed, may be styled al
tered rocks. Here, however, there is danger of assuming a con
dition to have prevailed in a large class of rocks that have been 
much studied, which the facts will not prove to have been their 
condition. I refer to the greenstones and the green schists, as a 
group, although there are plainly unimportant portions of these 
green rocks which should be excepted. 

Again, there is a tendency alllong those who have been familiar 
with the structures of sedimentary rocks, on tile one hand, to carry 
their ideas of sedimentary structure too far, and to make all the 
"parallel structures" which they see pervading the crystalline 
rocks, so many modified forms of sedimentary structure; and on 
the other hand a class of geologists who have become familiar 
specially with the structures that crystalline rocks may be made 
to assume under pressure and partial fracture causing the schistose 
arrangement of the entire mass, have been inclined to subordinate 
to mechanical causes acting subsequent to solidification, all those 
"parallel structures" which they may discover in a crystalline 
rock, however plainly they may have originated from sedimenta
tion. To one class of observers, however many mistakes they may 
fall into in interpreting all these structures as due to sedimenta
tion, the terms banding, lamination, schistose, gneissic, sedimen
tary structure, cleavage, &c., all mean fundamentally the same 
thing, and with great confidence sometimes they make out a "syn
clinal" structure for a great area, and have no more basis for it 
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than a superficial synclinal arrangement of the slaty cleavage. 
To the other class of observers, however great the apparent absur
dities into which they may fall, these structures signify equally 
but one thing. They extend an observed result, viz., schistose or 
slaty cleavage, a product of pressure and shearing in a rock mass, 
not only so as to destroy its true, normal significance, but also so 
as to include structures that are known to be produced only by 
sedimentary forces-they attribute to pressure and dynamic meta
morphism all the bRnding and stratification which some crystal
line rocks so plai~ly manifest. These terms, therefore, about the 
significance and applicability of which so much has been written, 
have come to be the weapons which either party may use with per
fect success, so long as they have no definite meaning. It is 'plain 
that, in order that either one or the other party shall finally pre
vail the distinctions which ,should mark these terms when correctly 
applied, must be ignored, and as far as possible broken down. 
The plutonist is inclined to ignore all the evidences of sedimentary 
structure in these questionable rocks, knowing that he has a firm 
starting point in his argument, and he ruthlessly drives the ex
treme of his argument into conflict with a set of important facts 
and structures coming from another direction. The neptunist, 
starting from an equally firm datum, with his eye only on one re
sult, following his bent with equal rashness, finds himself soon 
beset with such problems and snares that he wantonly assails or 
denies evidence which is ~s valid as that which formed his point 
of departure. There must be certainly some middle ground. 
There must be some significftnce for these terms which, when care
fully adhered to, will prevent one truth from apparently clashing 
against another. To adjust these differencts by a consistent use 
of these terms, seems to be the most reasonable first step. It can
not be denied that there is such a thing as sedimentary bedding 
and banding, but this should be followed only so far as it can be 
distinguished as such, leaving all beyond to some other possible 
explanation. There is also with equal certainty, such a thing as 
a "diaba"ic structure," i. e. a structure resulting from crystalliza
tion from a molten magma, and so far as it can be followed, with
out essential modification, it ought to be allowed its full force. 
When its typical characters fade out, and the rock may possibly 
be ascribed to a different cause, it is unfair forcing of the evidence 
to insist that the "diabasic structure," feebly discernible, shall 
interpret the whole rock mass if the mass exhibits any other ad
verse structures. 
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In the field it is very easy to distinguish a true sedimentary 
banding(I)* from all those other structures into which it has been 
supposed to graduate, and with which it hae been confounded. On 
the weathered surface it is indicated by varying shades in the 
color-bands that crol:lS the surface, and on close examination it will 
be found to exhibit, in the different bands, or beels, which may be 
of any thickness from a sixteenth of an inch to several inches or 
several feet, not only a difference in the aizes of the constituent 
grains, but generally a difference in the relative abundance of the 
same. Usually free quartz grains will be found more common in 
some of the bands than in others, giving rise to lighter colored 
and harder layers. It so happeDs that very frequently the upheav
ing forces which have caused the strata to exhibit their truncated 
edges, have at the same time subjected them to such pressure, in a 
parallel direction, that the same rocks exhibit a finer slaty cleavage 
parallel with this sedimentary structure, and as the process of 
weathering brings out the slaty cleavage conspicuously, while the 
original bedding may become obscure, in case the cleavage direc
tion gradually becomes discordant with the bedding the observer 
is liable to follow the cleavage in his measurements of dip and 
strike, under the impres'sion that the two structures are essenti
ally concordant. This structure which is due to sedimentation 
has another characteristic, viz: The coarseness observable in any 
chosen layer of the rockmass will be found to change gradually to 
one of considerable fineness, (and vice versa) in crossing the struc
ture perpendicularly. There may be abrupt transitions from 
coarse to fine, or from light to dark, but these are not so sure evi
dences of sedimentary action as those gentler transitions which 
sedimentary materials take on under the gently changing force of 
currents. These color-bands will be found to maintain their 
courses independent of all other strnctures, and when they are 
not parallel with the schistose structure or with the slaty cleavage, 
the schistic structure and the cleavage will be seen to take on 
varying characters from layer to layer, as they cross the sedimen
tary beds. In general, the slaty cleavage (as well as the schistose 
structure) ceases, or becomes less and less evident, on entering 
the coarser beds. Indeed it appears to be a general principle that 
slaty cleavage only occurs in clastic beds of very fine grain. Clas
tic. beds that have great uniformity, through great thicknesses, 
both in composition and in fineness of grain, when subjected to 
great pressure in two or more directions, and especially if a shear
ing movement be produced in the mass, take on a schistose struc-

*N o. 1, of the figure on page 16. 
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ture (2). This consists in an initial production of slaty cleavage in 
two or more directions, cutting the rock into rhomboidal masses of 
greater or less fineness. These rhombs may then be more and 
more elongated in /I. uniform direction. all the constituent grains 
suffering a slight disturbance and sometimes fracturing in situ, 
some of the finer grains or fragments streaming out into tails in 
the lea of the coarser grains. When the stretching is extreme 
there is apparent a pseudo-streamed structure, and even a close 
pseudo-basaltic jointage, which gives the apparently once plastic 
mass a great resemblance to true irruptiVE:! (plutonic) rock. This 
dynamic action results at first, of course, only in a partial destruc
tion of the integrity of the rock, and of its embraced mineral grains, 
and so far as it ceases before sufficient heat is produced or con
centrated to reconstruct the minerals, it is entirely a degradational 
process, and fits the rocks so affected. better for the destructive 
action of the elements. A very great difference is observable in 
those cases in which the shearing movements were sufficiently in
tense to cause fusion, or to cause a reconstruction in part or in 
whole, of the minerals of the rock. (3) This, however, is a phase of 
the subject which will have to be considered separately. I desire 
here only to call attention to one important fact, which distin
guishes the schistose structure, and slaty cleavage, wherever pro
duced in massive rocks, from the sedimentary structure already de. 
scribed, viz: There is no transference of the constituent grains 
across the structure, and no selection of the coarser or of the more 
siliceous portions and the arrangement of them in separate and 
continuous bands or sheets that show any parallelism like that of 
sedimentation. Indeed when the two structures are seen to cross 
each other, they are always very different, and they are invariably 
contrasted in this particular. As these three structures-or more 
correctly these two, since schistosity is an extreme and confused 
development of cleavage-have so widely different origins, and can 
be distinguished by so obvious a character, no competent observer 
ought to confound them, and in the choice of terms he ought al. 
ways to 1 estrict each to its proper object. 

These two structures are both found in nearly all the crystalline 
terranes, the only exceptions being those rocks which are plainly 
the result of cooling from fusion (4), which constitute only a subor. 
dinate part. The schistose structure, in some form, pervades all 
the Archean complex, including also the irruptive rocks, although 
it is plain that its origin in the irruptive rocks which have invaded 
the fragmental, is of later date and its development necessarily 
less perfect, than in the fragmentals themselves. It here takes on 

• 
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the form,sometimes,which is more frequently denominated gneissic, 
8S it is found in some of the crystalline massive!? Reference is 
not made here to a true intersheeted,sedimentary structure(I}, such 
as characterizes the mica hornblendic schists and the gneisses into 
which they gradually pass-sedimentary rocks re-crystallized in 
sitn- but to a homogeneous, or nearly homogeneous, acid rock, 
evidently the result of crystallization from a molten or plastic con
dition, classed 8S granite or syenite ordinarily, or as simply gneifls, 
in which there is a roughly parallel structure in the mass, caused 
hy the elongation of the mineral crystals all in the same direction( 5). 
This is a very feeble "schistose" structure, and ought to be sepa
rated from the term entirely, as it is due a.pparently to another 
cause. viz.: Ii. slight fluxion in the mass while the crystals were 
forming. Again, the granites carry this "gneissic" structure to a 
still greater development. and it is apparently some form of the 
same which is seen in a kind of foliation (6) by which they are sepa
rable into irregular layers or sheets from an inch to three cr four 
inches thick. This foliation differs from the gneissic structure 
already described, in having a bedded rifting, which becomes con
spicuous on weathering and which embraces large areas in a com
mon strike and dip-while at the same time the layering is not 
attributable to sedimentation. of which it does not show the char
acteristic color-bands, and the peculiar intergradations of coarse
ness and fineness. This higher development of the gneissic • 
structure may be attributed at present to successive applications 
of heat at different temperatures or to fluidal flowage while the 
mass was molten or plastic, although it has been taken very largely 
to be the remains of an original sedimentary structure. Its cause 
is still problematic. 

In respect to the diabasic or ophitic structure in basic eruptive 
rocks, when it is well exhibited there are perfectly formed, lath
shaped plagioclase crystals disseminated among the imperfectly 
formed other crystals of the ground mass. This structure rarely 
appears in the granitoid acid rocks. When it does, porphyritic 
crystals of orthoclase with idiom orphic outlines, are surrounded 
either by a micro-pegmatite of quartz and feldspar or by a finer 
crystallization of all the regular minerals that constitute the rock. 
In either class of rocks this structure is considered one of the 
surest evidences of the igneous origin of the rock. The amygda
loidal structure, which is produced by superficial cooling, is also 
one of the original characters of igneous rocks. although there is 
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produced in sedimentary strata* sometimes, when intensely affected 
by heat and pressure, but not reaching fusion, a spottedness, and 
even a partial vesicularization in which certain minerals are segre
gated, which strongJy resembles the true amydaloidal structure of 
igneous rocks. 

1£ the foregoing principles be applied to the various forms of 
structure, and the terms as defined above be employed to express 
them, there might be constructed a tabulated embodiment of this 
terminology which would take the form seen on p. 17. In this table 
the usual characters due to weathering and final disintpgration, 
and to kaolinization, are not included. The table is designed only 
to express those structures, both original and secondary, which the 
Archean sedimentary and igneous rocks are found to assume in 
the field, and to ascribe to each structure its cause, and some of 
its relations to other structures. 

FIG. 1. STRUOTURE OF ORYSTALLINES ROOKS. 
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* Parker Oleaveland stated in 1822 that the amygdaloidal structure is sometimes 
seen in bedded and clayey rocks, or "indurated fe,rruginous clay." "An elementary 
treatise on nJinel'alog.v and geology."-Vol. ii, p. 753. 



'l'ABLE OF ORIGINAL AND ACQUIRED ROOK STRUCl'U1:~ES. 

~ SEDI:!I'lENTAgy I CAUSES. I ltEMARKS. 

ROCI;:S. 

Original. 

Acquired. 

lONEOUS EOeRt;. 

Original. 

Acq uired. 

METAMOIWIIIC 

Stratification. 
( 1) Color-banding and graduations in 

kind and size of grain across the 
bands. . 

Sed imenta tion. 

( 2) Slaty-cleavage: The grains 11attened Pressure in one di-
in the same direction. rection. 

( 3) Schistosity. Thegrains elongated in Pressure in two or 
the same direction. more directions. 

( 4) Bedded Gneiss. Reconstructed crys- Deep-seated hydro-
talization, in situ. thermal agents. 

( 5) Fusion and displacement; crystal- Heat and shearing 
lization. Attyen-gneiss. pressure. 

( 6) G1'Ctnitic~--HomogeneousIY massive. Nurmal andUniform 
cooling. 

( 7) PorphYJ'itic. (Acid and basic roeks) Two consolidations. 

When tbe grains are not of quartz they are 
blurred hy decay. Crystal outlines not 
perfeet. 

This is usually simple compression. 

May he aceompanied by shearing. No.2, or 
fig. 1. 

When fused this roek becomes igneous (acid) 
No.1, of fig. 1. 

This is strietly then an igneous rock. No.3, 
of fig. 1. 

Applicable to both basic and acid roeks. 
No.4, of fig. 1. 

( 8) Ophitic. (Basic rocks.) 
( 9) Amygdaloidal. 

Earlier erystals idiomorphie. In acid rocks, 
quartz and orthoelase. 

Two consolidations. i Plagioclase erystals idiomorphic. 

(10) Gne·issic. Uniform elongation of 
the mineral grains. 

(11) Schistosity. 

(12) Foliation. Regular parting-planes 
in massive rocks; slight forma
tion of mica along the partings. 

(13) Folintion aHa Augen-gneiss. 

Rapid cooling; gener- Later formation of zeolites, calCite, ete. 
ally at the surfaee. 

Fluxion at time of The rock remains massive-i. e. not foliated. 
consolidation. Massive gneiss. No.5, of fig. 1. 

Shearing pressure. Perhaps eaused abo by multiple eleavage. 
No.2, of fig. 1. 

Cause uneertain. Perhaps alterations of heat at ditIerent de-

Shearing after eOD
solidation. 

grees. Foliated gneiss. Jointage is not 
here inelucled. :N o. 6, of fig. 1. 

Sedimentary "foliation" is not here inelud
ed. Fuliated gneiss. No.3, of fig. 1. 

ROCKS. Reconstructed crystallization in sUn; may show any of the aequired characters of sedimentary and some of 
Acquired 

Charaeters. those of igneous roeks. 
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In what follows we shall employ these terms as here defined. 
We must insist on the actuality and the validity of both of these 
characteristic structures as they appear in their original rocks, 
i. e. on a sedimentary structure and on an igneous structure~ 
because it is impossible to deny the existence of either, and 
wherever these contradictory structures appear to exist cotempo
raneously in the same rock-mass, we shall try to find some means of 
recoDciling the contradiction, or to show that the supposed exist
ence of both is due to either an incorrect initial underlying phil
osophy, or to mistaken observ&.tion. 

COMPARATIVE VALUE OF MICROSCOPIC AND FIELD EVIDENCE. 

There is an essential difference between the· evidence de
rivable from the microscope and that which comes from the 
study of the rocks in the field. At fir&t glance it would seem that 
there could be no misunderstanding of the nature and relations of 
this different evidence, but here is where one of the fundamental 
errors has been committed. It is in the nature of the problem 
involved in the study of the complicated structures and relations 
of s:>me of the Archean rocks, that the difference between the 
microscopic evidence and that derived from their macro-structure 
shall gradually fade out, and that one or the other shall usurp the 
whole field. This has already been alluded to. It is plain, 
therefore, that the two investigators, one following microscopic 
and thfl other field evidence, on a certain line of observation, would 
certainly reach a point, where, in respect to a certain structure, or 
a certain rock. mass, they would be at point-blank disagreement. 
'Ihat is, to the question: Is this a sedimentary rock? One would 
answer yes, and the other would answer no. It is in such a case 
as this that there is need of examining into the underlying prin
ciples through which these different results may have been 
reached. 

It should be observed, at the outset, that the microscope takes 
cognizance of the intimate structure of the rock. Of itself it 
cannot observe the macro· structure. nor know anything about it. 
lt cannot of itself take note of stratification nor of schistosity nor 
foliation. These are objects for the student of field relations, i. e., 
as to their existence or non-existence. On the other hand, the 
field observer, of equal capacity and veracity, takes no notice of 
the intimate structure-or only so far as the unaided eye can 
detect it-and derives his conclusions from characters which are 
obvious. In each line of observation, the experienced observer, or 
the specialist in the microscopic phenomena studi.ed, should be 
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allowed to have his own way. His determination of the questions 
arising within the normal sphere of his observation should be 
allowed to stand. It is only when one or the other transgresses 
the limits of his specialty that his conclusions may be questioned 
in case of conflict. If the field-observer extf\nds his theories of 
sedimentary structures, either original or modified, beyond the 
limits of actual observation, in contravention of the conclusions of 
the microscopist, his theories must give way to those of the 
microscopist. If the microscopist extend his theories beyond 
the limits of bis domaill, and attempts to draw conclusions as to 
megascopic characters, or physical structure, in contravention of 
the determinations of the field-geologist, he is equally outside of 
his legitimate sphere, and his results cannot stand against those 
of the field-observer. This is not intended to shut out any 
individual geologist from exercising the right to employ any and 
all lines of research for the solution of all the problems that he 
has to solve. It is only intended to call attention to the different 
spheres and qualities of the clifferent kinds of evidence, whether 
these kinds and spheres be in the hands of different geologists, or 
both in the hands of the same geologist. Indeed it is the individ
ual geologist, generally, who handles both these sorts of evidence, 
who is driven to weigh them carefully and to separate between 
them when they collide. It is for the satisfaction of the individ
ual geologist that this contradictory testimony must be examined 
into, and each given its legitimate weight. 

Now the existence of a sedimentary structure in a rock is one of 
those outward, megascopic characters which the field-geologist 
only can be allowed to pronounce upon with authority. The 
structure itself in any normal case is so evident that none will 
doubt its existence-the doubt that ari'3es in any special case is 
that of its genesis, and hence whether the case in hand be a true 
sedimentary structure. The field-geologist can perchance trace 
the structure back by degrees to rocks that show it in nnquestion
able perff\ction. He cannot deny the testimony of his senses. The 
microscopist, on the other hand, may hltve followed his minute 
characters with equal assurance till they have been traced into 
this banded rock and he now affirms that this is not a true sedi
mentary structure, but is one produced on originally irruptive rock 
by secondary causes, such as pressure, shearing or brecciation in 
parallel lines, followad by substitution of greater amounts of 
quartz along the planes of brecciation. That there are cases of 
such contrariety of opinion there is no question among the geolo
gists who have worked among the cryti talline rocks. We presume 
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here a case in which the observers are both competent and relia
ble, and whose veracity find judgment no one would willingly call 
in question. It is evident, however, that one or the other is 
wrong. It is the desideratum here to determine which is correct. 
It would seem to be a fair adjustment, other things being equal, 
to allow each observer in his own special field to have his own 
way. It is pertinent then to inqnire whether the field-geologist or 
the microscopist is here trespassing beyond the limits of his legit
imate field, and usurping functions that do not belong to him. 
The grand structures of a rock-mass are observable and compre
hensible by all observers, and they cannot be misnamed, nor can 
their significance be reversed by anyone. They cover and precede 
all minuter inspection by the microscope. They cannot be denied 
by the microscope. If the microscopist by a laborious course of 
observation and speculation reaches a conclusion that contravenes 
the conclusions correctly based upon the grand rock structures, the 
microscopic conclusions must give way or must be amended so as to 
agree with the truth, which is evident to everyone or which is the 
result of study of patent facts correctly interpreted. In the same 
manner sometimes the paleontologist exalts his results above those 
of the student of physical structure and denies some of the most 
obvious truths of geological succession. He forgets that paleon
tology is nothing unless it be preceded by stratigraphy, and that 
unless there be a predetermined order of succession in rock masses, 
his paleontological results could not be arranged as historical 
data. In the same manner that stratigraphy involves and governs 
paleontological reasoning, so does the macro-physical structure of 
crystalline rocks govern and involve the study of their micro
structure. 

Now let us take a concrete case. Unfortunately the differences 
which formerly separated the plutonist from the neptunist have 
not been reduced materially by concession and by demonstration 
of error, on one side or the other, to any limited group of rocks. 
Therefore we may take our concrete example from the so· called 
greenstonea, which is a class which exists in nearly all parts of the 
world wh8re the Archean rocks prevail. We will choose a rock 
which manifests one of the structures whose origin is in dispute 
between the microscopist and the physicist, viz: 

1. ACCORDING TO THE MICROSCOPIST. 

A rock alternately schistose and massive; the schistose sheets 
being much more broken and decayed, in their granular structure, 
than the massive sheets, and having a distinct parallelism in the 
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direction of the constituent grains, with the ophitic structure com
pletely lost; the massive sheets being of more perfect and evident 
crystalline integrity, and having the schiEtose arrangement seen in 
the granular condition of the schistose sheets only faintly observ
able, while thare is preserved, with more or less distinctness, an 
occasional trace of the ophitic structure. These features, as 
they alternate, produce on the surface of the rock a parallel band
ing resembling stratification bands. 

2. ACCORDING TO THE FIELD-OBSERVER. 

A stratified greenstone, alternately striped by bands of lighter 
alid darker green. The schistose eharacter, which sometimes is 
rather a slaty cleavage, is more evident in the finer beds than in 
the coarser ones, or wholly did appears in the latter. It does not 
agree in direction with the course of the stratification bands, but 
crosses them at an acute angle which angle vanishes as the finer 
beds grade into the coarser, also changing a little in direction so 
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as to approach nearer pe~'pendiculal'ity to the grand bedding
showing apparently a shearing pressure to have been its cause. 

,ISrbist"se (Iiabase 

(,---------

The structures here referred to are illustrated by the above 
figures, which are taken from bulletin No. 62, of the U. S. Geol. 
survey (Williams), where they are referred to dynamic metamor
phism and are said to be in no way dependent on sedimentation. 
These figures could be repeated many times in the comse of a 
brief examination in the field. These cases present the issues 
fairly. It remains to be decided whether the testimony of the 
student who relies on his microscope, and starts out with the 
idea of subordinating his facts to the answers it may give, or that 
of the field-observer, who only studies the grander structures and 
has a predisposition to explain such as the foregoing by referring 
them to sedimentation, shall here be received with the greater 
credence. 

THE PHILOSOPHY OF DYNAMIC METAMORPHISM. 

It has been stated already that the term metamorphism is ap
plicable to these rocks whose constituent grains have been recon
structed by a second crystallization by the action of heat, pressure 
and moisture, a process the reverse of weathering, by which 
mineral grains undergo a degradational change. But the term" dy
namic metamorphism" has been applied extensively to a set of 
changes that do not fall within the meaning of metamorphism as 
thus defined. It has been employed to explain the structures seen 
in the greenstones, such as schistosity, color-banding, foliation, 
and also all those minute imperfections in form, and the chemical 
transitions that the minerals of the greenstones exhibit. Horn
blende wholly or partly converted to chlorite, is a degradational 
change. Saussuritization, a decay in a pi agio close . feldspar, is a 
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de gradational change. Augite converted to hornblende is a step 
toward ultimate disintegration and decay; ilmenite changed to 
leucoxene, or to sphene, is on the road to decomposition and loss. 
Orthoclose kaolinized is ready to disappear on the approach of the 
feeblest physical disturbance. These alterations, all of which 
in other rock-masses are attributable without question by anyone 
to weathering and destructive agents, are assigned, as stated by 
some microscopists, to "dynamic metamorphism," which therefore 
would be a metamorphism in the opposite direction from that 
which is usually understJod by the term. There is no inherent 
valid objection to the use of the term in this sense, so long as it is 
dearly understood what kind of a change is meant by it. The 
most important point to be considered in the application of the 
term, is whether the assumed cause, if it should be found to have 
operated, could produce the effects which are seen, and whether it 
is the only cause which could produce those effects. The forces of 
dynamic metamorphism as defined and applied are wholly me
chanical and then chemical. Heat and moisture are not included. 
Shearing pressure, direct pressure, stretching and fracture are all 
appealed to. 

There seems, however, to be an ct pn'ori inconsistency in suppos_ 
ing that mechanical force can be applied in sufficient intensity to 
crush or partly crush a r00k-mass and yet not to produce a per
ceptible degree of heat. And there is much room to doubt the 
possibility of such crushing in any natural rock-mass within the 
super crust, without the presence of moisture. While it is appar
ent on every hand that great deformations have taken place under 
the action of mechanical forces, producing upheaval, stretching, 
faulting, brecciation, cleavage and schistosity, it is equally appar
ent that where these changes have taken place in their greatest 
intensity the rocks have been fused and recrystallized; many ex
amples could be given. Hence it is evident that where these forces 
have acted to produce less mechanical deformation, there was a 
smaller amount of developed heat, but not an absence of it. If me_ 
chanical force be applied therefore to a rock-mass, with shearing 
friction so as to disturb the grains in respect to each otller or to 
crush some of them, the inevitable effect of the heat which i~ gen
erated thereby is not a degradational one, but a reconstructive one, 
and, aside from the more easy weathering that might be a conse
quence when such rocks were exposed locally to the action of the 
elements, the crystal grains would be strengthened in their chemi
cal bonds, and perhaps built out afresh in their natural contours. 
If a degradational change be generally observed throughout the 
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intel'ior of such rocks, it is unreasonable to attribute it to mechani
cal force per se operating to break the grains. It must be ex
plained by appealing to some other cause. 

Again, the philosophy of dynamic metamorphism, if not at fault 
fundamentally, must explain a singular anomaly. The greenstones 
as a body everywhere are younger than the crystalline schists as a 
body, but they grade into each other imperceptibly, passing 
through the intermediate stages of sericitic schists and graywackes. 
The greenstones and their appendages, the chloritic schists, must 
have shared in no mechanical transformations to which the under
lying crystalline schists were a stranger. It would be a physical 
impossibility to subject the overlying schists as a body to dynamic 
metamorphism, (pressure, shearing and crushing) without includ
ing the lower schists, and if the forces of dynamic metamorphism 
be accountable for the semi· decayed condition of the "greenstones," 
why was not that change wrought also in the crystalline schists? 
On the contrary the crystalline schists, normally, are fully and 
perfectly crystalline still-as perfectly crystalline as any granite 
or gneiEs, only differing frOID the great mass of the Archean gneiss 
in physical structure, or in the relative amounts of the contained 
minerals, 

THE ANOllfALOUS OHARACTERS OF THE GREENSTONES AND THE 

GREEN SOHISTS. 

No thoughtful student of the crystalline rocks can fail to note, 
as long since claimed by T. Sterry Hunt, an order of succession in 
the relative abundance of certain minerals that constitute the 
Archean rock-masses. He hence also notes an mdpr of succession 
of kinds of rocks. In Minnesota this order has been found to be 
the same as that worked out in Saxony, Italy, western France, 
Scandinavia and Great Britain. The same succession has been 
published by Lawson for the crystalline rocks of Manitoba. In 
each case there is a body of greenstones, associated with chloritic 
and sericitic schists, which forms the summit of the Archean ter
rances. In other words, it has been found that there is, first, a 
great series of acidic crystalline granites and gneisses at the bot 
tom, these sometimes exhibiting unmistakable. evidence of fusion 
and displacement among later bedded schists, and hence locally 
overlying the schists. These thoroughly crystalline rocks are 
followed by a series of equally crystalline schists which contain 
much mica and hornblende, and vary from acidic to basic. In the 
upper portions of these, which are here distinctively called 
"crystalline schists," there is an increasing amount of non-crystal-· 
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line, or semi-crystalline, matters, and here the detritus has been 
found to consist very largely of unmistakable volcanic tuffs, inter
mingled minutely with chemically precipitated silica. Somewhat 
higher, but connected by a series ot conformable gradations, both 
stratigraphic and petrographic, are the greenstones and chloritic 
schists. So far as known these constitute the highest portion of 
the pre-Taconic complex. As a grand division of the Archean they 
approach nearest of all the Archean rocks in their mineralogic 
characters,' as well as in their physical structures, to the well
known characters of basic eruptives. It is a remarkable fact 
that the first detrital depositions of the Taconic sea, which lie un
conformable above these greenstones and chloritic schists, and 
which extend further back and also overlap in the same manner the 
crystalline schists and the older gneisses, are highly acidic nor· 
mally, although affected locally by debris referable directly to the 
rock underlying or to volcanic tuffs. It appears, therefore, that 
the greenstones are interposed with their anomalous mineral 
characters, chronologically between two epochs whose rock-forma
tions were dominated by more acidic characters. It appears also 
that on the lower side there is a gradual transition from the oldest 
acidic into this highly basic, but that on the upper side the trans
ition is abrupt from the highly basic to the highly acidic accom
panied by a widespread, pronounced nnconformity of stratigraphy. 
It is this general semblance of the greenstones, as a body, and the 
identity of some portions of them actually, with well. known 
characters of eruptive diabases, which furuishes the most evident 
and powerful argument for their derivation from true irruptives 
through a series of long-continued so-called "dynamic" changes, 
and which is the chief obstacle to the neptunist in his attempt to 
assign them to an aqueous origin. 

There is a great significance in this anomalous mineralogical 
character of the Kawishiwin phase of the Keewatin, and in the 
nature of the transitions to it from above and below. In gem'ral 
it points to a gradually increasing force in that agent, whatev'er it 
was, which gave origin to the "greenstone" element of the Keewa
tin, and to a rather sudden culmination and cessation. It furtLer 
points to such a shrinkage of the bulk of the earth's land surface, 
compared with that of the water area, that the ocean's water!; pre
vailed over large areas which had before been dry. 

THE NATURE OF THE CAUSES WHICH GAVE ORIGIN TO THE CRYS

T ALLINE ROCKS. 

It has been customary to speak of the crystalline rocks as a unit, 
and to refer their existence to the operation of a single force. In 
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a broad sense it may be legitimate to refer them to one cause--the 
refrigeration of the earth-or to the action of gravitation in its 
specializations-but as geologists we are bound to inquire more 
closely. So long as we knew of no widespread, or even local, serial 
succession in these rocks we could but speculate on them as a 
whole. But since now they may be differentiated into groups hav
ing marked distinguishing characteristics, it is incumbent on us 
to find a cause for each group. In has been one of the striking 
facts in the history of geology that geologists have specialized 
more and more, in their ocservations, and have been cumpelled to 
separate their generalizations into several parts, applying only a 
part of their former ideas to some special phenomena, and being 
compelled to recognize new principles in order to explain the rest. 
There is, however, one great feature which binds the Archean 
rocks into one great group, and which indicates thai they have 
shared in one sense in a common history. They have been up
heaved and pressed together in sharp folds 80 that now they pre
sent everywhere in Minnesota (and t~.:e same is true of the whole 
Northwest and for Oanada) their truncated edges vertically, or 
nearly vertically, to the observer. After this upheaval and trun
cation they were submerged beneath the Taconic ocean-at least 
the Taconic strata now lie, in attitude sometimes horizontal, uncon
formable upon them, presenting one of the most notable and wide
spread instances of unconformity of stratigraphy,and one of the most 
remarkable changes in lithological characters. In the sense then of 
constituting a "floor" on which the admittedly clastic strata repose, 
those rocks may be classed as a unit. and may be said to occupy a 
single period in the earth's geognosy entirely unique and separate 
from all the other periods. Yet when we look at the series by itself we 
soon see that there is no other equal amount of rock-material in the 
purview of the science of geology which presents so numerous and 
so great contrasts of composition, and yet which presents a greater 
persistence in the orderly succession of its main parts. We are 
force'd therefore to note, as the fiTSi element in the nature of the 

. forces that evolved the crystalline rocks, that they were not local 
in their extent, but were apparently world-wide, and as such suc
ceeded each other in their operation. 

Secondly. Although there is a profound stratigraphic break be
tween the Taconic and the uppermost member of the "Archean 
floor," yet it is plain, by the existence within the Taconic of rocks 
of the same nature as those of tile "greenstone" stage of the Kee
watin, that the close of the Archean did not witness the suppression 
of the characteristic forces of the Keewatin. Those forces (plainly 
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those which gave origin to basic eruptive materials) simply waned 
after the Taconic began, and finally ceased to have any marked ef
fect on the clastic sediments. 

Thirdlv. As the banding and schistosity, and the elevatory 
movements which gave the Archean rocks their present position 
and trend, forming certaiu geographic areas, all of which took 
place in Archean time, have a general parallelism with the strike 
and the areal increments of the Taconic rocks in their present dis
tribution at the surface, there was a continuation of the Archean 
genetic forces into the Taconic-i. e., those forces which give rocks 
their elevation and strike, and a persistent order of growth to 
continents. 

Fourth. The order of succession already mentioned from the 
volcanic Keewatin, giving birth to its basic debris, downward with 
a gradual, and not a sudden transition, to the acidic gneisses, shows 
a very gradual waning of the eruptive forces in descending order, 
and points to some othe~ force than eruption for the origination of 
the basal Laurentian gneisses. 

As the primarily eruptive basic tuffs of the Keewatin, dis
tributedlike sediments in the Keewatin sea, assume some character_ 
istic new mineralogic features on passing confurmably into the 
"crystalline schists" below, there is proof (fifth) that the deeper
seated portions of these schists have undergone some later transfor
mation which the upper portions did not experience, and that, there
fore they have been acted ~pon by some reconstructing agents whose 
seat and source are from below. As this force had a similar effect 
on the acidic portions of the Keewatin, when associated with the 
basic, and as these acidic elements gradually become per decensum 
the acidic elements of the mica-hornblendic schists, and finally, 
increasing over the basic, become the characteristic element of the 
gneisses, we can trace the continuation of a force or forces from 
the Keewatin back into the Laurentian, such not only that they 
could give origin to the common acidic element, but could later 
transform it into the acidic crystalline gneisses. 

It is necessary, therefore, to recognize various forces concerned 
in the production of the elements and the crystalline structures of 
the basal rocks. and it is necessary further to allow them to act in 
a sort of succession. As to the nature of the materials, however, 
they litre primarily reducible to two kinds-very acidic and very 
basic, standing at the extremes of the stratigraphic order. Every
thing between consists of gradations, stratigraphically conformable, 
between these two. The eruptive force which was most powerful 
ill the production of these basic rocks at the clo&e of the Archean 
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scarcely acted at all at the beginning, or at least it left no records, 
and that force which transformed the lower materials into crystal
line formEl was different from and acted'later than those which 
gave them origin. It is necessary also to account for a sudden 
cessation, or at least a remarkable reduction in the activity of vol
canic forces just before the opening of the Taconic, and for that 
universal crumpling and almost vertical attitude which the Archean 
strata exhibit. 



II. 

IN 1890. 

Northern Pacific ..Junction. Slate quarries 0/ Dietz and Du
gem; about three miles north of N. P. Junction, Oct. 16. Calca
reous but soft, rusty lumps appear here in the same manner as at 
N. P. Junction, and at the falls of the Vermilion, northwest from 
Sudbury in Ontario, furniElhing a strong lithological bond of idenity 
of age. These lumps were first noticed here by Dr. T. Sterry Hunt, 
on occasion of an excursion of the American Association for the 
Advancement of Science, from Minneapolis, in 1883. These cal
careous lumps lire of dark gray color within, approximating the 
color of the slates, but they are granular and crystalline. They 
decay superficially and become spongy, acquiring a darker shade. 
(Compare rock samples 1591, 1607 and 1616.) 

The slate extends at least to Cloquet, and is all of the same 
formation, at least from the quarry of Dietz and Dugan. It dips 
ill opposite directions, showing several great anticlinals, the in
clination being frequently 75° __ 90°, and rarely less than 50°. This 
refers not to the cleavage, which traverses the sedimentation, but 
to the sedimentary bedding. The general color, when fresh, is 
purplish-black, but on weathering this varies from gray to green
ish-gray, with fleckings of lighter, this lighter flecking appearing 
where the rock is of coarser grain. The calcareous lumps extend 
all the way to Cloquet. 

N. P. Jnnction. Oct. 17. I have looked over this formation with 
a. view of learning certainly whether it be of the Taconic or the 
Keewatin. I had rather expected to see some resemLlance to the 
Keewatin, on looking it all over, but 80 far as the west side of the 
river is concerned, I do not think I can say I have seen any Kee.:. 
watin. There are some portions of the Keewatin that resemble 
this rock, but so far as I have ever observed they are a very small 
and unimportant part, and are associated with lithological features 
on which they depend, which are wanting here. This is nearly all 
a true slate, with a cleavage oblique to the bedding, though in two 
inslances I saw them coincident. The slate is not all suitahle for 
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economic purposes as roofing slate, but much of it is-i. e. so far 
as the quality ani the grain of the rock is concerned. \ It is much 
Jointed, and that fact may interfere with the practical develop
ment of slate in a profituble industry. This rock in general pos
sesses a samene3S of lithological character over large areas, and in 
this respect contrasts with the Keewatin which usually is much 
more cbangeable. It also possesses everywhere a distinct fresh 
sedimentary structure with ripple and other water marks. Another 
feature that allies it with the Taconic is the prevalence of those 
dark calcareous lumps or secretions. These are the same that 
Drs. Hunt and Dawson supposed to contain traces of a keratose 
sponge, and which Dr. Selwyn pointed out as "snow-shoe tracks" 
-so-called by the Indians-whele their weathered contour-forms 
appear on the slates at the Vermilion river in the region northwest 
from Sudbury, Ontario. On the exposed surfaces these masses 
are dark brown and soft, from decay, and often present, when not 
subjected to friction at the same time, a suggestive resemblance to 
a semi-vesicular structure, the preserved mesh or net work that 
stands out beyond the softer parts being due to some trace of a 
more siliceous matrix. When these lumps are fresh they are gray, 
crystalline, apparently consisting essentially of lime, in which, in 
some parts, the sm!111 crystals of calcite are visible in compacted mar
morized structure. But there is also a layered, concentric, rather 
coarse structure reminding one of Cryptozoon, across which perpen
dicularly there is a transverse jointage, or very fine "basaltic" disin
tegration. This perpendicular transverse disintegration is best 
characterized, as far as observed, in a layer that is nearest the out
side, involving a thickness of about one inch. These limestone 
masses are in the midst of the finest-grained slate, and extend, 
with more or less frequency, from the N. P. Junction, where they 
were first seen in 1883, to Knife Falls (Cloquet), indicating that 
this is all of one formation, and allying it with the slate seen on 
the Vermilion river in Canada. They also seem to answer to some 
of the limestone "lentilles" which have been described by Mr. 
Marcou in the Taconic slates in Vermont. After considerable 
search, however, it has not yet been possible to say these masses 
are fossiliferous at this place. These limestone masses, broken 
and erratic as they appear, may be the remaining trace of the gray 
limestones of the Animikie at Thunder bay and at Gunflint lake. 
It may be that under other circumstances, and in other places, 
they would be tound to increase, so as to become more continuous, 
and constitute limestone beds like those seen on the north side of 
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Gunflint lake. In every respect, so far as color, structure, compo
sition and tendency to decomposition, as well as associated rock
strata can indicate it, these are the same as those. 

As between this slate and that seen at the crossing of the Ver
milion river, northwest from Sudbury, there is a perfect correspond
ence, and there can be no question of idenity of stratigraphy. B ere 
the tracing to the Taconic, through the parallelization by Irving 
and others, of the OIiginal Huronian with the Animikie is more un
broken, though more circuitous. The above notes pertain to the 
rocks seen on the west side of the river at N. P. Junction. 

Northern Pacific Junction, Oct. 17, 1890. After writing tl: e 
foregoing a re-examination was made of the prominent ridges of 
slate immediately at and east of the depot, but still west of the 
river, north of the railroad track. Here the first thing noticed was 
the manner of distribution of these limestone masses. There is a 
plain confirmation of the idea that they are the analogue of the 
limestone layers of the Gunflint region. Not only are they num
erous, varying in size from a peck measure to a walnut, but they 
run in belts coincident with the sedimentary structure, and in ona 
instance they make a continuous layer, somewhat nodular, that ex
tends for 33 feet at least, and maintains a thickness of about two 
inches, but vanishes toward the east. The layer is marked by a 
rusty surface coating which is nothing but the rusty oxidation seen 
on such rock at Gunflint lake. As limestone it is not pure, but very 
firm, gray and slate-colored. Except for its weathering out rap
idly it could hardly be distinguished on the rock surface. It makes 
numerous elongated, lenticular holes over the surface, the origin 
and significance of which were not noted in any previous visit to 
this locality. 

Besides the old Thompson test of the slates, the test of the St. 
Paul and Duluth R. R., about two miles souih of Oloquet, and the 
recent one of Dietz and Dugan, there is now being made what will 
be a most thorough test by the O. E. Nelson Lumber Oompany, of 
Cloquet, at about a mile and a half south of Knife Falls. It is 
near the railroad, where an east and west ravine crosses it. The 
plan is to make at first a shaft about 75 or 100 feet in depth for the 
purpose of proving the character of the rock at that depth below 
the surface. 

On the east side of the river the graphite locality, mentioned by 
Schoolcraft, is on n e -t' n e -t, sec 31, lot I, about 4 miles north of 
Thomson, near the river, and near a creek, which enters the river. 
It is now owned by H. H. Hawkins, O. d'Autremont Jr. and D. V. 
Scott. The vein in which graphite is found is about 12 inches 
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wide. It amounts to but little. Some work has been done re
cently on the vein, the resulting excavation being about 20 feet 
deep. The vein itself is one of quartz, cuttiug the slates, and has 
much associated plumbaginous matter. Recent work was of no 
avail to show its importance. The formation here looks like the 
rock westward from Pigeon point on the international boundary. 

A little below (but nearly opposite) the foot of the large island 
which is GPposite the graphite locality, is a basic dyke abont 25 
feet wide, coming in dia.gonally across the river bank. It rnns 
north 10° east, and is coarse-grained in general, but fine-grained 
at the side, having basaltified and hardened the slates. This may 
be in extension of a great dyke noted on the west side of the river 
some years ago not far from the slaty Fortress island. 

The river roars with rapids much of the way, and at 1 of a mile 
further south there is a fall of about six feet. At about two miles 
north from Thomson is a massive, light-weathering but gritty, 
rather coarse-grained stratum in this formation; and this also con
tains the rusty calcareous masses noticed in the fine-grained slates. 
This calcareous mass could hardly be distinguished from the rock 
in which it is embraced except for the rusty spot which it causes 
on the weathered snrface (1616). 

Apparently the old portage trail runs along near here, near the 
river, from Fond du Lac to Knife Falls. I imagined I put my foot 
in the same niches over the rock ridges that Schoolcraft, Hough
ton and Boutwell stepped on, and where thousands of furriers and 

. Indians have stepped for more than 200 years on their trips from 
Winnipeg to Montreal. 

The first rock-cut in gabbro, east of Thomson, is a short 1- mile 
east of Short Line Park station, where the "Duluth deep well" was 
drilled about 1700 feet in search for gas. (See Bulletin No.5). 
This is the station for old Fond du Lac, and a number of Indians 
here leave the train, with some half breeds, for that old town. 
They asserted that the old trail from Fond du Lac runs about four 
miles further east than where the graphite locality is known near 
the riVflJ;', crossing the railroad (short line) at about one mile west 
of the Short Line Park station. This gabbro is like that at Rice's 
point, and the spur runs southwest from the main belt. There are 
also several other spurs further east. From this cut rises toward 
the east and northeast a marked precipitous range of gabbro. The 
track hugs the foot of this range with occasional cuts, until it has 
passed the head of a deep ravine, and then swings south to pass 
another spur, with several gabbro cuts further east as it descends 
to the terrace flats of the St. Louis river. 
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At the station called Sargent, a short distance east of Duluth, 
the usual "trap" of the region underlies the surface at the depth 
of a few feet. The excavations for water works are principally in 
red clay, but frequently encounter this rock, which is there well 
exposed by the blasting and cutting. It is reddish-brown, and in 
some places amygdaloidal with calcite, and at the same time has 
disseminated fine red crystals of some feldspar. On some favora
ble fractures this feldspar has the form of twinned tablets of some 
plagioclase, but generally it is not evidently twinned, but so 
crowded and compressed that no cleavage can be characterized, 
though evidently a cleavable mineral. It apparently also is dis
seminated in finer forms throughout the mass of the trap. 'rhe 
rock therefore is sparingly porphyritic, and conspicuously and 
coarsely amygdaloidal with calcite. 1615 is the above rock. 

[NOTE. Most of the field notes of 1890 were incorporated in the re
port on the "Iron Ores of Minnesota," Bulletin VI, 1891. See also the 
accompanying list of rock samplesl 

ADDITIONAL ROCK SAMPLES NF~lBERED. 
[TO ILLUSTRATE NOTES OF N. H. WINCHELL], 

IN 1890. 

1607. Calcar~ous, soft, rusty lumps. Dietz and Dugan's slate 
quarries, about three miles above N. P. Junction. (See also 1616.) 

1608. From near the old saw mill, a short distance north of the 
the last. A square slate piece showing lime seams on each side
joints that cross the slates in too great frequency for the good of 
the economic outlook. 

1609. A fragment from an almost unweathered lump of the 
calcareous concretions abounding in these slates, broken from the 
hard fresh slates at the old trial quarry of the St. Paul and Duluth 
R. R, about Ii miles south of Oloquet. 

1610. Sliver from the slate showing fine ripple marks. Coarser 
ripple marks and other water-marks are common. 

1611. Chipping from one of the calcareous nodules from the 
slates at N. P. Junction east of the village, north of the east and 
west railroad. This came from about the same place as that from 
which Dr. Hunt obtained the specimens in which were thought to 
be remains of a keratose sponge. 
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1612. Chipping from one of the lighter-colored siliceous, thicker 
beds in the ridges, six inches thick, north and east from the R. R. 
junction. 

1613. Same as 1612, from a layer 20 feet thick. When fresh 
this is dense. 

1614. Graphite and quartzose slaty rock, from the "graphite 
vein," N. E. t, N. E. 1, sec 31, lot 1, T 49-16. 

1615. Slightly porphyritic, and amygdaloidal trap, from Sar
gent, east of Duluth, from the trenches dug for water-works. 

1617. Samples of iron, from Camp's land, S. w. 1, sec. 33, a 
mile southwest of Ely. 

1618. Ore from the narrow magnetic belt on Camp's land, S. w. 
1, sec. 33, about a mile southwest of Ely. (Iron ores of Minne
sota, page 202.) 

1619. Loadstone ore said to have come from the same place as 
1618. (Iron ores of Minnesota, page 202.) 

1620. A "quicksand" which is encountered at the bottom of the 
pits in tha Anderson location, near Ely. It is very fine-grained 
and clay like. Are the grains angular, and referable to disinteg
rated jaspilyte? 

1621. In the greenstone of one of the ridges on the S. W. 1. 
sec. 33, about a mile southwest from Ely, is the indefinite rock 
which has been described in this region-neither greenstone nor 
graywacke. In the midst of it is a harder ar>.d more siliceous 
area, which seems to be only a phase of it, represented by 1621. 

1622. A boulder was taken out from one of the pits by Mr. 
Camp, which represents another phase of the greenstone, but this 
is not seen in place anywhere about here. It may have come from 
north of Long lake. It is one of those coarsely crystalline (frag
mental) greenstones, with free quartz grains and pyrite, and seems 
to consist largely of plagioclase and hornblende. 

1623. Globular and nodular mixture of the white kaolinic and 
red hematitic 80ft rock, the two not mingling so as to stain each 
other though in immediate contact. From the dump of the Chand
ler mine. This kaolin seems to be one of the very early constitu
ents of the rocks of the region, and not the result of recent change. 

1624. Fragment of the amygdaloidal scale that surrounds the 
'Volcanic bombs seen in the rock-cut at Ely, and some of the ma
trix. 

1625. Some of the dark-green schistose rock that fills the inter
spaces between thA bombs. 

1626. A piece of the bomb from toward the centre, away from 
the amygdaloidal crust. (American Geologist, Vol. ix. p. 359.) 
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INTRODUCTION. 

In the summer of 1891 the writer, accompanied by lVIr. Herbert 
R. Wood and one Indian canoeman, spent the gr8ater part of the 
months of August Rnd September in examining certain granitic 
areas in Lake and C{)ok counties, Minnesota. The areas visited 
are four in number, and may be distinguished as the following: 
(1) the Kawishiwi river area, which extends from the division of 
the Kawishiwi river in T. 63-10 west and southwest for a consid
erable distance; (2) the Snowbank lake area, which is mostly 
confined to the islands and shores of Snowbank lake; (3) the 
Kekequabic lake area, in the immediate vicinity of the lake of this 
naHle; (4) the Saganaga lake area, in which the larger part of 
Saganaga lake lies. The object of the examination was more to 
study the age and origin of these granite masses and to ascer
tain their relation to the surrounding rocks than to make any 
minute study of the structures and variations of the granites 
themselves. 

The present paper is simply an account of the phenomena as seen 
in the field, supplemented by but a small amount of laboratory 
study. A number of the rocks, especially the normal facies of the 
different types, have been examined in thin section, and consider
able progress has been made towards a systematic study of one of 
these areas-that of Kekequabic lake. The writer hopes in the 
near future to be able to give a more complete account of the 
different rocks of this interesting area, both stratagraphicallyand 
petrographically. 

On account of the incomplete character of the work and the lack 
of sufficient time in the preparation of this report it is thought best 
not to give a detailed description of each area nor to make any 
generalizations concerning the region studied. However, it will 
not be amiss to say a few words as to the results reached thus far. 
In the parts of the four areas studied then~ has been seen no 
evidence of a transition from the semi-crystalline and crystalline 
schists to granite. On the other hand there is abundant evidence 
to prove the true irruptive nature of these granitic rocks into the 

3g 
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surrounding sediments, notwithstanding the fact that these granj,tes 
have been described as granitoid gneisses formed from the meta
morphism of certain clastics and now seen to pass imperceptively 
into these same clastics. * The gneissic and so-called "bedded" 
structure in these rocks is not nearly as common as has been sup
posed, in fact the usual structure is truly granitic. The Kawishiwi 
river "granite," where studied, is a hornblende syenite, as is also 
that around Snowbank lake. The Saganaga granite is a very coarse 
hornblende granite. The granite around Kekequabic lake is a 
pyroxene granite, and associated with it is a peculiar pyroxene 
granite porphyry. 

PART I. RECORD OF FIELD OBSERVATIONS. 

In giving the township and range in the following notes the 
townsnip is always north, and the range is always west of the 
fourth principal meridian, Minnesota, unless stated otherwise. 
The bearings given refer to magnetic north, no correction having 
been made either for general or local variation. When giving the 
strike and dip of slates reference is always had to the lamination. 
unless otherwise stated. As a rule the edges of the different 
granite areas have been studied, as here only could the relations 
to the surrounding rocks be seen. 

KA WISHIWI RIVER AREA. 

The examination of this area was confined entirely to its eastern 
end, and most of the notes were taken in the southern half of 
T. 63-10. 

Pickerel lake . 

. Pickerel laket is a small body of water cut by the line between 
secs. 24 and 25, T. 63-11, and secs. 19 and 30, T. 63-10. The 
shore where visited was found to be made of a more or less massive 
rock, which in all the reports on this region has been called green
stone or greenstone-schist. From the little bay of the Kawishiwi 
river in the N. E. t of S. W. 1 sec. 25, T. 63-11, a portage leads to 
the southwest corner of this lake. '1'he southern half of the port
age shows angular blocks of mica-schist, probably not far removed 
from their original position, and the northern one-third of the 

'15th (1886) Annual Report, pp. 100-204. 
"'The Ohippewa name for this lake is Gi-n6-ses, which is the word for pickerel. 
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portage is over a ridge of rather massive greenstone represented 
by Nos. 302, 303 and 304, the latter f,rom the lake shore. No. 303 
is, however, more like an altered graywacke and is quite schistose. 
The greenstone extends all along the south shore of the lake. It 
is shown by No. 305, which is very dark-green and schistose, and 
occurs just east of the portage, No. 306, more compact and silici
ous, and No. 307. which was taken from the outlet of the lake in 
the N. E. 10f N. W. i sec 30, T. 63-10. At the east end of the 
lake just south of the section lille the rock is green, very tough and 
massive; it presents the appearance of a consolidated volcanic ash 
(No. 308). Only one spot (S. W. i of S. W. i sec. 19, rr. 63-10) 
on the north shore of the lake was examined; here the rock is a 
fine glained massive greenstone (No. 309). 

A section was made from this lake south along a trail, which is 
almost on the range line, to the Kawishiwi river. Several low 
ridges were crossed, the general trend of the ridges being eas~ and 
west. Just south of the lake there are no outcrops seen, but a low 
ridge of fine grained compact greenstone (No. 299) is soon reached. 
This rock is cut in every direction by minute, branching, yellow and 
pink veins; it shows no structural lines, but appears perfectly 
massive. On going farther south the rock becomes schistose, this 
structure being vertical and running east and west. It is cut by 
a small dyke, four or five feet wide, of a quartzless porphyry (No. 
300). This rock held a small piece of the greenstone, which is 
very schist9se at the dyke walls, otherwise not being different from 
that farther away. The dyke runs almost east and west and was 
traced rather disconnectedly for fifty feet. No. 301 shows the con
tact of the two rocks. Farther south occur several outcrops of a 
finely laminated schistose rock (No. 310) which approaches a mica
schist. The lamniffi have been twisted conside~ably in places, but 
the general strike is east and west and the dip is vertical. This 
rock continues nearly to the quarter post, but just before reach
ing this a rather course grained red syenite is seen (No. 311). 
The hornblende is roughly arranged in elongat~d spots, thus giv
ing to the rock a decidedly gneissic structure, which runs east and 
west and stands nearly vertical. Associated with this syenite 
are small areas of a fine grained granitic rock (No. 312). This 
gneissic syenite continues about half the distance from the quarter 
post to the Kawishiwi river and then assumes It darker, finer 
grained aspect (No. 313) with the hornblende much more abundant 
than in No. 311. It now contains fragments from one inch to sev
eral feet in length of a dark mica-schist (No. 314); these frag
ments are mostly lens-shaped and their outlines are distinct. The 
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syenite also holds many veins, up to ten inches across, ot a rather 
fLue grained biotite granite (No. 315). At this place the gneissic 
structure in the syenite, the long axes of the mica-schist fragments 
and the general direction of the granitic veins are northwest and 
southeast. Mica-schist now extends to the river and also occurs 
on the little point in the S. W. tOt S. W. 1 sec. 30, T. 63-10; here 
a little back from the shore is a low ridge Ot the schist (No. 316) 
which strikes 80 0 W. of N. and dips N. 65°. In it is an irregular 
vein of very fine granitic rock (No. 317). 

Clearwater lake. 

Clettrwater* lake lies almost entirely in sec. 32, T. 63-10, with a 
small bay projecting into the E. i- Ot N. E. t sec. 31. Except
ing a small area at the northwest corner of the lake near the port
age north to the Kawishiwi river, the shores are composed of red
dish syenite which is quite constant in character. In the S. W. 1 
of N. W. 1 sec. 32, the syenite shows an irregular flow structure, 
which is more evident here than elsewhere on the lake, althougn 
seen in several other places. It twists considerably, but stands 
about vertical and its general trend is east and west. No. 357 
shows this structure very well, although the lines are not usually 
as near together and as distinct as on this specimen. The syenite 
of this lake is well represented by Nos. 338 and 339, the former
coming from the same locality as No. 337, and the latter from the 
extreme northern end of the little hay that extends into the S, W. 
1: of S. E. 1: sec. 29. The rock is microscopically a rather coarse 
grained aggregate of hornblende and reddish feldspar in about 
equal amounts. 

Where the line be
tween secs. 32 and 31 
cuts the north shore of 
the lake the syenite is 
seen mixed in with mica
schist. See Fig. 1. The 
schist is much twisted 
and the syenite exhibits 
the flowage structure as 
shown by No. 337. Most 
of the syenite here is of 
the usual character, but 

Fig. 1. Contaet of syenite and mica-schist: N. E. '1i N. E. ".i see. 31, T. 63-10. north 
shore of Clearwater lake. 

*The Chippewa name is Gawaukamik. 
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in some areas it is of a finer grain (No. 340). Just west of 
this place the syenite and mica-schist are seen in contact. 'fhe 
schist is much disturbed and twisted and the dip and strike could 
not be accurately determined, but the general trend is a little south 
of east with a very high northerly dip. The contact is irregular, 
but sharp, and is shown in the specimens numbered 341. No. 
342 is the syenite within a foot of the contact. 

At one place on the portage, running northwest from the lake, 
and in several places on the shore in the E. ~ of N. E. 1 sec. 32, 
there is a dark green rock (No. 343) which is a coarse grained ag
gregate of hornblende with a small variable quantity of feldspar. 
It presents a very rough, jagged, weathered surface. It is cut by 
vein-like stringers of reddish syenite (No. 344) similar to the ordi
nary syenite o~ the region, by a gray variety (No. 345) of the same 
and by a small trap dyke (No. 346). The last is but four inches 
wide and was traced for fifteen feet; it is probably a very fine 
grained diabase. A section of No. 344, at the contact with the 
hornblende rock, shows the former to be composed of a granular 
aggregate of (1) an almost opaque feldspar, which, notwithstand
ing its alteration, shows some traces of polysynthetic twinning, (2) 
a fresh feldspar with abundant twinning lamellffi and (3) a few 
pieces of green hornblende; the two feldspars are in about equal 
amounts. The small part of the hornblende rock in the section is 
seen to be made up almost entirely of green, highly pleochroic 
hornblende; a small amount of the altered feldspar ia also present. 
'fhe two rocks are seen to be separated quite sharply even in thin 
section. 

Mr. Wood examined the shores 0f the small lake in the N. 1 of 
sec. 31, T. 63-10, and found them to be composed of the same 
syenite as is seen on Clearwater lake. At the southwest corner of 
this small lake he found fragments of mica-schist embedded i~ the 
syenite. 

South branch of the Kawishiwi river in T. 68-10 and T. 62-10. 

Going north from the river ll''larly on the line between secs. 5 
and 6, T. 62-10, the syenite is seen to 1::e cut by irregular small 
dy kes or branching veiJ.ls of a hOl'llblende rock (No. 349) similar to 
that mentioned above (No. 343). These vtlins cut the syenite in 
every direction and their outlines are very sharp and distinct, es
pecially on weathered surfaces. The syenite here varies somewhat, 
a:r:d as a rule is darker colored than that seen elsewhere in this 
vicinity; it is represented by Nos. 347 and 348. The syenite on 
the river shore near the above mentioned section line is also some-
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what finer grained and darker than is usual (Nos. 350 and 351). 
On the north shore of the river in the S. W. iN. W. i sec. 5, 'r. 
62-10, is a rather coarse grained diorite (Nos. 352, 353 and 354); 
it is more than half made up of green hornblende, and the feldspar 
is white or grayish,-the rock thus standing in sharp contrast to 
the surrounding syenite. The relations of the two rocks were not 
seen here, but the diorite probably is the same as the hornblende 
vein rocks described above, although in this place the diorite may 
possibly represent a basic facies of the syenite. 

No. 355, from the S. E. i of N. E. ! sec. 5, T. 62-10, well repre
sents the syenite in this immediate vicinity; it is a rock of medium 
grain, reddish in color, and composed of a flesh-colored to reddish 
feldspar and hornblende; the lattel' makes up about one-third of 
the rock. Going south along the river in secs. 5,4 !Iond 9, the sye
nite, as a rule, becomes finer grained and in some places holds bio
tite instead of hornblende. 

At the north end of the portage, N. W.l of S. W. i sec. 9, T. 
62-10, just at the water's edge, is an outcrop of medium grained 
hornblende granite (No. 356); the quartz makes up about one
fourth of the rock. This is evidently a part of the syenite of the 
region, but is the first seen that contains macroscopic quartz grains 
in any amount. About one-third way across the portage the coarse 
grained grey gabbro (No. 357) common to this region is seen. 
This was traced west of the portage to within 200 feet of the sye
nite, but low ground with no exposures intervened between the two 
rocks. Here the syenite is fine grained and micaceous, as is shown 
by Nos. 358 and 359, the former being more properly a biotite 
granite. The syenite is cut by small dykes or veins of a fine grained 
red aplite (No. 360) composed almost entirely of a red feldspar and 
quartz. The gabbro retained its coarse grained character as near 
to the syenite as it was found. 

The east side of the rapids, in S. W. i sec. 9, T. 62-10, was care
fully examined in order to study the relations of the syenite and 
gabbro, but nothing conclusive was seen. The Ayenite here is 
shown by Nos. 361 and 362, both rather fine grained and micaceous. 
Between the syenite and gabbro were found Nos. 363 and 364, the 
former partaking of the characters of the syenite and containing 
large quantities of a dark mineral, probably hornblende; the latter 
is finer grained and very dark in color. There were no continuous 
exposures connecting the syenite and gabbro. At the foot of the 
rapids I found several angular blocks, apparently not far removed 
from their original position, of a fine grained purplish rock, prob-
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ably a porphyrite (No. 365). Mr. Wood examined the west side 
of the rapids, but could not find the gabbro and syenite near each 
other. 

The west shore of the river in secs. 34, 35 and 26, T. 63-10, is 
made up of the ordinary syenite, which varies somewhat in the 
amount of hornblende it contains, as seen in Nos. 366 and 367. No. 
366 is quite dark in color and the hornblende makes up more than 
one-half of the rock,-this facies, however, is exceptional. No. 367 
is much lighter colored and is at least three-fourths composed of 
feldspar. No. 368, from the S. W. lof sec. 34, fairly shows the 
syenite along this shore; it is composed of flesh-colored to red 
feldspar and black hornblende, the latter making up perhaps one
third of the rock. This rock is of a medium coarse grain. In sec
Hon it is seen to be a granitic aggregate of orthoclase, hornblende 
and quartz. The orthoclase is gray and usually shows a cloudi
ness due to alteration; a few of the grains show polysynthetic 
twinning lamellffi. The hornblende is the ordinary green, highly 
pleochroic variety, and is completely allotriomorphic; it has altered 
in some places to chlorite, but elsewhere appears to be quite fresh. 
Quartz is scattered through the whde section, but is not noticea
ble macroscopically; it presents the characters of ordinary granitic 
quartz. It occurs oftentimes in polysomatic areas, and a large 
number of the grains show decided undulatory extinction. The 
quartz makes up less than ten per cent. of the whole rock. Apa
tite, sphene and magnetite are the accessory minerals; they all 
occur in only small amount. The apatite is in both short, stout 
and long, slender prisms. The sphene and magnetite show no 
characteristic crystal outlires. 

Careful search was made for m.ica-schist along this shore, but no 
trace of it was found. 

North branch of the Kawishiwi 1'iver in T. 63-10 and sec. 19, T. 
63-9. 

Mr. Wood went south from the river about on the west line of 
sec. 31, T. 63-10, for about half a mile. He reported mica-schist 
(No. 31B) all the way, but in a few places, ecpecially just south of 
the river, a green schistose rock (No. 319), probably a condition 
of the greenstone, was seen. From this section line he went 
northeast to the bay in the S. E. 1- of S. W. i- of sec. 30, but saw 
no rock in situ except the mica-schist. 

The little promontory on the south side of the river in the N. 
E. t of S. W. l sec. 30 is made up of red syenite (No. 320). This 
is a rather coarse grained rock and in some places it shows a dis-
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tinct gneissic arrangement of the feldE3par and hornblende. It is 
cut by a dyke of a dark hornblendic rock (No. 321) ; this dyke is 
vertical and varies from ten inches to two feet in width; it runs a 
little south of east and was trb.ced for fifty feet. The west end of 
the portage across this promontory is in the mica-schist, but the 
line between the schist and syenite soon crosses the portage and 
l'uns a little south of the bay in the S. W. ! of S. E. t of sec. 30. 
The two rocks were seen in actual contact just north of the port
age; there was no transition from one to the other, the line be
tween them being quite distinct. The syenite was finer grained 
and grayer in color near the contact; this is shown by Nos. 322 to 
325 which were taken within a distance of two feet. The last one 
was touching No. 326 which is unmistakably part of the mica
schist. No. 327 is the mica-schist near to the last and No. 328 
represents it a few feet fl'om the seyenite. The line of contact was 
vertical and rather irregular, the syenite usually followed the di
rection of the schistosity, but in some places broke across it for a 
few inches. On the portage a few loose blocks were seen which 
showed both rocks in sharp contact (No. 329); however, it is not 
certain that these blocks had not been moved some distance. 

The west shore of the river in the E. t of sec. 30 is almost all 
syenite, but about the center of the shore line some mica-schist is 
seen mixed with the syenite. The latter extends in vein-like 
branches into the former and also encloses pieces of it. Mr. Wood 
went from this place west to the stream that enters the river in 
the S. E. ! of N. W. t sec. 30 and reported syenite all the way. 
He also found a fine grained diorite dyke (No. 330) in the syenite; 
this ran north and south, was ten feet in width and was traced for 
sixty feet. He also reported many inclusions in the syenite, of 
which Nos. 331 and 332 are samples; the former is a dark, rather 
fine grained diorite, the latter a fine grained silicious schist. 

At the rapids in the S. E. i of N. E. 1 sec. 30 the river flows 
over angular syenite fragments. On the east shore of the river 
in the same T\;- section mica-schist and syenite are seen in contact. 
There is not as sharp. a line here between the two rocks as at the 
above described locality; the change from one to the other occurs 
within one or two inches; Nos. 333 to 336 represent this change, 
the first three of these were taken within a distance of three 
inches. 

The point in the N. E.! of sec. 26 is made up of the ordinary 
coarse red syenite of the region, but on the north side of this 
point, about the center of the section, is a dark, rather coarse 
grained diorite (No. 369). Macroscopically this is seen to consiAt 
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of hornblende and a white feldspar, the former in larger amount 
than the latter. Under the microscope the feldspar is seen to be 
very highly altered and in only a few places is it fresh enough to 
show traces of polysynthetic twinning; the hornblende is of the 
ordinary green variety and is extensively changed to chlorite and 
some few flakes of biotite. The relation of this diorite to the 
syenite of the region was not determined, but the impression is 
that this is a basic facies of the syenite. The diorite is cut by a 
fine grained trap dyke (No. 370) and also by a light reddish fine 
grained granite (No. 371). The last appears in qnite an amount 
and extends along the south shore of the river as far as the west 
end of the island in the S. E. i of N. W. t sec. 26. A short dis
tance beyond this the diorite is seen in contact with a fine grained 
gray granite (No. 372), which is probably a part of the same rock 
as No. 371. The diorite here (No. 373) has both red and white 
feldspar and seems to be rather intermediate between the ordinary 
syenite and the diorite described above (No. 369), thus indicating 
the probable identity of the two rocks. No. 374 shows the two 
rocks (Nos. 372 and 373) in contact; the line is very sharp and 
distinct, but at this place nothing was seen to indicate the relative 
ages of the two. The diorite continues along the shore in the S. W. 
t of sec. 26, and in some places becomes lighter colored as shown 
by No. 375. In a westerly facing diorite cliff (N. W. i of S. W. t 
sec. 26) are three small dykes, about a foot wide, running diagon
ally up the cliff towards the north. No. 376 was taken from one 
of these dykes; it is a dark, rather fine grained rock, composed 
almost entirely of hornblende. 

At the southern end of the bay in S. W. i of S. W. i sec. 26 
the syenite again occurs. It is hen~ represented by No. 377, which 
has most of its hornblende altered to chlorite. At this place a 
small piece of finely laminated gneiss (No. 378) was found en
closed in the syenite. The western shore in the E. t of sec. 27 is 
composed of the syenite similar to No. 377. 

Just north of the river on the line between sec. 21 and 22 is a 
low outcrop of aphanitic greenstone (No. 379). It is much cracked 
and fissured and shows an indistinct, coarse schistose structure, 
which is vertical and runs east and west. Farther north from the 
lake on the same section line is an outcrop of very massive green
stone (No. 380), which is of coarser grain and grayer color than 
that last mentioned. This is seen in contact with a quartz por
phyry (No. 381) which holds a few quartz crystals, many white 
feldspars and numerous small pyrite grains in a grayish ground
mass. The contact line between the two rocks is sharp, sta~ds 
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vertical and runs north and south. Only a small area of the 
quartz porphyry was exposed; it probably forms a dyke in the 
greenstone. Oontinuing northward on this section line for about 
three· quarters of a mile from the river, several ridges of massive 
greenstone are crossed. No. 382 shows the most massive and 
coarse grained condition of this greenstone. 

On the north shore of the river, just west of the line between 
secs 27 and 28 are several outcrops of a fissured greenstone simi
lar to No. 379. Farther west on the same shore and just east of 
the portage is a large outcrop of a finely laminated graywacke
like rock (No. 383); it is in some places much coarser grained, as 
shown by No. 384. 'fhe strike is N. 75° E., and the dip from 75° 
to 80° S. On the north side of the river and between the 
portage and the head of the rapids (N. E. ! of N. E. ! sec. 28) a 
rock similar to the last, except that it is more massive in appear
ance, is founi!. Here on some of the weathered surfaces an indis
tinct vertical lamination is seen; this varies somewhat in direc
tion but the general trend appears to be about 25° E. of N. Nos. 
385 and 386 repnsent the rock at this place. This laminated rock 
belongs to a fragmental series which is here in contact with syen
ite. This series is made up of rocks which are very often gray
wackes and often mica-schists, with all intermediate stages; and 
there are also some facies that are more like coarse grits, silicious 
schists and even sericitic schists. These different facies constantly 
intergrade. For convenience the term" graywacke-like rock" will 
be used for the finer grained and less crystalline rocks of this 
series. Mica-schist and gneiss will be used to refer to parts of the 
same series which, are more highly altered. 

A short distance from the east end of the above mentioned port
age rock similar to Nos. 383 and 384 is found; here the lamina
tion is distinct; the strike is 72° E. of N. and the dip S. 85°. A 
little further west the syenite (No. 387) occurs. It has a vertical 
gneissic structure which is very evident on weathered surfaces; 
this strikes on the average about 70° E. of N., but varies as much 
as 15° either side of this direction. This syenite occurs directly 
in the strike of the last mentioned outcrop of laminated gray
wacke-like rock. 

About half way across the portage is a soft fissile greenstone or 
greenstone schist (No. 388). In this is a series of parallel vein
ings which coincide with the direction of the cleavage planes in the 
rock; both stand vertical and strike N. 80° E. A few feet south 
of this the ordinary syenitb is seen. There is almost a continuous 
exposure between the two rocks, and samples illustrating the 
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change from one to the other were taken. No. 389, from eight 
inches south of 388; 390 was eight inches further south; then 
within a foot came 391 and 392; two feet further was 393, and 
three feet from this 394, which grades into the ordinary syenite 
represented by No. 387. The change from the greenstone schist 
to the syenite is first noticed by a small amount of red fAldspar in 
the greenstone; the feldspar gradually increases in amount and 
the grtlen material decreases until the ordinary syenite is reached. 
The schistose structure in the greenstone and the gneissic struc
ture in the syenite are parallel and grade into each other as the 
two rocks intermingle. One hundred feet north of this place is a 
low southerly facing bluff of greenstone, much cracked and fis~Ul·ed. 
On the weathered surfaces it shows a series of reddish, vertical 
veinings whose average strike is N. 70° E., and almost at right 
angles to this are two nearly parallel systems of joints which cut 
the rock into small elongated diamond-shaped areas.* Specimen 
No. 395 shows this jointing fairly well. 

Further west on the portage trail more of the greenstone is seen. 
Then the syenite appears again, and beyond this, not more than 
200 yards east of the west end of the portage, the graywacke-like 
rock again appears. It has the distinct lamination seen before and 
strikes N. 60° E.; the dip varies from 80° towards the north of 
this line to 70° on the other side. The syenite occurs on the port
age directly in the strike of this rock and not more than 150 yards 
east of it. The laminated rock is seen in contact with the syenite, 
which here lies north of it, about 50 yards north of the stream. It 
is here shown by No. 395A, which has considerable sericitic ma
terial developed in it. Eight inches north of this occurs the actual 
contact between the two rocks; the hand specimens No. 396 show 
this. The line between the two is distinct, but the syenite holds 
considerable of the material of the other rock. Six inches north 
of this the syenite is shown by No. 397; seven inches beyond by 
No. 398; eighteen inches from this by No. 399, and four feet further 
north it has its usual character and appearance, as shown by No. 
400. At this place the contact was along the strike of the lami
nated rock and there is nothing to show their relative ages. The 
syenite now extends northwara for thirty feet, where it disappears 
under the soil as it does just to the west of this place. Boulderi'! 
of massive greenstone oecur just north of the syenite, but the green
stone is not seen certainly in place until a low ridge of it (No. 401) 
is reached fifty feet north of the syenite. 

*Oompare the diagrarus of jointing and schist,ose structure in the greenstones of 
the Menomin .. e river, Mic.higall; Bul. 6~, U. S. Geol. Survey, p. 128. 
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The high ridge, running east and west through the N. -! of N. W. 
t sec. 28, is composed of massive greenstone. In places it is cut 
by irregular branching dykes of gray quartz porphyry. 'rhese 
dykes vary from an inch up to more than a dozen feet across. The 
principal and largest one runs about east and west along the south
ern edge of the top of the ridge and varies (wnsiderably in width. 
The contact between the porphyry and the greenstone is sharp and 
there is no intermingling of the two rocks. At the contact the 
greenstone does not appear to be much changed except that it is 
more broken and fissured. Pieces of the greenstone are included 
in the dyke. Nos. 402 and 403 represent tbis porphyry; the former 
was taken within three inches of the edge of the dyke, and the lat
ter about four feet from the edge. This rock has a grayish ground
mass in which are imbedded a few quartz grains and numerous 
flesh-colored and blood-red feldspars The quartz is more plenti
ful near the edge of the dyke (No. 402). In places the rock con
tains minute cavities, apparently formed by the weathering out of 
certain constituents of the rock. Under the micf0scope the rock 
is seen to have a microgranitic groundmass of rather variable grain. 
In this are fel,jspars of all sizes up to pieces over a quarter of an 
inch in length. The crystal outlines of the feldspars are not usu
ally distinct and most of them show no planes at all, being pieces 
with irregular outlines. Many of the feldspars show polysynthetic 
twinning lamellm, and a large number do not. Alteration to seri
cite is quite common, and in some cracks and areas of considerable 
size in the groundmass sericite has been developed in large amount. 
Secondary calcite is also present. No distinction between the 
flesh-colored and the blood-r8d feldspars can be made in ordinary 
section,-they both appear colorless; and as yet no oriented sections 
of the two kinds have been studied; they appear very distinct in 
the hand specimen. Scattered through the rock are colorless to 
greenish secondary needles of chlorite or hornblende, A few 
areas of green hornblende, more or less altered, also occur, but it 
is not possible to say whether or not this hornblende was the form 
of the original ferro-magnesian constituent of the rock. Sphene 
and apatite are present in small amount. Large quartz grains are 
not present in the sections examined, although macroscopic grains 
are often seen in the hand specimens collected. 

On going south from the stream into the S E. 1 of N. W.l sec. 
28, the graywacke-like rock is seen showing the characteristic lam
ination. Soon this rock begins to grow more crystalline, and this 
character becomes more and more pronounced as one proceeds 
southward. No. 404 shows this more crystalline facies, but in this 
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the lamination is still distinctly preserved. Interbedded with this 
are beds of a less crystalline character, as shown by No. 405, which 
is very similar to the mica-schist found to the west in sec. 30, al
ready described. Other facies of this rock are shown by Nos. 406, 
407 and 408, which are all completely crystalline. The first of 
these is a distinct gneiss, and the latter show no gneissic structure, 
even on the most favorable weathered surfaces. Macroscopically 
these three specimens are seen to be composed of quartz, a light 
colored feldspar, biotite and some little hornblende. These rocks, 
while completely crystalline, can in no wise be separated from the 
less crystalline facies and the graywacke-like rocks already men
tioned several times. They are interbedded in bands from one
half inch to two feet in thickness,-the more crystalline always in 
the thicker beds. They seem to grade into each other across the 
the strike, and in some places the less crystalline is replaced along 
the strike by the more crystailine,-the former fading out into the 
latter. l'he most crystalline facies contain many black lens-shaped 
pieces of black diorite (No. 409); these pieces are composed most
ly of hornblende with some little white feldspar. The exposures 
above described extend south from the stream for a quarter of a mile, 
and beyond this is low swampy ground with no exposures. The 
strike at the most southerly place seen was N. 70° E., and the dip 
vertical or very steep toward the south. 

A narrow belt of syenite (No. 410) extends along the north shore 
of the river in the N. ~ of N. E. lsec. 29. Just north of the sye
nite is a range of greenstone hills running east and west. In some 
places the two rocks were seen within fifty feet of each other, but at 
no place was the junction between them seen. The syenite rises in a 
bold bluff at the portage in theW. t ofN.W. tof N.E.±sec. 29. About 
one-quarter of a mile east of this portage the greenston~ is cut by 
an irregular dyke of gray quartz porphyry (No. 411). This dyke 
where examined is three to ten feet wide and has a general east and 
west direction. It was also seen, but not visited, in l1he greenstone 
both east and west of this locality. This dyke is probably a west
ward continuation of that already described from the N. t of N. W. 
1 of sec. 28. 

Coming south from the river about on the line between secs. 28 
and 2£1, the laminated rock and gneiss similar to that described 
above (Nos. 40,1 to 408) are seen in many exposures. About one
third of a mile from the river the syenite suddenly appears. It 
was first seen as a belt, 100 feet in width, running parallel with 
the gneiss which appears on both sides of it. The gneiss preserves 
its usual character and distinct alternation of different bands clear 
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to the syenite. No. 420 shows this rock within a few feet of the 
syenite. Nos. 421 and 422 come from within three and one inches 
respectively of the syenite; the latter is some more coarsely crys
tallized and contains many distinct hornblende grains and some 
red feldspar. No. 423 shows the two rocks together; the line be
tween them is quite sharp and distinct. No. 424 is the syenite 
just beyond No. 423; it is quite gneissic in structure. The strike 
of the gneiss is N. 60° E., and the gneissic structure of the syenite 
stands parallel to this; the dip is 50 either side of the vertical. In 
some places the line between the two rocks, instead of running 
with the lamination, runs across the strike for a few inches. In 
other places the syenite is more completely granitic in structure, 
as shown by No. 425. A short distance south of this the gneiss is 
much contorted and is cut by stringers, two to three feet across, of 
the syenite; some of these run with the lamination of the gneiss 
and others cut across it. There is no gradation from the gneiss to 
the syenite; the line between the two is cltlar and sharp. Further 
south the syenite becomes the prevailing rock, and in many places 
it holds lenticular masses of the gneiss. 

On the south shore of the river just west of the line between 
secs. 28 and 29 the laminated rock is seen. Still further west, about 
half way from this section line to the rapids, which are about in 
the N. W. ! of N. E. ! sec. 29, the syenite again appears, but less 
than 200 feet south from the shore it comes in contact with the 
laminated rock. Tile junction here is along the strike of the lam
inated rock and the syenite was not, seen cutting across the strike; 
The line between the two was distinct and easily seen on weath
ered surfaces. From the rapids just mentioned west to the east line 
of sec. 30 the laminated rock occurs on the south shore and a high 
bluff of it is seen just south of the river on this section line. The 
little bay in the N. E. ! of N. E. ! sec. 30 has syenite on its south 
and greenstone on its north shore. 

Mr. Wood went south from the river about on the liDe between 
secs. 29 and 30. He found the laminated rock in place all the way 
until nearly half a mile from the river, when the syenite was seen. 
No. 426 shows the laminated rock, which here approaches a mica
schist, and No. 427 is more accurately a mica-schist. This latter 
facies of the rock was that most commonly sepn, but that seen 
nearest the syenite was more like No. 42f5. 

The north shore of the river, in the N. t of N. W. ! sec. 29, is 
made of greenston~, but the syenite comes in at thA water's edge 
just west of the portage in the eastern edge of this quarter section. 
I went north from the river on the west line of this section for one-
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third mile, but found no rock except massive greenstone, of whit:h 
several exposures were seen. About one-fourth of a mile east of 
this line and just north of the river the greenstone is cut by a dyke 
of reddish fine grained rock (No. 428) resembling a syenite por
phyry. The dyke has an east and west direction and was t~acecl 
for fifty feet. The sides of it were covered by soil, and as far as 
seen it was not more tban ten feet wide. 

The point on the soutb side of the river, in the W. ~ of N. W. :l:
of N. W. 1 sec. 27, is made up of the laminated rock"" and is well 
shown by the specimens already described,-Nos. 383 to R86. The 
strike varies from N. 30° E. to 45 E., and the dip from 75° to 80° 
S. E. Along the shore just west of this point the laminaJ are much 
contorted. '1'he point on the north side of the little bay in the 
same 1\- section is also made of the same rock. The small island 
in this bay is composed mostly of the syenite, but the northern 
side has a little of the laminated rock. Neal' the syenite tbis rock 
changes, becoming more crystalline and acquiring some reJdish 
feldspar (Nos. 429,430 and 431); but this condition exists only 
within a few inches of the syenite, in fact the syenite, as shown by 
No. 432, is seen within six inches of the above specimens. The 
junction between the two is easily seen as a pretty distinct line on 
weathered surfaces. Small pieces of the laminated rock were 
found in the syenite; No. 433 is from one of these. Ou the shore 
just east of this the syenite is intimately mixed with the laminated 
rock; still the line between the two is distinct And the syenite 
seems to have enclosed pieces of the other rock. In oue place the 
syenite holds a small area of a dark compact mica-schist (No. 434), 
which is really part of the laminated rock, and shows lamination 
in favorable places. No. 435 shows this rock and the syenite to
gether; they are marked off from each other by a sharp line. 

The laminated rock is again seen on both points of the promon
tory in the N. E. lof N. W. 1 sec. 27, but the syenite appears on 
the western shore of the little bay in this T11r section and also on the 
south and east sides of it. At the southeastern corner of this bay 
the rock has a decidedly schistose structure and there are alternat
ing bands of schistose syenite (No. 436) and rock similar to Nos. 
429 and 431 which appears to be an altered condition of the lam
inated rock; this is shown by Nos. 437 and 438. These bands of 
syenite and Nos. 437 and 438 vary from one inch to one foot in 
width, and they are parallel to the schistosity of both rocks. This 

*This is tbe rock described by N. H. Wincbell in the 15tb (1886) Annuallteport, p. 
352, under No 989. 
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is N. 40° E. and the dip nearly vertical. Nos. 437 and 438, while 
still retaining considerable of the sericitic material, have large 
quantities of reddish feldspar and some hornblende developed in 
them. Between these bands and almost always running parallel 
with them are vein-like forms of a fine grained pinkish granitic 
rock (No. 439) holding flesh colored feldspar phenocrysts. These 
veins vary from one to ten inches across and rapidly change their 
thickness in a short distance. They are also frequently faulted. 

On the north shore of the :t:~ver in the N. W. t of N. W. t sec. 
27 the laminated rock is found, and just north of this is a belt of 
syenite 150 feet wide, separating this rock from the greenstone. 
The junction of the syenite and laminated rock was seen in one 
place; tht' phenomena at the contact art) the same as those already 
described under Nos. 395A to 400. The line between the two 
rocks runs parallel with the strike of the laminated rock and is 
quite easily distinguished. The syenite is also seen in contact 
with the greenstone; the change from one rock to the other occu
pies one or two feet and is essentially the same as that described 
above under Nos. 388 to 394. In some places in this vicinity the 
syenite, especially when in close proximity to the greenstone. be
comes very schistose, as is shown by No. 440, which is dark col
ored and shows a decidedly gneissic structure; but generally in 
this lir section the syenite is dark, massive and chloritic (No. 441). 
The syenite extends along the north shore from this J-lace to the 
small bay in the S. E. t of S. E. ! sec. 22. It forms only a narrow 
belt between the river and the greenstone ridge just north of it. 
Along this shore the syenite varies from a massive state, similar 
to No. 432, to a more chloritic (No. 441) and schistose condition 
(No. 440). 

The island in the middle of the river just north of the west end 
of the promontory, in the N. E. 1 of N. W. 1 sec. 27, is composed 
entirely of the graywacke-like rock. The lamination is very pro
nounced and the strike is quite constant, being about N. 63 0 E.; 
the dip is nearly vertical. This strike would carry the rock into 
the north shore of the river less than a quarter of a mile east of the 
island, but there the syenite is seen and there is no sign of the 
graywacke-like rock. 

On the little bay, in the S. E. ! of S. E. 1 sec. 22, the graywacke
like rock is again seen just north of the south line of this section. 
The lamination is very distinct, and, while varying some, has a 
general northeasterly strike. A sbort distance south of thiB the 
syenite appears and extends along the north Bide and to the end of 
the point which makes the southern Bide of this bay. The gray-
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wacke-like rock makes up the southern half of this point; it is 
much twisted and crumpled. Its junction with the syenite was 
seen in one place; the line between this (No. 442) and the syenite 
(massive and simjlar to No. 432) was distinct. Just at the contact 
the graywacke-like rock showed distinct lamination in but a few 
small areas and here it faded out in a short distance. Away from 
the contact the lamination was very evident, though much twisted, 
and the rock was more like Nos. 383 and 384. The massive sye
nite is seen again on this point just east and west of the line be.
tween secs. 26 and 27. 

In the N.W. i of N. W. i of N.W. i sec. 26, the syenite is found on 
the shore. Just north of it the graywacke-like rock is seen; this be
comp,s somewhat more crystalline, as shown by Nos. 413 and 444, 
and it se8ms to pass gradually into No. 445, which is a distinct gray 
gneiss. However, this gneiss was seen to hold sharply defined 
lenticular pieces of rock similar to some facies of the greenstone. 
No. 446 shows the gneiss and part of one of the lenticular pieces 
in it. The junction of the gneiss and syenite was not seen. The 
syeLit8 here preseuts a decidedly gneissic structure. but this grades 
into the more massive facies within two or three feet. The phen
omena here seem to be about the same as those described under 
Nos. 404 to 409; the gneiss (No. 445) is apparently a changed con
dition of the graywacke-like rock, although in some places the two 
are separated by a sharp line. Fifteen feet north of this the gray
wacke-like rock again appears; it is nearly vertical, and, while bent 
in some places, there is a decided general strike of N. 60° E. At 
times the rock is similar to Nos. 083 and 384, and again like No. 
443. This graywacke-like rock continues northward for about 200 
feet and then the syenite occurs. The two are separated by low 
ground with no exposures. 

The syenite continues northeastwardly along the northwest shore 
of this bay (N. t of N. W. ! sec. 26) for some distance, and in it is 
a band of the graywacke-like rock ten feet wide. This is sharply 
marked off from the syenite on each side, and is distinctly laminated, 
striking northeast. In some places this band is similar to No. 
443, but the most of it is mica-schist, as shown by No. 447. On 
the north side of this bay hills of greenstone are seen in the N. W. 
! of N .w. 1 sec. 26. The greenstone and Byenite were seen within 
fifty feet of each other, but the junction was not found. The sye
nite becomes schistose and chloritic near the greenstone, as has 
been described farther to the west. Within 200 feet of the green
stone the syenite holds irregular sharply outlined pieces of the 

4g 
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geenstone, which are from one to ten feet in diameter. On the 
weathered surfaces these pieces very closely resemble the green
stoue in the hills just to the north, but on freshly broken surfaces 
the rock is seen to be slightly darker than the greenstone in the 
hill8. No. 448 is from one of these pieces in the syenite. The 
greenstone in the hills near the syenite has a schistose structure, 
as shown by No. 449. This is twisted and somewhat irregular, but 
the general strike is N. 65° E., and the dip about vertical. The 
rock is lighter in color than the ordinary greenstone and contains 
some feldspar which weathers reddish. A short distance to the 
east the greenstone assumes the characteristic green color seeD 
farther to the west, but the schistose structure does not altogether 
disappear. On the eastern side of the small point on the north 
shore of this bay the syenite occurs in a low outcrop. It is here in 
contact with the graywacke-like rock, but seems to enclose masses 
of this rock. The syenite here is mostly massive, but in a few 
place;; shows a gneissic structure which runs northeastwardly. 
There are pieces (a foot or so in length) of the graywacke-like rock 
enclosed in the syenite; most of these are facies of the rock ap
proaching mic~-schist. These pieces are mostly irregularly lentic
ular in shape and the lamination is parallel with their long axes, 
which usually lie in a northeasterly direction. Syenite occnrs on 
the east shore of this bay. 

The shores of the little bay which lies partly iu the extreme 
southern part of sec. 23 are lined with syenite of the ordinary 
massive kind. About 100 yal'ds north of the northwest corner of 
the bay is a hill of syenite which presents the schistose and chlor
itic character seen several times in close proximity to the green
stone. At the extreme eastern end of the bay the syenite is seen 
in contact with a dark diorite (No. 450), which is spotted by large 
blotches of hornblende. The contact line is sharp, as shown bv 
No. 451, and neither of the rocks appears changed at the contact. 
The syenite is cut, on the eastern shores of the bay, by a coarse 
grained pegmatite (No. 452). This consists of large flesh-colored 
feldspars and small quartz grains, and often shows a true peg
matitic structure. 

From this bay to the rapids, in the E. -! of S. E. t sec. 24, the 
north shore of the river has numerous outcrops of the ordinary 
massive syenite. No mica-schist or graywacke-like rock was seen 
along this shore, although special search was made for them. 

On the south shore of the river, in the N. W. t of sec. 25, there 
is a westerly facing gabbro:;cliff. On the face of the cliff was a 
small area, a foot square, of a reddish syenite bearing much biotite; 
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the specimen collected (No. 460) shows this rock and the gabblO. 
No other rock, except the gabbro, was found on the cliff. Just at 
the foot of the cliff was a large block of gray syenite (No. 461) and 
several small red syenite fragments (No. 462); these looked as if 
they had been broken off from the face of the cliff. This is pos
sibly the line of juction between the syenite and the gabbro, but 
nothing more than above stated could be seen. The gabbro was 
the ordinary coarse grained facies. 

The syenite of sec. 26 varies a little from that described from 
sec. 27. It is represented by No. 463, which is somewhat finer 
grained than the ordinary facies and is lighter in color, baing more 
of a gray than a sed syenite, but on weathering it takes on a red
dish color. 

The river in the S. W. ! of sec. 19, T. 6i:l-9, has two rapid chan
nels around a small island, not shown on the township plat. The 
portage is along the south shore of the southern channel. At the 
east end of this portage gray syenite, similar to No. 463, occurs. 
Just beyond the portage and on the south shore of the island is a 
dark rock (No. 464) which seems to be intermediate between the 
gabbro and the syenite. It is a very compact rock of medium grain 
and uniform dark color, and on a freshly fractured surface shows 
in places yellowish color due to minute cracks; on weathered sur
faces it has the appearance of the gabbro. This rock grades into 
the syenite (No. 467) through Nos. 465 and 466. The syenite was 
found at only one place, and that at the foot of a low cliff; the 
change from No. 464 to the syenite occupies two or three feet. 
This seems to be the junction of the gabbro and the syenite, but 
no true gabbro was found on the island, and it is not certain that 
No. 464 does represent the contact facies of the gabbro. Near the 
eastern end of the island gray syenite, shown by No. 469, is again 
seen. The ordinary coarse grained. gabbro (No. 468) occurs on the 
south shore of the river just opposite this island, and on this shore 
no syenite was found. From this island the sy~nite continues 
along the west side of the river to the western end of the little bay 
in the S. E.!: of N. W. t sec. 19, T. 63-9. The only exception to 
this is that on the south side of the point about the center of sec. 
19, T. 63-9, the gabbro, similar to No. 46B, is seen in a low outcrop. 
Thirty feet north of this gabbro is a gray rock (No. 470) which 
seems to be intermediate between the gabbro and the syenite. And 
100 feet north of this the syenite is again seen. There is no con
tinuous exposure between this syenite and the gabbro mentioned 
above. In places on a little island, which lies just off the end of 
this point, the syenite has a gneissic structure which stands about 
vertical and strikes N. 40° E. 
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On the north side of the bay, in the S. E. 1 of N. W. i sec. 19, 
T. 63-9, are many outcrops of a very fine grained, aphanitic grayish 
rock. It is shown by Nos. 471 and 472. This is apparently a facies 
of the greenstone. * It continues for an eighth of a mile, and prob
ably much farther, north from the river. This rock continues 
along the north shore of the river for about a mile from this bay. 
On the line between secs. 19 and 20, a few rods back from the wa
ter (north shore of river), is an exposure of a fine grained massive 
diorite (No. 473). This was not, as far as seen, sharply separated 
from the rock shown by Nos. 471 and 472. Greenstone, or a rock 
intermediate between the greenstone and this diorite, was traced 
north on this section line for about a third of a mile. 

Small lakes in T. 63-10, north of the Kawishiwi river. 

Starting from the river, on the line between secs. 28 and 29, is a 
portage which runs north to a narrow lake, which lies in secs. 15, 
16, 20 and 21. The portage crosses several greenstone ridges. 
These present an extremely massive appearance; this is especially 
noticeable towards the north end of the portage. No. 412 fairly rep
resents this greenstone; it is a dark green aphanitic rock; it was 
taken from an outcrop on the portage about an eighth of a mile 
north of the section corner. Greenstone of the same massive kind, 
with no evidence of schistosity or lamination, extends along the 
shores of this lake in section 20. At the west end of the lake a dyke 
of gray granite porphyry (No. 413) cuts the greenstone. The gen
eral direction of the dyke is east and west, but not enough of it was 
exposed to show the exact width, though this is probably not more 
than fifteen feet. In the rock are many quartz and feldspar pheno
crysts, some of the latter being a half an inch in length. Macro
scopically this rock closely resembles No. 417, which will be de
scribed more in detail. A small island, in the W. ! of S. W.l of 
N. W. ! sec. 21, also shows more of this granite porphyry. Green
stone extends along the north shore in sec. 21. but on the point, in 
the N. W. 1 of N. E. i of the same section, there is a bluff of a 
fine grained red-weathering siliceous rock (No. 414), which is proba
blya facies of quartz porphyry. Just north of this bluff the green
stone occurs, but the junction of the two rocks was not seen. 
Greenstone app3ars to make the rest of the lake shore, but on the 
east side of the little bay (south shore of the lake), in the W. t of 
N. E. i sec. 21, a dyke of quartz porphyry is seen cutting the green
stone. This dyke is fifty feet wide, stands vertical and strikes a lit-

*This locality has been already fully described in the 15th (1886) Annual Report, 
pp. 345-347. 
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tIe north of west; this strike would carry it directly into the rock 
No. 414, mentioned above, which is probahly a continuation of this 
dyke. The contact between the greenstone and quartz porphyry is 
sharp and distinct, and the former does not seem to be esptlcially 
altered near this line. The centre of the dyke is much coarser 
grained than the edge. No. 415 shows the greenstone within two 
inches of the dyke; No. 416 is the quartz porphyry two inches from 
the edge of the dyke, and No. 417 is the same from the centre of 
the dyke. The quartz porphyry (No. 417) is of a general pinkish 
<lolor; it contains many quartz and feldspar phenocrysts, the latter 
being white and flesh-colored. A few small specks of a dark min
eral are also present. The rock seems to the unaided eye to have 
no unindividualized ground-mass, but microscopically the rock 
shows a decided microgranitic ground· mass of rather small but ir
regular grain. Imbedded in this are numerous feldspar phenC'
<lrysts of all sizes up to those nearly half an inch in lengih. Most 
of these feldspars show their crystallographic outlines on all sides, 
but some few appear as frl1gments partially bounded by crystal 
planes. Zonal structure is quite common, and about half of the 
individuals show polysynthetic twinning lamelhe. Quartz individ- • 
uals of good size are also present, but are not nearly as abundant 
as the feldspars. The q uartzes are all corroded and show no crystal 
faces, and they frequently have large embayments filled in with 
the ground-mass. Some of the quartz shows undulatory extinction, 
but otherwise the rock gives no evidence of having been subject to 
pressure. Bcattered through the ground-mass are irregularly out-
lined green areas composed of chlorite and epidote. What tlle 
original ferromagnesian constituent of the rock was is now impos' 
sible to determine. A few small acute rhombs of sphene are also 
present. The rock is properly a micro granite. Rock No. 416, from 
the edge of this dykE\ presents the same appearance as that just 
described, except that the ground-mass is of some finer grain and 
the feldspar is mostly in fragments. 

The shores of this lake seem to be made entirely of greenstone, 
(lut in a few places by quartz porphyry dykes. The greenstone is 
very massive and in no plaCE: where examined shows any evidence 
of lamination or schistosity. It is well represented by No. 412, 
from the portage south of the lake, and by No. 418, from the north 
shore on the line between secs. 16 and 21. 

From this lake there is a trail running north on the line between 
secs. 15 aud 16 to a small lake lying in the N. W. l of sec. 15 and 
the N. E. l' of sec. 16. No rock is in situ along this trail, but at 
the shore of the latter lake the greenstone is in place. The shores 
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of the lake. as far as could be seen from the meander corner, were 
lined with rock which had all the appearance of greenstone. On 
this trail and a few yards south of the lake is a low hill, the north 
side of which shows many angular fragments of· rock. This rock 
is made up of alternating bands of compact black slate and bands 
of almost pure magnetite. These bands vary from one-eighth of 
an inch to an inch in thickness. They are very regular, and on the 
whole the rock is very similar to some Kewatin ore described from 
Ottertrack lake.* The fragments of this rock were of all sizes up 
to those three feet in diameter, and while no pieces were exactly 
in situ, still there can be no doubt but that the rock is in situ just 
below these fragments. No. 419 represents this rock. 

From the north shore of the Kawishiwi river, in the N. E. ! of 
S. W. ! sec. 24, a portage runs northwesterly to the southeast corner 
of Triangle lake. This lake lies in secs. 13,14,23 and 24, T. 63-10. 
Just north of the river the portage crosses a low ridge of gneissic 
syenite, and a short distance beyond is a ridge of the graywacke
like rock. This latter is shown by Nos. 453, 454 and 455. Just 
east of the portage this ridge is seen to better advantage; here the 
strike is N. 60° E., and the dip vertical. Fifty feet north of this 
ridge massive greenstone ( No. 456) is seen. The two rocks were 
traced within thirty feet of each other, but the junction was covered 
by soil. BeyoDd this more greenstone ridges are seen on the port
age; usually the rock is massive in appearance, but it sometimes 
shows an indistinct schistose structure which stands vertical and 
strikes about northeast. About half way over the portage is 8 ridge 
of greenish, finely laminated rock, represented by No. 457. The 
lamination is very distinctly seen on weathered surfaces, and in 
places the rock is decidedly slaty. The strike is N. 65° E., and the 
dip vertical. This rock seems to be a facies of the greenstone. 
Beyond this rock greenstone is seen in several places on the trail 
before reaching Triangle lake. Several outcrops on the east shore 
of this lake were examined, but the rock was all greenstone. 

From the northeast corner of Triangle lake a portage of a few 
yards leads to Northwest lake, which lies in secs. 11, 12, 13 and 14, 
'1'.63-10, and secs. 7 and 18, T. 63-9. On the south side of a small 
island, in the N. E.! of N. W.! sec. 13 (Northwest lake), is a low 
outcrop of altered quartz porphyry (No. 458). 'l'his rock has the 
ground-mass almost entirely changed to a sericitic condition, but it 
stilI contains many porphyritic quartzes and large pinkish feld
spars. Some of the feldspars are an inch long; they can be read-

*l7th (1888) Annual Report. pp. 1l2-113. 



So; 
<l. 
> ~ 
",... s.... 

;::: ~ !i E 
~ ..... .4,,) o.j ;... 

31 ~~ 6 0 .... "~ it ~ 
0 0 <l.I ~ ... 

'-' ... -' ~=!7l N "- ~j .~ ct)~ c......, ...... - ,...0 Z ~ d 4J L.. 
b~ (t; 

,..... ~ ,",10' ~ ttl 
0 ,... IT, <t! ,.-:.. ... a 

....... ..... ",... r:..: T£ :;;;C.\ C.\ 
0 ..... :-. 

[ ~~[j~J p1 Q.; 0 .... 
v ,tt: 

~ 



STATE GEOLOGIST. 59 

ily broken out of the ground-mass. and they show complete crystal 
outlines. The sericitic ground-mass gives a rough schistose struc
ture to the rock; the strike of this is N. 60° E., and the dip about 
vertical. The south shore of this lake was examined in several 
places fl.nd the greenstone was the ollly rock seen; this extends to 
the extreme eastern end of the lake in the N. E. t of sec. 18, T. 
63-9. On the north side of the lake, in the N. E. ~l of N. E. t sec. 
13, T. 63-10, the greenstone has a peculiarly m0ttled appearance. 
This is shown by No. 459. It is due to numerous black blotches, 
apparently of hornblende. 

Geological map of part of the Kruvishiwi 1-iver. 

The distribution of the different rock masses in that part of the 
Kawishiwi river, described in the foregoing field notes, is shown 
on the accompanying map. Five distinct rock types are present, 
the characters and relations of which have already been briefly 
given. The gabbro is the most recent; it covers parts of the older 
rocks and is very extensively developed just to the south of the 
area of this map. 'rhe syenite is older than the gabbro, and is 
younger than the greenstone and mica-schist, both of which it cuts 
in a truly irruptive manner. The m\ca-schists, graywackes, etc., 
stand vertical and have a general E. N.-E. strike; they belong to 
what has bel:'n mapped as the Vermilion series, but there seems to 
be good reason for putting all of this type of rocks, in the area of 
this map, into the Keewatin. The greenstone IS presumably of 

Fig. 3. Section along the lioe A B, of the genlogic~Ll map of part of the l\.awisbiwi 
river. 

Keewatin age and is probahly younger than the mica-schists, gray
wackes, etc. Quartz porphyry dykes are found cutting the green
stone in several places, but they have not yet been seen in the other 
rocks in this immediate vicinity. 

B. SNOWBANK LAKE AREA. 

The outlines of the granite on this lake were traced much less 
minutely than those of any other of the areas visited. In fact but 
a short time was spent in this vicinity, and the only things to which 
mnch attention Was given were the nature of the granite and its 
relations to the surrounding rocks. 
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Portage from the Kawishiwi river to Snowbank lake. 

This portage starts from the river in the N. E. i of N. W. i sec. 
15, crosses the S. E. corner of sec. 10 and reaciles Snowbank lake 
at its southwestern (Jorner in the S. E. lof N, E. 1 sec. 11; all in 
T. 63-9. No rock but the ordinary coarse grained gabbro was seen 
until after reaching the S. W. i of sec. 11.* About one-third of a 
mile east of the line between secs. 10 and 11 is a low ridge of coarse 
pinkish Hyenite (No.4 7 4). A short distance beyond this is an out
crop of fine grained red syenite (No. 475), and farther on, just to 
the right of and on the portage, is a coarse pink syenite (No, 476) 
much resembling No. 474. A little farther is a dark colored rather 
fine grained diorite (No. 477), and just beyond this is another still 
finer grained diorite, which continues for a short distance, where 
it is cut by veins of a fine grained gray to reddish syenite (No. 478); 
at this latter place the finer diorite is represented by No. 479. On 
the north side of the same ridge in which the last two rocks occur 
a gray porphyritic syenite (No. 480) is seen. The relation of this 
to the- other rocks could not be determined. Farther on and a 
short distance to the left of the trail is a low ridge of this same 
gray porphyritic syenite, here represented by No. 481. 'rhere are 
thus seen on this portage several apparently distinct kinds of sye
nite, but the relations between them w~re not ascertained, as there 
were but few outcrops and in no exposure did two of these syenites 
occur together. 

Snowbank lake. 

On the west shore, in the N. ! of N. E. i sec. tl, T. 63-9, a fine 
grained syenite (No. 482) in seen; this is quite similar in appear
ance to Nos. 480 and 481. Farther north syenite is again seen on 
the shore; here it is coarser grained and not at all like No. 482. 
This coarser grained syenite extends along the west shore into the 
northwest corner of the bay in the S. ! ot S. E. t sec. 2, T. 63-9. 
Here it is represented by Nos. 483 and 484; the former is a dark 
red syenite of medium grain, and the latter is of .lighter color, con
tains less hornblende and is the facies of the rock that is most com
mon at this locality. Just off the point, which is in the N. W.l of 
S. E. i- sec. 2, T. 63-9, is a small iE'land made of a coarser fades of 
the same syenite (No. 485). This is cut by veins, of all sizes u:p 
to three feet across, of a dull reddish rather coarse grained syenite 
(No. 486) made up almost entirely of feldspar; the other constitu
ent is in small amount and seems to be epidote. The point crossed 

*For deseriptions of the gabbro and associated rocks on this portage, in SbCS. 10 and 
15, sec the 17t,h (1888) Annual Report, p. 120. 
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by the line between sees. 35 and 36, T. 64-9, is composed of dark 
diorite of medium grain (No. 487); this appears in the form of a 
dyke, 100 feet or more in width. It runs about north and south. 
The syenite was seen just east of this point and also along the shore 
west of it; here the syenite is quite coarse grained and contains 
much biotite (No. 488). The point on the south shore, in the S. E. 
t of N. W. 1 sec. 35, fr. 64-9, shows syenite of a rather fine grain 
(No. 489). 

The bay which runs south along the line between secs. 34 and 
35, rr. 64-9, shows no outcrops along its shores. And on going 
west a short distance, near the township line, no rock was seen 
in situ. 

On the west shore, in the N. E. 1 of N. E. t sec. 34, T. 64-9, a 
shore distance north of the portage which runs to Flash lake, is a 
large bluff of fine grained diabase. Farther north on the west 
shore of the narrow bay in the S. E. ± of S. E. ± sec. 27, T. 64-9, 
the fine grained greenish diabaE'e, here represented by No. 489A, is 
cut by an irregular dyke of reddish porphyry (No. 490). This 
dyke is from two to five feet wide and was traced for at least thirty 
feet. Another small mass of this same rock was seen near by, but 
it was exposed ollly in one place. This porphyry (No. 490) has a 
reddish to purplish aphanitic ground-mass, in which are porphy
ritic crystals of red feldspar and small areas of chlorite. Under 
the microscope the ground-mass is seen to be microgranitic in 
structure and apparently composed of quartz and feldspar. The 
feldspar phenocrysts are more or less altered and the majority of 
them show polysynthetic twinning. Irregular areas of chlorite 
occur in the ground-mass. but nothing is left to show what was the 
mineral that originally occupied these areas. A few small apatite 
prisms are present, and scattered through the whole rock are 
minute green flakes of chlorite. The rock is probably a syenite 
porphyry. 

No rock except that above described is seen on the shores of this 
narrow Lay north of the south line of sec. 27, T. 64-9. But where 
this line crosses the east shore of the bay there is a low ridge 
which shows angular fragments of fine grained greenish diabase 
similar to No. 489A. No rock is seen in place along the southwest 
shore of the promontory, on which are the corners of secs. 26, 27, 
34 and 35, T. 64-9, but many angular fragments of the fine grained 
diabase occur at the water's edge. On the sharp point, at the south
ern end of this promontory, angular fragments of the diabase and 
of porphyry, similar to No. 490, are seen. Along the shore just 
east of this point are angular fragments of granite, and a little 
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further north this grauite O<lCUl'S in situ. Several outcrops of the 
same are seen along the shore before coming to the line between 
secs. 26 and 35, T. 64:-9. At this place No. 491 was collected; this 
well represents the granite from the east shore of this promontory. 
It is a granite of medium gTain, reddish color and compact texture; 
the feldspar varies from reddish to white, and the hornblende is in 
small grains and does not make up more than one-fifth of the whole 
rock. Quartz is present in small amount. Under the microscope 
this rock (No. 491) is seen to he a distinct hornblende granite. 
Quartz is present in larger quantity than is noticed in the hand 
specimen. The feldspar is more or less cloudy and many of the 
grains show a microcline structure and have a wavy extinction, as 
have also some of the quartz grains. The hornblende is quite 
fresh and of the ordinary green variety. A few scales of brown 
biotite are present, and also some green chlorite, which appears as 
an alteration product from the biotite. Bright brownish sphene is 
seen in considerable amount. Ilmenite, or magnetite, and apatite 
prisms are also present. This is the first true granite seen on this 
lake, but there is no reason to suppose that it is distinct from the 
syenite found elsewhere on the lake; in fact, everything seems to 
indicate that it is but an acid facies of the syenite. About 150 feet 
south of the above mentioned section line is a low outcrop of mica
schist, much twisted and bent. This schist is represented by No. 
492, which is a fine grained compact mica-schist, and by No. 493, 
which is coarser and more properly gneiss. A few feet north of 
this the same schist is seen again; here it is cut by many granite 
dykes which vary from six inches to three feet in widtl}. This 
granite is part of the same as that mentioned above (No. 491). The 
dykes in general run along between the cleavage planes of the 
schist, but some were seen cutting across these planes. The schist 
here is sometimfls much changed near the contact with the granite, 
as is shown by Nos. 494 and 495, which are distinctly gneisses; the 
latter is decidedly reddish in color. There is no gradation from 
the schist or the gneissic parts of it into the granite; the contact 
between the two rocks is sharp and distinct, as is seen in No. 496. 
This specimen shows the two rocks, granite and schist, in contact; 
it was taken from the edge of a dyke one foot in width. The schist 
at this place is so twisted that no general strike can be made out. 
In places the granite includes pieces of the schjst. A few yards 
north of this section line and back about 100 feet from the shore is 
quite a large exposure of the schists. These are bent somE', but 
there is a decidedly general trend to the strike; it is N. 35° E., and 
the dip is almost vertical. Just beyond (north) this exposure of 
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schist, and in the strike of part of it, is another outcrop of the 
granite similar to No. 491. On one of these outcrops there is a 
small amount, one by three feet in area and one foot thick, of pur
ple porphyry; the contact with the granite was sharp and a distinct 
line, and there VIas nothing to show whether this rock was part of 
a dyke or an inclusion in the granite. This porphyry is repre
sented by No. 497; it has a fresh unaltered appearance and seems 
exactly similar to that already described under No. 490, except that 
that the latter is not very fresh. A short distance north of the 
section line (between secs. 26 and 35) and about an eighth of a 
mile from the shore is a small island composed entirely of granite 
(N o. 498). This island is directly in the strike of the last men
tioned outcrop of schist. The granite of the island ( No. 498) is of 
rather fine grain and holdo a considerable amount of quartz, but is 
the same granite as that described above (No. 491). On the north
eastern end of this island the granite is jointed in a very noticeable 
manner; the joints split the rock into parallel beds that stand ver
tical and strike N. 70° E. 

On the south shore of the little bay, in the S. E. i of S. W. i sec. 
26, T. 61-9, the schist is seen in many places, and the granite is seen 
in contact with it at a few points. The schist here is well repre
sented by the specimens collected near the south line of this sec-
~------31eet • tion; and where the 

schist is in contact 
with the granite it 
takes on the same 
characters as seen in 
Nos. 494 and 495. In 
one place 11 sma 11 
tongue of the granite 
was seen run n i n g 
across the strike of 
the schists, as shown 

b=Jl~ca'8Ch~, in the accompanying 
Fig. 4. Oontact of gr"llite >111d Illlul1·"d,bl; ti. E.);J: illustration (Fig. 4). 

s. W. ,4 sec. ~6. T. (ij-9, west shore of Snowbank lakll· Along the shore of 
this bay the schist is twisted so much that no general direction of 
strike is noticeable. 

On the south side ~f this bay, near its western end and down at 
the water's edge, the schist is cut by a small dyke. This dyke is 
four feet wide. but was not exposed for over seven fElet; the walls 
are parallel. stand vertical and strike N. 50° E. rfhe line between 
the dyke and the schist is very sharp. The dyke rock is a purple 
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porphyritic rock similar to that already described under Nos. 490 
and 497; it differs from these. however, in having distinct glisten
ing biotite scales scattered through the ground-mass. The rock 
may be provisionally called a syenite porphyry. No. 500 is this 
rock from the centre of the dyke, and No. 501 is the same from one 
edge of the dyke. The schist at this place has a dip of 60° to
wards the east, and a strike almost due north and south. The 
schist from near the dyke is represented by No. 499; this is a 
rather fine grained gray biotitic gneiss. In section this gneiss 
(No. 499) is seen to be a holocrystalline aggregate of interlocking 
grains of quartz, feldspar, biotite and hornblende. Many of the 
grains are elongated somewhat in one direction, this is especially 
true of the biotite, and there seems to be a tendency for grains of 
the same size and of the same minerals to be collected somewhat 
in irregular parallel lines. 'This causes a decidedly schistose struc
ture to pervade the rock. N one of the mineral grains show any 
evidence or a clastic origin. The quartz is clear and limpid and is 
in larger grains than the other minerals; it makes up about half of 
the rock. The feldspar, while cloudy in small areas, is usually 
clear; most of it is orthoclase, hut some good sized plagioclaseb are 
present. The biotite is brown and fresh; it, more than any of the 
other minerals, is chiefly confined to certain irregular lines. The 
biotite is in small scales, most all of which are arranged with their 
long axes in the direction of the schistosity of the rock. Horn
blende of the ordinary green variety is present in 8 few irregular 
areas; it appears very fresh. All the minerals of the rock present 
a decidedly fresh and unaltered appearance. 

The granite occurs at the west end of the little bay, in the S. E 
i of S. W. i sec. 26, T. 64-~, and also along the shore for a short 
distance north of this place. The point in the N. E. t of S. W. t 
of the same section consists of a high ridge of green schists. These 
shists are hard and of a. general green color; they seem to consist 
of mica, chlorite and silicious matter very closely intermingled. 
The rock has a fine lamination due to rapid alterations ill the ar
rangement of the constituents, thus producing laminre of different 
hardness and composition; this lamination is very clearly shown 
on weathered surfaces; it is parallel to the schistose structure of 
the rock. In places the schist is conglomeritic, containing pebbles 
of all sizes, up to a foot in length, elongated in the direction of the 
strike. The strike is N. 20Q E. and the dip is 75° to 80c towards 
the east. At the east edge of this ridge the schists are in contact 
with the granite. The contact line is sharp and runs parallel with 
the strike of the schists, but the granite sends off many small dykes 
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into the schists across the strike. No. 502 represents these green 
schists. No. 502A is part of one of the pebbles; it is a gray gneiss 
No. 503 is the granite from one of the dykes four inches wide~ 
this is a fine grained, reddish, hornblende granite. 

'1'he green schists extend from the point part way along the 
southeastern shore of the bay, in the N. W. t of S. W. t sec. 26, T. 
64-9, but on this side of the bay, near its end, is a dark, compact, 
aphanitic rock holding white feldspar phenocrysts. This is prob
ably a porphyrite (No. 504). It is massive at the shore, but on 
going back a few rods from the shore it becomes schistose, as is 
shown by No. 505. This porphyrite was traced eastward until it 
came within fifty feet of the green schists, but soil covered the 
contact. The porphyrite and the green schist at this place each 
had their distinct characters. The schistose structure of the por
phyrite is parallel with that of the green schist. In one place the 
prophyrite is cut by a dyke of a fine grained syenite ( No. 506). 
This dyke is four feet wide, stands vertical and runs east and west. 

On the west side of this bay the green schists appear again and 
seem to get more massive on going northward, but the shore here 
was not carefully examined. In the S. W. t of N. E. t sec. 26 
massive greenstone, into which the green schist seems to grade, is 
cut by a dyke ot' syfmite porphyry, similar to No. 500. On the 
shore just north and east of this the greenstone and syenite are 
seen together. The greenstone here is quite massive in appearance 
and the contact with the syenite was seen in only one place; here 
it was a decidedly sharp line and two small pieces of the green
stone were seen in the syenite. At this place the syenite also cuts 
a gray diorite blotched with hornblende (No. 507); the relation of 
this diorite to the greenstone could not be determined. The 
syenite is itself cut by a fine grained greenstone (No. 508), in a 
dyke which varies from eight inches to two feet in width; this was 
traced for thirty feet. It may be that this is not a true dyke, but 
a part of the greenstone surrounded by syenite as it is decidedly 
similar to the greenstone and can not be distinguished from it in 
hand specimen. The syenite is here represented by No. 508, 
which is a reddish rock of rather medium grain. The greenstone 
is shown by No. 510. 

Just north of this mica-schist is seen cut in every direction by 
dykes of the syenite, which vary in width from two inches to thirty 
feet. The mica-schist is shown by No. 511. Farther north there 
is a large mass of the schist exposed; here it varies from a mica
schist like No. 511, to a green schist (No. 512), which is very simi
lar to the green schists described above. The strike here is N. 20° 
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E., and the dip is about vertical. These schists extend along the 
shore up to and beyond the line between secs. 23 and 26, T. 64-9. 
Sometimes they are cut by dykes of hornblende granite represented 
by No. 513. ~ ear this section line the schists become very hard 
and compact; No. 514 from this place is a very J:jiliceous, fine 
grained graywacke. Hf're the strike is N. 25° E, and the dip is 
about vertical. On a ragged bluff just north of this section line 
the schists are much crumpled and twisted and they become hard 
and very silicious. No. 515 fairly represents the schists at this 
place. The schists continue along the lake shore in secs. 23 and 
24, T. 64-9. In places they are massive in appearance, but usually 
a lamination can be seen on their weathered surfaces; this, how
ever, is much twisted in every direction, but there is a general 
northeasterly strike and a vertical dip. The schists in these two 
sections are well represented by Nos. 515, 516 and 517. 

Where the line between ranges 8 and 9 crosses the north shore 
granite occurs, It is represented by No. 518, which is very similar 
to the granite and syenite found elsewhere on the lake. The 
granite here cuts the schists in dykes running iu every direction. 
Some of these dykes are apparently a hundred feet wide, while 
others are not more than a foot. '1'he contact between the two 
rocks is a very sharp line, as is shown by specimen No. M9, which 
was broken from tpe edge of a dyke eight feet wide. The schists 
at this place are represented by No. 520, taken within two feet of 
the granite; it is a fine, hard, silicious mica-schist. Here there is 
seen a small amount of a rather fine grained dark syenite (No. 521); 
this is distinct from the granite and is cut by it. The relation of 
this rock to the schists could not be determined. Just east of the 
range line the schists are seen in large amount. Here the strike 
is N. 70° E" and the dip southward from 70° to 80°. The schists, 
sometimes cut by the granite, extend along the shore to the bay in 
the S. W. t of N. E. t sec. 19, T. 61-8. On the W(lst side of this 
bay the schists are graywacke schists. The strike is almost east 
and west and the dip varies from 65° to 80° towards the south. 
These schists are also seen at the north end and on the east side of 
this bay. 

There il'l a small island in the N. E. t of S. W. t sec. 19, T. 64-8, 
on the eastern end of which is a large exposure of gray to reddish 
syenite of medium grain (No. 522). Mr. Wood went over most of 
this island. and found it to be made of the same syenite. 

Syenite from the shore in the N. W. t of S. W. t sec. 29, '1'. 64-8 
is of medium grain and light gray color. Small areas of the feld. 
spar have a peculiar yellow stain, No. 523. 
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Several outcrops on the east shore of the large island, which lies 
in secs. 30 and 31, T, 64-8, and secs. 25 and 36, T. 64-9, were ex
amined. They are all composed of rather coarse syenite which 
holds large quantities of biotite. No. 524. Coarse syenite similar 
to this occurs on the east shore on the line between sec. 36, T. 64-8, 
and sec. 1, T. 63-9. 

At the southwest end of the island that is crossed by the line be
tween secs. 30 and 31, T. 64-8, there is an outcrop of fine grained 
biotite gneiss (No. 525). 

Round lake. 

This lake lies mostly in sec. 6. T. 63-8. The portage from 
Snowbank lake to Round lake is in the N. E. t of sec. 1, T. 63-9. 
At the Snowbank lake end of this portage coarse syenite similar to 
No. 524 occurs. About half way over the portage a finer grained, 
reddish syenite (No. 526) is seen. But at the Round lake end of 
the portage is coarser syenite similar to No. 524. On the north 
side of the lake just west of the east line of sec. 1, T. 64-9, is a low 
outcrop of hardened mica-schist, cut by fine syenite veins. No. 
527 shows the mica-schist and a small granite vein. The lamina
tion of the schist is here twisted and bent, but there seems to be a 
general strike, No. 65° E.; however, this strike is not very pro
nounced. Further west on the shore are many angular fragments 
of syenit~ similar to No. 526. On the shore in the N. E. t of S. 
E. t sec. 1, T. 63-9, is an outcrop of the schist which is here more 
like gneiss (No. 528). In contact with this and separated from it 
by a sharp line is a small piece of syenite which held a small len
ticular piece of the schist, or gneiss. Back from the shore is a 
small hill much covered by soil, but still exposing several angular 
fragments of rock that are undoubtedly'in situ just below. HerA 
a gneissic rock (No. 529) and red syenite (No. 530) were seen, and 
in one place they were in sharp contact; in other places they seem 
to grade into each other through No. 531 and 532; but nothing 
definite as to the relation of the syenite and gneiss could be seen 
here. Syenite again occurs on the shore a little south of this aDd 
is seen in angular blocks along the southwestern shore of the lake. 
On the shore in the N. E. t of N. W. t sec. 7, T. 63-8, is a low 
outcrop of a rather fine grained, brownish syenite (?) (No. 533). 
On the small stream that comes into the lake in this one-sixteenth 
section and about 100 yards from the shore is an exposure of 
coarse grained syenite. No other outcrops are seen along this 
stream until about a quarter of a mile south of the lake; here the 
qrdinary coarse grained gabbro of the region occurs. 
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A low outcrop of mica-schist similar to No. 527 occurs on the 
north side of the lake in the N. W. t of sec. 6, T. 63-S. A little 
further east syenite similar to No. 526 is seen. In the N. W. t of 
N. E. ! of the same section the schists again appears. Here there 
is a decided strike of N. 70° E.; the dip is about vertical. The 
schists vary from mica-schist to graywacke-schist to quartz-schist. 
They are seen in several places along the northeast shore of the 
lake and also on the east shore. In some places the schists are 
cut by red syenite veins or dykes (No. 534). The most southern 
exposure of schists seen was on the past shore of the lake on the 
south line of sec. 6. 

In the N. W. t of N. E. ! sec. 7, T. 6R-S, just south of the lake 
. is a northerly facing gabbro bluff and at the base of it syenite is 
seen. The gabbro is the usual coarse grained gabbro common to 
this region. The position of the two rocks would indicate that the 
gabbro was the younger and overlay the syenite, but no positive 
proof of this was to be seen, as soil covers the junction of the two 
rocks. In the syenite a small dyke, ten inches wide, of a fine 
grained gabbro (?) occurs; this was exposed for only three feet in 
length. 'fhe contact with the syenite was a sharp line as is shown 
by No. 535. The dyke rock is represented by No. 536. The gab
bro proper retained its coarse grained character as near to the 
syenite as it was exposed. No. 537 is the gabbro in the exposure 
nearest the syenite. 

Disappointment lake. 

This is also called Cheadle's lake. It is an irregular lake lying 
in secs. 3 and 4 of T. 63-S and secs. 27, 2S. 32, 33 and 34 of T. 64-8. 
Mica-schist occurs on the portage from Rl)und lake. At the east 
end of the portage in the N. W. ! of S. W. t sec. 3 is a low out
crop of schists, almost argillaceous iu places. The strike here is 
N. 15° E., and the dip is vertical. The western shore of the lake 
has many large exposures of conglomeritic mica-schist cut in many 
places by fine red syenite. This syenite occurs in some amount on 
the portage to Snowbank lake (S. t of S. W. t sec. 32) and is here 
seen cutting a peculiar gray rock. This gray rock (No. 539) seems 
to be a holocrystalline aggregate of gray feldspar grains among 
which are scattered hornblende prisms. Iu one place this gray 
feldspathic rock held many pieces of a darker rock, apparently a 
diorite; this is well shown by the specimen collect"ld(No.539). These 
pieces of diorite are of irregular shapes and all sizes up to those ten 
inches in diameter; none of them are lenticular in shape and they 
do not present the rounded outlines of pebbles. This gray rock lies 
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to the north of the portage and is between two ridges of mica
schist, but was not seen in contact with the schist. No. 539 is the 
fine red syenite which cuts the gray rock. 

North of Disappointment lake 

Two small lakes, one lying in the N. t of sec. 27 and the other 
in the S. E. i of sec. 21, T. 64-8, were passed through. The rock 
on the shores of both of these small lakes was massive in appear
ance and varied from a very siliceous graywacke to a hard, fine 
grained green rock, resembling the ordinary greenstone of the 
region. Most of the shore line of the former of these lakes was 
examined, but no rock was seen excepting that just spoken of. 

C. KEKEQUABIC LAKE AREA. 

South of Kekequabie lake, in sees. 11 and 14, T. 64-7. 

On the portage, in the N. E. t of N. W. t sec. 11, is a ridge of 
soft dark greenish rock, which is composed largely of biotite (No. 
540). An irregular lake, lying in the centre of sec. 11, has been 
called River lake. lts shores are made of a fine grained gabbro
like rock. This varies from No. 541, a rather coarse facies from 
the west end of the lake, to No. 542, of finer grain from the port
age in the N. E. i of S. E. 1- sec. 11. Most of the rock, however, 
is finer grained than No. 541. In places this rock has small veins 
or streaks running through it; these are composed mostly of biotite. 
At times they are quitfl close together, as shown by No. 543, and 
again very few of them are S'3en. No general direction for these 
black streaks could be seen. On the north side of the central west 
ern arm of this lake the gabbro-like rock held many angular and 
twisted fragments of a reddish syenite similar to that found on 
Kekequabic lake, and also of a fine grained greenstone (No. 544). 
These fragments are ~f all sizes up to those a foot in diameter; 
they are very irregular in outline, none of them are rounded, and 
they are often much twisted and stretched. No. 545 shows some 
of the fragments in the enclosing rock. 

A few rods back from the shore, on the south side of River lake 
and near the entrance to the southern of the western arms of the 
lake, is a westerly facing bluff made up mostly of the fine gabbro
like rock. In the face of the bluff is a small area of syenite (No. 
546). This is rather fine grained and is composed of pinkish feld
spar, hornblende and some biotite. The syenite was seen within 
six feet of the other rock, but at this place neither of them showed 
any change from their normal condition. 

13 g 
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On the east shore of the lake, near the centre, is a very micaceous 
facies of the gabbro-like rock (No. 547). Just south of this is a 
gray condition, probably of the same rock (No. 1)48); this weath
ers reddish. 

The shores of Shoofly lake, which lies. mostly in the S. E. 1 of 
sec. 11 and the N. E. ! of sec. 14, are made of the ordinary gabbro 
of the region; this is rather finer, especially near the northern end 
of the lake, than the main mass of the gabbro. In one place, on 
the north side of the western arm of the lake, is a rock similar to 
that which makes most of the shores of River lake. South of 
Shoofly lake, and about in the centre of the N. lof sec. ]4, is a 
large hill of white or grayish weathering gabbro. 

Kekequabio lake . .. 
On the south side of the little bay which extends into the N. E. 

1 of N. W.l sec. 11, T. 64-7, is an outcrop of what has b~n called, 
in the former reports of this survey, chloritic syenite and chloritic 
gneiss. This rock has a considerable development on the shores 
of Kekequabic lake. Under the microscope it is seen to be a pyr
oxene granite. It is of a rabher medium 01' fine grain and reddish 
color, and will be frequently referred to below. South of this out
crop and about 200 yards from the lake is an east and west running 
ridge made of a dark green biotite rock, similar to No. 540, which 
was taken from this ridge a short distance to the east. The pyr
oxene granite is again seen in low outcrop on the south side of the 
point, in the S. E. 1 of S. W. 1 sec. 2, T. 64-7. These two are the 
only exposures on the west side of the bay mentioned above. On 
the west side of this little point is a large outcrop of the pyroxene 
granite; it varies considerably withirra few inches as to the amount 
of the pyroxene constituent. No. 549 shows the lightest colored 
and coarsest grained facies from this place. The rock presents an 
irregular layered appearance. These layers vary from an inch to 
ten inches in thickness, and even the same layer varies. in thickness 
within a short distance. No difference in composition between the 
different layers could be made out, nor is there any arrangement, 
macroscopically visible, of the constituent minerals in such a man
ner as to cause splitting along certain lines. The rock did not show 
a tendency to split up into fine layers parallel to the larger ones. 
The rock has not yet been carefully studied in regard to the origin 
and significance of this structure. Fig. 5 represents the face of a 
small exposure of this granite and shows the regularity of the lay
ers. The layers at this place dip from 10° to 15° towards the 
south. 
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~~------------5Jt.~.---------------
Fig 5. Sketch showing the parallel layers into which the pyroxene granite is 

broken in the S. E. '4 S. W. '4 sec. 2, T. 64-7, south shore of Kekequabic lake. 

No other outcrops are seen along the south shore in sec. 2 and 
the S. E. t of sec. 3, T. 64-7. On going south rrom the lake ror a 
quarter or a mile, on the line between secs 2 and 3, no rock is seen 
in situ, although the ground rises very rapidly rrom the lake shore. 
In the S. E. t or S. W. t sec. 3, on the shore, is a dark colored fine 
grained chloritic rock (No. 550), which extends westward and seems 
to become the angular weathering chlorite-biotite rock described 
in the 15th (1886) Annual Report, page 364. 

The little promontory (not shown on the plat), in the S. W. t of 
S. W. t sec. 3, T. 64-7, is made of the pyroxene granite, which here 
contains distinct porphyritic reddish feldspars. The rock is well 
represented by No. 551. There is in the granite a division into 
layers similar to that described above, but coarser and less notice
able, which here dips northward 15° to 20°. At the base of this 
promontory is a low outcrop or a dark aphanitic rock (No. 552) 
which resembles some or the hardened argillyte slates of Knife 
lake. Just west or the promontory the chlorite-biotite rock is ~gain 
seen, and this extends along the shore in sec. 4 and out to the end 
or the point in the S. W. t of N. W. t sec. 3, T. 64-7. On this 
point the pyroxene granite is seen in contact with this chlorite
biotite rock. A piece or the granite was seen, apparently sur
rounded by the other rock, but no positive evidence as to the rela
tive age of the two could be seen, although the granite seems to be 
the olde!. The contact between the two rocks is a pretty well de
fined line. No. 553 shows the granite from this place; No. 554 the 
contact; and No. 555 the chlorite-biotite rock, which here holds a 
small amount of red feldspar, not seen in it elsewhere. On the 
north side of this point the granite occurs in a large exposure. It 
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is here finer grained than No. 553, and is represented by No. 556. 
It varies much, especially towards the west end of the exposure, 
and becomes darker colored and much finer grained, as is shown by 
No. 557. The chlorite-biotite rock is again seen at the extreme 
eastern edge of this point and in one place it is in contact with a 
small piece of the granite. On the north side of this point, near 
its base, is an uninterrupted exposure exteuding along the shore for 
thirty-five feet, and just east of it are other small exposures within 
a few 'feet of each other. Here there is a gradual change from a 
gray aphanitic rock much resembling some of the gray slate of this 
vicinity to the pyroxene granite, as represented by Nos. 556 and 
557. The gray rock, however, shows no evidence of lamination or 
any definite slaty cleavage; it may be a very fine grained facies of 
the granite in which the porphyritic feldspars are lacking. As yet 
these specimens have not been E<tudied microscopally. Nos. 601 to 
615 represent this gradation; No. 601 is the gray rock; the speci
mens up to No. 612 were taken within distances of one to four feet 
going eastward from No. 601; Nos. 613,614 and 615 occurred thirty 
to forty feet further east, and these pass into the facies of the gran
ite represented by Nos. 556 and 557. From this point northward 
the rest of the west shore in sec. 4, T. 64-7, and the north shore in 
sec. 34, T. 65-7, were explored carefully for any trace of the pyrox
ene granite, but none was found. 

Tlie little island just northeast of the end of this point (S. W. i 
N. W. i sec. 3, T. 64-7,) has on its western end numerous angular 
fragments of dark aphanitic rock holding red feldspar crystals 
( No. 558). And on the south side of the island, and in some places 
on its west end, are also fragments of a dark conchoidally breaking 
argillyte (No. 559) very similar to No. 552 described above. These 
two rocks (Nos. 558 and 559) are undoubtedly in place just below the 
angular blocks. On the east end of the island is a small outcrop 
of a ~ray rock which has a fine grained granitic ground-mass hold
ing very small porphyritic crystals of pyroxene and large ones of 
feldspar. This rock is numbered 560. It is the same rock as is 
found in considerable amount farther east on the shores and islands 
of this lake. This rock is found to be a very fine grained pyroxene 
g1'anite porphyry, and will be spoken of in this report as such, or 
simply as granite porphyry. This rock was seen in sharp contact, 
in a loose block, with the black argillyte. Rocks Nos. 558 and 560 
are probably different facies of the same rock; apparently inter
mediate stages were seen. 

The island nearest the end of this point has a good sized bluff of 
granite near its centre; this is well represented by the specimens 

# 
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described above, Nos. 556 and 557; it occupies the north half of 
the island. On the south shore is a dark rock with a green chlor. 
itic ground-mass in which are blotches of hornblende (No. 561); 
this seems to pass into a fine grained condition (N o. 562) which is 
seen in sharp contact with the granite, but the relative ages of the 
two was not determined. 

On the east shore of the little bay which lies at the southern side 
of the base of this point (8. W. 1 N. W. t sec. 3, T. 64-7,) is a slaty 
rock which, however, appears perfectly massive, except in weath
ered fragments where the slaty structure is brought out; no evi
dence of lamination was seen. At the northeast corner of this bay 
the slate is a black almost conchoidally breaking argillyte. Here 
on the weathered surfaces appears a fine lamination which strikes 
N. 20° E. and dips 75° toward the east. 'rllis rock is similar to 
No. 559, and it is peculiarly spotted by small gray to whitish 
blotches. These spots are not very numerous, but are often quite 
distinct; they are of all sizes up to those five mm. in diameter. 
No. 563 shows this spotted slate. Going west along the north shore 
of this little bay the black slaty rock is seen in several low outcrops; 
it is cut by small veins which stand out above the surface of the 
rock on weathered surfaces. Near the west end of the bay, in the 
S. E.1 N. w. 1 sec. 4, T. 64-7, is a soft green schist (No. 564), 
which strikes northeast and dips 70° toward the northwest. This 
rock shows no lamination. but has a very pronounced schistose 
structure. Just west of this, near the northwest corner of the bay, 
is t he green chlorite-biotite rock. 

The large island in the E. t of sec. 3, T. 6.f-7, and the three 
smaller islands that lie just west and northwest of it are composed 
of the pyroxene granite. The rock varies somewhat in grain and 
in the amount of the pyroxene constituent present. No. 565, from 
the east end of the smallest of t.he three smaller islands, shows 
about the normal condition of this granite. No. 566 is a coarser 
grained facies from the southern end of the largest and most north
erly of the three smaller islands. On the north shore of the 
large island, near its western end the granite varies from a fine 
grained condition, like No. 565, to a dark, fine grained facies (No. 
567). At this place was also seen a small band or inclusion of a 
gray and black slaty rock (No. 568) in the granite. 

On the east shore of the bay in the N. E. 1 of N. W.tsec. 11, T. 
64-7, is a fine grained green chloritic rock (No. 569). This is 
roughly schistose in places and at the water's edge is seen to be 
conglomeritic. The pebbles are rounded and do not appear dis 
tinct on fresh surfaces, but where the rock is waterworn they are 
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quite prominent. From this exposure a ridge runs eastward and a 
short distance from the shore the rock is distinctly laminated, as 
shown by No. 570. This exposure may have been a little displaced, 
but to all appearances it has not been. Thfl dip is about vertical 
and the strike is N. 80 0 W. Just north of this and also in the S. 
W. i of S. E. t sec. 2, T. 64-7, ftre hills of fine grained pyroxene 
granite (No. 571). In the granite are a few dark inclusions of ir
regular outline; No. 572 is from one of these. The same fine 
grained pyroxene granite is seen in several places along the shore 
of the bay which lies in tha E. t of S. W. i sec. 2, T. 64-7, and the 
hjgh hills just east of this bay are apparently composed of the 
same rock. These hills were visited in the E. t of S. W. i of S. E. 
'i and N. E. i of N. W. t of S. E. t sec. 2, and were found to be made 
of the same granite, well represented by No. 571. Syenite is also 
seen on the west side of the northward extension of this bay and on 
the point in the N. E. t of S W. t sec. 2. No other outcrops are seen 
northward along the shore in sec. 2, but on the point in the S. W. 
t of S. E. t sec. 35, T. 65-7 is a low exposure of a very fine grained 
facies of the granite (No. 576). 

There is an island in the N. W. t of N. W. t sec. 2, T. 64-7, which 
is made up mostly of the pyroxene granite (No. 573); this varies 
somewhat in grain, but none was seen as fine as No. 571; it is no
ticeably porphyritic with reddish feldspars. On the west side of 
the island near the north end is a rock with a green aphanitic 
ground-mass in which are numerous glistening biotite scales,-No, 
574. This rock is seen in contact with the granite; the contact 
line is aharp and distinct. The green rock is cut by many vein
like forms of a purple rock which is seen to be part of the granite, 
but they were not, actually, traced into the granite. No. 575 shows 
this rock in contact with the green rock. On a microscopic exam
ination No. 575 is seen to be part of the granite. The two rocks 
were not apparl':'ntly changed near the contact. Many angular and 
rounded fragments of the green rock are seen in the granite and a 
few fragments, or what appear to be such, of the latter, are seen in 
the green rock. The evidence of this exposure points to the more 
recent age of the granite. 

About the foot of the shallow bay in the S. E. t of S. E. t sec.35, 
T. 65-7. is an outcrop of a very light colored facies of the pyroxene 
granite porphyry (No. 577). Down at the water's edge this rock 
held a piece of a clark chloritic rock, similar to No. 574; this is 
probably an inclusion in the porphyry, but not enough was ex
posed to show this positively. A short distance east of this place 
a purplish condition of the granite porphyry is seen (No. 578). In 
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fragments from the side of this exposure there is a distinct arrange
ment of the porphyritil:1 feldspar crystals in approximately parallel 
position. This could not be seen very well in the rock in situ, but 
at one favorable place this arrangement was in planes, or appar
ently so, running about east and west and dipping N. about 45°. 
That this direction is constant in this place is not clearly shown. 
The rock contains few pyroxene prisme, but a few were seen one
eighth to one-quarter of an inch in length. A short distance fur
ther east, in the R. W. i of S. W. i sec. 36, T. 65-7, is an outcrop 
of fine grained pyroxene granite, similar to No. 571. 

On the main shore, just soutb of the west end of Stacy island 
(the iHland just off the shore and near the center of the N. -! of S· 
W. t sec. 36), a few feet from the water, is a low knoll of the 
granite porphyry well represented by No. 578, although here the 
porphyritic crystals are not quite as abundant as in that number. 
A few rods back from this knoll a high, precipitous hill rises, prob
ably 200 feet above the lake; this hill extends along the lake shore 
in the S. ?t of sec. 36, T. 65-7. Mr. Wood went to the top of the 
hill, but found it to be all made of the same rock as is seen at its 
base,-a fine grained facies of the pyroxene granite (No. 579). 
This granite and the granite porphyry were traced within 150 feet 
of each other, but no nearer. Nothing was seen to indicate a grada
tion between the two rocks. 

The granite porphyry occurs on the south shore of the lake in 
several places in the S. -! of N. E. i sec. 36, T. 65-7 and S. W. t 
N. W. t sec. 31, T. 65-6. Careful search was made for any general 
direction for the long axes of the feldspar crystals in this porphyry, 
but none could be found. In the S. W. t of N. E. t sec. 36, T. 65-7, 
just back from the shore, is a cliff about eighty feet high. The 
lower half of this is composed of the granite porphyry, and the 
upper half of It green conglomerate similar to that described half 
a mile southwest from this place on Stacy island.* The exact 
line of contact between the two rocks was seen in only one place, 
but the two were traced within two to five feet of each other for 
some distance along the face of the cliff. The contact line remains 
nearly horizontal for some distance and then suddenly runs up
ward. 'rhere seemed to be no blending of the two rocks at their 
junction, but the porphyry was roughly schistose and softer than 
usual, while the conglomerate seemed harder and more crystalline. 
No. 580 represents the porphyry and No. 581 the conglomerate at 
the contact; these two specimens were taken within two inches of 
each other. No. 582 shows the porphyry about four feet from the 

* 15th (1886) Ann ual Report. Pl'. 150-15l. 
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conglomerate. The dip of the conglomerate seemed to be toward 
the south, but nothing uefinite could be determined about this. 
The southwest side of Stacy island has quite an extensive expos
ure of the granite porphyry, but the j unction of this and the con
glomerate and the diabase on the island was not found. The por
phyry here is rather coarser grained than usual and carries con
siderable biotite,-No. 583. The island just west of this shows 
many outcrops of the porphyry along its shores, in fact, this was 
the only rock seen on the island. 

On the northwest end of the little point in the S. W. t of N. W. 
t sec. 31, T. 65-6 (south side of the lake) there is a dark, medium 
grained diabase. And on the northeast corner of this point is a 
low outcrop of a fine grained, gray, apparently holocrystalline rock; 
the ground-mass is grayish and in it are small, black needles, 
probably (If hornblende, and a few scattered, rather irregularly 
outlined, feldspar individuals. There are also a few rounded peb
bles, up to those two inches in diameter, scattered through the 
rock. The specimens collected (No. 593) show some of the pebble 
forms. Some of these pebbles are seen to be sub-angular, but 
most of them are rounded. They seem to be scattered irregularly 
through the rock and lie in no definite planes or layers; there is 
nothing in the rock to show any sedimentary lamination or bedding; 
it appears perfectly massive. This rock is seen in several outcrops 
in the N. E. -t of S. W. t sec. 31, T. 65-6, and the shore is here 
usually lined with fragments of it. In the eastern part of this 
one-sixteenth section is quite an extensive expObure a short dis
tance back from the shore. Here the pebbles, which have been 
steadily incn;asing in abundance eastward from the first mentioned 
outcrop, are very numerous. It would be almost impossibe to 
find any surface a foot square in the rock at this place which 
would not contain one or more pebbles, and many areas of this size 
would include as many as twenty. The rock is here represented by 
No. 594 and pebbles from it by 594A. This rock extends along 
the shore in a few outcrops nearly to the east line of sec. 31. The 
pebbles grow less abundant on going east from No. 594. No. 595 
shows a more highly crystalline condition of this rock from the 
S. E. t N. E. t sec. 31. The noticeable features of this rock are 
its sharply outlined, rounded and Bub-angular pebbles and the few 
scattering, white, apparently porphyritic, feldspar crystals, some
times a quarter of an inch in lellgth. No bedding, lamination or 
definite arrangement of the pebbles could be seen lD the rock. It 
seems that this rock is a metorophosed conglomerate, and it 
strongly reminds one of certain facies of the Ogishke conglomer-
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ate. In one place in the last mentioned one-sixteenth section there 
is a rough, parallel jointage in the rock; these joints dip south
ward about 25 0 • 

In the eastern side of the above TIIf section is a low bluff of fine 
grained diabJl.se and granite porphyry. The two rocks are seen in 
contact; the line between them is sharp and about vertical, but 
quite irregular, angles of each projecting into the other. 'rhere 
was nothing seen to determine the relative ages of the two rocks. 
No. 596 shows the granite porphyry about three feet from the con
tact; No. 597 is the same at the contact. No. 598 is the diabase at 
the contact, and No. 599 is the same six feet from the contact. No. 
600 shows a coarser grained condition of the same also six feet from 
the contact. These last three grade into each other. It may pos
sibly be that the specimens Nos. 598 and 599 are altered black slate, 
but this cannot be told macroscopically, and to all appearances they 
are continuous with and not to be separated from No. (iOO, which is 
a distinct diabase. The south shore .. f the lake, from this place to 
its extreme eastern end, was examined carefully for other outcrops 
of the granite porphyry, but none were found. 

On the north shore of the lake, in the W. i of N. E. i of N. w. 
1 sec. 31, T. 65-6, there is an exposure of the granite porphyry 
which has above it, and on both sides of it at the water's edge, a 
green rock seemingly the same as the green schists found a short 
distance to the west. Here the green rock appears perfectly mass
ive, except in a few places, where there is a very indistinct lamina
tion, which is not sufficiently developed to enable oue to determine 
the strike and dip. No. 616 is the porphyry thirty feet from the 
green rock; the porphyry holds a few small rounded areas of green
ish material with rather indistinct outlines; one of these is shown in 
the specimen of the porphyry collected here (No. 616). The two 
rocks were traced within two feet of each other, but the exact con
tact was not seen. Nearest to the green rock the porphyry seemed 
to be finer grained (No. 617). No. 618 shows the green rock with
in thirty inches of No. 617, and the ill-defined reddish blotches 
which are seen in the green rock near the porphyry. No. 619 is 
the green rock about fifty feet from the porphyry. On the east 
side of this exposure the two rocks are seen close together. Here 
the porphyry held pieces of greenish material (No. 620) up to ten 
inches across; there was no very sharp line between these and the 
porphyry, bul owing to the moss and lichen covered condition of 
the rock these green areas could not be well outlined. Search was 
here made for some general direction for the long axes of the feld
spar crystals of the porphyry, but none could be found. 
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With the exception of a small area of fissile green schist on its 
western side, the point on which are the corners of secs. 29, 30, 31 
and 32, T. 65-6, is made entirely of the granite porphyry. It here 
reaches its most typical development. This is the first exposure 
of the porphyry on the north side of the lake east ofthat described 
just above. Green slate is seen just north of this point, but bb
tween this and the porphyry there are no exposures; however, at 
the nearest point to these green slates the porphyry is finer grained 
than usual, as is shown by No. 621. A number of the largest pyr
oxene crystals were collected from the rock on this point, and also 
some of the feldspars, which showed dark centres. Very few in
cl asions were found here; probably not more than thirty were seen; 
these varied from half an inch to ten inches in diameter. They 
are mostly greenish in color and are not very sharply outlined, as 
is shown by No. 621A. No. 621B is from an irregularly but sharply 
outlined piece ten inches across. No. 6210 is from an oblong 
piece, ten by five inches in area; around this piece there is distinct 
evidence of flowage, as is shown by the arrangement of the porphy
ritic feldspars. 

Just south of the corner of the bay in the S. E. 1 of S. W. 1 sec. 
36, T. 65-7,' is a large ridge of pyroxene granite, spoken of before. 
(See No. 579 and accompanying description.) The eastern end of 
this ridge is made of a fine grained, flesh-colored rock (No. 622), a 
condition of the slates of the region, but no structural planes can 
be seen in it. This is in contact with the granite; the line between 
the two could not be clearly seen, but it seemed to run about vert
ical. No. 623 is the granite about thirty feet from the contact. 
No. 624 is the same at the contact, and No. 625 shows the slate at 
the contact. The last two specimens were'taken within an inch of 
each other. This slate continues eastward and northeastward for 
about two hundred yards; it varies somewhat, as shown by Nos. 
626 and 627. The relation between this rock and the dark, hard 
slates on the shore just north of this could not be determined. 

In the N. E. ! of N. E. 1 sec. 36, T. 65-7, where the granite por
phyry overlies the greenstone,* two speeimens of the former were 
collected. No. 628 is fine grained and was taken jUElt at the con
tact of the two rocks; No. 629 is coarser grained, taken fifty feet 
from the contact. Oareful search was made for some general direc
tion of the long axes of the porphyritic feldspars, but their direc
tions varied much; however, there were more places in which they 
ran about east and west than where they ran in other directions. 

*This place has lJcen described and Ii gurec1 in the 15th (1886) Annual Report, pp. 
154, 367. 
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South from Kekequabic lake in sec. 31, T. 65-6, and secs. 6 and 7, 
T.64-6. 

A trip was made south from the lake through the S. E. 1 of sec. 
31, and through the E. ~ of sec. 6 to the little poud on the south 
line of this section east of the quarter post. From this pond I 
went through sec. 7 to the lake which lies in the S. i of this section 
and the N. i of SM. 18. The description will begin at Kekequabic 
lake and go southward over the high hill in the N. E. 1 of sec. 6 to 
the lake just mentioned. 

At the shore, in the S. W.l N. E. l sec. 31, the conglomerate, 
already described under Nos. 593, 594 and 595, is seer.; this con
tinues southward for at least an eighth of a mile. The pebbles 
become less numerous, but no less sharply outlined, on going away 
from the lake, and the rock becomes more coarsely crystalline and 
holds more of the apparently porphyritic white feldspars,-No. 630. 
No evidence of bedding was seen in this conglomerate. Beyond 
this and within fifty yards of the last exposure of conglomerate 
there are outcrops of slate. This slate varies from a dark almost 
black argillyte to one that is quite light gray. 'fhe lamination of 
the slate was twisted in some places, but as a rule this coincided 
with the slaty cleavage: The dip and strike were taken in many 
places before reaching the top of the large hill, whose summit lies 
in the N. E. t of sec. 6; the dip was vertical and the strike varied 
from N. 35° E. to N. 55° E. The slate was intimately interbedded 
with a dark gray to greenish gt:it, but the lines between the two 
rocks were quite distinct. The bands of each varied from those a 
fourth of an inch hcross to those that. were fifty feet or more in 
width. The grit held angular fragments of the slate and bands of 
the sh.te that were abruptly cut off; there were also places where 
bands of the slate were faulted and the grit existed betwe(m the 
faulted and broken ends of the slate bands. This grit makes up 
about half of the Bxposures to the hill top, but no exposure was 
composed entirely of this or of the slate alone. No. 631 is the 
black slate; No. 632 the grit, and No. 633 shows. as well as a hand 
specimen can, the intimate interbanding of the two. At the top of 
the high hill the grit is coarser grained than usual, as is shown by 
No. 634. The strike continues to be northeasterly until coming 
into the S. E. lsec. 6, where it changes to N. 20° E., and a short 
distance farther Routh to direct north and south; the dip still re
mains vertical. This north and sonth strike continues to the pond 
which lies on the south line of section 6 east of the quarter post. 
No. 635 shows another condition of the grit resembling graywacke 
from just north of this pond. In this there is seen indistinct lam-
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ination, but the other specimens of the rock do not show it; the 
rock (grit) elsewhere appears perfectly massive except for its in
terbanding with the slates. South of this pond the strike again. 
swings round to northeast and the dip remains vertical. 

About a quarter of a mile south of this pond is an outcrop of a 
porphyritic rock which is probably the same as the granite por
phyry of Kekequabic lakE>. About seventy-five feet of this rock 
was exposed, the slates occurriog both north and"south of it within 
less than a hundred feet. The porr-hyry is numbered 636. The 
weathered surfaces of it show a rough schistose structure which runs 
N. 35° E. and stands vertical; however, this structure is not seea 
on freshly broken surfaces. The feldspar crystals are often ar
ranged with their long axes parallel to the direction of the schistos
ity. The northeast Etrike of the slate and grit continues as far as 
they were seen,-i. e. almost to the lake which lies in the S. ! of 
sec. 7 and the N. ! of sec 18. We struck this lake about the cen
tre of its north shore in the S. E. t S. W. ! sec. 7. A short dis
tance before reaching this lake the slf\te dieappears and the grit, 
similar to Nos. 63~ and 635, both of which facies here often show 
fine lamination on weathered surfaces, becomes in places con glom
eritic and harder (No. 637). The pebbles are mostly rounded, 
some few are subangular, and they are chiefly of slate and a red
dish granite porphyry, a pebble of which is shown in the specimen 
collected. This conglomerate shows no sigus of lamination or 
schistosity. A short distance further south and almost at the lake 
shore is a more crystalline conglomerate holding pebbles of the 
same or similar n~ddjsh granite porphyry, and also of a fine grained 
red granite or syenite which resembles the pyroxene granite already 
mentioned so often. This conglomerate is shown by No. 638. In 
this rock, and also in No. 637, the pebHes varied from quite small 
ones up to those eight inches in diameter, but most of them were 
one to three inches across. In some places the pebbles were quite 
numerous and in dthers there were but a few to be seen. No def
inite arrangement of the pebbles in planes nor any elongation of 
them in one direction was seen. 

The eastern half of the north shore of this lake (lying in the S. 
~ of sec. 7 and N. ~ sec. 18) has some outcrops of the conglomerate 
represented by No. 638. On the east shore of this lake there are 
no outcrops until coming nearly to the south line of sec. 7. A short 
distance north of this line the ordinary gabbro of the region is seen. 
It is somewhat finer grained here than is usual, as is shown by No. 
639. On going south along the shore a little farther the gabbro 
becomes coarser, similar to the usual coarse grained gabbro of the 
Mesabi range. 
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The object of this trip south from Kekequabic lake was to find 
how far south the conglomerate, described under NOB. 593,594 and 
596, extended, and to look for an eastern extension of the pyroxene 
granite which is seen in the E. ! of sec. 2, T. 64-7. However, no 
granite nor any trace of it was seen. Numerous exposures of rock 
were seen, and there was probably no distance of a hUlldred yards 
where outcrops were wanting, until just before coming to the small 
lake mentioned above. And here there were not enough exposures 
to satisfactorily trace the conglomerate represented by No. 637 into 
that represented by No. 638. Still everything, except the more 
crystalline condition of No. 638, seems to point to their identity. 
The high hill passed over just south of Kekequabic lake seems to 
be at least 350 feet above the lake. This was thought to be the case 
on comparing it with MaIlman's peak, which is 250 feet above the 
lake.* 

Small lake in the S. E. 1 of sec. 36, T. 65-7. 

On the hill just north of the east end of this lake is a fine grained 
diabasic rock (No. 584). In places this is massive and again slaty. 
The strike of the slaty structure is N. 80° W., and the dip is to
wards the north 65° to 70°. Toward the base of this hill is a gray 
porphyritic rock with indistinct white feldspars in it (No. 585). 
This was seen in contact with the diabase rock and is found both 
above and below it, but the exact contact was seen in but one place 
where the two rocks were separated by a sharp line. Farther up on 
the hill the porphyry is represented by No. 586, which much re
sembles the pyroxene granite found a mile to the west. There 
were some apparently intermediate stages between Nos. 586 and 
585, but no continuous exposures connected them. No. 587 repre
sents another facies seen in contact with the slaty diabase (No. 
584); this was apparently a stringer of the porphyry in the dia
base. The same porphyry is again seen in a hill north of the cen
tre of the lake and is in sharp contact with the slaty diabase. The 
latter is confined mostly to the upper part of the hill while the por
phyryoccurs near the water. No. 588 represents this porphyry 
from the north side of the lake. 

At the northwest corner of the lake black argillytes are seen. 
They show no distinct bedding. On the west side of the lake near 
the north end is an exposure of the fine grained pyroxene granite 
(No. 589). And a short distance farther south is a hill whose base is 
made of the same granite, but of somewhat coarser grain (No. 5\:10). 

*The lake described above as having gabbro on its south sbore is in the N. Yo of N. 
E. 74, T. 64-7, and not in sees. 7 and 8, T. 64· 6. 
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There is only one outcrop on the south side of the lake; this is a 
fine grained granite porphyry (No. 591) similar to that dpscribed 
from Kekequabic lake as pyroxene granite porphyry. I looked 
carefully for a definite arrangement of the feldspar crystals here, 
but none could be seen. Those, however, as seen in many places 
on Kekequabic lake, seemed to show evidence of a flowage in the 
rock beforfl solidifying. On the east shore of the lake is a por
pbyry similar to No. 588. Here are a few irregularly shaped in
clusions in the porphyry; No. 592 is from one of these. No rock 
intermediate between Nos. 5t18 and 591 was seen. 

East of Kekequabie lake in sees. 28 and 29, T. 65-6. 

A portage runs eastward from the most easterly point of Keke
quabic lake to a small lake in the W. i of S. W. i sec. 28. On this 
portage the hard black and gray argillytes, found just to the west, 
are also seen. The strike and dip were taken in one place; the 
former was N. 20° E. and the latter about vertical. On the east 
end of the portage itl an aphanitic dark gray rock holding white 
feldspar crystals (No. 640); it also holds a few rounded pebble
like forms of rock similar to itself. On this portage and a short 
distance from the shore of the small lake this rock becomes softflr 
and schistose and is not so distinctly porphyritic,-No. 641. It 
holds many rounded and sub angular pebbles of fine grained gran
ite, gray argillyte and a rock similar to No. 640. These pebbles 
present all the appearances of being water-worn and rounded; they 
are in places arranged in rough planes that run N. 25° E. and 
stand vertical. On the east side of the lake is an exposure of rock 
similar to No. 540, and on the same side nearer the north end is a 
large exposurfj of a peculiar gray granitic rock holding many small 
feldspars (No. 642). This is probably a metamorphosed grit. 
Back from the shore a little ways this rock becomes finer grained 
and darker in color, and is seen in sharp contact with a fine grained 
diabase (No. 643), which is probably in the form of a dyke. No. 
644 shows this granitic rock at the contact, but this may be part of 
the rock similar to No. 64l. North of this and extending to the 
portage is rock similar to No. 641; it is decidedly conglomeritic. 
I noticed a few scattered greenish inclusions or pebbles in No. 542. 

From this lake is a portage rnnning north for about fifty yards 
to another small lake. According to the plat this ought to be Zeta 
lake, but very probably the bay that is represented at the south
west corner of Zeta lake is separate from that lake. On the port
age from this small lake to Zeta lake the argillaceous slates again 
occur; they here strike N. 20° E. and dip 80° to 85° towards S. 
20° E. . 
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D. SAGANAGA LAKE AREA. 

The work on this area was confined mostly to its southwestern 
and western borders. The limits of the granite were traced pretty 
accurately from the east side of sec. 15, T. 65-5, west and north
west to the E. t of sec. 24, T. 66-6, where the western line of the 
granite crosses the international boundary. 

lVesi Sea Gull lake. 

The southwest cornel' of the point that is cro'lsed by the south 
line of sec. 8, T. 65-5, is composed of a coarse grained gray gran
ite ( No. 615). Just east of this the rock is much decayed and very 
schistose, as shown by No. 646. This is undoubtedly only a de
cayed portion of the granite, and tne two are not separated by any 
line. East of this the granite, like No. 645, is again seen, and it 
also outcrops on the north side of a little island just south of this 
point. There are no outcrops at the end of the little bay in the 
N. W. 1: of N. E. 1: sec. 17, but a short distance to the east are 
rounded knolls of granite. Here the rock is darker colored and 
carries less quartz than most of the granite on the lake; this facies 
is shown by No. 647. On the south shore of this bay and near its 
eastern end is a low outcrop of the ordinary granite, and a short 
distance to the west are large, bare, rounded domes of a dark green 
slaty rock which appears massive in places. At the water's edge 
the granite was seen in contact with the slaty rock, and it also held 
angular fragments of the same. The granite at the contact was 
coarse grained and similar to No. 645. The green slaty rock is 
represented by No. 648. The rounded domes of tne green slate are 
cut by numerous branching veins or dykes of granite, which is 
coarse grained and similar to No. 645; it is shown by No. 649. 
These veins are of all sizes up to those twenty feet in width; the 
sides of them are not finer grained than the centres. A second set 
of granite veins, few in number, also cut the green rock and the 
coarse granite veins; this second series is composed of a fine grained 
reddish granite (No. 650), and these veins are of finer grain near 
their edges than at the centre. This same rock was seen cutting 
the ordinary granite on the north side of the bay. On the west 
shore of the bay in the N. E. 1: of N. W. ! sec. 17, is a massive 
aphanitic greenstone (No. 651). On going north along this shore 
this rock seems to pass into a massive diabasic rock, which comes 
in contact with,the granite, which holds pieces of the diabase and. 
sends stringers into it. No. 652 is the diabase from the granite 
contact. Granite occurs in a few outcrops along the shore i.u the 
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N. W. i of the last mentioned r\ section, but before coming to the 
north line of sec. 17 the aphanitic greenstone again appears. This 
is seen where this section line cuts the shore, and also in several 
places in the S. W. t of S. W t sec. 8, T. 65-5. It varies from a 
rock like No. 651 to one that is harder and gray to greenish in color 
and resembles a very compact and fine grained graywacke (No. 
653). Granite is again seen on the blunt point which is touched 
by the west line of sec. 8 south of the quarter post. 

On the shore in the N. W. i N. W. is. w. i sec. 8, T. 65-5, and 
also at the west side of the same tr\ section, where the west line of 
the section crosses the shore, are outcrops of conglomerate. The 
matrix of the conglomerate is gray to greenish in color, quite coarse 
and full of quartz grains. In this matrix are many pebbles, among 
which red jaspilyte is conspicuous. No. 654 shows this conglom
erate. It is part of the Ogishke conglomerate which is seen in so 
extensive development to the southwest on Ogishke Muncie lake. 
There is nothing at this place to definitely show the dip and strike' 
This conglomerate rises in a ridge just west of the shore, and in 
places the matrix is entirely free from pebbles and quite schistose. 
This schistose structure runs N. 35° E and stands vertical. A 
short distance further west, but separated from the conglomerate 
by low ground where there are no exposures, iH a ridge of granite 
running northeast and southwest. This granite does not differ ma
terially from that found at the lake shore; it is represented by No. 
655. This granite ridge is about 100 feet wide; beyond it the con
glomerate again appears and extends westw!J.rd for at least a quarter 
of a mile from the lake. Beyond this is low ground with no expos
ures. On this last ridge the granite and conglomerate are seen in 
contact. The granite runs in bands in the conglomerate, thus giv
ing the appearance of "interbedded" granite and conglomerate. 
These bands of granite vary from one to thirty feet in width, and 
about a dozen of them were seen. The contact lines between the 
granite and conglomerate are distinct, but rather irregular; how
ever, they do not run across the strike of the conglomerate for more 
than six inches at a time. In some places it is rather difficult to 
tell which rock is under foot, but when the two rocks are seen to
gether they are easily distinguished. The granite does not vary in 
grain, especially at the contact, but is of a uniformly coarse grain. 
No. 656 shows the conglomerate at the contact, and No. 657 is the 
granite from the same place. No. 657 A is the granite four feet 
from the contact. No. 658 shows a more crystall\ne condition of 
the conglomerate matrix. Interbedded with the conglomerate is a 
small amount of argillaceous slate. The matrix varies from that 
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shown by No. 654 to a fine grained green facies shown by No. 659. 
Bands of the matrix free from pebbles are common, and in such 
cases the rock is occasionally laminated. The strike at a place 
100 yards east of the granite bands is N. 10° E., but near these 
bands it varies from N. 10° W. to exact N. and S.; the dip in all 
cases is vertical. 

The granite is again seeu on the northeastern side of the round 
point in the S. W. t of S. W. t of N. W. t sec. 8, and also on the 
point just east of this. At the southwest corner of the bay, which 
runs into the S. E. t of N. E. 1 sec. 7, is a greeu rock similar to 
No. 651; it is cut by the granite and is also seen in sharp contact 
with a fine grained purpliilh porphyritic rock, which seems to be in 
the form of a dyke, although this could not be definitely seen. 
This porphyritic rock is the salle as Nos. 660 and 661. On the 
northwest shore of this bay is a ridge of granite. Granite is also 
seen in several places on the north shore of the bRY, and in one 
place is in contact with a purplish rock, which is much decayed 
and resembles a porphyrite. The line between this rock and the 
granite is very distinct, and the former ,seems to cut the latter in 
the form of a dyke. The granite is unchanged at the contact, but 
the other rock here seems to be finer grained than usual. No. 660 
shows thiE! porphyrite (?) from the contact, and No. 661 is the same 
twenty feet from the granite. " 

Along the west shore of the lake the granite is seen in several 
outcrops in the N. E. 1 of N. W. t sec. 8 and S. W.lsec. 5. Near 
the end of the point in the N. E. 1 s. w. 1 sec. 8 is a diabase dyke 
in the granite. This dyke is also seen in the bay on the west of 
this point. No. 662 represents the diabase of this.dyke; it is finer 
grained near the edge. The same dyke is also seen on the west 
and east sides of the end of the point in the N. ! of S. E. t sec. 5. 
It has an east and we"t direction and varies from thirty to forty 
feet in width. On going west from the southwest side of thfl bay 
in the N. W. 1 s. w. t sec. 5 the same dyke is again seen in con
tact with the granite, and both rocks form a ridge that runs west 
from the lake for an eighth of a mile. Beyond this (west) is a 
swamp with no exposures, and then not less than a quarter of a 
mile from the lake is a rid~e rUl;ming northeast and southwest. 
This ridge is made of a fine grained laminated slate (No. 66b), 
which varies from a gray to a green argillyte. The lamination and 
slaty structure coincide and strike N.15° E. and stand vertical. 
South of this ridge a few rods is another composed of a green to 
gray grit (No. 664), which is like the matrix of the conglomerate 

6g 
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above described-Nos. 654 and 659. No pebbles are visible in this 
rock, nor is there any lamination, but in it are a few narrow bands 
of slate similar to No. 663. These stand vertical and strike 
N. 30 U E. 

The granite is seen in several outcrops on the shores of the bay 
in the centre of the N. ~ sec. 5, and also on the point on the east 
side of this bay. The east shore of the point in the S. E. is. E. i 
sec. 8 was also examined and found to be composed of granite. 

The granite of West Sea Gull lake varies considerably in grain 
and also in the amount of chlorite or hornblende present. The 
fresh rock is a hornblende granite, but in many places this has 
been completely changEd to chlorite. There seem to be two feld
tipars present,-a yellow and a pink one. No. 675 is as fresh as any 
·of the granite of this lake and may be taken as a typical example 
·of it. This specimen was taken from the east side of an island in 
the S. W. is. E. i sec. 8. 

Small lake in the N. W. i of N. W. i of sec. 8, T. 65-5. 

This lake is not shown on the government plat. On the east and 
north shores of the lake no rock exposures wflre seen. On the west 
,shore near the north end is a ridge composed of the Ogishke con
glomerate similar in every respect to that described from 'Nest Sea 
Gull lake in this same section. The conglomerate was traced west 
over the ridge for a short distance; the pebbles became fewer in 
number and the rock in places was slaty, almost exactly like No. 
663. At one place the slaty rock was crumpled as if it had been 
pressed in a direction parallel to the strike; this was seen for only 
:a short distance. In places the matrix showed a lamination and 
again it was broken into long flags. The lamination, the long 
direction of the flags and the banding and slaty cleavage of the 
slaty areas were all parallel and stood vertical; the dip was 
N. 15° E. 

On the west side of the lake near the south end the granite is 
seen at the shore. It is chloritic and holds large quartz grains and 
reddish feldspars,-No. 665. The conglomerate is seen not more 
than an eighth of a mile west of the shore, but the junction of it 
and the granite was not found. What is said about the conglom
erate in the last paragraph will apply equally well here, except 
that the strike is N. 20° E. Back from the shore the granite be
comes schistose in places; this schistose structure stands vertical 
and strikes N. 20° E. Here the rock if> similar to Nu. 665, except
ing for this schistosity. A little further west the granite has 
changed to a yellow rock holding large quartz grains,-No. fi66. 
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This and the conglomerate were separated by several yards of soil 
where there was but one exposure. This exposure is within twenty 
feet of the conglomerate; the rock is shown by No. 667, which ap
pearo:! to be a more decayed part of the granite. On the west side 
of this exposure thpr8 seems to be, although this could not be dis
tinctly made out, an interbanding of rock similar to No. 667 and a 
rock similar to this, but finer grained and greener. It is, however, 
possible that this last is but a less weathered condition of the 
former, and that they are both decayed conditions of the granite. 
The two rocks (if there are two) are shown by No. 668. Twenty 
feet west of this is the conglomerate with the matrix like No. 664. 

No other rock exposures occur on this lake, but cetween its 
southeast corner and West Belt Gull lake is a knoll of the ordinary 
granite. 

Small lake in the S. -2 of N. W. 1 of sec. 16, T. 65-5. 

From the foot of the bay of West Sea Gull lake, in which are the 
corners of secs. 8, 9, 16 and 17, a portage leads south to this small 
lake. The ordilJary granite is seen in two or three places on and 
near this portage trail. Granite also occurs where the west line of 
sec. 16 cuts the north'shore of the little bay that prOJects into the 
S. E'1 N. E. 1 sec. 17, and also a short distance on either side of 
this line. On the west side of this little bay is a rounded bill. the 
northern part of which is composed of granite and the southern 
part of a hardened mica-schist (No. 669), which in places looks 
almost like a fine diabase. The granite is in sharp contact with 
this rock and cuts it with many vein-like forms. These veins are 
like the granite elsewhere and differ only in being finer grained in 
places. The whole exposure much resembles that seen in the 
N. W. 1 N. E. t sec. 17, West Sea Gull lake, and described under 
Nos. 647 to 650. 

Back from the shore at the sonthwest corner of this little bay the 
same hardened mica-schist is seen, and it occurs again within a few 
feet of wkere the west line of sec. 16 cuts the south shore of this 
bay. Continuing along the southwestern shore of the lake more of 
the hardened mica-sch-ist is seen; it varies to a green slaty rock 
and also to a green siliceous schist ( No. 670). These were all cut 
by granite veins. On the south shore near the east end of the lake 
the granite is seen in a large outcrop. No outcrops were seen on 
the north shore of this lake excepting on the little point in the cen
tre of the N. i S. W. i N. W. i sec. 16, and on the small island just 
off this point; here the rock was granite. 
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A sm!Lll stream flows from this lake east to Sea Gull lake, in the 
S. E. 1- N. W. 1- sec. 16, and just south of the stream is a short port

-age between the two lakes. Granite occurs a few feet south of 
this portage. 

Sea Gull lake. 

The western shore of this lake, in sec. 16, T. 65-5, was rather 
carefully examined. There were many exposures, but these were 
all granite except on the south side of the bay in the N. E. 1- S. E. 
1- sec. 16, and on the shore in the S. E. 1- S. E. 1- sec. 16. Here 
were outcrops of the same hardened mica-schist, varying to a green 
slaty rock, as described above. (Compare Nos. 669 and 670.) 

Where the east line of sec. 16 cuts the south shore the granite is 
seen; here it is chloritic, rather decayed and somewhat schistose, 
-No.671. Back from the shore a few rods and just west of the 
section line is a ridge of fine grained mica-schist, varying to chlo
ritic schist. Farther south and on the' north side of the east and 
west ridge, on which is the southeastern corner of sec. 16, is a 
small amount of fine grained granite (No. 672), probably a stringer 
from the main granite mass. The south side of this ridge is made 
up of a greenish mica-schist (No. 673); here the strike of the 
schistose structure is N. 70° W. and the dip is vertical. A short, 
distance further south is another ridge of the same rock. No lam
ination was seen in this schist; it varies from a fine mica-schist, 
like No. 673, to rock similar to Nos. 651 and 670. On this last 
ridge is a small amount of a gray quartz porphyry in the schists; 
this appeared like a band running parallel with the schists;-No. 
674. 

Red Rock lake. 

The outcrops on the west end of the bay that projects into the 
N. E. t N. E. 1- sec. 5, T. 65-5, are all granite. The bay which lies 
in the E. ~ N. E. t sec. 32 and W. t N. W. t sec. 33, T. 66-5, was 
examined. Here there are several outcrops of the ordinary granite. 

On going north from West Sea Gull lake the granite becomes 
coarser in grain and more pink in color; it is hornblendic rather 
than chloritic. The quartz grains are especially large,-commonly 
a quarter of an inch across and sometimes as much as half an inch: 
Frequently one-third of the rock is ma(le up of these large quartz 
grains. 

Saganaga lake. 

The coarse grained granite of Red Rock lake is found also on 
Saganaga lake. No. 686 from the point in the S. W. t N. E. t sec. 
~ ~ . T. 66-5, fairly represents the granite of the main part of Sag-
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anaga lake. It is of decidedly coarse grain and of a pinkish color. 
The large irregular areas of quartz are very noticeable. The feld
spar is pinkish and sometimes yellowish. Hornblende is present 
in considerable amount and is more or less changed to chlorite. 

On the east end of a long island which lies just south of the 
point in the S. W. 1- N. E. 1- sec. 22, T. 66-5, is a a diabase dyke in 
the granite. This dyke is ten feet in width and has a north and 
south direction. 

The island which lies mostly in the S. E. 1- N. W.l sec. 14, T. 
66-5, is composed of a rock which varies from a fine grained sye
nite, made up almost completely of feldspar and very little horn
blende, to a very coarse grained syenite of the same kind, and again 
to a rock composed mostly of feldspar and quartz, the latter in very 
large grains. In places it is porphyritic and has a reddish feld
spathic gronnd-mass, in which are red feldspar crystals and some
times quartz crystals. Disseminated through the rock in veins, 
and also in small grains, is a dark violet fluor spar. There are also 
some few small ye]]ow grains in the rock which resemble talc. At the 
north side of this island is a large mass of white quartz which ex
tends along the shore for over a hundred feet. This quartz mass was 
not seen in other places on the island. Mixed in with the quartz 
are fluor spar, yellow talc and red feldspar; the latter often shows 
cleavage faces eight or ten inches across. Small quartz crystals 
are seen in cavities; these crystals vary from colorless ones to those 
that are purple and even black. The rock from this island is 
represented by Nos. 676, 677 and 678. 

In the N. E. 1- N. W. ! sec. 14, T. 66-5, south side of the large 
isll;.nd crossed by the north line of this section, the rock appears to 
be porphyritic with large quartzes; this is probably a decayed con
dition of the ordinary granite, the quartz being the only mineral 
unaltered. This rock is represented by Nos. 679 and 680. This 
rock is seen further east in the same n- section along the shore of 
the island. In the S. W. 1- S. E. t sec. 11, the ordinary granite oc
curs, and this is also seen in several places in the S. ! of sec. 11, on 
the west shore of this large island. 

All the outcrops seen along the shore in secs. 10 and 9, T. 66-5, 
were of the usual coarse grained granite. On the little island in 
the extreme southeast corner of sec. 8 the granite is seen in con
tact with a fine grained reddish aplite, which seems to be in the 
form of a dyke. The granite did not appear to be changed at the 
contact, but the other rock was finer grained. No. 682 shows this 
aplite ten feet from the contact, and No. 681 is the same from the 
contact. The shore was followed pretty closely in secs. 17, 18 and 
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19, T. 66-5, and many exposures were seen. No. 683, from the 
small island in the mouth of the bay which projects into the N. E. 
IN. E.lsec. 19, well represents the rock in sec. 17 'and the S, E. 
1 of sec. 18. On the west side of the point in the extreme south. 
eastern corner of N. E.l S. E. 1 sec. 18, the rock is decayed and 
the feldspar no longer shows distinct cleavage faoes,-No. 684. 
Along the points in the S. W.l S. E.l sec. 18, the rock is much 
decayed and broken, but it still seems to be part of the granite,
No. 685. Just north of this, on the Canadian side and not Dlore 
than two hundred feet distant, the ordinary granite similar to No. 
683 is seen. 

Outcrops of granite, similar to No. 683, continue along the east, 
south and west shores of the bay, which lies in the W. t of sec. 19, 
T. 66-5, almost to the west line of this section. At this line the 
rock is decayed, as shown by No. 687. On the Canadian side, just, 
north of this, apparently the same rock is seen in a very schistose 
condition; it is also broken into well defined flagstones from one 
to four inches in thickness. These flagstones stand parallel to the 
schistosity, which strikes N. 40° W. and dips 70° towards the 
southwest. Similar rock, but with ·less schistose strncture, is Been 
on the Minnesota side near this section line. The specimens col
lected from the Canadian side, Nos. 688 and 689, are not as fnll of 
large quartz grains as most of the rock here, but they are the 
soundest pieces that could be obtained. No. 689 is but a weathered 
condition of No. 688, as is shown by one of the specimens marked 
689. It is not absolutely certain that this :l"Ock is part of the gran
ite, but all indications seem to point that way. It is seen in many 
places in this vicinity and will be spoken of as altered granite. 

Along the east shore of the bay in the S. E. t sec. 24, T. 66-6, 
the rock is similar to Nos. 688 and 689, although sometimes of 
coarser grain. The rock along this shore in the E. -t N. E.l of 
the same quarter section is well represented by the last two num
bers, by No. 690 and by Nos. 693 and 694, to be described below. 
In this subdivision of sec. 24 the altered glanite is seen in contact 
with slates. There is, however, only a small mass of the slate in 
contact with this altered granite, but large amounts of it appear 
just to the south of this place. The contact is sharp and well de
fined. No. 691 shows the slate, which is a gray to a black argillyte 
No. 692 is the altered granite at the contact. These two specimens 
were taken within three inches of each other. The lamination and 
slaty cleavage of the slates are practically parallel, although the 
specimens collected (No. 691) do not show it. The strike is N. 34 ° 
W., and the dip is 68° towards S. 56° W. Rock No. 6!}2 passes 
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gradually into Nos. 693 and 694, and these three numbers were 
taken within a distance of four feet. No. 695 is from the slates 
about a foot from the contact; it is probably an interbedded band 
of graywacke. A small bed of slate, six inches wide, is seen with 
the altered granite on each side of it; this slate (No. 696) is very 
fissile and of a drab color, appearing considerably different from 
the ordinary slate (No. 691). The contact between the two rocks 
in both places is parallel to the strike of the slate, and the altered 
granite at the contact is finer grained, like Nos. 692 anc} 693, but 
grades off rapidly into a coarser grained facies, like No. 694. There 
seems to be no line between the ordinary granite (No. 683) and the 
rocks numbered 6~8, 689, 690, 692, 693 and 694, but there is a very 
evident line between the slates and these rocks. This altered granite 
is light gray or greenish gray in color when not weathered, but on 
weathering becomes brownish and seemingly coarser grained. 
This weathel'ing in places does not extend more than a quarter of 
an inch into the rock, and in other places it goes as far as three 
inches from the surface; (compare specimens Nos. 688 and 689.) 

On the east shore of the bay in the S. E. i sec. 24, T. 66-6, just 
north of the little stream which flows from the lake to the south, 
the altered granite and slate Are again seen in contact. Here there 
are three bands, three to six feet wide, of the altered granite, or 
what appears to be such, in the slate; the rock of these bands is 
shown by No. 727. This rock is sharply separated from the slates; 
in places it becomes coarse by the addition of large quartz grains. 
Just away from the contact are bands of grit in the Elates like 
Nos. 729 and 730. N ear the contact the slates hold bands, from 
one-half to six inches wide, of a fine grained graywacke (No. 728). 
It is hard to distinguish in some cases between the grit 
and the altered granite near the contact between this latter 
rock and the slates; almost the only difference to be seen is in the 
peculiar weathering, mentioned above, of the altered granite, but 
when this rock is in large masses it can be easily distinguished. 
The strike of the slates at this place varies from N. 900 W. to N. 
20° W., and the dip from 70 G to 80° towards the south. The 
lamination and slaty cleavage are parallel, but the rock has been 
much twisted. In some of the slaty beds there is a rlistinct 
schistose structure, which is different in direction from the slaty 
cleavage; this schistosity strikes from north and south to N. 
5° E., and dips 70° to 80° towards the east. South of this 
little stream the dip and strike are rather constant; the latter is 75° 
towards S. 600 W., and the strike N. 30° W. Here was seen a bed 
of the grit, shown by No. 729, which held twisted fragments of 
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slate. A little further south was another bed of the same, which 
had one side a very irregular line and one end was abruptly cut 
off by the slate. The grit from this place is shown by No. 730. 
The east shore of this bay' was carefully examined south of the 
above mentioned stream. Manyplaces were found wuere the grit 
held angular and twisted fragments of the slate. These fragments 
were in most cases entirely disconnected' from the slMy bands and 
co~pletely enclosed in the other rock. 'Nos. 731 and 7;)2 are sam
ples of the rock which held the slate fragments. ' In other places 
rock like this gradually passed into the slate. These bands of 
slates and grit continue along the south and west shore of this bay 
nearly to its north end, where the altered granite is again seen, 'at, 
first holding beds of the slate. The phenomena here seem to be 
the same as described above. The strike of the slates was taken in 
several places; it averages N. 300 W., and the dip was 700 to 800 

towards the southwest. However; there were some-local variations 
in the strike; these varied from N. 200 W. to N. 450 W. 

On the west shore of the bay in the W. ! of sec. ]9, T·. 66-5, near 
the west line of this section, a series of specimens was collected 
representing the change from the granite to the so-called altered 
granite. These specimens were taken within a distance of fifteen 
fe~t; they are numbered, from 717 to 725 inclusive. No. 720 
seems to be or:ly a decayed condition of No. 721. The exact order 
of the specimens to show the steps of this gradation is not certain, 
as the rock exposed was much broken into angular fragments, 
some of which ",ere displaced a few inches. At this place the· 
granite held one inclusion of a fine grained greenstone (No. 726). 
. At tha portage from Saganaga west to Oak lake the altered· 

granite is again seen, and also just west of this on the south shore 
of Oak lake. Here it holds small grains of white feldspar, No. 
733. Farther west on the south shore the slates are seen holding 
bands of what appear to be the altered granite,-No. 734. Here 
the strike is N. 350 W., and the dip about 800 towards the south.;. 
west. The slate formation becomes well established before reach
ing the west end of Oak lake. 

Wind lake and vicinity. 

This lake lies in the E. t E. t sec. 25, T. 66-6, and the W. t W. l
sec. 30, T. 66-5, with a small bay projecting into the S. W. t 
S. W. t sec. 19, T. 66-5. It is connected with Saganaga lake by a 
sm",ll stream which :flows from the north end of this small bay into 
thA bay of Saganaga lake, which lies in the S.E. t of sec; 24, T. 
66-6. 
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On the west side of Wind lake, in the S. E. iN. E. i sec. 25, 
the rock is composed of intergrading and interbedded bands of a 
greenish slate (No. 697),.a graywacke (No. 698) and a grit (No. 
699). The banding and slaty cleavage coincide in direction: The 
strike is almost exactly north and south, and the dip is 75° to 82° 
towards the west. Back from the shore a hundred yards is a bluff 
eomposed mostly of graywacke and grit; here the general strike is 
north and south, although there is much local twisting. On the 
surface of the rock the glacial strial are very distinct and run very 
nearly south. A short distance further south on the west shore, in 
the N. E. i S. E. i sec. 25, the rock at the shore appearR almost 
massive and is broken up into angular blocks. There are many 
narrow bands, one to four inches wide, of slate in the rock, which 
strike N. 15° W. and di.p W. 82°. The slate is laminated in 
places and is almost exactly similar to No. 691. The main mass of 
the rock varies from a graywacke, like No. 698, to a grit, like 
No. 699, and is very hard and compact. Frequently the slaty 
bands grade into the other rock. This exposure is at the north 
entrance to the little bay in the same -ii section. At the west end 
and at the south entrance to this bay are exposures of the same 
rock, but with fewer slaty bands. The strike is rather imperfectly 
shown, but seems to be N. 20° W. No. 700 is the graywacke from 
the west side of this bay; it somewhat resembles some facies of 
the altered granite found in contact with the slate on Saganaga 
lake. South of this bay no exposures are seen on the west shore. 
and there are none on the south shore. On the east shore near 
the south end of the lake, and back a few yards from the water. is 
8. large exposure of the graywacke, in which the lamination is 
indistinct. On the southwest side of this exposure of graywacke 
is an area of black to gray slate about eight feet wide and twenty
five feet long, and exposed for six to seven feet in hight. The 
slaty cleavage is distinct, striking N. 50° W. and dipping 85° S. W. 
The lamination is extremely distinct; it has the same strike but 
dips 52° towards the northeast. This lamination fades out grad
ually into the graywacke. The slate is to Illl appearances the same 
as that seen on the west side of the lake. No. 701 shows in a 
small way this discordance of slaty cleavage and lamination. This 
exposure is in the S. E. t S. W. t S. W. t sec. 30, T. 66-5. 

Several outcrops of rock varying from slate to graywacke occur 
on the east shore in S.W. t sec. 30. The slaty cleavage and the 
lamination, where seen, always coincide. The strike on the little 
point in the W. t N. W. t s. w. t sec. 30 is N. 5° W. and the dip 
is 70° W. The little island just off the point in the S. W. tN. 



94 TWENTIETH ANNUAL REPORT 

W. t sec. 30 has a fine exposure. Here the bed<ling of the gray
wacke is seen to good advantage; strike N. 22° W. and dip 70° 
towards S. 68° W. On the point at the west eutrance to the bay 
in E. t S. W. -l- N. W. t see. 30 the strike is N. 22° W. and the 
dip 70° to 76° towards S. 68° W. The shores of this bay are low 
and show no outcrops, but on the shore about 300 feet east of the 
last named point is an outcrop of altered granite like No. 689. It 
is roughly schistose; this structure is vertical and runs north and 
south. Less than fifty yards east of this is a ridge of the same 
rock very coarse grained. A little further north (in the E. tN. 
W. t· sec. 30) the rock at the shore is the same as in the ridge. In 
places four· fifths of the rock is composed of quartz as is shown by 
No. 702. Apparently in this altered granite was a small, illy 
exposed area of brownish fissile slate. No. 703 shows this slate 
and No. 704 a condition of it near the ordinary altered granite. It 
appears as if this slate is part of the slate formation of the region 
enclosed in the other rock, but nothing definite could be made out 
concerning it. 

The altered granite extends along the east shore in the N. W. t 
sec. 30, and to the extreme northern point of the lake. Here, on 
the east side or the stream which flows into Saganaga lake, the 
rock is altered granite, but on the west side of this stream the slate 
and graywacke formation appears. The slates hold bands of whBlt 
seem to be the altered granite, and also of graywacke and grit. It 
is here impossible to distinguiRh between these rocks, in fact it 
seems as if the so-called altered granite was a part of the grit and 
graywacke. Nos. 705, 706 and 707, from the east end of this ex
posure, show facies of the altered granite or of the grit and gray
wacke. No. 708 certainly seems to be grit; it was taken over fifty 
yards from the main mass of the altered granite. In one place one 
of these questionable bands was seen to hold fragments of slate 
near its edge,-No. 709. In no place did I see any of the so-called 
altered granite bands cutting across the strike of the slates. N ear
est the main mass of altered granite the slates are brownish, as 
those found inclosed in the other rock ( see Nos. 704 and 705) and 
are shown by No. 710. 

The slaty formation extends along the north and west shores of 
of Wind lake. Northwest from the northwest corner of the lake is 
a high bluff composed mostly of grit and graywacke, the former 
apparently somewhat re-crystallized (No. 711). Here the dip is 
75° to 80° towards S. 60° W. About a quarter of a mile south of 
this bluff the dip is 80 u towards S. 70° W. 
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On going east from the south end of the lake to the small lake 
which is crossed by the south line of sec. 30, east of the quarter 
post, only a few outcrops were seen. These were of the same slate 
formation as exists on the shores of Wind lake. On the west shore 
of this small lake the strike is N. 20° W. and the dip 80° towards 
S. 70° W., but at an outcrop about an eighth of a mile west of this 
the strike is N. 25° E. and the dip is probably 80° towards N. 65° 
W., but the dip could not be accurately determined, as only a 
smooth glaciated surface was exposed. An outcrop on the east 
shore of this small lake appears to be of the same slaty formation, 
but it was not visited. In the E. t of N. W. -l- sec. 30, the altered 
granite similar to No. 702 is seen. 

South of Wind lake a short distance are a few outcrops of the 
slate formation. Here the beds are twisted somewhat, but the 
general strike is a little west of north. Southeast from the lake 
the ~late outcrops extend for a quarter of a mile. The dip taken 
on one outcrop was vertical and the strike N. 25° W. We went 
east-southeast from the southeast end of Wind lake, but after pass
ing the above mentioned outcrops of slate no other rock was seen 
in situ until coming into about the N. E. t S. W. t sec. 32, T. 66-5. 
Here the ordinary coarse grained hornblende granite ~ccurs, but 
of not quite as coarse grain as that usually seen on Saganaga lake. 
Farther on, probably in the S. W. t S. E. t of the same section, 
granite is again seen. 

On going east from Wind lake about the centre of the N. W. i 
sec. 30, an apparent gradation is seen between the altered granite 
and the ordinary granite. The latter was found in the midst of 
the former and not separated from it by any line or sudden change. 
Nos. 712 to 716, together with the finer grained conditions of this 
rock already described, show this gradation into the ordinary gran
ite. In its coarsest condition the altered granite is much weath
ered and decayed, and it is difficult to get good specimens of it. I 
also went east from the lake a short distance on the north line of 
sec. 30, and then northeast to the bay of Saganaga lake in the S. W. 
t sec. 19, T. 66-5, and saw essentially the same gradations. In 
places the altered granite has irregular areas in which the large 
quartz grains are lacking and the rock is almost entirely composed 
of a fine greenish material, as Reen in specimens Nos. 688 and 689. 
In a few places the large quartz grains were arranged along 
definite, distinct lines or "beds," and this arrangement faded off 
into the main mass of the rock where no arrangement of the grains 
could be seen. These'~ beds" ran from 10° to 30° W. of N. and 
seemed to stand vertical. 
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PART n.-CATALOGUE OF ROCK SPECIMENS 

COLLECTED BY ULYSSES SHERMAN GRANT IN 1891. 

This is a continuation of the list ended on page 215 of the 17th 
(1888) Annual Report. The page references l'efer to the places 
~here the Apecimens are described in this report. 

KA WISHIWI RIVER AREA. 

299. Greenstone. Just south of Pickerel lake, on the east line 
of sec. 25, T. 63-11. P. 39. 

300. Quartzless porphyry. A short distance south of the last. 
P.39. 

301. Contact of the last with the greenstone. Same locality. 
P.39. 

302. Greenstone. S. E. 1; N. W. 1; sec. 25. T. 63-11, portage 
from Kawishiwi river to Pickerel lake. P. 39. 

303. Schistose graywacke. Same locality. P. 39. 
304. Greenstone. S. E. ! N. W. ! sec. 25, T. 63-11, Pickerel 

lake. P.39. 
305. Greenstone. N. W. ! N. E. 1; sec. 25, T. 63-11, soutll shore 

of Pickerel lake. P. 39. 
306. Siliceous greenstone. N. W. ! N. E. 1; sec. 25, T. 63-11, 

south shore of Pickerel lake. P. 39. 
307. Greenstone. N. K! N. W. 1; sec. 30, T. 63-10, south shore 

of Pickerel lake, at the outlet. P. 39. 
308. Greenstone. N. K ! N. W. 1; sec. 30, T. 63-10, east end of 

Pickerel lake. P. 39. 
309. Greenstone. S. W. 1; S. W. !sec. 19, T. 63-10, north shore 

of Pickerel lake. P. 39. 
310. Sericitic schist. East line of sec. U), T. 63-11, north of 

the quarter post. P. 39. 
311. Coarse gneissic syenite. A sh,ort distance farther south 

and just north of the quarter post. P. 39. 
312. Fine granite. Same locality. P. 39. 
313. Dark gneissic syenite. East line of sec. 19, 'r. 63-11, south 

-of the quarter post. P. 39. 
314. Mica-schist. Same locality. P. 39. 
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315. Fine biotite granite vein rock. Same locality. P.40. 
316. Mica-schist. S. W. t N. W. 1 sec. 30, T. 63-10, little point 

on north side of the Kawishiwi river. P. 40. 
317. Fine vein granite. Same locality. P. 40. 
318. Mica-schist. South of the iKawishiwi river, about on the 

west line of sec. 31, T. 63-10. P.43. 
319. Green schist. Same locality. P.43. 
320. Red syenite. N. E. 1 s. W.1; sec. 30, T. 63-10, south shore 

of the Kawishiwi river. P.43. 
321. Dyke rock in the syenite. Same locality. P. 44. 
322 to 325. Syenite near tho contact with the mica-schist. Same 

locality. P. 44. 
326 to 328. Mica-schist near the contact with the syenite. Same 

locality.· P. 44. 
329. Syenite and mica-schist in contact; not in situ. Same lo

cality. P.44. 
330. Fine diorite dyke rock. S. W. tN. E. 1; sec. 30, T. 63-10. 

P.44. 
331. Hornblende gneiss; inclusion in syenite. Same locality. 

P.44. 
332. Siliceous schist; inclusion in syenite. Same locality. P.44. 
333 to 336. Specimens showing change from mica-schist to sye

nite. S. E. 1 N. E. 1 sec. 30, T. 63-10, east shore of Kawishiwi 
river. P. 44. 

337. Syenite showing "flowage structure." S. W.l N. W. 1 sec. 
32, T .. 63-1O, south shore of Clearwater lake. P. 40. 

338. Red syenite. Same locality. P. 40. 
339. Coarse syenite. S. W. t S. E. 1; sec. 29, T. 63-10, north 

shore of Clearwater lake. P.40. 
340. Fine syenite. West line of sec. 32, T. 63-10, north shore 

of Clearwater lake. P. 4l. 
341. Mica-schist and syenite in contact. N. E. i N. E. t sec. 

31, T. 63-10, north shore of Clearwater lake. P.f41. 
342. Red syenite near contact with mica-schist. Same locality. 

P.42. 
343. Coarse black diorite. E. t N. E.a sec. 31, T. 63-10, west 

shore of Clearwater lake. P. 41. 
344. Red syenite cutting the above diorite. Same locality. 

P.41. 
345. Gray syenite cutting the above diorite. Same locality. 

P.4l. 
346. Trl:lop dyke rock. Same locality. P. 41. 
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347 and 348. Red syenite. West line of sec. 5, T. 62-10, north 
of the Kawishiwi river. P.41. . 

349. Hornblende vein rock. Same locality. P.41. 
350. Dark red syenite. Near the west line of S8C. 5, T. 62-10, 

north shore of the Kawishiwi river. P. 42. 
351. Dark coarse syenite. Same locality. P. 42. 
352 to 354. Coarse dark diorite. S. W. t N. W. i sec. 5, T. 

62-10, north shore of the Kawishiwi river. P. 42. 
355. Syenite. S. E. 1 N. E. 1 sec. 5, T. 62-10, Kawishiwi river. 

P.42. 
356. Red hornblende granite. N. W. i S. W.lsec. 9, T.62-10, 

south shore of the Kawishiwi river. P. 42. 
357. Gabbro. S. W. i S. W.lsec. 9, T. 62-10. P.42. 
358. Fine grained biotite granite. Same locality. P. 42. 
359. Biotite syenite. Same locality. P. 42. 
360. Red aplite. Same locality. P. 42. 
361. Fine micaceous syenite. S. w. 1 sec. 9, T. 62-10, east 

shore of the Kawishiwi river. P.42. 
36~. Fine gray syenite. Bame locality. P.42. 
363 and 364. Intermediate between gabbro and syenite. Same 

locality. P. 42. 
365. Purple porphyrite (?). Same locality. P. 43. 
366. Dark syenite. Sec. 34 (?), T. 63-10, west shore of the 

Kawishiwi river. P.43. 
367. Syenite. Same locality. P. 43. 
368. Coarse syenite. S. W. t sec. 34, T.63-10, west shore of 

the Kawishiwi river. P. 43. 
369. Coarse diorite. Just north of the centre of sec. 26, T. 

63-10, south shore of the Kawishiwi river. Pp. 44-45. 
370. Trap dyke rock. Same locality. P.45. 
371. Fine red granite. Same locality. P. 45. 
1372. Fine gray granite. Just west of the last. P. 45. 
373. Diorite. Same locality. P. 45. 
374. Diorite and granite in contact. Same locality. P. 45. 
375. Coarse diorite. S. W. 1 sec. 26, south shore of the Ka

wishiwi river. P. 45. 
376. Diorite, fine grained. N. W. t S. W. i- sec. 26, T. 63-10, 

south shore of the Kawishiwi river. P.45. 
377. Coarse red syenite. S. w. 1 s. w. i sec. 26, T. 63-10, 

south shore of the Kawishiwi river. P. 45. 
378. Gneiss inclusion in the syenite. Same locality. P. 45. 
379. Greenstone. West line of sec. 22, T. 63-10, north of the 

Kawishiwi river. P. 45. 
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380. Greenstone. Same locality. P.45. 
381. Quartz porphyry. Same locality. P. 45. 
382. Greenstone. West line of sec. 22, T. 63-10, ! mile north 

of the Kawishiwi river. P. 46. 
383. Fine graywacke. N. E. t N. E. t sec. 28, T. 63-10, north 

shore of the Kawishiwi river. P. 46. 
384. Coarser graywacke. Same locality. P. 46. 
385. Coarse graywacke. N. E. 1 N. E.lsec. 28, T. 63-10, north 

shore of the Kawishiwi river. P. 46. 
386. Finer graywacke; Same locality. P.46. 
387. Gneissic syenite. N. E. t N. E.l sec. 28, T. 63-10, port

age along north side of the Kawishiwi river. P. 46. 
388. Fissile greenstone. lS". W. t N. E. l sec. 28, T. 63-10, 

portage along north side of the Kawishiwi river. P.46. 
389 to 394. Specimens illustrating passage from greenstone to 

syenite. Same locality. P. 47. 
395. Finely jointed greenstone. Same locality. P.47. 
395A. Sericitic graywacke. N. E. t N. W. t sec. 28, T. 63-10, 

portage along the north side of the Kawishiwi river. P. 47. 
396. Contact of graywacke and syenite. Same locality. P. 47. 
397 to 400. Facies of the syenite near the contact. Same local

ity. P.47. 
401. Greenstone. Same locality. P.47. 
402. Quartz porphyry from edge of dyke. N. tN. W.lsec. 28, 

T. 63-10, north shore of the Kawishiwi river. P.48. 
403. The same from center of dyke, Same locality. P.48. 
404. Gray gniess. S. E. 1 N. W. 1 sec. 28, T. 63-10, south 

of the Kawishiwi river. P.48. 
405. Sericitic schist. Same locality. P. 49. 
406 to 408. Gray gneiss. Same locality. P. 49. 
409. Diorite in the gneiss. Same locality. P. 49. 
410. Red syenite. N. E.1; N. E.l sec. 29, T. 63-10, north shore 

of the Kawishiwi river. P.49. 
411. Quartzporphyry. N. l N. E. 1; sec, 29, T. 63-10, north 

shore of the Kawishiwi river. P.49. 
412. Greenstone. West line of sec. 21, T. 63-10, oue-eig4th 

mile north of the S. W. corner of this section. P. 56. . , 
II' .' 

413. Gray granite porphyry. N. W. 1; S. E. l.~ec. 20, T; 63.r-10,. 
west shore of lake. P. 56. . .~~.' . '.. ".' 

414. Quartzporphyry (?). N. W·l N. E. ± ae.c.,21,,l, 6e-10, 
north shore of lake. P.56. '. 

415. Greenstone near dyke walls. N. l N. E. t1lf'c. 21,.., T. 63~ 
10, south shore of lake. P. 57. 'c. '\ .. 
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416. Quartz porphyry at edge of· dyke. Same locality. P. 57. 
417. The same from center of dyke. Same locality. P.57.· 
418. Greenstone. South line of sec. 16, T. 63-10, north shore 

of lake. P. 57. 
419. Magnetite slate. East line of sec. 16, T. 63-10, a short 

distance north of the qual ter post. P. 58. 
420 to 422. Sericitic gneiss near syenite contact. Near the west 

line of sec. 28, T 63-10, one-third mile aouth of the Kawishiwi 
river. P. 50. 

423. Gneiss and syenite in contact. Same locality. P. 50. 
424. Gneissic syenite near the contact with the gneiss. Same 

locality. P. 50. 
425. . Red syenite. Same locality. P. 50. 
426. Sericitic schist. Near the west line of sec. 29, 1'. 63-10, 

south of the Kawishiwi river. P. 50. 
427. Mica-schist. Same locality. P. 50. 
428. Syenite porphyry (?). N. t N. W. 1 sec. 29. T. 63-10, 

p.orth of the Kawishiwi river. P. 51. 
429 to 431. Gray gneiss. Small island in the bay in the N. W. t 

N. W. 1 sec. 27, T. 63-10, Kawishiwi river. P. 51. 
432. Reddish syenite. Same locality. P. 51. 
433. Schist inclusion in syenite. Same locality. P. 51. 
434. Mica-schist from inclusion in syenite. East shore of the 

same bay, P.51. 
435 Mica-schist and syenite in contact. Same locality. P.51. 
436. Schistose syenite. S. E. corner of bay in N. E. i- N. W'l 

sec 27, T. 63-10, Kawishiwi river. P .. 51. 
437. Gneissic syenite ( ?). Same locality. P. 51. 
438. Gneiss. Same locality. P. 51. 
439. Granite vein rock. Same locality. P. 52. 
440. Schistose syenite. N.! sec. 27, T. 63-10, north shore of 

the Kawishiwi river. P. 52. 
441. Chloritic syenite. Same locality. P. 52. 
442. Dark gneiss. N. E'l N. E.l sec. 27, T. 63-10, north shore 

of the Kawishiwi river. P. 53. 
443 and 444. Sericitic gneiss. N. W'l N. w. 1 N. W. 1 sec. 26, 

T. 63-10, north shore of the Kawishiwi river. P. 53. 
445. Gray hornblende gneiss. Same locality. P.53. 
446. Gneiss and green inclul5ion. Same locality. P. 53. 
«7. Mica-schist.· N. W. 1 N. W. 1 sec. 26, T. 63-10, north 

shore of the Kawishiwi river. P. 53. 
44~. Greenst0ne inclusion in syenite. N. W. 1 N. W'l sec. 26, 

T. 63-10, north of the Kawishiwi river. P. 54. 
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449. Schistose greenstone. Same locality. P. 54. 
450. Diorite. East shore of the bay which is crossed by the 

south line of sec. 23, T. 63-10, Kawishiwi river. P. 54:. 
451. Diorite and syenite in contact. Same locality. P. 54. 
452. Pegmatite. Same locality. P. 54. 
453 to 455. Siliceous schist. N. E.! S. W. t sec. 24, T. 63-10, 

portage from the Kawishiwi river to Triangle lake. P. 58. 
456. Greenstone. Same locality. P.58. 
457. Green slate. S. E. ! N. W. ! sec. 24, T. 63-10, same port

age. P.58. 
458. Altered quartz porphyry. N. E. 1 N. w. t sec. 13, T. 63-

10, south side of small island in Northwest lake. P. 58. 
459. Mottled greenstone. N. E. 1 N. E. 1 sec. 13, T. 63-10, 

north shore of Northwest lake. P. 58. 
460. Gabbro and biotite syenite in contact. N. W.! sec. 25, T. 

63-10, south shore of thf;l Kawishiwi river. P. 55. 
461. Gray syenite. Same locality. P. 55. 
462. . Red syenite. Same locality. P. 55. 
463. Gray syenite. Sec. 26, T. 63-10, Kawishiwi river. P. 55. 
464. to 466. Rock intermediated between syenite and gabbro. 

N. ! S. w. 1 sec. 19, T. 62-9, island in the Kawishiwi river. P. 55. 
467. Syenite. Same locality. P. 55. 
468. Gabbro. N. t S. w. 1 sec. 19, T. 63-9, south shore of the 

Kawishiwi river. P. 55. 
469. Syenite. Same locality as No. 467. P.55. 
470. Rock intermediade between gabbro and syenite. Near 

the center of sec. 19, T. 63-9, point on north side of the Ka
wishiwi river. P. 55. 

471 and 472. Greenstone. S. E. t N. w. 1 sec. 19, T. 63-9, 
north shore of the Kawishiwi river. P. 56. 

473. Diorite. West line of see. 20, T. 63-9, north of the 
Kawishiwi river. P. 56. 

SNOWBANK LAKE AREA. 

4'74. Coarse syenite. Sec. 11, T. 63-9, portage from the Ka-
wishiwi river to Snowbank lake. P. 60. 

475. Fine red syenite. Same locality. P. 60. 
476. Syenite. Same locality. P. 60. 
477. Diorite. Same locality. P. 60. 
478. Fine syenite. Same locality. P.60. 
479. Fine diorite. Same locality. P.60. 
480 and 481. Gray porphyritic syenite. Same locality. P.60. 

7g 
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482. Fine syenite. N.! N. E. ~·sec. 11, T. 63-9, west shore of 
Snowbank lake. P. 60. 

483. Dark red syenite. S. i S. E. t sec. 2, T. 63-9, west shore 
of Snowbank lake. P. 60. 

484. Gray Syenite. Sl1me locality. P. 60. 
485. Syenite. N. w. t S. E. i sec. 2, T. 63-9, island in Snow

bank lake. P.60. 
486. Reddish syenite vein rock. Same locality. P. 60. 
487. Diorite. West line of sec. 36, T. 64-9, south shore of 

Snowbank lake. P.61. 
488. Coarse syenite. S. E. i sec. 35, T. 64-9, south shore of 

Snowbank lake. P.61. 
489. Fine syenite. S. E. t N. W. i sec. 35, T. 64-9, south 

shore of Snowbank lake. P. 61. 
489A. Fine diabase. S. E. t S. E. i sec. 27, T. 64-9, west shore 

of Snowbank lake. P.61. 
490. Syenite porphyry. Same locality. P. 61. 
491. Fine reddish hornblende granite. North line of sec. 35, 

T. 64-9, west shore of Snowbank lake. P. 62. 
492. Mica-schist. N. E. i N. W. i sec. 35, T. 64-9, west shore 

of Snowbank lake. P. 62. 
493. Gneiss. Same locality. P. 62. 
494 and 495. Gneiss near granite contact. Same locality. P. 62. 
496. Gneiss and granite in contact. Same locality. P.62. 
497. Syenite porphyry. S. E. i S. W. i sec. 26, T. 64-9, west 

shore of Snowbank lake. P.63. 
498. Hornblende granite. S. E. t S. W. i sec. 26, T. 61-9, is-

land in Snowbank lake. P. 63. . 
499. Gray biotite gneiss. S. E. ~ S. w. i sec. 26, T. 61-9, west 

shore of Snowbank lake. P. 64. 
500. Syenite porphyry from centre of dyke. Same locality. 

P.64. 
501. The same from edge of dyke. ~ame locality. P.64. 
502. Hard green schist. N. W. ~ S. W. ~ sec. 26, T. 64-9, west 

shore of Snowbank lake. P. 65. 
502A. Gneiss from pebble in the schist. Same . locality. P. 65. 
503. Fine hornblende granite. Same locality. P.65. 
504. Porphyrite. N. W. t S. w. i sec. 26, 'r. 64-9, west shore 

of Snowbank like. P. 65. 
505. Schistose condition of the same. Same locality. P.65. 
506. Fine syenite dyke rock. Same locality. P. 65. 
507. M.ottled diorite. S. W. 1 N. E. 1 sec. 26, T. 64-9, west 

shore of Snowbank lake. P. 65. 
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508. Greenstone. Same locality. P. 65. 
509. Red syenite. Same locality. p, 65. 
510. Greenstone. Same locality. P. 65. 
51l. Mica-schist. N. E. i sec. 26, T. 64-9, west shore of Snow-

bank lake. P. 65. 
512. Green schist. Same locality. P. 65. 
513. Hornblende granite. Same locality. P.66. 
514. Graywacke. Near the north line of sec. 26, T. 64-9, west 

shore of Snowbank lake. P. 66. 
515. Siliceous schist. S. E. i S. E. i sec. 23, T. 64-\:!, west shore 

of Snowbank lake. P. 66. 
516. Green schist. Sec. 24, T. 64-9, north shore of Snowbank 

lake. P.66. 
517. Siliceous schist. Same locality. P. 66. 
518. Hornblende granite. East line of sec. 24, T. 64-9, north 

shore of Snowbank lake. P. 66. 
519. Contact of schist and granite. Same locality. P. 66. 
520. Siliceous mica-schist near granite contact. Same locality. 

P.66. 
521. Fine dark syenIte. Same locality. P. 66. 
522. Syenite. N. E. t S. W. t sec. 19, T. 64-8, island in Snow

bank lake. P. 66. 
523. Light gray syenite. N. W. i S. w. i sec. 29, T. 64-8, east 

shore of Snow bank lake. P. 66. 
524. Coarse biotitic syenite, Near south line of sec 30, T. 64-8, 

east shore of the largest island in Snowbank lake. P. 67. 
525. Biotite gneiss. N. W. i N. E. i sec. 31, T. 64-8, south 

end of island in Snowbank lake. P. 67. 
526. Reddish syenite. N. E. t sec. 1, T. 63-9, portage from 

Snowbank to Round lake. P. 67. 
527. Mica-schist cut by syenite veins. N. E. i S. E. i sec. 1, 

T. 63-9, north shore of Round lake. P. 67. 
528 and 529. Gneiss. N. E. t S. E t. sec. 1, T. 63-9, west shore 

of Round lake. P. 67. 
530. Fine red syenite. Same locality. P. 67. 
531 and 532. Gneiss. Same locality. P. 67. 
533. Brown syenite (?). N. E. t N. W. t sec. 7, T. 63-8, south 

shore of Round lake. P. 67. 
534. Fine red syenite. E. i sec. 6, T. 63-8, east shore of Round 

lake. P. 68. 
535. Syenite and fine gabbro (?) in contact. N. W. t N. E. t 

sec. 7, T. 63-8, south shore of Round lake. P. 68. 
536. Fine gabbro (?). Same locality. P. 68. 
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537. Gabbro. Same locality. P. 68. 
538. Gray syenite (?). S. i S. W. t sec. 32, T. 64-8, 

between Disappointment and Snowbank lakes. P. 68. 
No. 539, on p. 68, should be No. 538.] 

539. Fine red syenite. Same locality. P. 69. 

KEKEQUABIC LAKE AREA. 

portage 
[Note: 

540. Soft green biotite schist. N. E. -l- N. W. t sec. 11, T. 64-7, 
portage south of Kekequabic lake. P. 69. 

541. Fine gRbbro (?). W.! sec. 11, T. 64-7, west end of River 
lake. .P. 69. 

542. Finer facies of the same. N. E. t S. E. t sec. 11, T. 64--7, 
portage from River to Shoofly lake. P. 69. 

543. Streaks of biotite in the same. S. E. i N. W. !- sec. 11, '1'. 
64--7, River lake. P. 69. 

544. Greenstone from the fine gabbro (?). S. E. iN. W. t sec. 
11, T. 64--7, River lake. P. 69. 

545. Fragments of syenite in the fine gabbro (?). Same local
ity. P.69. 

546. Gray syenite. N. E. t S. W. t sec: 11, T. 64--7, south shore 
of River lake. P. 69. 

547. Fine biotitic gabbro (?). S. E. i N. W. i sec. 11, T. 64-7, 
east shore of River lake. P. 70. 

548. Fine gray gabbro (?). Same locality. P. 70. 
549. Pyroxene granite. S. E. t S. W. t sec. 2, T. 64-7, south 

shore of Kekequabic lake. P. 70. 
550. Diorite (?). S. E. t S. W. t sec. 3, T. 64-7, south shore of 

Kekequabic lake. P. 71. 
551. Porphyritic pyroxene granite. S. W. i S. W. t sec. 3, T. 

·64--7, south shore of Kekequabic lake. P. 71. 
552. Hardened black slate. Same locality. P. 71. 
553. Pyroxene granite. S. W. t N. W. t sec. 3, T. 64-7. west 

shore of Kekequabic lake. P. 71. 
554. Contact of diorite and granite. Same locality. P. 7l. 
555. Diorite. Same locality. P. 71. 
556. Pyroxene granite. Same locality. P. 72. 
557. Finer facies of the same. Same locality. P. 72. 
558. Granite porphyry (?). S. W. t N. w. 1 sec. 3, T. 64-7, 

small island in Kekequabic lake. P. 72. 
559. Black argillyte. Same locality. P. 72. 
560. Granite porphyry. Same locality. P. 72. 
561. Coarse diorite. S. w. 1 N. w. t sec. 3, rr. 64-7, small is

land in Kekequabic lake. P. 73. 
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562. Finer diorite. Same locality. P. 73. 
563. Spotted black argillyte. S. W. ! N. W. ! sec. 3, T. 64-7, 

west shore of Kekequabic lake. P. 73. 
564. Green schist. S. E. ! N. W. 1 seC'. 4, rr. 64-7, west shore 

of Kekequabic lake. P. 73. 
565. Fine pyroxene granite. S. E. ! N. W. 1 sec. 3, T. 64-7, 

small island in Kekequabic lake. P. 73. 
566. Ooarser pyroxene granite. Another island in the same 1\ 

section. P. 73. 
567. Fine dark facies of the granite (?). S. W. 1 N. E. 1s8c. 3, 

T. 64-7, north shore of largest island in Kekequabic lake. P. 73. 
568. Black slate in the granite. Same locality. P. 73. 
569. Ohloritic conglomerate. N. E. ! N. W. ;\: sec. 11, T. 64-7, 

east shore of Kekequabic lake. P. 73. 
570. Green schist. Same 10c9.lity. P. 74. 
571. Fine pyroxene granite. S. W. ! S. E. ;\: sec. 2, T. 64-7, 

just east of Kekequabic lake. P. U. 
572. Inclusion in the granite. Same locality. P. 74. 
573. Porphyritic pyroxene granite. N. W. ! N. W. i sec. 2, T. 

64-7, srhall island in Kekequabic lake. P. 74. 
574. Mica diorite (?). Same locality. P.74. 
575. Oontact of the last two. Same locality. P. 74. 
576. Fine pyroxene granite. S. w. 1 s. E. 1 sec. 35, T. 65-7, 

south shore of Kekequabic lake. P. 74. 
577. Pyroxene granite porphyry. S. E. i S. E. ! sec. 35, T. 

65-7, south shore of Kekequabic lake. P. 74. 
578. Purple granite porphyry. Same locality. P. 74. 
579. Fine pyroxene granite. S. E. 1 s. w. i sec. 36, T. 65-7, 

just south of Kekequabic lake. P. 75. 
580. Granite porphyry at contact with conglomerate. S. ~ N. 

E. 1 sec. 36, T. 65-7, south shore of Kekequabic lake. P. 75. 
581. Oonglomerate at contact with granite porphyry. Same 

locality. P. 75. 
582. Granite porphyry. Same locality. P. 75. 
583. Granite porphyry carrying biotite. N. ~ S. W.! sec. 36, 

T. 65-7, Stacy island, Kekequabc lake. P. 76. 
584. Fine diabase. S. E. 1 N. E. ! sec. 36, T. 65-7, northeast 

shore of small lake. P. 81. 
585. Granite porphyry. Same locality. P.81. 
586. Granite porphyry. Same locality. P. 81. 
587. The same from contact with diabase. Same locality. P.81. 
588. Granite porpbyry. S. E. i N. E. ! sec. 36, T. 6);-7, north 

shore of small lake. P. 81. 
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589. Fine pyroxene granite. N. W. 1 s. E. 1 sec. 36, T. 65-7, 
west shore of small lake. P. 81. 

590. Fine pyroxene granite. A short distance south of the 
last. P. 81. 

591. Gray granite porphyry. N. E. 1 s. E. 1 sec. 36, T. 65-7, 
south shore of small lake. P. 82. 

592. Inclusion in granite porphyry. N. E. 1 s. E. 1 sec. 36, T. 
65-7, east shore of small lake. P. 82. 

593. Metamorphosed conglomerate. S. w. 1 N. W. 1 sec. 31, 
T. 65-6, south shore of Kekequabic lake. P. 76. 

594. Metamorposed conglomerate. N. E. 1 s. w. 1- sec. 31, T. 
65-6, south shore of Kekequabic lake. P. 76. 

594A. Pebbles from the same. Same locality. P. 76. 
595. Metamorphosed conglomerate. S. E. 1: N. E. 1 sec. 31, T. 

65-6, south shore of Kekequabic lake. P. 76. 
596. Granite porphyry. E.! s. E. 1: N. E. 1 sec. 31, T. 65 -6, 

south shore of Kekequabic lake. P. 77. 
597. Granite porphyry at contact with diabase. Same locality. 

P.77. 
598. :Fine diabase at contact with granite porphyry. Same 

locality. P.77. 
599. Fine diabase. Same locality. P. 77. 
600. Coarser condition of the same. Same locality. P. 77. 
601 to 615. Specimens showing gradations from a gray slate ( ?) 

to the pyroxene granite. S. W.l N. W 1: sec. 3, T. 64-7, west shore 
of Kekequabic lake. P. 72. 

616. Granite porphyry. W.! N. E. 1 N. W. 1 sec. 31, 'r. 65-6, 
north shore of Kekequabic lake. P. 77. . 

617. Granite porphyry near contact with greenstone. Same 
locality. P. 77. 

618. Greenstone near contact with granite porphyry. Same 
locality. P. 77. 

619. Greenstone. Same locality. P. 77. 
620. Inclusion in granite porphyry. Same locality. P. 77. 
621. Granite porphyry. S. W. t S. W. t sec. 29, T. 65-6, north 

shore of Kekequabic lake. P. 77. 
621A, 621B and 6210. Inclusions in granite porphyry. N. W. t 

N. W. t sec. 32, T. 65-6, north shore of Kek. quabic lake. P. 77. 
622. Purple slate. N. E. t S. W. t sec. 36, T. 65-7, south shore 

of Kekequabic lake. P. 78. 
623. Pyroxene granite. Same locality. P. 7H. 
624. Pyroxene granite at contact with purple slate. Same 

locality. P. 78. 
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625. Purple slate at contact with granite. Same locality. P. 78. 
626. Hardened slate (?). Same locality. P. 78. 
627. Gray slate. Same locality. P. 78. 
628. Granitfl porphyry at contact with greenstone. N. E. t N. 

E. t sec 36, T. 65-7, north shore of Kekequabic lake. P. -78. 
629. Granite porphyry. Same locality. P. 78. 
630. Metamorphosed conglomerate. N. W. t S. E. t sec. 31, T. 

65-6, south of Kekequabic lake. P. 79. 
631. Black slate. N. W. t S. E. t sec. 31, T. 65-6, south of 

Kekequabic lake. P. 79. 
632. Grit. S. W. t S. E. t sec. 31, T. 65-6. P.79. 
633. Grit and slate in tel' banded. Same loeality. P. 79. 
634. Grit. N. W. t N. E. t sec. 6, T. 64-6. P.79. 
635. Grit. S. W. t S. E. t sec. 6, T. 64-6. P. 79. 
636. Granite porphyry (?). S. W. t N. E. t sec. 7, T. 64-6. 

P.80. 
637. Green conglomerate. N. E. t S. W. t sec. 7, T. 64-6, north 

of small lake. P.80. 
638. Crystalline conglomerate. S. E t S. W. t sec. 7, T. 64-6, 

just north of smallilih. P.80. 
639. Gabho. S. t S. E. t sec. 7, T. 64-6, east shore of small 

lake. P.80. 
640. Porphyritic (?) conglomerate. S. E. t S. E. t sec. 29, T. 

65-6, east end of portage. P. 82. 
641. Green conglomerate. Same locality. P. 82. 
642. Metamorphosed grit(?). S. W. is. W. t sec. 26, T. 65-6, 

east shore of small lake. P. 82. 
643. Fine diabase. Same locality. P. 82. 
644. Metamorphosed grit (r) at contact with diabase. Same 

locality. P. 82. 

SAGANAGA LAKE AREA. 

645. Coarse gray granite. N. E. t N. W. t sec. 17, T. 65-5, 
West Sea Gull lake. P. 83. 

646. Decayed granite. Same locality. P.83. 
647. Coarse granite. N. E. t N. E. t sec. 17, T. 65-5. P.83. 
648. Green slate. N. W. tN. E. t sec. 17, T. 65-5, south shore 

of West Sea Gull lake. P. b3. 
649. Coarse granite vein rock. Same locality. P. 83. 
650. Fine reddish granite vein rock. Same locality. P. 83. 
651. Greenstone. N. E. t N. W. t sec. 17, T. 65-5, south shore 

of West Sea Gull lake. P. 83. 
652. Diabase. Same locality. P. 83. 
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653. Fine graywacke. S. W. t S. W. t sec. 8, T. 65-5, west 
shore of West Sea Gull lake. P. 84. 

654. Ogishke Muncie conglomerate. N. W. t S. W. t sec. 8, 
T. 65-5, west shore of West Sea Gull lake. P. 84. 

655. Granite. N. E. t S. E. t sec. 7, T. 65-5, just west of West 
Sea Gull lake. P. 84. 

656. Ogishke Muncie conglomerate at contact with granite. 
N. W. t N. E. t S. E. t sec. 8, T. 65-5. P. 84. 

657. Granite at contact with conglomerate. Same locality. 
P.84. 

657 A. Granite. Same locality. P. 84. 
658. Matrix of conglomerate. Same locality. P.84. 
659. Fine green matrix of conglomerate. Same locality. P. 85. 
660. Purple porphyrite (?) at contact with granite. N.! S. 

W.l N. W.l sec. 8, T. 65-5, west shore of West Sea Gull lake. 
P.85. 

661. Purple porphyrite ( ?). Same locality. P. 85. 
662. Diabase from dyke. N. W. 1 S. w. t sec. 5, T. 65-5, west 

shore of West Sea Gull lake. P. 85. 
663. Green slate. E.! N. E. t S. E. t sec. 6, T. 65-5. P. 85. 
664. Grit. Same locality. P. 85. 
665. Granite. W.! N. w. t N. W.l sec. 8, T. 65-5, west shore 

of small lake. P. 86. ' 
666. Decayed granite:W. ! N. W. i N. W. 1- sec. 8, T. 65-5, 

just west of small lake. P. 86. 
667. Decayed granite. Same locality. P. 87. 
668. Decayed granite (?). Same locality. P.87. 
669. Hardened mica-schist. E.! S. E. 1- N. E. 1- sec. 17, T. 

65-5, west shore of small lake. P. 87. 
670. Green siliceous schist. S.! S. w. 1: N. W. l- sec. 16, T. 

65-5, south shore of Amalliake. P. 87. 
671. Decayed granite. West line of sec. 15, T. 65-5, south 

shore of Sea Gull lake. P. 88. 
672. Fine gray granite. West line of sec. 15, T. 65-5, just 

north of the southwest corner of this section. P. 88. 
673. Mica-schist. West line of sec. 22, T. 65-5, just south of 

the northwest corner of this section. P. 88. 
674. Quartz porphyry. Same locality. P. 88. 
675. Typical hornblende granite. S. W. 1: S. E. 1 sec. 8, 

65-5, east shore of small island in West Sea Gull lake. P. 86. 
676. Gray fluorite granite. S. E. l- N. W. 1- sec. 14, T. 66-5, 

island in Saganaga lake. P. 89. 
677 and 678. Red fluorite granite. Same locality. P. 89. 
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679 and 6S0. Altered granite. N. E. !- N. W. !- sec. 14, T. 66-5, 
south shore of island in Saganaga lake. P. 89. 

681. Red aplite Itt contact with granite. S. E. ± S. E. ! sec. 8, 
T. 66-5, island in Saganaga lake. P. 89. 

682. Red aplite. Same locality. P. 89. 
683. Coarse hornblende granite. S.! S. E. i sec. 18, rr. 66-5, 

island in Saganaga lake. P. 90. 
684. Altered granite. S. E. ! N. E. !- S. K 1 sec. ]8, T. 66-5, 

south shore of Saganaga lake. P. 90. 
685. Altered granite. S. w. 1 s. K 1 sec. 18, T. 66-5, south 

shore of Saganaga lake. P. 90. 
686. Typical coarse hornblende granite. S. w. 1 N. E. l sec. 

22, T. 66-5, west shore Saganaga lake. P.88. 
687. Altered granite. West line of sec. 19, T. 66-5, south shore 

of Saganaga lake. P. 90. 
688. Green altered granite. Canadian shore, just north of the 

last. P.90. 
689. Weathered condition of the same. Same locality. P. 90. 
690. Altered granite. K t N. E. 1 s. E. 1 sec. 24. T. 66-6, 

east shore of bay of Saganaga lake. P. 90. 
691. Gray slate. Same locality. P. 90. 
692 to 694. Altered granite. Same locality. Pp. 90, 91. 
695. Graywacke. Same locality. P.91. 
696. Drab fissile slate. Same locality. P. 91. 
697. Green slate. S. E. ! N. E. ! sec. 25, T. 66-6, west shore 

of Wind lake. P. 93. 
698. Graywacke. Same locality. P. 93. 
699. Grit. Same locality. P. 93. 
700. Graywacke. N. K 1 s. E. 1 sec. 25, T. 66-6, west shore of 

Wind lake. P.93. 
701. Slate showing discordance of laminaticr. and slaty cleavage. 

S. K1 S. w. 1 s. w. 1 sec. 30, T. 66-5, just east of Wind lake. 
P.93. 

702. Altered granite. K tN. W. l sec. 30, T. 66-5, east shore 
of Wind lake. P.94. 

703. Brown fissile slate. Same locality. P. 94. 
704. Coarse condition of the same. Same locality. P. 94. 
705 to 707. Altered granite (?). S. W. 1 s. w. 1 s. w. 1-sec; 

19, T. 65--5, north shore of Wind lake. P. 94. 
708. Grit. Same locality. P. 94. 
709. Grit (?). Same localitv. P.94. 
710. Brown fissile slate. Same locality. P. 94. 
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711. Grit. S. E. t S. W. t S. W. t sec. 24, T. 66-6, just north
west of Wind lake. P.94. 

712 to 716. Specimens showing gradation from the altered 
granite to the ordinary granite. N. W. t sec, 30, T. 66-5, east of 
Wind lake. P. 95. 

717 to 725. Specimens showing gradation from the altered 
granite to the ordinary fresh granite. N. W. t S. W. t sec. 19, T. 
66~5, south shore of Saganaga lake. P. 92. 

726. Greenstone inclusion in granite. Same locality. P.92. 
727. Altered granite (?). E. l S. E. t sec. 24, T. 66-6, east 

shore of bay of Saganaga lake. P.91. 
728. Graywacke. Same locality. P. 91. 
729 to 732. Grit. Same locality. Pp. 91, 92. 
733. Altered granite. S. E. tN. E. t sec. 24, T. 66-6, portage 

from Saganaga lake to Oak lake. P.92. 
734. Altered granite (?). Sec. 24, T. 66-6, south shore of Oak 

lake. P.92. 

(" "~J 
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THE MESABI IRON R.ANGE. 

DISOOVERY OF THE ORE. 

On the sixteenth day of November, 1890, workmen under the 
direction of Capt. J. A. Nichols, of Duluth, Miunesota, encountered 
soft hematite in a test-pit on the northwest quarter of section three, 
township fifty-eight, range eighteen, west of the fourth principal 
meridian. This mine, now called the Mountain Iron, was the first 
body of soft ore discovered on the Mesabi iron range. Hard ore, 
chiefly maguetic" had been known for many years on the Mesabi, 
and explorations made by Mr. E. W. Griffin, of Minneapolis, near 
the falls of Prairie river in townships 56-24 and 50-25, had revealed 
some hard hematite interbedded with quartzyte and low grade soft 
ore. This, however, was the first merchantable deposit of hematite 
found on the new range. Capt. Nichols had been doing more or 
less exploring work along the range for some two years prior to 
this discovery. The Merritt brothers, of Duluth and Oneota, were 
not to be discouraged by the reports of explorers and mi.ners added 
to those of experts and geologists who had condemned the range 
ever since 1875. To these Duluth pioneers the Mesabi was an at
tractive anrl promising district aud their faith in it was never 
shaken, even though their ready cash was spent vainly and two 
years' searching remained unrewarded. To them belongs the 
credit for persisting in the hunt for ore and the final discovery of 
it, and to them rightfully and properly have large rewards already 
been granted. 

WHAT EARLY EXPLORERS HAD SAID. 

The Mesabi range attracted attention to its iron belt as early as 
1875, and several iron experts of good repute were sent to examine 
the various outcrops of ore known at that time. The journey was 
an arduous one into a dense wilderness, and there is no wonder 
they did no test-pitting or drilling. They were sent to examine 
outcrops which they properly enough condemned, for the only iron 
to be seen was in thin strata of magnetite banded with jaspery 
quartzyte, under which, in EOme places, could be seen the rocks of 
the Archean. 

8g 
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Professor A. H. Chester. of Hamilton, N. Y., was one who visited 
the Mesabi in 1875. His account of the ores and rocks there may 
be found in the eleventh annual report of the Minnesota geological 
survey, pages 154 to 167. 

Capt. A. P. Wood and others were sent to the very property now 
owned by the Mountain Iron Company, about eight years ago, and 
seeing nothing but the lean outcrops mentioned above reported 
adversely on it. 

In fact the opinion of these early explorers was unanimously un
favorable to the range. Some of them found the titaniferous ore of 
the gabbro and drew the hasty conclusion that all the ores on the range 
would be worthless on account of titanium. The impression gained 
ground after the mines on the Vermilion range were opened that 
there was no ore worth mining on the Mesabi, because it consisted 
of nearly horizontal strata, or, in miner's parlance, was a "blanket 
formation." The ore deposits in the ranges on the south shore of 
lake Superior are all inclined at high angles. and a flat deposit of 
ore of any considerable purity and thickness was unknown in this 
country. In spite of all this unfavorable opinion on the part of 
those who should be competent to judge, and against the advice of 
their friends, the Merritts continued to look for outcrops and dig 
holes in the ground, and never ceased to dream of hidden stores of 
iron treasure. 

It should here be stated that the opinion of the State Geologist 
and his assistants was again and again expressed in conversation 
and put on record in various reports to the effect that the Mesabi 
was likely to yie~d large quantities of good ore. It was shown by 
diagrams that the formation, although a flat one, did contain good 
ore, and it was indicated where the ore would occur in relation to 
the other rocks of the range. The order of stratification was 
studied and explained two 01' three years before any ore was dis
covered, and finally we eveD went so far as to hazard the prediction 
that the Mesabi range was likely to produce more ore even than 
the Penokee-Gogebic. * 

This and many other statements of similar import put the geol
ogical survey on record as favoring the Mesabi, against the opinion 
of nearly all the actual mine operators and scientists who had ex
amined it. 

If the geology of the range as it was described in the annual re
ports of 1887 and 1888 were better understood by the explorers on 
the range at the present time there would be fewer test-pits sunk 
in greenstone, granite and quartzyte and more dollars in the pock
ets of those who are still vainly searching for ore. 

*Bulletin No.6, p. 160. 
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It is not the province of the state geological survey to find iron 
mines; that is the business of the explorer. A geologist's duty is 
by study and observation to indicate the proper conditions for ore 
deposits and the geographic limits of the formations in which 
those conditions may exist. The intelligent and unbigoted ex
plorer will assimilate these ideas and apply them in discovering 
the stores of hidden wealth. The work of sinking test-pits is work 
of exploration, not geological work. As soon as a geologist begins 
to apply his ideas and dig holes he becomes an explorer, and in 
that work is a geologist no longer. We confess that we take con
siderable pride in the fact that our predictions in regard to the 
Mesabi are now in such rapid process of fulfillment. 

There are several prominent citizens of Duluth and others who 
took an early interest in the Mesabi and assisted largely in its 
rapid development. It is due to their energy and confidence in 
the new range that there has bt:en begun the exploitation of the 
greatest iron range in the world, in the most wonderfully rapid and 
unprecedented fashion. Among these pioneers of development 
should be mentioned judge J. T. Hale aud his partner, E. C. Grid
ley; A. E. Humphrey, Geo. E. Milligan and others in the firm of 
A. E. Humphrey & Co., who undoubtedly were engaged in the 
largest transactions consummated on the range during the first 
year of its discovery, and whose exertions have resulted in the 
most extensive discoveries, perhaps severul years in advance of the 
natural process of development; Frank Hibbing, A. J. Trimble, 
James Billings, John, Wilham and Duncan McKinley, D. T. Adams, 
J. T. James, Hon. O. D. Kinney, Joseph Sellwood, J. G. Cohoe, P. 
L. Kimberley, J. T. Jones, J. A. Crowell, James Sheridan, and many 
others whose names are not now recalled. Judge Hale, especially, 
through the observations of John McCaskill and B. T. Hale, began 
exploration work in a systematic and thorough manner. McCaskill's 
keen eye discovered ore clinging to the roots of an upturned 
tree on the Cincinnati property, and by tracing out from there the 
approximate course of the green schist ridges ena~led judge 
Hale and his cOiJperators to early select and secure possession of 
some of the best lands in 58-16. The value of clear and accurate 
observation and shrewd dt-duction from the facts obser~ed, as to 
the hest location for iron ore deposits and the situatioJls in which 
they were most likely to occur, was soon made apparent on this 
range. Those who selected lands by chance, even though they 
purchased whole sections, did not get as much iron ore as those 
who applied what knowledge was to be obtained in the selection of 
promising pieces. The difficulties of becoming acquainted with 

• 



116 TWENTIETH ANNUAL REPORT 

such a wilderness and the new conditions to be' met with, are in
comprehensible to one not familiar with the region, and form some 
excuse for the great waste of money in the buying of lauds and 
working them during the earlier months. Travel was perforce on 
foot, and supplies were carried on men's backs through swamps 
and dense forests for many weary miles. The range of vision is 
limited in the bushes, and the mantle of glacial drift conceals the 
rocks, especially the flat formations of the Mesabi. It is no 
wonder then that a narrow belt of ore shoulu remain undiscovered 
for so many years in the vast region stretching between Duluth 
and the Giant's range. Few explorers were hardy and persisten.t 
enough to spend the time and undergo the hardships involved in a 
long search for ore on the much-condemned range. Even after 
the discovery of large deposits of fine ore it is a matter of great 
difficulty and expense to take men and supplies into the new 
r~gions twelve to forty miles from any railroad. It is highly im
portant that good wagon roads be built through this mining region 
at once. The roads at present are almost impassable, and the cost 
of transporting mining outfits enormous, while the delay is a 
serious matter in many instances. It is a matter of interest to the 
entire state to have these new ore fields developecl, and the first 
thing to be done is to construct passable roads. 

EXTENT OF THE RANGE. 

The ore formation of the Mesabi range extends from the Can
adian boandary line in Minnesota, in a direction a little south of 
west to and beyond the Mississippi river in township 56-25, a 
distance of 140 miles or more. Part of this distance the ore-bear
ing rocks are concealed from sight by the later gabbro overflow. 

The width of the ore belt at anyone place probably does not 
exceed two miles, and will be found to be generally less than one. 
The ore lies in nearly flat beds, having a variable depth or thick
ness up to 100 feet. It is not to be inferred that there is a contin
uous belt of ore half a mile to a mile or more wide and 40-80 feet 
thick extending for 140 miles on this range. That would be far 
from true. The ore deposits are found at intervals over this area 
where the conditions necessary for their formation and accumula
tion exist. What theHe conditions are will be explained later. 
The or~ on the eastern end of the range is hard, black and mag
netic, all probably owing to the heat of the gabbro overflow. On 
the central and western portions of the range the ore is soft hem
atite, limonite and goothite with hard hematite and limonite streaks 
of variable thickness. 
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Ore in merchantable quantity has already been found-June, 
1892-on the central part of the range in seven townships, over a 
length of forty miles. There is good reason to believe it will be 
found in many places where no work has been done yet, as well as 
in some sections where hasty or misdirected exploration has so far 
failed to find it. Township 68-17 especially is likely to produce 
many more mines~ 

EXTENT OF OTHER RANGES. 

The iron mines worked on the Vermilion range at present are at 
two points only, Tower and Ely, twenty-three miles apart. Other 
lake Superior ranges have an extent as follows: 

Marquette, from Goose lake to Three lakes, thirty-four miles. 
Menominee, from the Breen mine to the N anaimo, fifty miles. 
Penokee-Gogebic, from Sunday lake to Upson on the Wisconsin 

Central R. R., thirty miles or less. 
It is thus evident that there is an opportunity on the Mesabi 

range, considering merely the area of the iron formation, for a 
much larger quantity of iron ore than on any other range in the 
lake Superior district, which is admitted to be the greatest iron 
district of the globe. 

In favorable situations the ore deposits on the Mesabi may have 
a width of a mile and a length of two miles. The width of ore
bodies here corresponds to the depth on other ranges. Hence 
there may be in one ore deposit on the Mesabi as much ore within 
one hundred feet of the surface as on the Vermilion or Marquette 
range down to the depth of one mile. When this idea is once com
prehended and its truth admitted the great advantage of this new 
range over all other known ranges is at once recognized. 

There is always the possibility that the ores of the Mesabi will 
be fouLd to extend indefinitely to the south under the black slates 
of the Animikie, and even under the gabbro and trap rocks of the 
lake Superior basin, until it reappears in the Penokee-Gogebic 
range on the south shore. In that case the supply of iron which 
may be counted on for future production is simply incomprehensi
ble and inexhaustible. The greatest and deepest mines of the 
world will be developed here, and the industry of iron mining and 
manufacture in this state will continue to grow until iron is no 
more an article of consumption. 

But, while we admit this possibility, we must confess that we do 
not consider it likely to be the case. 'fhe nature of the ~re, its 
probable method of origin as explained later on, its porous texture 
and hydrated composition, combined with our general geoscopy, 
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force us to the opinion that the merchantable ore beds are narrow 
and only locally developed. If here and there ore is found at a 
considerable depth under the black slates it will be due to some 
local conditions which cannot be expected to prevail over a wide 
region, and will be correspondingly accounted for. 

GEOLOGY OF THE MESABI RANGE. 

The geology of the Mesabi has been discussed in the various an
nual reports of the Minnesota survey which have described field 
work in the northern part of the state. The U. S. geological sur
vey has also added considerable to the literature of th€' range and 
its geology. The views of different geologists, as expressed in 
these and other publications, will be found refE:-rred to in the report 
on "The Iron Ores of Minnesota," Bulletin No.6, Geol. and Nat. 
Rist. Sur. I shall here give merely an outline of the views enter
tained at present by myself. 

GEOGNOSY OF THE RANGE. 

This iron range presents one of the most interesting chapters in 
the life-history of that part of the earth's crust which is embraced 
within the boundaries of Minnesota. We have here the phenom
enon of a series of strata, wide-spread and of immense thickness. 
entirely confined to the south side of a range of granite and syenite 
hills. Although the country is at the present time much lower, no 
trace of the Mesabi range rocks has been reported north of the 
Giant's range granite in this state. 'rhe altitude of the various 
portions of the range is not the same. Elevations or depressions 
amounting to hundreds of feet have taken place, and the horizontal 
Taconic strata of the Mesabi have simply sunk or been elevated 
with the granite and schist which sustain them. On the southern 
slope of the granite range, whose summits form blue hills visible 
for thirty miles either south or north, there are accumulated strata 
of quartzytes, iron slates, quartz slates. cherts and argillytes with 
flows of gabbro and trap rocks thousands of feet in thickness. Yet 
only the gabbro eruptives appear to have extended north of the 
lofty Giant's range, and that very seldom. It is not credible that 
the Taconic strata once exibted north of the granite and have since 
been entirely swept away by erosion-glacially or otherwiae. The" 
sharp, deep gorges in the folded crystalline and earthy schists of 
the Vermilion range, which lies at the foot of the Giant's range to 
the no,tb, would surely retain some traces of sediments which 
formerly filled them. And if the huge granite range was such a 
protection for the soft ores and slates which lie on its southern 
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slope as to leave those extensive deposits of soft iron ore, which 
are now being discovered just beneath the drift mantle, Elurely 
there would be some protection afforded to similar rocks by the 
lesser parallel ridges farther north, and some remnants of the 
slates would remain. 

Look, too, at the difference in the topography on the two sides of 
the Giant's range, especially west of the gabbro sheet. On the 
north abrupt ridges and narrow gorges in the vertical eastward
trending folds of the Keewatin; on the south a smooth plain of 
black slates covered by till, sloping gently southward for fifty miles. 
North of the granite, on thE' Duluth and Iron Range railroad, rock
cuts are frequent; south of it, on the Duluth, Missabe and North
ern, there is not a rock-cut for forty miles. These differences can 
be explained in only one way-the limitation of the early Taconic 
ocean by this granite shore. 

DATE OF THE GIANT'S RANGE UPLIFT. 

An examination of the granite range, which lies just north of the 
Mesabi iron belt, makes it evident that the granite hills have been 
uplifted-undoubtedly without much accompanying metamorphism 
or other disturbance-since the superincumbent Taconic strata 
were ~eposited. 

Proof of this is found in the vicinity of Birch lake. Here the 
quartzyte of the Taconic is seen north of the summit of the Giant's 
range, but 600 feet below, on the shores of tHe lake and still con
fined to the south of the granite belt. 

Fig. No.1. Section from Birch lake to the Mesabi !·ange. 

It has been remarked that the quartzyte and magnetite strata 
which lie on the granite south of Birch lake are almost up to the 
very summit of the Giant's range.* The force of the ice sheet 
must have been very strongly felt on this exposed ridge, and 
erosion would be carried to a greater depth here than elsewhere. 
The fact that the Taconic strata are still found in such an exposed 

'Seventeenth annu",1 report Minn. Survey. p. 85. 
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situation is proof that the entire ridge wae. formerly covered by a 
considerable thickness of these rocks, and must have been elevated 
in that condition. 

At the same time it is true that the fact that the Taconic strata 
do not extend north of the Giant's range, is an indication that 
there was a ridge of some sort there during Taconic time. It thus 
appears probable that the entire region north of the granite may 
formerly have been higher than now-perhaps even higher than 
the granite ridge-and has since subsided to its present level. 
The elevaLion of the granite hills was thus accompanied by a 
depression both south and north. 

CAUSE OF THE GIANT'S RANGE UPLIFT. 

In searching for an explanation of the gradual elevation of the 
Giant's range it is natural to look to the south, towards the lake 
basi::, which is its apparent complement. The immense load of 
eruptive rock piled up on the north shore of lake Superior could 
scarcely fail to produce a sinking of the crust in that region. A 
depression in one part of the crust must be followed or accom
panied by a corresponding change in contour and an elevation at 
some other place. Hence the most natural explanation of the hill 
range, which now forms the chief water-shed of Minnesota, is in 
the formation of the lake Superior basin and the outflow of great 
sheets of trap and gabbro. 

These eruptions did not all occur at one time, part of them being 
found as inter-bedded or laccolitic sheets in the Taconic strata. 
The upward movement of the range was gradual, corresponding to 
the gradual accumulation of sediments and flows further south. 
There is not found in the quarzytes and slates, which now lie upon 
the granite hills at an elevation of fourteen hundred feet above the 
water of lake Superior, any stratigraphic deformation or min
eralogic alteration which requires the supposition of rapid eleva
tion. From this it follows that the petrographic nature of the 
Giant's range was practically the same as it is now, at the com
mencement of Taconic time. Metamorphism intense enough to 
produce the crystalline rocks of the range, would have had a 
similar effect on any strata resting upon them. But the slates 
and other rocks of the Mesabi do not show any evidence of met
amorphosing agents aside from the superincumbent gabbro. The 
stratification is not destroyed, nor disturbed to any considerable 
extent, while the mineralogical changes observed are more likely 
to be the result of aqueous than of igneous action. 
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We have here a simple chain of reasoning from which to infer 
the solution of the as yet unsettled question of the stratigraphic 
position of the gabbro: 

1st. The elevation of the Giant's range to its present position is 
post-Taconic. 

2nd. The elevation of the Giant's range was caused by the 
gabbro, hence 

3rd. The gabbro is post-Taconic. 
This agrees with the observations and conclusions of R. D· 

Irving in the vicinity of Gunflint and Loon lakes. He has given a 
section south of these lakes which shows the olivine gabbro lying 
on top of the Animikie black slates and traps.* 

ORDER OF STRATIGRAPHY ON THE MESABI. 

The rocks exposed on the Mesabi are the following, in descend-
ing order: 

1. Gabbro unconformable on all the following, Taconic. 
2. Black slates-Animikie, - Taconic. 
3. Greenish siliceous slates and cherts, Taconic. 
4. Iron ore and taconyte horizon, - - Taconic. 
5. Quartzyte unconformable on 6 and 7, Taconic. 
6. Green schists of the Keewatin, - - Archrnan. 
7. Granite or syenite of the Giant's range, Archrnan. 

It will be proper to give a brief description of the appearance 
and occurrence of each of these divisions. It is essential for 
economical exploration on the range, that these different rock 
horizons be recognized and distinguished from each other. The 
object of this sketch of the Mesabi range is more for the purpose 
of furnishing a reliable and simple account which will be under
stood and applied in future development, than a scientific discus
sion of the subject. 'ro the explorer the difference between the 
green slates of the Taconic and the green schists of the Keewatin 
is of the utmost importance. The former lie, for the most part, 
above the ore horizon and the latter entirely beneath it. If he 
cannot distinguish them at sight he cannot tell which way to direct 
his line of test-pits, nor when to stop work in anyone of them. 
If he calls the chert "quartzyte," and then concludes that he is 
below the ore because the quartzyte lies below it, he again makes 
a mistake and one which may be very costly or result in his 
missing his ore body entirely. Many similar instances have come 
under my observation. It is by determining such questions as 

*Seventb annual report, U. Geol. Sur., p. 421. 
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these that geology aids the explorer and miner. Although an 
elementary knowledge of mineralogy and the composition of the 
more common rocks would assist in an understanding of the next 
few paragraphs, yet the principles laid down are so universal and 
the distinctions so obvious, that it is believed they can be under
stood and applied by anyone who reads them. 

7. GRANITE OF THE GIANT'S RANGE. 

The granite or syenite of the Giant's range lies north of the 
iron belt of the Mesabi. It forms high rounded ridges of pink or 
gray crystalline rock. It is composed of rather coarse crystalline 
grains of gray or flesh-colored feldspar, bluish translucent quartz 
and black mica or hornblende. It usually possesses no bedded 
structure and can be broken with almost equal ease in any direc
tion. It is older than the rocks of the iron formation proper, and 
lies beneath them from the Mountain Iron mine westward. It has 
on the north a belt of crystalline mica and hornblende schists, and 
on the south seems to have a direct transition into 

6. GREEN SCHISTS OF THE KEEWATIN. 

These schists constitute the rock commonly called "greenstone," 
or "dioryte" by explorers. They are gray to green in color, softer 
than the granite and have an earthy appearance instead of a 
bright crystalline lustre like the mica schists. The green schist 
has a cleavage which is nearly vertical-when it is not massive. 
It never occurs in horizontal layers like the quartzyte and slate. 
The lower bed of the Mesabi ore formation, i. e., the basal 
quartzyte,-always rests upon this Archrean green schist or upon 
the granite, and the nature and extent of the ore bodies seem to be 
entirely independent of the underlying rock. 

The green schist does not always follow the course of the gran
ite range. It diverges and forms minor ridges, uplifting the 
quarzyte and iron strata for a distance of several miles from the 
main ridge. The presence of these ridges of granite or green 
schists, whether exposed or not, is one of the essentials to the exist
ence of a body of soft ore, as we shall see later. This green schist 
is the same as that of the Vermilion iron range, and it is not im
possible that lenses of hard iron ore may be discovered in it in 
some placE' beneath the ore of the Mesabi. These schists are cov
ered ill many places by 
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5. QUARTZYTE UNCONFORMABT,E ON THE SCHISTS AND GRANITE. 

This rock is the lowest member of the Taconic strata which con
stitute the Mesabi iron formation. It is white, gray, green, pink 
or purple, and is composed of rounded grains of sand, mostly silica. 
It never has a high dip so far as seen on that portion of the range 
west of the gabbro overflow. Where it lies upon granite it is pink 
or white, or may be stained red by iron oxide. Where it rests on 
green schist it is finer grained, usually in thinner strata and gray 
or greenish in color. Near the bottom it often contains pebbles of 
quartz and granite, as well as jasper and greenstone. It has also 
been observed to contain white or pink mica in horizontal scales as 
large as half an inch across. In some thin sections the secondary 
enlargement of the quartz grains is well shown. In others the 
grains fit closely together and there are few interstitial spaces, al
though the quartz is crystalline. Where it is found in test-pits 
under the ore it has usually lost its character of hard vitreous 
qu~rtzyte for some distance below the contact, and is a soft, coarse, 
crumbling sandstone, white or iron stained. No merchantable 
iron ore is found in or below this quartzyte, unless it should be in 
the green schist, and when this rock is encountered in a test-pit 
work should be discontinued as quickly as it would be in the gran
ite or green schist. This quartzyte lies immediately under the 
taconyte horizon. 

Its position with reference to the black slates has been a matter 
of some difference of opinion, and the writer formerly believed it 
to belong above them. There seems to be no question now, how
ever, that this is the same as the Pewabic quartzyte at Gunflint 
lake and the Pokegama quartzyte of the Mississippi river, and that 
it is the lowest member of the Taconic. It has heen assigned to 
the CrAtaceous, Potsdam and Huronian by different geologists. 
Prof. N. H. Winchell believes it to be the equivalent of the Pots
dam quartzyte of New York. It occurs at Sioux Falls, South Da
kota, and at Baraboo, Wisconsin, in similar association with under
lying granite and overlying iron bearing rocks. 

4. IRON ORE AND TACONYTE HORIZON. 

Resting immediately upon the basal quartzyte, and apparently 
conformable with it, is a series of strata which present very differ
ent appearances in different localities, and which constitute the 
iren ore deposits in situations favorable for their accumulation. 
These strata consist of siliceous and sometimes calcareous rocks 
banded with oxiclA of iron or iron ore. 'fhe ore occurs in streaks 
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or beds of indefinite length and thickness. It is sometimes mag
netite, sometimes hematite, hard or soft. The rock which encloses 
these bands may be called a jaspery quartzyte, but it contains 
much besides silica. It is of various colora, but usually gray. It 
is occasionally cherty, often brecciated and sometimes con glom
eritic. There are layers of jasper having a peculiar mottled ILnd 
streamed appearance; there are others of fine quartz grains more 
or less mingled with grains of iron oxide; others again are so fine 
grained as to be flinty, with amorphous silica, which evinces great 
readiness to dissolve and leave cavities or soft porous streaks in the 
ledge. In its fresh gray condition one portion of it does not pre
sent macroscopically individualized constituents. 'fhe silica is 
clouded with some grayish or greenish element which appears to 
contain a percentage of lime or iron carbonate. This rock is wide
ly spread over the whole length of the Mesabi, and being different 
from anything found elsewhere and peculiar to this horizon of the 
Taconic, has been called taconyte by the writer. It has not been 
studied microscopally or chemically as yet. The examination of 
specimens now on hand will probably yield further interesting in
formation as to its nature and origin. 

'l'his banded jaspery quartzyte or taconyte horizon is not of great 
thickness. There is a rather abrupt transition below into quartz
yte, but a more gradual one into the t:.iliceous slate and chert 
member above. 

The percf\ntage of iron in this rock as it occurs unaltered is sel
dom sufficient to make it a merchantable ore, though there may be 
found layers of ore in it thick enough to work profitably like those 
west of Gunflint lake in T. 65-4. It is not to be expected 'that there 
will be any mines of magnetic ore on the central portion of the 
range. The taconyte, however, is found in all degrees of altera
tion into good iron ore. The nature of this alteration will be ex
plained later. It is only necessary to add here that this is the hor
izon to follow in the search for ore. It is the rock which contains 
and produces the ore, and test-pits which reveal this member of the 
Taconic formation are not discouraging. Having found it the next 
thing is to find some uniform, even slope of considerable descent 
and let the test. pits follow it down, be it north, east, south or west. 

3. GREENISH SILICEOUS SLATES AND CHERTS. 

These strata constitute a sort of transition stage between the 
rocks of the iron horizon and the black slates. 'fhere is no proof 
of any UP conformity either above or below this member, but litho
logically it is distinct from the rest. There is a considerable mix-
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ture of greenish material, apparently of eruptive ongm, either 
intimately mixed with the silica and fine argillaceous matter or in 
separate streaks. Even the extremely siliceous cherts which con
stitute the upper part of this horizon occasionally present a green 
ish appearance due to intermixture with this basic element. There 
is sometimes found a layer of dense but soft black argillyte in this 
zone, which seems to be an indication of the great thickness of 
similar rocks to be deposited later. 

The chert is red, yellow, black, white or green, and in the Thun
der Bay region has a thickness of two or three hundred feet. It is 
not known how thick it is on the central Mesabi. It is not strictly 
confined to this member of the Taconic, but is occasionally found 
as low as the basal quartzyte, and above high up in the slates. Its 
content of silica varies greatly. N ow it will have the appearance 
of pure translucent chalcedony, and again it is mixed with oxide of 
iron or some carbonate of lime and iron. It frequently posseSt;es a 
peculiar brecciated appearance, having been thoroughly shattered 
into angular fragments which are re-cemented by the same amor
phous silica. 

This angular fracturing or jointing is also visible in the iron ore, 
even when it is soft enough to excavate with pick and shovel. It 
is more difficult to account for the large amount of silica in these 
cherts, which lie above the iron ore horizon, than for that which 
has enlarged and cemented the grains of the quartzyte below the 
ore. In the latter case the silica has been removed in carbonated 
solutions from the ferriferons layers down into the quartzyte and 
there deposited. How it came to be accumulated in such quantity 
at the chert horizon is a matter for future study. When the ex
plorer finds this flinty slate formation it is safe to conclude that he 
is above the ore horizon (that is, above where the ore is, if there is 
any there) and must go deeper or farther up the general slope of 
the region. 

2. ANIMIKIE BLACK SLATES. 

The upper slaty strata of the last division soon pass into this, 
which, so far as examined on the central part of the range, consists 
entirely of several hundred fQet of carbonaceoUt; argillytes. Dia
mond drill records do not show the presence of the interbedded 
trapa which are seen in the same horizon around Gunflint lake and 
eastward. It is possible that these eruptives may be higher up in 
these slates and will be discovered by future drilling farther south. 
These slates have the usual dip of the entire Taconic series on the 
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Mesabi, viz., from horizontal to 20° to the south or southeast. The 
dip is locally as high as 45° in some of the ore deposits where they 
lie close to the green schist. 

These slates are supposed to extend southward nnder the gabbro 
to the St. Louis river, and then to ftppear again with a high dip and 
somewhat distorted stratification. If the St. Louis river slates are 
Animikie, as supposed, it is quite likely that the lower horizon of 
iron ore and q uartzyte may also come to the surface in the same 
vicinity, and thus still another iron raDge may be discovered, 
still near€:,r Duluth. It is obvious, however, that with the high dip 
of the St. Louis slates the ore deposits would soon lead to deep 
mining and lose the advantages which the Mesabi possesses in lying 
in flat deposits. 

The practical inference to be drawn from black slate outcrops on 
the Mesabi is that they are al ways above the iron ore horizon, and 
surface exploration wust be pursued in the direction contrary to 
the dip. 

The task of test-pitting through the black slates is almost a hope
less one, for the dip is sufficient to make It depth of several thou
sand feet in a few miles. In case of diamond drilling, where the 
property is all within the slate area, the only general advice is to 
get as near the north Elide of the property as possible, for if there 
is any ore under the slate it will be found in a shorter vertical dis
tance there than farther south. 

1. GABBRO. 

This rock is sometimes called "granite" by explorers. I have 
heard soma of them say that there is granite on both sides of the 
ore belt in 59-14. But the average explorer knows the difference 
between granite and gabbro. Granite has a pink color and con
tains crystalline grains of lavender blue quartz, together with mica 
or hornblende. 

Gabbro is gray-seldom if ever pink, and contains no free quartz. 
It is almost wholly composed of gray feldspar (labradorite), which 
has pearly and often striated cleavage planes and is softer than 
quartz. The hills south of the iron belt in 58-16 are composed of 
this gabbro, which probably lies above the black slates and under
lying iron rocks. The gabbro poured out of the earth's surface 
like lava and flowed north over the surface of the country, tipping 
the rocks up on edge and sometimes floating along huge slabs of 
the Taconic strata several hundred feet long, which are now found 
standing at various angles surrounded by the cooled gabbro. 
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From Birch lake eastward for several miles the gabbro flow8d so 
far north as to cover the iron belt completely and we now.pnd it 
lying on the granite. The effect of the heat of this molten gabbro 
was to make the iron ore, which already existed in the rocks, hard 
'and magnetic, and this effect seems to have been felt for miles 
away from the edge of the gabbro. 

Other minerals besides iron were changed by the same agency, 
and even so hard a lOck as. the quartzyte was 80 changed that sam
ples of it have recently been designated "altered gabbro" by an 
eastern petrographer. 

There is good reason to believe that the iron ore deposits in their 
present condition have been formed principally since the gabbro 
overflow. There was a certain amount of iron in the rocks origin
ally, but this has been greatly augmented and concentrated in more 
r~cent times. 

Accompanying the gabbro is frequently more or less black mag
netic ore, which carries an injuriouF! amount of titanic acid. This 
black ore occurs in grains in the rock nearly everywhere, and some
times forms large deposits. It has a dull lustre and is not finely 
granular like the magnetite of the Taconic strata. It also lacks the 
evidences of stratification everywhere visible in the quartzyte and 
associated ores. 

The northern and western boundaries of this gabbro sheet 
are approximately shown on the geological map accompanying 
.Bulletin No.6 of the geological survey. It will there be seen that 
there is no trace of this rock known west of range 16, and it is to 
be expected that the slates will be found immediately under the 
glacial drift west of the gabbro. The ore also loses its magnetic 
quality as we approach the Mississippi river, and at Prairie river 
it is nearly all hematite. 

Although parties of explorers have recently gone into the gabbro 
area on Partridge river, equipped for teEt-pitting, it is scarcely ne
cessary to say that there is no good reason to expect merchantable 
iron ore deposits in or under this eruptive flow in any place but 
along the northern edge, where it covers the ore belt. Farther 
south it reaches a thickness of hundreds of feet, and the slates be
low are still hundreds of feet above the ore horizon.' 

The advice in general is: Keep away from the gabbro. The ore 
found under it will be magnetic, may be titaniferous and is sure 
to be mixed with lean siliceous portions which will interfere with 
cheap mining. 
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OCCURRENCE OF 'fHE ORE. 

In !he foregoing pages it has already been indicated how the ore 
occurs. Among explorers and miners on the range there is great 
confusion of ideas on this point. It is said to be in veins, and" 
many are still searching for a hanging wall and predicting that the 
flat portions occurring without one, are what they term "slop
overs." It is quite common to be told that the vein will soon take 
a high dip to the south and go down at an angle of 60°, more or 
Jess, to a great depth. Those who entertain this opinion go still 
farther and look for the continuation of the "vein" to an indefinite 
distance across the country in one direction. The proper direction 
is often rather absurdly ascertained by drawing a line through the 
locations of two or more mines on the map and extending it across 
adjacent property for miles. The amount of money already spent 
in extremely unpromising locations that have been selected in this 
way would buy several good mines. Others say that the ore is a 
surface "wash" which has settled in waters of very recent date in 
troughs or valleys. Still again it is said that the ores are erupt
ive, and the shiny limonite coating in some cavities is pointed to 
as unmistakable evidence of fusion and rapid cooling. 

The most ancient of ideas is held by some that the ore deposits 
date from the creation of the world, and those who hold this idea 
say wisely: "Where it is there it is, and you cannot see a.ny further 
into the ground than any of us, nor tell us where the ore is likely 
to occur." It would be extremely rash to deny the truth of the old 
Cornish saying, but repeated experience has proven that a knowl
edge of the geology of a region will and does enable us to tell 
where the ore probably exists and where it does not. 

The occurrence of the Mesabi ores is not in veins or lodes. No 
hanging and foot wall proper are to be found. The deposits lie on 
q aartzyte, and for convenience that may be called the foot wall, 
but it has not the same significance nor does it bear the same rela
tion to the ore body that a true foot wall bears to a true vein. In 
rare instances the ore will be found with a "capping" of jaspery 
quartzyte or taconyte varying in thickness from a few inches to 
thirty feet or more. This will be called a hanging wall, but not 
propArly. Moreover, the course of the ore deposits is not persist
ent in one direction unless the slope of the ridge on which they lie 
has a straight trend. The soft ore bodies follow the slopes, and 
when they change direction the ore deposit usually either comes to 
an end or changes also. This can be seen at several places, but 
especially marked at the Mountain Iron mine. The ore first dis-
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covered lies in a horse-shoe basin, the sides of which are high and 
ha,e a steep slope. The ore follows the side of this basin and is 
discovered in pits which follow the slope arouna to the north west, 
as well as on a subordinate ridge which runs south and southeast 
for half a mile. There is no principle more universal on the range 
than this: the presence or absence of an ore body depend" on the 
presence or absence of an elevation, on the slope o~ which the 
proper horizon of Taconic strata occurs. This idea will be further 
explained in discussing the origin of the ore. 

The ore deposits are not likE-Iy to assume a high dip and thus 
to extend to great depths. On the contrary, as we go south away 
from the granite and green schist ridges, the entire formation 
flattens down and the dip is hardly perceptible. This fact is not 
indicative of the existence of soft ore deposits nnder the slates at 
great distances south from the iron belt, as at present defined. 

The ideas of surface "wash" and eruptive flows are also neces
sarily discarded. The existence of oceanic stratification and the 
frequent transition from soft ore into the rock strata of the ancient 
Taconic are alone sufficient to disprove both of these ideas. 
Moreover, there is no trace of the chemical action which would 
have taken place if the ores were eruptions, nor does the physical 
character of the ore harmonize with this idea. 'rhe deposition of 
limonite in shiny coatings in crevices and elsewhere, is by the 
action of aqueous solutions, and instead of being an indication of 
heat is just the reverse. 

ORE DEPOSITS OCCUR IN BEDS. 

The Mesabi ore deposits are in regular beds. They constitute 
part of the Taconic strata and are still in almost their original 
position. They are part of the horizon which lies next above the 
basal quartzyte. They grade into the rocks of this horizon in all 
directions laterally, and occasionally both above and below. As a 
rnle, however, the ore lies directly on the softened and disinte
grated basal quartzyte which does not contain much iron oxide. 
The bedding planes of the original strata are perfectly preserved 
in the ore, as are the joints and even the differences in texture of 
the various layers of jasper, chert, coarse and fine taconyte and 
slate. 

The ore deposi ts thns far discovered on the Mesabi, with few 
exceptions, lie just below the glacial till, which varies in depth 
from a few inches to one hundred feet. The ore body has a depth 
equally as great, and usually is wedge-shaped with the narrow end 

9g 
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or side lying toward the top of the slope and the thickest portion 
farther down. There may be occasionally a knoll or ridge of 
jaspery quartzyte lying above the surface plane of the slope. In 
this case the ore generally passes under the knoll, which thus 
forms a capping; but occasionally this hard knoll or ridge extends 
downward unaltered to the basal quartzyte and constitutes a 
"l.torse" in the ore body. These "horses" are called "dykes" by 
some explorers. They are not true dykes, however, but parts of 
the general formation which do not cut through the quartzyte 
below the ore, as eruptive dykes would. 

True dykes are not common along the range, and their absence 
constitutes Olle of the chief points of difference between the 
Mesabi and the Penokee-Gogebic. The accumulation of the 
Mesabi ores cannot be due in any way to dykes, for there are 
none associated with the ore, and no ore where dykes are found. 
This fact indicates that perhaps the ore deposits on the Penokee
Gogebic, instead of being produced through the agency of the 
dykes in forming troughs in which the ore was deposited, have 
been formed in spite of the dykes and would have been much 
deflper and more extensive had it not been for them. From what 
can be seen on the Mesabi, dykes and even troughs are unneces
sary features, the ore being due to a replacement and concentration 
process which has proceeded on all uninterrupted slopes of suf
ficient pitch where the proper rocks exist for such a change. This 
operation or process of replacement, moreover, extended as far 
down the slope as the local conditions have permitted since the 
rocks were elevated to their present posItion. If the slope was a 
long one, and in the shape of a large basin, the ore deposit is 
large. If it was narrow or interrupted by numerous gorges or 
ridges, the ore is apt to be limited in quantity and of poorer quality. 
Where there was an opportunity for the greatest freedom of drain
age and the most extensive percolation of solutions through the 
rocks for a considerable thickness, and over a considerable area, 
there are found the purest and largest accumulations of ore. 

It is quite possible that there may be in places two or more par
allel lenses of ore separated by ridges of unaltflred taconyte. This 
might easily occur where the taconyte horizon is uncovered over a 
considerable area and where the surface consists of an· undulating 
succession of ridges with gradual slopes. The usual dip of the 
Taconic rocks on the Mesabi is so slight that it does not always 
exceed the general slope of the surface of the country south of the 
Giant's range. For this reason there may occasionally be a suc
cession of elevations, on the sides of whjch are ore deposits; and 
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since the elevated portions of 
these ridges are usulilly mag- :':.~=-----:--'-=--'---=-~--~-=-A 
netitic and the ore bodies are 
not, a dip needle may be used 
to advantage in locating the 
ore. Fig. 2 illustrates this 
idea. 

The nature of the lateral 
and lower boundaries of the 
ore deposits will be more or 
less a matter of speculation 
until some are mined out. 
The extensive developments 
and, the large production of 
ore already arranged for, 
promise interesting revela
tions within the next two or 
three years. At the present 
time, however, some idea of 
the appearance of the open 
pits, when the ore has been 
mined out, can be gained from 
a consideration of its mode of 
occurrence, as already known. 

The upper edge is generally 
thin and rather the poorest 
ore. If this part of the ore 
is stripped and taken out it 
will leave the basal quartzyte 
exposed, dipping south at an 
angle of 10° to 40°. The 

. lower side of the ore bed is 
more or less mixed with sand 
from this quartzyte. Hence 
the bottom of the open pits 
will be an almost plane sur
face dipping as the quartzyte 
dips, and at a short distance 
resembling soft ore more than 
quartzyte. The ore will grad
ually deteriorate below a 
certain depth in all pits and in 
an excavation until it becomes 

---~.-::-------

Fig. 2. Possible method of occurrence of 
loo poor to be mined. parallel lenses of ore. 
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The sides of the ore bodies will present rather abrupt transitions 
into the jaspery quartzyte of the iron ore and taconyte horizon. It 
is not to be supposed that the limits of the soft ore will be markAd 
by a wall or definite boundary plane on any side or at the lowest 
edge. It is rather to be believed that the ore extends into the 
rocks in sbeets of variable thickness, and that when followed up 
and mined out, the lower edge of the remaining open pit will 
have a very ragged appearance something like tbe following, 
figure 3. 

The ore on the lower, thicker edge may also be expected to de
teriorate and become more like paint rock and earthy than the 
lower strata, which are mixed with sand. The capping or hard 
ridges already mentioned may present some interesting examples 
of the process of the replacement of silica by oxide of iron, which 
can be easily examined and studied when the surrounding ore is 
removed. 

There are other interesting phenomena which can only be ex
plained fully when the ore in their vicinity is removed. There 
appears to be a gorge on the Lone Jack and Missabe Mountain 
properties, excavated to the depth of sixty feet in the soft ore by 
some preglacial stream and subsequently filled with rounded, wa
ter-worn pebbles of hard ore. Test-pits on each side of th,s gorge 
filled with ore-gravel encounter fine, soft hematite just below the 
glacial drift, which does not here exceed twenty feet in depth. At 
the bottom of this ore gravel is a stratified layer or series of layers 
of white kaolin, more or less stained and mingled with fine red iron 
ore. This layer varies from a few inches to twelve feet in thick
ness and its true nature has not been ascertained. Below it is 
found the same blue hematite which occurs in the test-pits on both 
sides of the gorge sixty feet nearer the surface. 

There are also gorges apparently scraped out by solid ice and 
filled by sand and gravel. On the Berringer forty, sec. 4, 58-16, a 
test-pit seventy-two feet deep has been sunk at the edge of one of 
these gorges. The east half of the pit passes down through soft 
blue hematite from the depth of forty-eight to seventy-two feet, 
while the west half of the pit is sand and gravel for the same dis
tance. The wall of the ore is nearly perpendicular and seems to 
have been planed off. A short distance farther west there is a test. 
pit nearly one hundred feet deep, which did not strike anything 
but glacial till. These facts are an indication that the soft ore was 
essentially in its present condition at the time of the last glacial 
epoch. 
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V ARIETI;ES OF MESABI. IRON ORE. 

MAGNETITE. 

'1'he ore of the eastern portion of the Mesabi probably owes its 
magnetic properties to the heat of the gabbro overflow upon the 
hematites which were deposited in the rocks at the time of their 
formation in the oceanic waters. 

Where this ore is associated with the lower beds of the Taconic 
it is rather coarsely granular and shiny. The ore which occurs 
higher up in the horizon is fine grained and compact, having 8: high 
specific gravity. Individual samples of this ore show a high per
centage of iron and a low content of phosphorus and sulphur. Un
fortunately it seldom occurs in beds of sufficient depth to render it 
valuable without concentration. 

It is noticeable that then is a small percentage of magnetic 
grains in the blue-black, soft, granular hematite of the central por
tion of the range. A magnet will pick out grains from a handful 
of this ore from almost any test-pit in which it occurs. Its pres
ence adds somewhat to the percentage of iron in the ore and does 
not produce any deleterious effect. 

Small streaks of black, shiny, crumbling grains were noticed first 
in the te8t-pits on the Oincinnati property. They were at once 
seen to be magnetite, but their occurrence at the depth of sixty 
feet in solid strata of limonite and hematite was a surprise. The 
only well known means of producing magnetism in oxide of iron is 
by a considerable degree of heat. It is evident that it would be 
impossible to apply heat to a particular streak a couple of inches 
thick in the depths of such a deposit as that without also heating 
adjacent strata. Had the heat come from above all that portion of 
the deposit lying above this particular layer would also be affected 
by it. Had it been heated in some way from below there would be 
no hydrated ore left below it. 

There are three possible hypotheses: 
1. There may be some way to render ores magnetic aside from 

heating them. 
2. This streak may have been heated and magnetized after de

position in its present position before the adjacent strata had 
their present chemical composition. 

3. The ore may have been deposited here as magnetite orig
inally. 

In the Tenth Annual Report of the U. S. Geological Survey 
Prof. Van Hise has advanced the idea of the formation of magne
tites by chemical processes during the oxidation and concentration 
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of iron carbonates. He supposes that in the presence of an insuf
ficient amount of oxygen, siderite may have been altered directly 
into magnetite. As a proof of this he mentions the fact that some or 
the magnetite is pseudo-morphous after siderite, and also that the 
hematite and magnetite are intimately mingled in the rocks or the 
Penokee-Gogebic range. He even states that it is exceedingly 
probable that all the magnetite is of sAcondary origin by chemical 
alteration or siderite at a low temperature. 

In the case or the Mesabi magnetites we may admit that a por
tion of the magnetic grains may have been produced in this way. 
It is, however, not admitted that it is wholly due to such action. 
The.re are abundant evidences that much of this iron ore is an 
original constituent of the rocks, as siderite, magnetite, or sesqui
oxide or iron, probably the latter. The effect of a gabbro overflow 
would certainly be to render this original ore magIletic, if it were 
not already so, and less liable to chemical decomposition than the 
hematite and limonite. The magnetic oxide of iron is its most 
stable natural compound. It is often found unchanged by atmos
pheric agencies in exposed situations where other minerals have 
been deeply eroded and considerably decompo.sed. -While the 
oxidation of magnetite into hematite is possible and hus been 
observed in certain localities, it is not so common as the series of 
changes from siderite through limonite and hematite to magnetite. 
The pseudomorphs of magnetite after siderite mentioned above 
may be hematite pseudomorphs rendered magnetic by heat. 

One difficulty in the way or an acceptance of the idea of this 
method of the formation of magnetite on tile Mesabi is the fact that 
the magnetic strata are found near the surface of the ground where 
all chemical changes for a great space of time have been accom
panied by an abundance of oxygen. Prof. Van Hise SUf-poses 
that hundreds of feet, perhaps even thousands, of solid rock have 
been removed by erosion above the present surface on the Penokee
Gogebic range. There is strong evidence that no such depth of 
erosion has taken place on the Mesabi. The iron ore beds are 
essentially surface products, and do not occur under any great 
thickness of rock strata. The principal agent of erosion is glacial 
action. The freshness of glacial strim and the drift mantle cover
ing the rocks show that no postglacial erosion has taken place, 
and it is not likely that preglacial erosion was conducted to such a 
great depth. Moreover, it is only by the exposure of the very 
strata now found at and neal' the surface during all the ages since 
the gabbro overflow, that such extensive alteration deposits can be 
accounted for. Hence, unless the presence of some powerful 
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reducing agent can be proven, the magnetic element of the rocks 
must be explained in some way which admits the presence of ali 
excess of oxygen. It is not known at present wheth~r the magnet
ite extends to any depth under the slates southward or not. All 
the facts we possess indicate that it does not. The heat of the 
gabbro cannot be supposed to account for the existence of mag
netic ore in the rocks twenty miles or more distant. It may be 
that simple surface weathering of long duration is able to produce 
magnetic oxide from sesqui-oxide. It cannot be derived from a 
carbonate, for the resultant of surface alteration of siderite is always 
a sesqui-oxide. Admitting, then, that further study is necessary to 
account for the magnetic strata in the rocks between the Mountain 
Iron mine and the Mississippi river, we must still affirm our 
belief that the magnetic streaks in the pits of the Cincinnati repre
sent ore that was originally deposited in the rocks as a hydrated 
sesqui-oxide and was rendered magnetic by the gabbro overflow. 
These streaks represent all the iron there was in the rocks at that 
time. The effect of the gabbro eruption was to elevate the Giant's 
range, and from that time until the present the process of ore de
position in these rocks by the decomposition of carbonates, if any 
were present, and the replacement of silica by ferric oxides, has 
been progressing. The result has been the formation of large 
deposits of pure ore in which the magnetite layers are interbedded 
with the more recent non-magnetic ores. 

The titaniferous magnetites have already been mentioned. They 
occur in the gabbro, and are valueless at present. Theil' manner 
of occurrence and chemical composition are described fully in 
Bulletin No.6, Minn. Geol. SUl'v. 

GmTHITE. 

This ore is the first to be found below the glacial drift in many 
test pits on the Hale, Kanawha, Cincinnati. Canton and Biwabik. 
It is soft, homogeneous yellow ore and occurs in layers several (six 
to twenty) feet in thickness. It was at first called limonite, but its 
high percentage of iron, as revealed by several analyses, together 
with the large amount of combined water showed that it is 
gcethite. As a rule it is non-bessemer. It is called "yellow ochre" 
by the miners anrl is frequently thrown out as poor ore. Its com
position when absolutely pure is sesqui-oxide of iron 89.9, water 
10.1, metallic iron 62.9. It occurs in such large quantities on 
this range that the term "Mesabite" may appropriately be applied 
to it to distinguish it in the iron trade. The following analyses 
show its purity: 

Berringer yellow ochre, Iron 60.65, Ph os. .070. 
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Canton yellow ochre, Iron 60.65, SiO 2 2.09, Phos. .105, 
Comb. H 2 0 8.04. Free H 2 0 ~.86. 

Canton yellow octre, Iron 60.75, SiO z 1.85, Phos .. 065, Comb. 
H 2 0 10.05. Free H 2 0 12.77. 

Canton yellow ochrt', Iron 60.90, SiO 2 4.85, Phos .. 029. Some 
analyses indicate 61.5 per cent. of iron. 

This ore will perhaps be of more value for the manufacture of 
mineral paints than for use in the furnac.e. It can be obtained 
cheaply and in large quantities. 

LIMONITE. 

Hard masses and layers of brown hematite are found in many pits 
on the Mesabi. The ore is inclined to be siliceous and rather high 
in phosphorus. Many cavities are lined or filled with grape and 
pipe limonite ore. It seen:s to occur in portions of the ore bodies 
where considerable streams of water flow, continually or at certain 
seasons of the ye aI', through the rocks and ore. Only a small 
percentum of all the ore in any mine so far discovered has been 
shown to be of this mineral. It is perhaps the least valuable of 
any except the titaniferous ores on the range. 

HEMATITE. 

By far the larger part of Mesabi ores are hAmatites, as the term if'! 
used by mineralogists, i. e., anhydrous sesqui-oxide of iron, whether 
hard or soft, crystalline, massive or earthy, red, blue, purple, brown, 
green or black. All varieties and all textures occur on this new 
range. The variation in appearance is remarkable, but the uni
formity of composition is equally so. It is only after considerable 
experience in the ores of the range, and a careful flxamination of 
each variety by a hand-glass that the ore expert can tell which ore 
is the best and approximate its percentage of superior excellence. 
To be sure there are high and low grade ores here as on any other 
range, but samples of ores of at lea'3t ten totally different macro
scopic characteristics can be selected that will not vary two per 
cent. in iron content. The process of ore formation here has beAn 
a discriminating and selective process, and has progressed regard
less of color, hardness or texture. 

The best grade of hematite is the blue-black soft ore found at 
many of the mines. Where this ore is in perfectly crystalline 
grains which possess little adherence to each other and will not 
"pack" in one s hand as do the more earthy ores, the percentage of 
iron reaches almost absolute purity. One sample of thirty feet of 
this ore from pit No. 15 on the Biwabik, taken by E. P. Jennings, 
yielded an analysis of 67.90 per cent. iron, 1.8 per cent. silica and 
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.016 per cent. phosphorus. Such ore as that is not excelled any
where. It is this exceedingly pure ore that brings up the average 
of Mesabi ores. Without it there are several properties which 
would be non-bessemer; with it they are a good bessemer. 

The general order of succession of the various kinds of ore is in
dicated by the plates of sections (Plates I, II, III, IV, V) from 
the Biwabik, furnished me by Mr. Jno. T. Jones and P. L. Kim
berley. 

MANGANIFEROUS ORES. 

Black oxide of manganese is found in hard and soft streaks in 
the ore of many mines on the range. As yet it has not been found 
in sufficient quantities to guarantee any considerable production of 
manganese ore or manganiferous iron ore. It will be strange, how
ever, if some such ore is not produced from the range, since so 
many indications are met with, and the conditions are so favorable 
for its accumulation. Morel)ver, such ore is mined in limited 
quantity on the Penokee·Gogebic range, which is the undoubted 
equivalent of the Mesabi. 

ORIGIN OF MESABI ORES. 

In Bulletin No.6, on the Iron Ores of Minnesota, the idea was 
advanced that the bands of ore found interstratified with the Ta
conic rocks of the Mesabi are due to oceanic precipitation as 
hydrated sesqui-oxides at the time the sediments were deposited. 
Subsequent pressure and heat are supposed to have dehydrated 
the ores and the gabbro outburst to havA rendered them magnetic. 
This idea is still maintained and has been strengthened by recent 
observations. But it accounts for only one portion of the Mesabi 
ores. Those original bands of iron were of limited thickness and 
were interstratified with rock material. The ore deposits recently 
discovered have none of these rock strata left. They were either 
nevBr present or have been removed. On page 146 of the report 
referl qd to above is also found the following statement: 

"We are quite ready at this time to adopt the theory that has 
been referred to originating with Prof. Edward Hitchcock, and 
more recently adopted by Prof. J. D. Dana and Prof. R. D. Irving, 
that these carbonated beds may be changed, and have been, on a 
large scale in the Taconic rocks of New England and of the Peno
kee-Gogsbic range, by infiltrating waters, that their alkaline con
stituent has been carried away and their iron has been redeposited 
or concentrated in a residual condition as ferric oxides, and that by 
this concentration large beds of iron ore have been formed. It is 
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because of this that we state our belief that possibly important 
beds of limonite or hematite, originating in this way, may yet be 
found in the Taconic region of Minnesota, the parallel of those 
that have recently been opened up in northern Wisconsin." This 
is a partial statement of the theory adopted by the writer for the 
ore deposits under discussion. From careful personal examina
tion of the work on all parts of the Mesabi during its entire process 
of development, the idea has become stronger and more firmly fixed 
in his mind that these deposits are mainly due to chemical altera
ation and replacement of some mineral by oxide of iron. There is a 
general harmony of facts and phenomena observed which go to sup
port this idea, and which apparently are not in consonance with 
any other theory. The usual conditions existent at the different 
mines on the range, so far as they have been exploited, are the fol
lowing: 

1. There is a deposit of ore situated on some hill. side or in 
some basin. 

2. This ore is regularly stratified. 
3. The planes of stratification dipping less than 30° pass from 

the ore into and through the banded jaspery quartzyte or taconyte 
horizon in three directions and ot;casionally on all four sides. 

4. The ore strata correspond in texture with the rock strata 
which appear to be their continuation. 

5. Underlying the ore is usually a quartzyte horizon. 
6. Just beneath the ore this q uartzyte is decomposed into a 

crumbling sandstone, but it becomes vitreous a few feet below. 
7. This quartzyte is impervious and presents an absolute bar

rier to surface infiltration. This fact is shown (1) by microscopic 
examination of the vitreous quartzyte, (2) by test-pits sunk into 
it, (3) by the large amount of surface water in the ore as the 
boundary between the ore and quartzyte is approached. The ore 
is porous and permits the water to filter through it. Test-pits are 
sunk through dry ore to the depth of nearly one hundred feet, 
where the ore body covers a considerable area, but water in large 
quantity i'3 invariably enqountered a few feet above the quartzyte. 

Exceptional occurrences which tend still further to prove the re
placement theory are, (1) the existence of deposits of half ferrified 
rocks with ore in bands and in isolated centers of deposition. In 
such situations the process of ore production, or natural manufac
ture, so to speak, can be observed in all stages of progression. (2) 
The occurrence of knolls of taconyte lying on top of the ore de
posits, having been above the course of the chemical p8rcolations, 
and thus having remained unaltered. 
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It is a fact confirmed by abundant observation that the iron ore 
occurs precisely at the taconyte horizon. It lies neither above nor 
below it, but in it and of it. It is natural that the process of this 
transformation into ore should be limited by the local environ
ments. If the angle of the slope down which surface waters have 
floWEld be too steep or too flat there is no resultant ore body, if it is 
moderate the ore deposit may have been produced to a great depth 
and width. If the basal quartzyte comes to the surface at the 
upper side of the slope the atmospheric waters appear to have 
flowed down along the line of separation between the taconyte and 
quartzyte. In this case it may happen'that the process of replace
ment extended but a short distance above the quartzyte and there 
may be an unaltered capping of taconyte above the ore. If the 
hill side and top are covered with the jaspery quartzyte and banded 
ore formation the infiltrating waters sometimes seem to have worked 
a change downward into these rocks and there mayor may not be 
an unaltered remnant of the taconyte horizon below, according to 
the original thickness and the natural facilities for chemical action. 

There is even a third case seen on the Ohicago propel'ty, in 
which a body of soft ore nine feet thick has been produced in the 
taconyte formation, and is seen graduating into the hard banded 
rock on all sides. 

The process of replacement is of two or three varieties. Oertain 
strata seem to be more easily ferrified than others, and instances 
are common where the wavy line of ferruginization is seen encroach
ing upon the blue or gray unaltered taconyte. This may often be 
followed in a single hand sample from taconyte to ore, while the 
stratification, texture and often appearance remain the same. The 
remarkable part of it is that all the original mineral elements have 
gone and the result is such pure oxide of iron. There is much 
silica of a chalcedonic or amorphous nature in the taconyte, and 
occasionally layers of quartzyte, but all these can be observed in 
the actual process of replacement by iron ore. 

On the Oincinnati property it even appears that some of the basal 
quartzyte has been replhced by iron oxide. Samples taken from 
here show a complete transition from quartzyte to iron ore. In 
some of the intermediate samples the individual grains can be seen 
in all stages of removal. There are many encased in a shell of 
hematite, which can be seen increasing in thickness until on break. 
ing the black grain no white silica grain is found. It has all been 
removed. With a specimen of this sort in hand it is impossible to 
douLt that here is an instance of the removal of silica and its 
replacement by sesqui-oxide of iron. 
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Still another proof is found in the nature of the transition back 
again from ore to the taconyte on the lower edge of the deposits. 

This has already been referred to under the head of .. Mode of 
Occurrence of the Ore." If this ore be not a replacement product 
it must continue underneath the rocks belonging higher up in the 
formation and will ultimately be milled to a great depth. There 
is no absolute proof that this is not so. On the Biwabik and Oin
cinnati, however, the ore is seen to degenerate and pass into a low 
grade ore and then into "paint rock" and finally into the regular 
banded taconyte horizon on the southern edge. 

There have been rep)rts of the discovery of soft ore at great 
depths under the slates to the south of the present deposits, but 
these reports are not as yet authenticated. Even if they should be at 
one or two places in the basins of lakes like the Embarrass it would 
not weaken the replacement theory. For it is only natural that the 
effect of a body of water pressing downward through and into a 
series of soft slates would have some softening, oxidizing and dis
integrating effect. The carbon of the graphitic slates would be 
dissolved and silica removed by it so that replacement deposits 
might be formed in such a place even at a depth of five hundred 
feet. It should be mentionel, moreover, that the glacial drift ex
ceeds one hundred feet in depth on the south~ast shore of Embar
rass lake and may be twice as deep in the lake basin. This would 
make the actual depth from surface influences very much less 
and increase the likelihood of an ore deposi t. 

In searching for an explanation of this process of replacement 
we are met with many puzzling questions, and it is just as well to 
admit that more study is necessary for their solution. What 
started this process? How could so much quartz be removed? 
What has become of it? Where did all the iron come from? 
These and many other questions have presented themselves time 
and again. • 

It has been advocated that the iron ore of the Gogebic range 
was originally in the form of a carbonate which in the process of 
oxidation yielded the necessary solvent for the quartz. We find 
some traces of carbonates of lime and iron in the Mesabi rocks, 
but it does not appear in sufficient quantity to permit the aSE'ump
tion that the ore was originally a carbonate. There are not yet 
discovered any considerable non-oxidized carbonaceous portions of 
the rocks associated with the ores, except in the more recent slates 
of the Animikie, which are now found further south... It does seem 
probable, however, that the solvent for the silica was carbonic acid 
in aqueous solution, and its early source may have been (1) the 
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atmosphere, (2) the black slates, which may have covered the ore 
horizon at one time and have since been eroded. (3) More recently 
decaying vegetation must have Eupplied a considerable amount. 

The amount of carbonic aci,l gas in the atmosphere at the begin
ning of Silurian time is stated by different writers to have been 
far greater than at present. It is supposed that thE' Carboniferous 
was a period of dense atmospheres and warm temperatures. Dana 
states that in Archrean tillie the effects of carbonic acid must have 
been much greater than now owing to its much larger proportion 
in the atmosphere, and that it has gradually diminished in quantity 
up to the present time. He states after Hunt that the excessive 
proportion of carbonic acid in the atmosphere was the most efficient 
of all agents in rock destruction. Manual of Geology, p. 156. T. 
S. Hunt states that "all carbonates of lime, whether directly formed 
by the decay of calcareous silicates or indirectly through the inter
vention of carbonates of mangaLese, or alkalies, derive their car
bonic dioxide from the atmosphere. The same must be said for the 
dolomites, magnesites and siderites, * * * the e~rth contains 
fixed in the form of carbonates, a quantity of carbonic dioxide, 
which if liberA.ted in a gaseous form, would be equal in weight to 
one hundred if not two huudred atmospheres like the present." 
Min. Phys., pp. 37-38. Here, then, may be the explanation of the 
removal of silica in such large quantity. If the rocks which pro
duced the present iron ore deposits have been uplifted and exposed 
to surface action since primordial time, the carbonic dioxide used in 
the removal of silica must have been derived, at least in part, from 
the atmosphere. This process would have been carried on to a 
considerable depth, and may have produced an appreciable effect, " 
even below several hundred feet of sediments which may have 
since been eroded. 

But if these iron bearing strata were ever covered by the slates 
which belong above them, we can find an abundance of carbon in 
these very black slates, and though it is not .llOW in the form of 
carbonates, yet the action of surface waters would be such as to 
extract sufficient to make a carbonic acid solution powerful enough 
to take iron and silica into solution. Moreover, Hunt says .. the 
removal of silica in soluble furm d0es nJt depend on the interven
tion of alkalies." And the carbon in the graphitic Animikie slates 
may have been at earlier times in some form more readily taken into 
solution. Havi[]g thus hinted at an answer to the first two or three 
questions which naturally arise in this c0nnection, let us consider 
another one. 

109 
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What has become of all the silica supposed to have been re
moved from the present location of the iron ores? 

The answer to this is short. It was re-deposited in the rocks ly
ing below and farther down the slope. ( L) There is need of a 
source for an enormous amount of silica which has been added to 
the grains of quartz in the quartzyte, making it vitreous and filling 
all interstitial spaces. (2) There are considerable amounts of 
chalcedonic and flinty silica found associated with the quartzyte,' 
and in the other rocks associated with the ores. 'fhis silica may 
be largely from a different source, but it may be partially derived 
from the leaching of the ore beds. (3) There are deposits of silica 
in all the cracks and fissures of the l'lates which lie at a lower ele
vation but stratigraphically above the ore horizon. Test-pits, for 
instance, on the Rouchleau, south 9f the Bi wabik, encountered 
black slates and found no ore. These slates had been more or less 
jointed and tbe joints were filled by a bluish silica, sometimes 
mammillated, sometimes drusy. It is apparent to an observer that 
the most natural source for this silica is in the ore deposits faduer 
up the hill to the north. Future researches will throw more light 
on this subject, and will perhaps show other ways in which the re
moved silica has been re-deposited. 

As for the source of the iron, it is believed to have been largely 
the result of oceanic deposition, both chemical and meehan'ical, and 
to have beElll simply concentrated in its present situations. 

There was also a removal of iron in solution. It was brought 
down to supply the places whence the silica was taken. These 
solutions followed the natural drainage courses. Elevation of the 

, strata produced general jointing. The rocks on top of an elevated 
knoll were cracked full of joints, and the waters had free and 
abundant opportunity to percolate downward even in some places 
where the slope was not sufficient to accomplish it otherwise. The 
iron now being mined may formerly have been disseminated 
through rocks now completely removed by erosion. 

QUALITY OF MESABI IRON ORE. 

For some unknown reason the opinion prevailed for several 
months after the disc()very of many of the best mines on the range, 
that the ore was of inferior quality. This may have been due to false 
reports purposely circulated by those who had no desire to see a 
new raDge discovered and exploited in competition with the mines in 
which they were interested; or it may have been due to honest but 
incorrect sampling. Each addition to the family of lake Superior 
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Iron ranges is received more unkindly by the older brothers and 
sisters. Dame Nature seems to have bestowed her best favors on 
her youngest children. The Vermilion, Gogebic and Mesabi ranges 
have each in turn revealed newer and greater riches. It was with 
extreme reluctance that the proprietors of mines in other districts 
recognized the importance of the Mesabi. Indeed they have not 
yet done so, nor will they until next year, when the ore finds its 
way to the markets and furnaces of the East. 

It is true that the first test. pits were sunk on the thin upper edge 
of the ore, and the upper strata are not so rich as those lower and 
farther'down the slope on which the deposits lie. The analyses 
first obtained, however, were sufficient to convince an unprejudiced 
person of the importance of the new district. The average of a 
large number of samples taken in January and February, 1892, in
dicated that the ore would yield about sixty per <lent. metallic iron 
and that seventy.five per cent. of it would be within the bessemer 
limit as to phosphorus. Since then the test· pits have been in
creased in depth and number and the quality of the ore taken out 
has improved, as will be seen from the analyses which follow. 
There has been still further improvement since these samples 
were taken. 

METHOD OF SAMPLING. 

The most reliable samples are "pit samples." The usual method 
of obtaining them is by standing in a barrel or bucket, pick in hand, 
and while being lowered from the top to dig out a groove in the 
side of the pit from top to bottom, letting the ore fall into the bar
rel. Upon reaching the top the ore is broken into small fragments 
if it is not already fine, and carefully mixed amI quartered down to 
a sample of eight or ten pounds. Taken in this way the samples 
should fairly represent the ore that will be shipped from that pit. 
All the hard layers must be grooved out as deeply as the suft ones, 
for the percentage of iron may vary; and, of course, sand stro:!aks 
must be included, for they cannot be eliminated in mining. It is 
remarked by all new-comers that the ore has a sandy appearance 
and feel. There are occasional small streaks of sand in it, and 
near the bottom small grains of white silica are common,' and can 
be seen by a hand glass. Analyses are surprising to these ore ex
perts as revealing but a small per cent. of silica. The sandy feel 
is due to the nature of the ore, which is largely made up of crystal
line grains of hematite. 

The habit, quite general on the range, of dumping successive 
bucket-fulls of ore on a circular stockpile and spreading it around 
evenly renders dump samples rather unreliable. It is evident that 
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the last ore mined is on the top of the dump, and as it is not feas
ible to dig to the center of a dump twenty or thirty feet across, the 
sample taken will represent but a part of the ore penetrated by the 
pit. To be sure the sample is as likely to vary one way as the 
other, but it is not satisfactory unless the pit is quite uniform or 
the ore has been divided as it was taken out. 

The following table of analyses does not do full justice to all of 
the mines represented. The Berringer, Oanton, Lake Superior, 
Lone Jack and New England have already made developments 
showing a higher grade of ore, and there is no doubt that some of 
the others will improve with further deve]opment. 

ANALYSES OF MESABI IRON ORES. 

PIT NUMBER. 

7: First"io'fi:::::':::: 
!: jju·~p .. :·~:·.:::·:::: 
~: o';i;re ..... :::::::.:::: 
? 60 ft. ore .......... . 
4. 35 ft. ore .......... . 

BERRINGER MINE. 

SAMPLER. 

E. P. Jennings .. . 
J. A. Oro well. ... . 
J. A. Orowell... 
J. A. Crowell .... . 
W. J. Rattle ..... . 
.J. A. CrowelL .. .. 
E. P. Jennings .. . 
E. P. Jennings ... 

.:i 
0 ,.. 

H 

57.50 
60.70 
62.15 
ri3.10 
6190 
60.95 
59.20 
62.60 

" ~ 
Ul 

10.33 

Average ............................... 60.97 6.05 

1. Dnmp ............. . 
1. 22 ft. ore ......... .. 
2. 
9. 

11. 
11. 
11. 
11. 
11. 
11. 
13. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
]5. 
15. 
15. 
]5. 
15. 

58·it: o'-;e·:.:":::::: 
Biue o~; .::::::::::: 
Upper 6 ft ........ .. 
Lower 10 ft ...... .. 
Whole pit ........ .. 
Blue Ore ......... . 
Brown 9re ...... .. 
Red-brown ..... .. 
Select~d .......... .. 
30 ft. blue ........ .. 
*Drlft ............ .. 
*Drift .... .. .... . 
Brown-blne ....... . 

Fi'~st 2(j "fi·.::::: :::: 
Last 16 ft 
30 ft. blue ......... 
First 10 rt drift ... 
0-20 ft. drift .. 
20 .. :10 ft. drift ..... .. 
30 .. 40 ft. drift .... , .. 
40-50 ft. rift ...... . 
70-~" ft. drift .... , . 
80-00 ft. drift ...... . 

BIWABIK MINE. 

J.T.Jones .... . 
J. T. Jones ...... . 
D. H. Bacon .... .. 
P. L. Kimberley. 
J. T .. Jones ..... .. 
D. H. Hacnn .... .. 
W. J. Rattle .... .. 
E. P. Jennings .. . 
H. V. Wincbell.. 
J. T. Jones ..... 
P. L. ;Kimberley. 
. f. T. Jones ..... .. 
J. T .. Iones ..... .. 
.J. T. Jones ...... . 
H. V. Winchell ... 
W. J. Rattle .... .. 
W. J. Rattle .... . 
W .. f. ~"'ttle .. . 
H. V. Winchell .. . 
E. P. Jennings ... 
E P . .Jt'nnings .. . 
J. T. Jones ...... . 
E. P. Jennings ... 
J. T. Jones ..... . 
J. A. ('rowell ... .. 
.1. A. Crowell ... . 
E. P .. Jennings ... 
J. A. Crowell .... . 
J. A. Crowell .... . 
J. A. Orowell. .. .. 
J. A. CrowelL .. .. 
.1. A. Cr 'welL .. . 
.J. A. CrowelL .... . 
J. A. \.Jrowell ... .. 

55. 5.~ 
5825 
6002 
61.Y5 
61.05 
61.44 
61.5" 
:;9.30 
61 5~ 
51.95 
5525 
66 :;0 
67.90 
66.60 
64 ao 
6670 
62.90 
62.90 
6,U5 
67.90 
64.40 
65.MO 
6;;.90 
67 1\0 
61 85 
60.UO 
6450 
67.25 
61.1'0 
65.HO 
66.20 
6600 
ii6.5!) 
66 60 

9.77 
4.49 
5.07 
2.92 
4.42 
359 
4.01 
8.57 
4.07 
2.92 
7.36 
1.57 
1.23 
2.04 
320 
1.84 
3.35 
259 
1.025 
1.80 
4.36 

"2:70" 

*From 150 foot dnft at depth of SIxty-five feet. 

iJ 
0 
.c 
il< 

.108 

.069 

.049 

.032 

.J51 

.070 

.111 

.049 

oj, 
<=I 

" :;:: 

..: ... . " " .0.., OJ'" S" ,," 
81l= ~Il= 

.067 ...................... . 

.107 

.112 

.121 

.000 

.075 

.076 

.075 

.075 
058 

.092 

.0~9 

.015 

.010 

.012 

.Oa8 

.022 

.047 

.045 

.Oll 

.016 

.027 

.0:j4 

.042 
.0lD 
.057 
.032 
.018 
.010 
.020 
.Oil4 
.I'B9 
.038 
.015 
.012 

........ 6.64 12.21 
...... 7.05 663 
.37 ....... 5.37 

........ 6.48 7.50 
505 2.93 

.17 ........ 6.33 

.957 .............. .. 

''':iii'' "6:48" "5:59" 
........ "id5 In~ 
"':21 .............. .. 

"':349 
.442 
.587 
.331 
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BIWABIK MINE.-Oontinued. 

.; ... 
PIT NUMBER. SAMPLER. <Ii be . ., ., 

ci .;, .0,.., 
~~ ~ 0 <1 Soil 

0 .0 OJ 8i:: rt~ ... 00 p., ::a .... 

15. 90-100 ft. drift ...... J. A. Crowell. .... 66.00 I ........ .015 ........ ........ ........ 
15. l00-UO ft. drift ..... J. A. Crowell ..... 6620 .Ola 
15. Dump .............. H. M. Curry ...... 65850 [~:~~~: .022 "'joo' "2:2' .. ........ 
17. ...................... J. T .JOnt'S ....... 6a.2.5 .056 ....... ........ . ....... 
17. iirown '::::.':::::::'. .J. T. Jones ....... 5R.OO 

"5:04" .069 ...... -. ........ . ....... 
17. E. P .. Jennings ... 63.40 .0a:1 ........ ........ ........ 
17. 97-107 ft ............ .J. T. Jones ....... 6U5 .023 ........ ...... ........ 
17. 67-77 ft ........... J. T . .Tones ....... 6400 .026 ........ ........ ........ 
17. 72 ·ft:orf;::::.· .. :::::: J. T . .Tones ....... 6:1.25 .056 ........ .... ... 
17. J. T .. Tones ....... 65.34 

"i'.27" .085 
"':iilo' . '2:6il" ........ 

17. 63 ft. ore .... W. H.Smith ...... 67.20 .017 
19. 30 ft. ore, 56 ft:dee8 H. M. Curry ...... 64 20 2.070 .054 .110 5.00 
19 18 ft. hard ore an 

soft ore S6~ ft. 
down ............. H. M. Curry ...... 66.25 1.63 .034 .250 2.70 

19. 2~ ft. brown ore at 
bottom .... ..... H. M. Curry ...... 64.75 1.450 .072 .290 5.67 

20. 
First ii;' ft':::::::::: E. P. Jenning" ... 62.60 5.63 .064 '" .... ........ 

20. J. T. Jones ..... 62.40 .065 ....... ........ 
20. 15-25 ft ............. • J. T. Jones ....... 62.40 .068 ........ ........ ........ 
21. FirRt 15 ft .......... J. T. Jones ....... 50 ~5 .097 ........ ........ . ....... 
21. 15-25 ft ............. J. T • .Tones ....... 62.50 ']]:04 .. .063 ........ ....... . ....... 
21. Biu;; are '7 'ft: 'iro;'; 

E. P. Jennings .. 57.40 .093 ........ ........ 
23. 

bottom ........... H. M. Curry ...... 67 .a.~ 1.85 .015 .130 1.10 
24. Bottom ore ........ H. M. Curry ...... 64.050 1 71 .027 .240 4.88 
25. DUIDg ore. just 

un er surface ... H. M.Curry ...... 63.45 2.85 .O~8 .370 46 
26. 37 ft. at base ....... H. M. Curry ...... 65.50 1.73 .049 .060 3.3 
26. 5 ft. at bottom ..... H. M. Curry ...... 66.40 1 63 .om .080 2.4 
26. Blue ore at base H. M. Curry ...... 6a.25 2.75 .042 .300 3.1 

Average .......... ..................... 6370 3.46 .0455 .284 3.01 6'76 

CANTON MINE. 

3. 
No'rili' pit'::::::::: D. H. Bacon ...... · 5722 7.47 .083 9.50 

'?: D. H. Bacon ...... 63.13 2.29 .030 's'oi" 7.65 
Yellow ochre ... J. T. Jones ....... 60.65 2.09 .105 9.86 

? 20 ft. sur., 45 ft. ore .r. T. Jones ...... 5915 4.31 .048 921 10.22 
? Yellow ochre E. P. Jennings .. : 60.90 4.85 .029 10.05 --------- --------._---_.- -------

Average .......... ..................... 60.21 4.20 .059 . ....... 9.10 9.307 

CINCINNATI MINE. 

1. uPoor ore" ....... : P. L. Kimberley. 54.85 15.06 .026 2.35 8.09 
2. ................. J.T.Jones ........ 59.95 8.35 .032 "':475' 3.16 8.44 
2 . ...................... W .. J. Rattle 6010 860 .040 "3:24" "4:80" 3. .................... J.T.Jone9 ... ::::: 61.6.~ 5.39 .031 ''':497' 3 . ..................... W. J. Rattle ...... 59.80 840 .040 

'Tcii" 3. ..................... H. V. WinChell 59.24 10.25 .046 
4. 

lBiw':i:bikf :::: :::: 
E. P. Jennings. :' . 62.50 4 89 .0~7 

'5:03" ";i:ii;" 5 Y. L. Kimberley. 63.00 3.84 .029 'T9S" 5. LBiwabikl ......... W . .T. Rattle ...... 61.50 483 .039 . ....... ........ 
5. ~Biwabikl ......... E. P. Jennings ... 6~.50 5.37 .0~9 . ....... ........ 
5. Biwabikl dump. H. V. Winchell ... 59.00 7.65 .00 . ....... ' ....... 
7. .......... ..... . ... W. J. Rattle ...... 57.80 

'if iii" 
.038 ........ . .. ,., 

8 . ..................... E. P .. Jennings ... 54.50 .028 
'2:85 

.. 'i6:9S" 8. 
b':';'u.'p:::::::::::::: 

.T. T .. Jones ....... 60.70 8.10 .034 
8. .T. T. Jones ....... 58.50 8.90 .045 "':515 5.39 7.55 
8 . .................... ' W. J. HattIe ..... 5l.~0 16.0:) .040 ........ ........ 
9 . ..................... E P. Jennings ... 5~.40 14.13 . 02~ ''':460' ........ ........ 
9 . ..................... W .. J. Rattle ...... 54.50 9.08 .078 ........ . ....... 

10. ........... . ........ E. P. Jennings ... 55.70 9.06 .112 
"':liio' 

. ...... ........ 
10. 

bu'nip:::::::::::: :: 
W. J. Rattle ... ; .. 55.10 8.6~ .110 ' ....... ....... 

10. H. V. Winchell ... 5575 7.38 .078 . ...... ........ 
12. 

Secorid fro;'; 'north 
E. P. Jennings ... 56.~0 6.00 .063 .. .... ........ ........ 
E. P. Jennings ... 57:20 12.88 .034 ........ .... .. . ....... 

Average ... , ........................... 58.30 8.95 . 0498 .791 3.67 6.71 
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Gl~EAT WESTERCi! MINE. 

.; ,.; 
i ,. ." " SAMPLER. ui P.- ,,"" 

§ a 0 <= S" 0>" 
~ " 8::;:: .;;::;:: ... Q., ~ H rn 

PIT NUMBER. 

4. ................. J. A. Nichols..... 65 02 .024 ...................... .. 
5. ..................... .r. A. Nichols..... 63.71 .020 ....................... . 

Average .............................. 6!.36 

1 .................... .. 
2. 
3. 
4. 
5. 

HALE MINE. 

D. H. Bacon ...... 61.16 
W. J. Rattle ...... 61.48 
W .. I. Rattle ..... 61.10 
W. J. Itatrle. .... 62.10 
W .• r. Rattle..... 57.60 

2.89 
3.60 
4.92 
2.92 
5.95 

.022 

.063 

.08R 

.067 

.075 

.077 

.40 
1.20 
.~49 

1.29 
1.657 

7.05 

----------- ------- --. ---- - - ----
Average .......... , .................... 60.67 4.05 

KANAWHA MINE. 

2. ..... ............... J.T. Jones 64.45 3.32 
2. ..................... W.J. Rattle::::: 60.65 4 90 
3. ... ..... ........... W. J. Rattle ...... 59.60 6 40 
4. ... ................. W.J. Rattle ...... 59.10 7.4S 

Average .............................. 60.95 5.52 

LONE JACK MINE. 

t Bottom:::::::::::: 
1. 

D. T. Adams ... . 
H. M. Cuny .... .. 
E P. Jennings . . . 

59.415 
58.665 
55.00 
60.806 
60.225 

7.55 
675 
9.29 
478 
3.716 

2. 
2. 

D. T. Adams .... . 
H. M Curry .... .. 

Average ............................ 50.402 6.417 

McKINLEY MINE. 

1. ................... . D. H. Bacon ...... 60.32 
D. H. Bacon...... 61.48 
J. M. Clifford ..... 65.60 

10.72 
9.27 
4.10 

~. 
? . 

Average ............................... 62.46 8.03 

.074 1.079........ 7.05 

.050 

.051 

.OSI 

.084 

.066 

:6~4' 
.754 
.405 

5.29 11. 76 

.600 5.29 11.76 

.251 

... :006' .. :~~~. 
.. 775 

3.05 
3.15 

"2:05" 
2.vS "':089 .540 

.092 

.024 

.022 

.017 

.021 

.478 2.55 

.770 1 89 
1.64 

.770 . ....... 1.76 

MISSABE MOUNTAIN MINE. 

1. 

Bt~;·;~~; ~~': ~ ~ : ~ : ~ ~ 
if T. Jones ....... 63.30 3.617 .051 "':580' 1.85 

1. . M.Curry ..... 5680 7.20 .041 3.30 .. 
9.80" 1. J. T. Jones ....... 62.40 480 .026 .270 1.78 

1. J.T.Jones 6289 3.38 .061 2.92 
1. 45' it: o~e::::::::::: 

c. F. Howe : ...... 65.21 3.~3 .037 2.2H 
1. H. V. Winche'li::: 64.03 3.094 .. 053 .337 1.75, 6.70 
3. 

ii;;~,·P··.:::: :::::::: {t .. ~'. ~~~~h.:.::: 60 05 4.65 .07fi 1.090 3.40 
3. 6233 5.53 .027 .840 1.15 
4. Top of dump ..... H. M. Curry ..... 61.304 540 .503 5.10 
4. Dump .............. H. V. Winehell ... 6090 3.14 .O~O "'jso 5. Dump .............. H. M. Curry ...... 56817 11. 967 .050 1.76 
? . ..................... E. P. Jennings .. 6LaO 4.36 .077 
? . ... ' .................. E. P. Jennings .... 62.50 4.80 .U87 -------- ----- --- ------------

Average ....... . 61.73 5.066 .055 .542 2.52 8.25 



1. [Old number] .... . 
2. [Old number] .... . 
1. [New numberl .. .. 
2. [New number] .. .. 
1. 
2. 
2. 
3. 
2. 
3. 
3. 
4. 
4. 
4. 
6. 
4. 
7. 
? 
8. 
? 
9. 
? 

is'ft'-ore: :::: ::~::. 
i,i'ft: 'ore::::::::::: 

2a·lt:ore::::·. :'.:::: 
is·lt,-ore·. :'.:::::::: 

Lammers: ·ci1e~i·.: 

Average ......... . 
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D. H. Bacon ..... . 
D. H. Bacon .... .. 

w~W.~~i£tli: .. ::: 
Geo. Sutherland 
H. M. Ourry ." 
Geo. Sutlwrland. 
W. H. Smith ..... . 
L B. Miller .... . 
H. M. Curry .. . 
Geo Sutherland. 
H. M. Curry ..... . 
L. B. Miller ..... . 
H. M. OUfTY .. . 
Geo. Sutherland. 
W. H. Smith .. .. 
L. B. Miller .... .. 
? ............. .. 
L. B. Miller .... . 
? ................. . 
L. B. Miller ..... . 
? ................. . 

62.43 
59.12 
60.60 
62.250 
63 9R 
!i7.68 
fi6.19 
6U)~ 
61.90 
65.14 
65 14 
65.55 
65.00 
fi4.242 
66.52 
59.RI 
65.30 
6~.68 
65.30 
62.52 
66.00 
62.65 

63.22 

5.70 
11.48 

6.820 

13.35 

3.70 
582 
4.11 

.. ,i:i4" 
3.fil 
4.98 

8.66 
3.08 
6.77 
3.07 
2.74 
249 
5.20 

5.M 

NEW E:'iIGLAND MINE. 

.047 

.048 

.052 

.Oa8 

.029 

.05! 

.lI68 

.057 

.048 

.048 

.048 

.037 

.033 

.035 

.0~1 
.057 
.053 
.OH 
.054 
.OJI 
.046 
.056 

.050 
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4.15 
2.74 

''':iifi "2:50" :::::::: 
"':130' "2:20" ::.::::: 
"':i1S'Ts8' :::::::: 

................ 
2.80 ..... 

.155 "3.99" :::::: 

.155 2.674 3.495 

1. 26 ft. ore ........... I E. P Jennings ... 58.30 5.99 .084 1........ .. .... . ...... . 
2. ..... ........ ........ E. P .. Jennings.. 62.60 5.64 .037 ...................... . 
3. 20 ft. ore. ......... E. p. Jennings ... 61.80 6.44 .029........ . ......... .. 

--Av;;~~:'~:'r'~:':':-,-=:-:-:-:-:-:-:-:- 00.90 6.02 ------:-o5ilf-:-:-:-:-:- :-:-:-:-:-:-:-:- :-:-:-:-~ 

OHIO MINE. 

~: Pi't: iast 2ii it::::': f -E:i ~~~;ng.s.: :: ~Ug 
4. 26 ft. ore........... E. P. Jennings ... 6J.45 
3. Dump, last 20 ft... J. T. Jones ....... 61.25 

5.07 
4.20 
3.03 
8.783 

Average ......................... __ ... 63.16 5.34 .036 .432 1.695 ...... __ 
--------- ------- -.------------

Average of a ver-
ages .................................. 61.46 5.92 .0528 .667 4.063 6.886 

COMPARISON WITH OTHER ORES. 
Until there shall have been a large consumption of the Mesabi 

ores it will be .impossible to tell exactly how they compare in all 
respects with the ore of other districts. There are high and low 
grades of ore on all rauges. and the average tonnage purity of an 
entire range has never been deter min ed. By this is meant the 
average quality of the ore taking into consideration the number of 
tons of each grade mined. Some idea of the comparative excel
lence of Mesabi ores, however, can be gained by a consideration of 
the analyses already given and the actual results obtained in other 
instances. 

The ontput of the Minnesota Iron Company from the Vermilion 
range in 1891 is classified in the following table. This ore is well
known as some of the finest hard hematite obtainable, and yet only 
forty-seven per cent. of the product was bessemer. 
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TABLE SHOWING PRODUCT OF THE MINNESOTA IRON COMPANY 

IN 1891. 

SHAFT. '" o 
bn 

0. 
Z 

Total. 

----------[------------------
No. 1. ........................... .. 

No.3 ............................ .. 

2,813 

298 

Alaska .............. _. _ ....... _.. . ........ . 

24,379 

10,939 

No. 5*.... ....... ......... ........ ... ...... 21,779 

No.7..... .................. ...... .......... 46,174 

No.8.......... ................... 9~,464 591 

No.9........................ .... 154 5,683 

No. 10.... ...... .. .. ~........... .......... 15.341 

No. 10 Scram..................... .......... 1,177 

No. 17............... .............. .... ...... 377 

No. 13..... .. ...................... .......... 2,319 

No. 12............. ........ ........ .......... 21 

No. 19 ............................................... .. 

Total. ....... '" .. .. .... .. .. 95,729 128,780 

6,581 14,6U; 

1,065 46,382 

14,243 

6,655 159,836 

6.324 5,068 

10,073 

2,423 11,126 

742 

82 ...... 
834 676 

913 

91 .......... 
278 .......... 

50.304 287,703 

*lncludes Montana, Butte, Armstrong and No.6 Shaft. 

48.388 

546 59;330 

14,243 

3,983 192,253 

57,566 

103,128 

425 19,811 

16,083 

...... ... 1,259 

1,887 

3,282 

........ " 112 

.......... 278 

5,054 517,570 

Pickands, Mather and Co., the Cleveland agents for these grades 
of ore, give the following average analyses for 1891, and guaran
tees for 1892. 

COMMERCIAL GRADES OF ORE FROM VERMILION IRON RANGE, 1891. 

ci as ~ ,; as 
;§ 

.., -" 
ci -" 0 "' '" '" Ul ;a ..:l COMPORITION. 's '" ..:l '" '" " " OIl ... 
" '0 " '" " '" 0 '" is .s:I 0 

~ rn "I 0 ..:l 
---------------

Iron ............................... 67.75 65.96 63.49 68.14 63.91 60.06 

Silica ........ .... ............... 1.58 2.27 5.00 1.30 510 7.20 

Phosphorus ........ ............. .157 .102 .111 .049 .041 .044 

Manganese .... .... ........ .. .. .29 .14 .19 trace .69 .61 

Alumina .......................... .98 1.80 .90 1.10 2.90 2.87 

Sulphur ..................... .... trace trace .026 trace trace .043 

Magnesia ......................... trace .30 .30 .13 trace .19 

Lime ........................... 1.00 .54 .71 .56 .37 .31 

GUARANTEES. 

Iron ......................... 66.66 65.00 
62.00 ./ 66.66 63.00 60.00 

Phosphorus ...................... .......... .12 .055 .05 .05 
I 
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In 1891 the Chandler mine produced 1154,993 tons of Chandler 
ore and 20,873 tons of Long Lak€l ore. The entire product of this 
mine is bessemer. In some respects this is the greatest mine in 
the world. Occupying but eighty acres its production for 1892 
will be nearly 650,000 gross tons of remarkably uniform ore. Cargo 
after cargo is sampled at Cleveland that will not vary half of one 
per cent. in iron content. Under the able direction of Joseph Sell
wood the cost of mining has been reduced to less than $1.00 per 
ton at the depth of 450 feet. It is believed that there is a profit of 
$1.00 per ton on this ore, providing it brings $4.85 at Cleveland, 
as it is said to have done in 1892. This estimate is based on the 
following details: 

Cost of Minirg, 
Royalty, 
R. R. Freight to Two Harbors, 
Lake Freight to Cleveland, 
Insurance, Commission, etc., 

$1.00 
.35 

1.00 
1.20 

.25 

$3.80 

These figures are approximate and are given merely for the sake 
of indicating the entire feasibility of mining at a profit on the 
Mesabi, where the cost of mining will be considerably less than at 
the Chandler, with higher royalties. 

The average of the analyses given of the Biwabik ore indicates 
that in quality it is nearly equal to the Chandler ore. If the ex
pense of placing it on the car, including royalty, were equal, there 
would be a slight difference [~qual to the freight from Ely to Tow
er, perhaps] in favor of the Biwabik. It might even be possible to 
sell the ore at $4.00 per ton and still have a nice profit. If in ad
dition to this there are any other directions in which the Biwabik 
ore can be produced more cheaply than the Chandler, such as 
smaller mining cost, there is so much more profit. 'Ihis point will 
be discussed later. 

The analyses of certain standard grades of ore from the other 
lake Superior ranges is given in the following table. 
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ANALYSES OF LAKE SUPERIOR IRON ORES.* 

NAME OF ORE. 

American ................ .. 
Angeline ··Hard ......... . 
An;re ine-Hematite .... .. 
Barnnm ................. .. 
Buffalo ................... .. 
Cambria ................. .. 
Champion, No. 1. ........ .. 
Cleveland. No 1 ........ .. 
Clevel:tnd Hematite .... .. 
Cliff Sbaft .............. .. 
Comrade ................. . 
Detroit .................. .. 
East New york .......... .. 
Humboldt .............. .. 

J~t::~~l ... :::::::::: :::::::: 
Lake Superior, No. lA ... . 
Lake Superior, Slate .... . 
Lillie ..................... .. 
Lucy .................... .. 
Micbigamme ............. . 
Michigamme, No. 1. .... .. 
Milwaukee ............... . 
Mitcbell .................. .. 
Negaunpe .............. .. 
Prince of Wales ......... .. 
Prout ..................... . 
Queen .................... .. 
Itepublic, Magnetic ..... .. 
Republic. Rpecular ...... .. 
Salisbury Bess .......... .. 
Sharon .................. .. 
Sheffield .................. . 
South Buffalo ........... .. 
Volunteer ................ .. 
Winthrop ................ .. 

A~erage ............. . 

Aragon .................. .. 
ArDlenia .. ' ................. . 
Ch!lpin ................... .. 
Commonwel<lth ........... . 
Corbett ................. .. 
Crescent .............. . 
Cyclops ................... .. 
Dunn ...................... . 
Eagle ... . .............. . 
Florence ............... . 
Great Western ........... .. 
Iron River ................ . 
Ludington ............... .. 
M'anganl<te .............. .. 
Mansfield ............... . 
Mastodon ............... .. 
Millie ..................... . 
Norway .................. . 
Paint River .............. .. 
Pewabic .................. .. 
Rex ................ .. 
Shaier ................... .. 
Vulcan ................... .. 
Youngstown ............. " 

MARQUETTE DISTRICT. 

<i 
0 

" >-< 

60.00 
65.00 
6(138 
60.00 
62.33 
60.00 
67.00 
65 60 
60 00 
62.70 
60.50 
58 60 
60.10 
60.00 
57.50 
62.00 
64.00 
66.00 
59.00 
5'.50 
65 50 
62.110 
6205 
60.95 
60 (10 
62.56 
53.02 
f2.60 
69.77 
6750 
62.00 
61.00 
61.00 

~~:~g 1 63.40 

62.33 

.. 
S 

:l 
w d oD ci as A 
0 ~ 

., :s bo .§ ... 
..:s oj :;; oj 'a 
Po< U3 ::01 ::01 ..:I 00 

0.045 4.50 ........ ........ 
0.on9 ........ ........ ........ ........ 
0.032 

"4'70 
.. 

"0:20" "0:20" "0:35" 
........ ........ 

0.098 trace 
a 120 6.RO 0.37 1.61 0.06 

"0:62" "'('1:042 0.064 7 26 0.37 3.81 0.33 
0.040 3.00 

"0:2i "0'99" "o:is" "0'37 
.. 

. "0:037 0.104 3.00 
0.000 6.74 0.03 2.35 0.12 0.12 o.oli 
O.lng 3.45 0.52 1.55 1.15 1.61 0.025 
(1.100 ........ .. ..... 
0.On6 ROO 

"0:4(' 
........ 

"0:3(' . o:iz" '''0:029 0.On5 11.M 1.11 
0.120 !'i.00 0.12 0.72 0.26 O.B! 0.020 
0.2;<0 5.30 0.03 1.71 0.41 1.16 0.045 
O.r9~ ........ , ..... .. ........ . ....... 
0.110 
O.ORO 3.00 "0:03" ·"i:~2 .. 1 .. 0:i2'· '0:48' '''0'045 
0.OS4 R.fi9 ........ ........ 
0.045 12.m "4:2.~" .. · .... r ...... 

"0:07" . "0:030 O.IU 4.57 0.01 0:5i". "ojt'· 
O.OM 7.00 0.60 0.80 0.30 1.35 0.030 
0.105 432 0.45 (}.60 0 90 1.10 0.080 
0.131 6.85 0.62 1.35 0.00 0.42 0020 

0.106' f) 51 "0:37" 'Tio" "oj;':' "0:59" '''0:053 
g:~t4 1~~~ "0:4i" "i:ii" '0.31 "0:12" . 0.029 
o 051 1 78 
o 04, 3,1'1 
0.040 4.00 
0.090 S.OO 
0.015 

"0:04" 
0.22 
0.12 

0.~5 
0.50 
0.72 

.. 0:0;1' .. o:.ii" '''0:Oi2 
0.60 1.00 0.012 
0.26 0.8i 0.012 

0.100 4.10 0.31 1.49 0.34 0.82 0.049 

~~~+~~~~~~~==~~~~ 
0.070.... I ................................... .. 

MENOMINEE DISTRICT. 

65.20 
60.80 
62.10 
5770 
582') 
6i.55 
61.00 
60.60 
55.20 
6U.50 

59.80 
6U9 
54.00 
6:1.40 
58.36 
6406 
!'is. 00 
56.40 
65.00 
55.7R 
59.00 
62.00 
52.18 

0.038 4.68 
U.188 86Y 
0.068 4.20 

0.02 
0.11 
0.26 

0.33 
1.3:1 
1.08 

0.36 
0.66 
0.81 

0.034 
0.022 
0.001 

"0:i,75' "4:37" 0.31 'Tio" ''0:62'' "0:78" '''0:041 
O.U!! 3.35 0.15 G.67 1.6i 0.50 

0.344 "4:si" 
0.517 50:; 
0.257 405 

".3M 
0.070 
o 612 
0.025 

5.2Y 

6.00 
3.56 

o· 22" "2:98" "o:Ri" "0:97" . "0'-03ti 
g:g~ "0:8(' g:~~ ~:i~ g:~} 

.. 0:37" . ':i:<ii" "0:31"' "0:69" .. '0:028 
3.50 

o 027 
0.120 
0.50) 
0.010 
0.080 

.. 3.00' "0'.08" T30" 
l~:~g "0:37" 6.g 

'6:S5" ........ "i:67" 

0.95 .. i:io" .. 0:035 
0.72 "5:58" '''0:068 

Average ............. 59.93 0253 5.33 

*Geo. W. Goetz, Trans. Am. Inst. Min. Eng., vol. xix, p. 59. 
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VERMILION DISTRICT. 

.; 

a ::: 
NAME OF OHE. .i ,n ,j .0 ::i oj "" 0 ;§ >l 

" 
bo a 0. 

0 

"" 
., ., 

" '"' iii ~ ~ ~ ..... il< ;:;; rn 
~-------- -.-- - _.------- -_. ----
Braddock .................. (;5.17 0.052 4.50 O.lH 0.48 0.16 056 0.020 
Obandler ................... 64.15 O.OH 4.30 010 2.25 0.19 0.2" 0.040 
Long Lake ................ 60.20 0.053 700 O.M 2.75 0.19 0.25 0.047 
Minnesota. ......... ...... 67.04 .0.051 197 0.15 0.04 0.14 0.5'1 0 O~O 
Nipi!;:on .................... 63.01 J.Ofi3 6.70 014 0.65 0.20 0.60 trace 
Red Lake .................. 62.86 0.0!19 6.90 t.race 0.65 0.20 060 trace 
Souc'lan .................... 165.77 0.102 4.25 0.16 0.38 0.17 0.56 0.020 
Vermilion........... ....... 6731 0.091 2.15 0.15 0.35 0.15 0.02 ...... .. 

Average .............. 6~.50 0.068 4.46 ................. ~ ................... .. 

Anvil ..................... . 
Asbland .................. . 
Aurora .................. .. 

• Brotberton ................ . 

~~'leka": .. :::::: :::::::::: 
Germania ................ .. 
Hennepin ................ . 
Iroll Belt ................. . 
Ironton .................. .. 
Montreal ................. .. 
Mount Hope ............. . 
Norrie ................... .. 
Pabst ..................... .. 
Palms .................. .. 

re~~fo~· 33: 'r-;orti, :: : : : : : : : : 
S~nda.v Lake ............ .. 
Trezona .................. .. 

;T~~~oarr::::::::::::::::: :: 

6LM 
ti382 
63.36 
62 50 
fS.84 
62.00 
fi9 19 
65.45 
62.75 
6055 
6~.22 
62.~2 
60.72 
6234 
62,43 
6250 
M.8~ 
6200 
62.55 
04.95 
62.00 

GOGEBIC DISTRICT. 

0.053 
0.03~ 
0.034 
0007 
0062 
0.076 
0.058 
0.048 
0.042 
0058 
0.053 
0.029 
0.04:i 
0.037 
0.049 
0.015 
0.045 
0.036 
0.06l 
0.054 
0.051 

"4:00" "0:03' . '{!is . "0: iz" .. 0:04" . "O:03~ 
6.10 0.49 2.98 0.39 0.16 0.010 

U~ "0:48" "3:69" gJ~ ·0.i5"· '0:Oi5 
.. 3:53" . 'O~62" .. o:3i" .. O~02·· "0:02·' .. '0:022 

6.33 ....... 2.44 ...................... . 

3.40 
4.50 

.. 4:44" "0:02" "0:97" "0:03" . o:o:i" . "0:03i 
5.35 7.41 ....................... .. 
6.30 0.81 3.45 0.31 0.40 0.025 

Average .............. 62.09 0.048 5.(j() ...................................... .. 

Average of averages 62.46 0.062 4.88 ....................................... . 

It will be noticed that the average of the grades given is higher 
in iron, but also higher in phosphorus than that of the large num
ber of samples of Mesabi ore in the foregoing table. It is not· 
claimed that this average is a correct one of the product of the 
ranges represented, but it is claimed that it is similar to the aver
age obtained from the various Mesabi analyses, and the compara
tive high grade of the latter ores is shown thereby. It is unlikely 
that any ore will ever be shipped to Oleveland of as low grade as 
the lowest in the table, but it is certain that there will be grades 
of Mesabi ore as low ill phosphorus and as high as or even higher 
in metallic iron than any hematite ore in the list, and that in large 
quantity. 

It is hardly necesaary to refer to the fact that southern ores are 
very much lower grade than lake Superior ores. Their proximity 
to the coal field and the furnace is the only feature that enables them 
to compete with the northern ores at present, and if an unlimited 
amount of high grade lake Superior ore can be profitably deposited 
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in Cleveland at a reduction of fifty cents per ton below the present 
market price, most of the southern furnaces will be forced to sus
pend operations. 

From recent experiments in New York and New Jersey it appears 
probable that a large amollnt of concentrated iron ore may be Pllt 
upon the market in the next few years and become an active and 
important competitor of the lake Superior district. It is also re
liably reported that the Sigua and J uragua districts of Cuba 'Will 
soon ship severij,l hundred thousand tons per annum of high grade 
ore to this country, and that they can do it at a profit with the 
present duty of 75 cents per ton. When shipped to this country 
for manufacture and exportation, foreign ores may obtain a rebate 
of the tariff paid for importation. This will be done to a consider
able extent in the future. 

All these facts iudicate that the price of bessemer ore will tend 
to be lower rather than higher, and Mesabi mine owners may well 
be congratulated that to the excellent quality of their ore is added 
the combination of great abundance advantageously situated for 
very cheap mining. 

METHOD OF PROSPECTING. 

There is nothing particularly novel or original in the manner in 
whi.ch prospecting is conducted on the Mesabi. An illustration in 
Agricola's De Re Metallica of a test pit in the sixteenth century 
shows a windlass operated by a crank at each end almost identical 
with those employed here three hundred years later. '] he ancients 
used two buckets to save time and labor in hoisting. Fig. 7. 

The pits are rectangular and vary greatly in diameter. They 
are seldom timbered below the top of the ore unless very deep and 
wet. During the winter time pits are sunk in favorable situations 
to the depth of more than Olle hundred feet with pick and shovel 
unaided by a single drill hole or blast of powder. In the spring, 
however, surface water bothers greatly and pumps are needed. At 
times there are strata of hard are or a capping of rock to be pene
trated. Drilling and blasting are then resorted to. 

'l'he are is hoisted out in buckE'ts and piled up around the mouth 
of the pit in a circular dump or stock pile. Plate No. V. is an illus
tration of a windlass and dump. When the pit is more than one 
hundred feet in depth the operation of hoisting by hand is a very 
slow one, and a "bent" is soml'times arrangea for hoisting by hors8 
power and dumping into a tram car. This method was first em
ployed on the Mesabi at the Biwabik in the northeast drift at pit 
No. 15. On Plate No. V. is also an illustration of the bent. 

" 



Minn Geo !. an d Nat . Hist Sur ., XXth Repo rt. Pla te V, Figs . I and 2 

TEST.PITTING AT THE BI WAB IK MINE . 



Minn . Geol. and Nat H ist Sur ., XXth Report. Plate VI, Figs. I and 2. 

CAMPS AT THE WYOMING MIN E. 



STATE GEOLOGIST. 157 

If the ore deposit lies in a rock-rimmed basin there is consider
able water in the ore. If it lies on a hillside and is of considerable 
extent the water filters down through the ore to the basal quartzyte 
and the upper part of the ore body is quite dry even in very wet 
seasons. From this it follows that the presence of water in an ore 

Fig. 7. Test-pitLing in the sixteenth century. 

pit is simply an indication that it cannot get away, while its absence 
is a sign that it can escape, probably by filtering down in the ore, 
which is therefore concluded to be of considerable amount. The 
significance of the various rocks and their usual appearance have 
already been discussed. 

MINES Now OPENED Up. 

Biwabik. 

After the discovery of the Mountain Iron mine in 18~O, described 
in the fil·st portion of this article, no further discoveries of import
ance WAre made until about a year later, when an explorer namp,d 
John McOaskill saw traces of soft ore in the roots of an over-turned 
tree in section three, T. 58-16. This led to the diE<covery of the 
Biwabik, Cincinnati,Cdnton, Hale and Kanawha mines. Credit for 
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the actual discovery of the ore deposit on theJ3iwabik must be given 
to Capt. J. A. Nichols. He directed the work which suoceeded in 
making this discovery in August, 1891. Capt; J. G. Cohoe was put 
in charge of the work here and sunk fifteen test pits during the 
winter of 1891-'92. It would be somewhat peculiar if the first and, 
second mines to be discovered should turn out to be the best two 
mines on the range. 

In the last part of April the Biwabik Mountain Iron Company 
leased three forties in sections two and three, T. 58-16, to Mr. P. L. 
Kimberley, of Sharon, PRo The lessees are required to mine at 
least 300,000 tons per annum and to pay a royalty of 50 cants per 
ton. This deal was the result of an examination of the early devel
opments on the range made by Mr. J. T. Jones, the superintendent 
of the Hamilton Ore Company, of Iron Mountain, Mich. Work of 
exploration was continued in a systematic manner and soon became 
the model for such work on the range. The test pits were rapidly 
increased in depth and number, and the result showed the wis
dom and foresight of Messrs. Jones and Kimberley in the 
selection of this property out of all those so far discovered on the 
range. Records of some of their test pih may be seen on page 138. 
By the time these test-pits were completed it was evident to the 
nnprejudiced observer that here is the greatest deposit of ore 
known on the range if not in the whole Lake Superior district. 
Millions of tons of. soft hematite, averaging 63 per cent. iron and 
.045 phosphorus, are here found within one hundred feet of tho 
surface of the ground. It is safe to say that this mine under its 
present management will eclipse all former records for cost of min
ing and number of tons produced in a given length of time. There 
may yet be larger deposits found on the Mesabi, but so far ~he 
Biwabik is chief. The Mountain Iron may prove to be its equal, 
and at present is a good second, but the number of cubic feet of ore 
reasonably to be estimated as "in sight" at the Biwabik exceeds 
that of any two other mines yet opened up. 

Cincinnati. 

Adjoining the Biwabik on the east is the Cincinnati. This is 
also a fine pl'operty. It does not seem to get the credit it deserves 
among those familiar with the range, perhaps because it happens 
to suffer somewhat in comparison with the Biwabik adjoining; 
which is a larger property and has been more extensively devel
oped. For several months no property on the range could make 
a better showing as to quantity and quality of ore than the Cincin
nati. Subsequent development revealed others equally as good, 
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but that was only to be expected. Later development on this prop
erty also showed the or~ to be more extensive than the owners 
thems~lves believed it originally. 

This mine is leased to the Standard Ore Oompany, who have 
agreed to mine at least 150,000 tons each year at a royalty of 55 
cents per ton. 

The development of this property was largely under the charge 
of Capt; Edward Florada and Capt. Carlin. 

Canton. 

This property, owned by the Minnesota Exploration Company, 
lies on the west side of the Biwabik. The ore here was discovered 
by Mr. Edgar Brown. Much of it is non-bessemer gffithite. It is 
probable that there is better ore to be found here at a greater 
depth. Work is now being vig()fously prosecuted under the di
rection of President D. H. Bacon of the Minnesota Iron Company. 

Kanawha and Hale. 

The· Kanawha Iron Company did considerable exploration work 
in theS. E.! N. W.! section 1, T. 58-16, in April, 1892, and found 
a considerable depth of ore in a series of test pits located east and 
west along the north side of the forty. The width of the deposit 
is not yet proven to be great here, the ore appearing to lie in a 
rather narrow gorge. The peculiar relation of the ore depmlit at 
this place to the green schist or "greenstone" is shown by Fig. 8. 

Pit No.1 went through the ore at the depth of thirty. eight feet 
into an unaltered portion of the taconyte. On this property and 
the Hale, which lies just to the east, the fact is plainly shown that 
the drainage slope considered necessary to facilitate the replace
ment process does not always consist of the rocks of the Taconic 
formation above the ore deposit itself. The flow of waters 
which has accomplished the replacement and concentration may 
have come from a ridge of Keewatin green schist or Archooan 
granite. At this place there are two pits fifty feet apart, one 
in fifty-five feet of ore and the other in green schist. The schist is 
the same as that seen elsewhere on the range and lies unconform
ably beneath the Taconic rocks. It dips here N. 85°, while the dip 
of the ore is S. 10°. The ore occupies a gorge at the contact line 
between the two formations. The same deposit in the same rela· 
tive position extends eastward acrOS8 the Hale forty. The bare 
ridges of green schist rise much higher northward, and drainage is 
off the schist ridges into the valley in which the ore is found. The 
fact that the ore on these two properties is largely a non.bessemer 
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gcethite is an indication that the replacement is not so perfect in 
this situation as when the entire slope is composed of the Taconic 
iron formation. 

Missabe Mountain. 
A pit located with very good judgment by Oapt. J. G. Oohoe, 

one of the earliest and best explorers on the range, encountered ore 
on this property, N. E. 1- section 8, T. 58-17, in the first pit sunk, at 
the depth of thirteen feet. This was in the last of March, 1892. 
The first ore discovered in this township was on this property. 
Other pits on the same land revealed a large deposit of ore of good 
quality, and in about four months a lease was made to H. W. Oli
ver, of Pittsburgh, on a guaranteed output of 400,000 tons annual
ly, at the high royalty of 65 cents per ton. The income of this 
company is thus assured to be more than a quarter of a million of 
dollars from this property alone. An advance royalty of $75,000 
was paid by Mr. Oliver. So quickly are iron mines developed and 
turned into cash on the Mesabi. 

Ohio. 

The Ohio Iron Oompany moved their workmen to the corner of 
their property nearest the first pit on the Missabe Mountain in 
April, and were rewarded by finding soft blue hematite of excel
lent quality in several pits. Early in June this property was 
leased to James Sheridan, of Duluth, and others, who agreed to 
pay $97,500 a year in royalties at the rate of 65 cents per ton. 

Lake Superi01-. 

In February or March ore was found in the northeast quarter of 
section 22, T. 58-20, on the land of the Lake Superior Iron Company. 
This was the fourth township in which ore had been fonnd and its 
discovery added greatly to the already intense excitement in Dul
uth. The statement was often made that the whole country was 
full of iron ore and that a test-pit could hardly fail to find it. Some 
were of the opinion that iron ore would be so abundant as to be 
worthlefls, and that the mines were equally so. It is needless to 
say that this opinion was held by those who were ignorant of the 
immense consumption of iron in this country. It is also superflu
ous to add -that this idea was exaggerated beyond all bounds. 

Several test pits found ore on the property of this company, both 
at the first location and at another farther west. As yet no sub
lease has been made by this corporation, and their intention may 
be to do their own mining. 

At the Mountain Iron mine the quartzyte is underlain by granite 
as it is also at the Lake Superior. 

11 g 
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New England. 

In Maya fine body of ore was discovered by John Owens on the 
property of the New England Iron Company, N. W. ! N. W.! sec
tion 9, T. 58-17. Later developments have shown the existence of 
nearly forty acres of ore, and most of it is the peculiar soft blue ore, 
which is the best on the range. In August this property was sub
leased to Capt. N. D. Moore and others at a royalty of 55 cents per 
ton and an advance royalty of $50,000. This company controls 
other lands favorably situated for the existence of merchantable 
ore bodies. 

Virginia. 

The Virginia Iron Company also found ore in the N. E. 1 s. E.l 
section 8, T. 58-17, during the month of May. This property was 
leased in August for a valuable consideration. A number of test 
pits indicate that there is ore over a large area on the land of this 
company. Like the New England, Wyoming, Lone Jack, Kanawha 
and others, it belongs chidly to A. E. Humphreys & Co., who were 
fortunate in their selection of lands and who spared no expense in 
the rapid and thorough exploration of them. The rhenomenally 
quick development of the new range is due perhaps more largely 
to their efforts than to those of any other single firm or individual. 
Their confidence in the district and their earnest efforts to develop 
it deserve abundant thanks and reward. 

" Paddack's." 

Ore was found on the S. W. 1 N. E. 1 section 3, T. 58-18, east of 
the Mountain Iron minE', in May. This was the second property 
in this township to show a good body of ore. The glacial drift 
here exceeds fifty feet in depth and water is troublesome, but the 
body of merchantable ore appears to be of considerable extent. 

Lone Jack, Wyoming, Security, Great Western and Rou!chleau. 

Along in May ore was found on the above properties, all situated 
in T. 58-17. There is a large bend in the green schist ridge in this 
township and the largest group of mines on the range is situated 
on the flanks of this loop or bend. As will be seen from the map 
these mines follow the curving line of the greenstone ridge, and 
occur on its flanks, irrespective of the direction it may happen to 
assume. No detailed description of each property and its devel
ment will be given here, for the work is not sufficiently advanced 
to warrant it and the main features are similar to those already 
described on other properties. 
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1'here is, however, one peculiar occurrence on the Lone Jack and, 
Missabe Mountain to which reference has already been made. 

There appears to be a pre-glacial gorge formerly excavated by 
some stream flowing in a westerly direction down from the green 
schist ridge across the Lone Jack and Missabe Mountain into the 
'Valley in the southwest part of the township. This gorge was in 
some way filled with gravel, at the present time composed prin
cipally of round, water-worn fragments of hard ore. The drift man
tle was subsequently spread over the top of the filled gorge and the 
ore on both sides of it. At the bottom of this gravf3l-filled gorge 

. is a stratified layer of light colored kaolinic material which varies 
in thickness from a few inches to twelve feet. Beneath this stratum 
of kaolin is soft blue hematite similar to that found by test pits 
north and south of the supposed gorge on both the Lone Jack and 
Missabe Mountain. The depth of this ore gravel in the gorge is 
more than sixty feet. The test-pits sunk on both sides of it en
counter ore at the depth of from eight to fifteen feet. as the thick
ness of the drift varies. The so-called ore-gravel is mostly hard, 
dark colored hematite and is cemented by a soft ferruginous paste 
containing more or less of the kaolinic matter. It is not certain 
that this gravel was ore when it was deposited in its present posi
tion, but it does appear likely that it is not a constituent part of 
the Taconic strata. The fine deposit of kaolin which separates it 
from the blue ore below and on the sides was perhaps derived from 
the detritus of the feldspathic green schist, although it is similar 
to material found elsewhere at the base or lower edge of deposits 
of ore, and may thus be a product of chemical alteration in situ. 

McKinley. 

In December, 1891, ore was found on the McKinley, N. W. t 
S. E. t section 8, T. 58-16. During January work progressed rapidly 
under the direction of Mr. D. McKinley. Three pits were sunk in 
good soft blue hematite. Having proven the existeuce of a good 
mine here work ceased, until railroad facilities could be obtained,· 
before the full extent of the deposit was revealed. The property 
is a large one and there is abundant opportunity for a very fiDe 
deposit of ore. . 

During the winter of 1891-'92 work was vigorously prosecuted on 
all these properties, and the discovery of such a large amount of 
ore produced quite an excitement in Duluth and among northwest
ern iron miners, in the months of January, February and March, 
1892. Many new companies with a very large capital stock were 
organized, and the work of searching for iron deposits was begun 
in dozens of camps in the dead of winter. Log camps were erected 
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and tons of supplies were taken on runners to the various locations 
west of Mesaba station on the Duluth and iron Range railroad. 
The organization of these companies was a matter of speculation. 
The lands were held under State or private lease at a royalty of 25 
or 30 cents per ton, or in fee, and were selected without any knowl
edge of the region or the properties or the possibility of the dis
covery of ore thereon. It was to be expected that many companies 
would be disappointed in the search for ore and that the expense 
of operating would soon drain the exchequers of others. This was 
in fact the case, but it must be admitted that the number of suc
cessful ones was surprisingly large. 

Other' discoveries of ore. 

There are authentic reports of the discovery of merchantable ore 
in townships 58-20, 58-21 and 57-22, on the lands of the Washing
ton, Mesabi Chief and Lake Superior Iron companies, as well as 
on land under lease to J. M. Longyear. These have not been vis
ited recently by the writer. Neither has the Diamond mine in 
56-24. This mine has been operated for several years under the 
superintendence of Mr. E. W. Griffin, of Minneapolis. The re
sults were not at first satisfllctory, and considerable trouble was 
experienced with water. It is reported that the work is at pr8sent 
being conducted in a body of good soft ore. The Gunflint Lake 
Iron Company,. under the direction of Mr. John Paulson, is pre
paring to mine the magnetic ore on the eastern end of the Mesabi 
range in township 64-5. The Port Arthur, Duluth and Western 
railroad is in operation to a point neal' these deposits. 

LIST OF SUB·LEASES ALREADY MADE. 

Mine. Royalty. 

Cincinnati. [To Standard Ore Co. J ... $.55 
Biwabik. [To P. L. Kimberley.J ...... 50 
Biwabik. [To Berringer et al. J ...... , .50 
Virginia. [To Weimer et al. J . . . . . . .. .50 
Wyoming. [To A. J. Decker. J .. . . ... .30 
Wyoming. [To. J. T. Jones.J ......... 50 
Wyoming. [To Parkersburg Iroll Co.J .50 
New England. [To N. D. Moon'.]. . .. .55 
New England. [To J. B. Weimer.J. ... 50 
Lone Jack. [To Moore & Foley.J ...... 65 
Missabe Mountain. [To H. W. Uliver J Ji5 
Ohio. [,fo J as. Sheridan et al.]. .... , .60 

Advance 
royaHy. 

$25,000 

25,000 
40,000 

30,COO 
50,000 
25,000 

75,000 

Hale. [ToF.A.Batesand H.P.Barbour] .50& .40 ..... 

*50,000 tons each alternate year. 

Mlninlum 
output, 

tons. 

150,000 
300,000 

*100,000 
50,000 
25,000 
25,000 
50,000 

150,000 
50,000 
50,000 

400,000 
If)O,OuO 

50,000 

1,550,000 . 
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LIST OF MINING COMPANIES INCORPORATED IN 
MINNESOTA DECEMBER 1, 1890, TO 

SEPTE MEER 1, 18£12. '" 

[The name of the company is followed by the place of its principal office, the 
amouut of capital stock, number of shares, date of incorporation and names of inco!'
porators.] 

Alaska lUexican Gold Mining Company; St. Paul; $1,000,000; 
200,000 shares; Nov. 17, 1891. S. M. Magoffin, F. S. Kirkpatrick, J. T. 
Rogers. 

Allegheny Iron Mining- and Milling Company; Duluth: $1,500,-
000; 150,000 shares; May 11, 1892. C. C. Merritt, W. O. Tillotson, P. Ham
il, Grant Wyatt, D. W. Evans. 

American Mining Company; Minneapolis; $3,000,000; 30,000 shares; 
March 1, 1892. D. M. Clough, J. B. Sutphin, R. Jamison, F. G. James. 

Anderson Iron Compauy; Duluth; $1,000,000; 40,000 shares; July 
16, 1891. A. R. Macfarlane, W. C. Sherwood, J. T. Bale. 

Athens Iron Company; Duluth; $3,000,000; 30,000 shares; March 3, 
1892. L. Merritt, A. Merritt, R. H. Palmer. 

Atikokan Iron Company; Duluth; $250,000; 2,000 shares; Jan. 19, 
1892. S. Meniece, A. Snyder, W. Getty, E. J. McLaughlin, M. McManus, 
J. I. Gilbert, W. McRae, A. P. Cook, 

Aurora Iron Company; Duluth; $3.000,000; 30,000 shares; April 8, 
1892. J. McKinley, A. E. Humphreys, P. S. Bemis, J. Billings, G. N. 
Bissell. 

Bessemer Iron Development and Mining Company; Duluth; 
$100,000; 1,000 shares; Aug. 23, 1892. 

Bessemer Iron Company; Duluth; $3,000,000; 120,000 shares; Feb. 
27, 1892. L. J. Bopkins, G. B. Claypool, H. S. Mahon, C. J. Kershaw, 
A. E. McCordic, W. B. Silvey, W. G. Crosby, E. C. Jones. 

Biwabik Mountain Iron Company; Duluth; $2,000,000; Oct. 9, 
1890; $3,000,000; 30,000 shares; Oct. 17, 1891. L. Merritt, E. H. Ball, J. J. 
Wheeler. 

Boston Iron Company; Duluth; $2,000,00G; 20,000 shares; March 1, 
1892. J. McKinley, G. W. Buck, G. F. Piper, J. T. Hale. 

Boston Iron Company; Duluth; $3,000,000; June 16, 1892. Changed 
to McCaskill Mining Company. 

Bradley Iron Company; Duluth; $2,000,000; 20,000 shares; March 1, 
1892. H. C. Hanford, G. F. Piper, E. L. Bradley. 

Buckeye Iron Company; St. Paul; $3,000,000; 30,000 shares; March 
4. 1892. F. Barrett, E. D. Sawyer, J. H. James, . W. W. Braden, J. H. 
Baker. 

Buffalo Land and Exploration Company; Duluth; $125,000; 125,-
000 shares; July 27,1892. W. E. Richardson, C. Adams, J. T. Hale, H. W_ 
COffin, O. H. Hewit, D. G. Cash, J. D. Stryker. 

* For a list of all the companIes previously incorpnrated in Minnesota for the pur
pose of mining see Bulletin No.6, "The Iron Ore~ of Minne!ota," p. 335. 
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Camdf'ln Iron Company; Duluth; $I,OOO,OOJ; March 25, 1892; $1,200,-
00\); 12,000 shares; April 5, 1892. J. G. Williams, J. B. Lovell, H. G. Inger
soll, A. J. Decker. 

Carnegie Mining Company, 'l'he; Duluth; $1,000,000; 10 000 shares; 
April 4, 1892. S. P. Davidge, E. Zohrlaut, R. F. Fitzgerald, T. E. McGarr, 
.T. R. Bell. 

Central American Mining and Improvement Company; St. 
Paul; $100.000; 20,000 shares; Jan. 4, ]892. W. M. Davis, P. Fletcher, S. 
M. Magoffin. 

Central Vermilion Iron Company; St. Paul; $800,000; 80,000shares; 
March 22, 1892. l!i. A Hendrickson. A. Scheffer, E . .T. Hodgson, C. W. 
Cox, L. E. Judson, Jr. 

Champion Iron Company; Duluth; $3,000,000; 30,000 shares; March 
1,1892. W. McRae, J. I. Gilbert, C. F. Howe. 

Charleston Iron Company; Duluth; $2,000,000; 20,000 shares; Feb. 
11,1892. J. McKinley, F. Cox, A. E. Humphreys. 

Chica!!'o Iron Company; Duluth; $5,000,000; 50,000 shares; Feb. 15, 
1892. A. E. Humphreys, E. C. Gridley, J. McKinley, J. T. Hale. 

Cincinnati Iron Company; Duluth; $3.000,000; 120,000 shares; Nov. 
24, 189l. L. Prichard, F. Woodman, A. E. Humphreys, J. McKinley, 
.T. T. Hale. 

Clarli: Iron Company; Duluth; $;{ 000,000; 30,000 shares; March 7 
1892. M. J. Clark, F. Jewell, M. W. tiates, G. F. Piper, A. B. Upton, 
C. F. McComb. 

Clevelan(l Iron Company; Duluth; $200,000; 2,000 shares; Jan. 28, 
1892. J. McKinley, G. J. Atkins, M. O. Brooks. 

Columbia Tron Company; Duluth; $3,GOO,000; 30,000 shares; March 
14,1892. J. McKinley, D. McKinley, G. S. Ostrum, J. E. Lobdell, S. O. 
Brooks, T. E. Yerxa, E. B. Swygart, G. M. Bissell, A. C. Clauson. 

Columbus Iron Company; St. Paul; $2,000.000; 20,000 shares; March 
23,1892. F. Barrett, W. W. Braden, M. Clark, J. McCarthy, A. S. Bates, 
M. O. Brooks. 

Comstock rron Mining Company; Duluth; $5,000,000; 50,000 shares; 
March Il. 1892. G. T. Porter, F. W. Merritt, G. A. Elder, A. D. Thom
son, M. Simpson, W. M. Holbrook. 

Consolidated Mi!ilsabe Iron Company; Duluth; $3,000,000; 30,000 
shares; March 14, 1892. G. M. Nelson, L. Merritt, R. Jamison, A. Erwin . 
.T. Mather, K. D. Chase. 

Cosmopolitan Tron Company; Duluth; $4,000,000; 40,000 shares; 
March 11,1892. J. McKinley, F. W. Winship, A. E. Humphreys. 

Dayton Iron Mining Company; Duluth; $1,000.000; 10,000 shares: 
Feb. 29, 1892. J. C. Semple, J. W. Earl, W. P. Strickland, J. F. Landry, 
N. A. Gearhart, C. A. Long, W. A. Barr, H. P. Haskell, G. F. Copeland. 

Detroit Iron Company; Duluth; $3,000,000; 120,000 shares; Feb. 18, 
1892. J. T. Hale, F. E. Kennedy, J. M. Root. 

Diamond Iron Mining Company, The; Minneapolis; $100,000; 
1,000 shares; Aug. 20, 1692. G. F. Warner, A. Richardson, H. H. Smith. 

Donald Grant Mining Company; Duluth; $50,000; 500 shares; 
March 14, 1892. . 

Duluth Iron Mining Company; Duluth; $200,000; 2,000 shares; 
March 3,1892. F. Cox, S. W. Eckman, A Howell. . 

Duluth Mining Investment Company; Duluth; $50,000; 500 shares;. 
March 16, 1892. 
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Duluth Ore .Company; Dulutb; $100,000; 4,000 shares; May 16, 1892. 
J. R. Berringer, A. H. Stevens, J. B. Weimer. 

Elk Iron Mining Company, The; St. Paul; $3,000,000; 30,000 sbares; 
April 13, 1892. C. R. Groff, D. D. Merrill, Jr., W. B. Richards, J. L. 
Stack. 

Gowan Mi,ling Company; Minneapolis; $500,000: 100,000 shares; 
May 26, 1892. A. H Linton, R. B. Langdon, R. B. Conkey, C. S. Lang
don, J. A. Gowan. 

Great Northern Mining Company; Duluth; $2,000,000; 20,000 
shares; Jan. 2, 1892; $3.500,000; 35,000 shal'es~rApril 2, 1892. G. L. Rob
bins, E. T. Merritt, J. T. Culbertson, N. B . .lVlerritt, E. R. Brace, T. A. 
Merritt, R. W. Allnutt, F. W. Merritt, H. A. Wing. 

Great Western Mining Company; Duluth; $6,000,000; 60,000 
shares; Marcb 5, 1892. A. Merritt. L. Merritt, G. L. Robbins, J. Culbert
son, E. T. Merritt, F. W. Merritt, N. B. Merritt, C. C. Merritt, D. B. Searle, 
C. A. Gilman, M. Simpson. 

Guaranty Silver Mining Company; Minneapolis; $500,000; 500,000 
sbares; June5, 1891. A. C. Dunn, J. G. Ricke, A. D. Westby, C. D. White, 
E. Robinson. 

GunBint Lake Iron Company; Duluth; $100,000; 1,000 shares; Mar. 
24,1892. J. Paulson, K. Kortgaard, O. D. Kinney. 

Hale Iron. Company; Duluth; $3,000,000; 30,000 shares; Mar. 2, 1892. 
J. T. Hale, E. C. Gridley, J. Norton. 

Henderson Mountain Mining and Milling Company, The; St. 
Paul; $100,000; 1,000 sbares; July 27,1892. W. E Nichols, H. J. Chitten
den, L. Blanden, W. A. Jones. 

Henrietta Iron Company, The; Minneapolis; $50,000; 500 shares; 
April 27, 1892. G. F. Moulton, O. J. Nevitt, J. Paulson, G. A. Morse, 
W. H. Cooper. 

Hiddeu Treasure Silver Mining Company; Minneapolis; $100,-
000; 100,000 sbares; Dec. 28, 1891. D. McKenzie, N. Campbell, L. Kim
ball, F. W. Nevens, W. R. Steadman. 

Horton Mining Company; Dulutb; $500,000; 50,000 shares; Jan. 28, 
]892; $1,000,000; 1.00,000 sbares; Feb. 20, 1892 .. G. W. Horton, S. G. Wight
man, R. H. HarrIS, W. E. Worden, S. S. SmIth, H. B. Moore, W. D. Ed
son, R. P. Edson. 

Imperial Mountain Tron Mining Company, The; St. Paul; 
$1,000,000; 10,000 shares; Aprill], 1891. J. P. Heatwole, J. Roach, A. B. 
Kelly, S. Finkelson, L. D. Baird, W. B. Joyce, J. J. Furlong. 

Iron Belt Mining Comnany; Duluth; $1,000,000; 40,000 shares; Mar. 
1, 1892. A. J. Trimble, F. Hibbing, L. E. Judson. 

Iron Cliff Mining Company; Duluth; $3,000,000; 30,000 shares; 
Marcb 5, 1892. H. Keller, J. C. FlY!!O.!.J. Kraker, S. S. Titus, J. R. Howes, 
W. N. Holbrook, M. Johnson, A. B. l:'lougb, T. G. Alvord, N. C. Tbrall, 
J. B. Sutphin, et al. 

Kakina Iron Company; Dulutb: $1,000,000; 40,000 shares; Dec. 4, 
1891. W. H. Fisher, D. Grant, D. H. Merritt. 

Kaministique Iron Company; Minneapolis; $100,000; 10,000 shares; 
Dec. 3, 1891. S. H. Hall, H. S. Smith, G. A. Castle, R. D. Arundell, C. L. 
Stacy, A. M. Hillman, E. W. Ginter. 

Kanawha Iron Company; Duluth; $2,000,000; 20,000 shares; Feb. 
15, 1892. A. E. Humpbreys, J. T. Hale, G. E. Milligan. 

Kentucky Iron Company; Duluth; $1,000,000; 10,ODO shares; March 
8,1892. F. W. DeVey, W. H. Smallwood. 
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Keystone Iron Company; Duluth; $3,000,000; 30,000 shares; March 
4,1892. C. Markell, A. C. Otis, F. G. Stevens, W. E. Richardson, H. W. 
Pearson, E. R. Brace, F. B. Lazier, J. T. Hale, C. L. Codding. 

Lackawanna Iron Company; Duluth; $3,000,000; 30,000 shares; Mar. 
:~, 1892. F. L. De Forest, W. G. Park, M. J. Davis, E. F. Clark, J. A. 
Taylor. 

Lake Superior Iron Company; Duluth; $5,000,000; 200,000 shares; 
March ]7,1892. A. J. Trimble, W. D. Vernam, W. H. Buffum, F. Hib
bing, W. Munro. 

Licking Mining Company; St. Paul; $3,000,000; 30,000 shares; April 
22, 1892. F. Barrett, W. W. Braden, A. W. Thurman, W. V. Marquis, 
J. H. Newton. . 

Lincoln Iron Company; Duluth; $3,000,000; 30,000 shares; March 19, 
]892. H. H. Myers, F. Cox, A. Howell. 

Little Mesabi Iron Company; Minneapolis; $3,000,000: 30,000 shares; 
March 15, 1892. R. W. Cavenaugh, E. S. Bean, G. H. Dodge, E. F. Dodge, 
A. C. Paul. 

Lone Jack Tron Company; Duluth; $500,000; 5,000 shares: Aug. 26, 
]892. A. E. Humphreys, G. E. Milligan, A. Howell. 

Lucky Hit Mining and MillinI!' Company; Minneapolis; $250,000; 
250,000 shares; March 11, 1891. S. Parker, W. F. Albee, J. L. Parker. 

Mallmann Iron Mining Company; Duluth; $1,000.000; 10u,000 
shares; March 5, 1892. A. H. Viele, A. J. Trimble, F. L. Cowen. In
creased capital stock. 

McCaskill Mining Company; Duluth: $3,000,000; 30,000 shares; 
June 16, 1892. Changed from Boston Iron Company. 

McKinley Iron Company; Duluth; $5,000,000; 50,000 shares; May 
25,1892. W. McKinley, J. Charnley, J. McKinley, G. N. Bissell, D. Mc
Kinley, J. Billings. 

Merritt Nickel Mining Company; Duluth; $2,000,000; 20,000 shares; 
May 24, ]892. F. W. Merritt, G. W. Mann, W. H. Prescott. 

Mesabi Chief Iron Company; Duluth; $3,000,000; 30,000 shares; 
March 1, 1892. W. B. Gardner, J. C. Mishler, S. G. Wightman, R. F. 
Willcuts, C. D. Smith. 

Mesabi Iron Range Mining Company; St. Paul; $4,000,000; 40,000 
shares; March 27, 1892. S. McClure, S. Matthews, J. J. Howe. 

Minawa Iron Company; Duluth; $50,000; 500 shares; Aug. 20, 1891. 
W. H. Fisher, D. H. Merritt, J. H. Upham, L. Merritt, W. A. Barr. 

Minneaoolis and Webb City Mining Company; Minneapolis; 
$100,000; 10,000 shares; Aug. 18, 1891. F. A. Fisher, W. H. Mitchell, W. 
M. Barrows, D. G. Michell, S. P. Channell, J. A. Bowman, S. A. Reed, J. 
B. Starkey, J. H. Clark. 

Minneapolis Iron Company; Minneapoli~; $3.000,000; 30,000 shares; 
Feb. 23, 1892. E. M. Mabie, A. R. McGill, G. L. Becker, O. N. Smith, W. 
8. Milnor, J. J. Ankeny. 

Minneapolis Mineral Land Company; Minneapolis; $50,000; June 
19,1891. J. 1. Best" J. S. Lane, O. E. Brewster, L. M. Lane, J. F. Oal
houn, M. McKinney, W. Miller, E. J. Edwards, E.1. Ewing, O. Jones, 
O. F. Schmid. 

lUinneapolis Mining' and ll'Iilling Company; Minneapolis; $500,-
000; 500,00U shares; Dec. 26,1891. J. Pye, S. Parker, W. Hartley, W. F. 
Albee, J. L. Parker. 

Minnehaha Mining and Milling Company; -Minneapolis; $500,-
000; 500,000 shares; April 26,1892. G. Danforth, L. P. Orevier, F. H. Wen
dell, K. E. Brewster, D. F. Strobeck. 
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IUinosin Iron Oompany; Duluth; $50,000; 500 shares; Aug. 20, 1891. 
W. H. Fisher, J. H. Upham, D. H. Merritt, L. Merritt, W. A. Barr. 

11lissabe Central Land and Exploration Company; J)uluth; 
$100,000; 10,000 shares; Jan. 2, 1892. A. Merritt, R. H. Palmer, J. 
Helmer. 

Missabe and Northern Townsite Company; J)uluth; $50,000; 500 
shares: March 17, 1892. L. Merritt, R. H. Palmer, N. B. Merritt; A. 
Merritt. 

Missabe Mountain Iron Company; Duluth; $3,000,000; 30,000 
shares; Feb. 4, 1892. L. Merritt, J. E. Merritt, K. D. Ohase. 

Missabe Monarch Iron Company; Duluth;$3,llOO,000; 30,000 
shares; March 12, 1892. L. Merritt, R. H. L. Jewett, W. P. Jewett. 

Missouri Iron Company; Duluth; $30,000; 5,000 shares; Aug. 4, 1892. 
L. J. Taussig, A. W. Taussig, T. Bloomfield. 

Myrna Iron Mining Company; Duluth; $200,000; 100,000 shares; 
Feb. 14, 1891. T. H. Pressnell, F. Hibbing, R. D. Mallet, A. J. Trimble, 
F. 1. Tedford. 

New Castle Iron Mining Company; Duluth; $250,000; 25,000shares; 
April 4, 1891. A. E. Humphreys, F. I. Tedford, F. Hibbing, T. H. Press
nell, J. A. Boggs. 

New England Iron Company; Duluth; $3,000,000; 30,000 shares; 
March 15, 1892. A. E. Humphreys, J. McKinley, A.J. Blethen, L. Swift, 
Jr., W. H. Lynn. 

New York Iron Company; Duluth; $3,000,000; 120,000 shares; Mar. 
I, 1892. O. O. Merritt, A. R. Merritt, H. W. OOffin, J. T. Hale, E. T. 
Merritt. 

Nibiwa Iron Company; Duluth; $50,000; 500 shares; Aug. 20, 1891. 
W. H. Fisher, J. H. Upham, D. H. Merritt, L. Merritt, W. A. Barr. 

Northern Light Iron Company; Duluth: $2,000,000; 20,000 shares; 
March 31, 1892. A. Michaud, A. I. Scarlett, S. Clark, A. M. Oox. 

Ohio Iron Oompany; Duluth; $50,000; 2,000 shares; Aug. 12, 1892. 
J. Sheridan, J. T. Jones, J. B. Weimer. . 

Ohio Mining Oompany; Duluth; $1,000,000; 100,000 shares; Feb. 1, 
18\J2; $3,000,000; 30,000 shareR; Aprhll8, 1892. J. E. Oampbell, E. D. Saw
yer. W. J. Hilands, O. ]'. Nester, R. S. Munger, M. R. Baldwin, T. H. 
Pressnell, J. K. Persons, F. Barrett, S. R. Ainslie. 

Oneota Iron Mining Company; Duluth; $1.500,000; 15,000 shares; 
March 1, 1892. F. W. Merritt, J. Frazer, G. W. Mann, G. Wyatt, J. M. 
McLennan, E. F. Olarke. 

Outcrop Iron Mining Compauy; St. Paul; $500,000; 5,000 shares; 
May 10, 1892. O. A. Hutchinson, G. Lill, J. F. Whiting, D. M. Oase, F. 
Barrett. 

Pacific Mining Company, The; Duluth; $500,000; 5,000 shares; 
May 6, 1892. A. Erwin, G. N. Baxter, E. H. Hall, G. N. Nelson, R. Jam
ison. 

Palisade Mining Company; Minneapolis; $250,000; Oct. 21, 1891. 
J. F. Oalhoun, L. M. Lane, J. S. l,ane, M. McKinney, E. J. Edwards. 

Parkersburg Iron Company; Duluth; $100,000; 1,000 shares; Sept. 
5, 1892. J. Billings, P. S. Bemis, ]'. Oox. 

Pennsylvania Iron and Stee" Company; Duluth; $3,000,000; 30,000 
shares; March 5, ]89~. Nels Hall, D. W. Evans, S. W. Olark, A. T. Scar
lett, N. A. Gearhart, A. O. Pearsons, G. Wyatt. 

Pipe Lal(:e Nickel Mining Company; Duluth; $500,000; 50,000 
shares; June 9, ]891. R. Forbes, G. N. Stevenson, W. H. Trescott, J.T. 
Watson, M. Douglas. 
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Pittsburgh Iron Company; Duluth; $100,000; 4,000 shares; Dec. 12, 
1891. W. McKinl~y, J. McKinley, A. J. 'l'rimble. 

Poca Iron Companv; Duluth; $50,000; 500 shares; June 9, 1892. F. 
Cox, A. Howell, S. W. Eckl!lan. 
Porta~e Red Sandstone Company; Duluth; $100,000; 1,000 shares; 

.Tuly 7,1891. J. D. Lloyd, F. B. Chew, J. H. Hellyer, C. W. McFadden, 
C. T. Le Tourneau. 

Putnam Iron Com.pany; Duluth; $3.000,000; 30.000 shares; March 2, 
1892. J. T. Hale, E. C. Gridley, S. R. Payne, J. P. Morrow, E. G. Chap
man, H. S. Stearns, J. Sheridan, C. d'Autremont. 

Republic Iron Company; Duluth; $3.0oo,COO; 120,000 shares; March 
22, 1892, P. M. Graft', F. W. Eaton, J. G. Brown, R. J. Ryan, A. Erwin, 
G. M. nelson, R. Jamison. 

Rouchleau Iron Company; Duluth; $5,000,000; 50,000 shares; Mar. 
18, 1892. L. Rouchleau, F. W. Higgins, G. Gilbert, G. F. Piper, C. E. 
Shannon, G. W. Buck, T. B. Mills. 

Securitv Iron Company; Duluth; $3,000,000; 30,000 shares; March 1, 
1892, J. T. Hale, E, T. Merritt, G. W. Buck, G. F. Piper, R. H. Palmer. 

Security Land and Exploration ComDany; Duluth; $100,000; 
10,000 shares; Dec. 30, 1891. G. W. Buck, G. F. Piper, J. T. Hale, N. B. 
Merritt, R. H. Palmer. 

Shaw Iron Company; Duluth; $3,000,000; 30,000 shares; Dec. 21. 
1891. D. W. Scott, J. E. Davies, A. R. Merritt, N. B. Merritt, R. H. 
Palmer. 

Sheridan Iron Company; Duluth; $1,000,000; 100,000 shares; Dec. 8, 
189l. C. E. Sh'annon, W. C. McComber, R. H. Harris, J. H. Harris, C. M. 
Gray, A. C. OtiS, G. R. Laybourn. 

Silver Cbief Mining Company, The; Minneapolis; $500,000; 500,-
000 shines; Aug. 18, 1892. M. N. Price, B. F. Moore, C. L. Mendel, F. M. 
Hutchinson, F. L. Favor, F. E. Mix, W. F. Thayer. 

Southern California Smelting and Refining Company, The; 
Los Angeles; $500,000; -- shares; Sept. 5, 1892. 

Standard Ore Company, The; Duluth; $],500,000; 60,000 shares; 
Aug. 5, 1892. H.,W. Oliver, F. A. Bates, H. P. Barbour, A. D. Thompson, 
B. C. Church, C. A. Congdon. 

Steep Rock Minin~ and Improvement Company; Duluth; $50,-
000; 500 shares; May 13, 1892. L. S. Franklin, H. C. Ash, A. E. Walker. 

Stowell Iron Company; Duluth; $1,000,000; 100,000 shares; Feb. 16, 
1891. W. H. H. Stowell, B. E. Baker, G. F. Long, A. C. Jamison, T. H. 
Pressnell, S. F. Boyce, F. 1. Tedford, J. Zimmermann, L. W. Hizar, F. 
Barrett. 

St. Paul and Duluth Mining Company; St. Paul; $1,000,000; 100,-
000 shares; April 23, 1892. S. S. Smith, W. H. Squier, J. C. Southall, W. 
Ruan, W. P. Curtiss, R. H. Edwards, P. P. McVeigh, Jr. 

Swan Lake Iron Mining Company ,of Minneapolis; Minne
apolis; $1,000,000; 40,000 shares; Apri-l 4,1892. G. H. Warren, W. G. La 
Rue, D. Waite. 

Swedish American Iron Company; Duluth; $2,000,000; 20,000 
shares; Feb. 23. 1892. C. A. Smith, O. N. Ostrum, N. O. Werner, J. Peter
son, L. M. Erickson, A. Nelson, N. Hall, J. J. Eklund, N. A. Linderberg, 
J. A. Carlson. 

Towanda Iron Company; Duluth; $3,000,000; 30,000 shares; March 
2, 1892. J. T. Hale, B. T. Hale, J. Sullivan, R. H. Palmer, A. Merritt. 

Twin City Iron Company; Duluth; $3,000,000; 30,000 shares; March 
1, 1892. J. McKinley, A. E. Humphreys, G. E. Milligan. 
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Vermilion Iron and Land Company of Duluth; Duluth; $1,000,-
000; March 8, 1892. Changed name to Kentucky Iron Company. 

Virginia Iron Company; Duluth; $3,000.000: 30,000 shares; March 
1, ]892. J. McKinley, G. F. Piper, A. L. Warner. 

Vulcan Iron Company; Duluth; $1,000,000; 100,000 shares; Feb. 29, 
1892. F. Walker, A. H. Morris, M. A. Morris, C. O. Munns, R. H. Harris. 

Wabig'on Iron Company; Duluth; $50,000; 500 shares; Aug. 20, 1891. 
W. H. Fisher, D. H. Merritt, J. H. Upham, L. Merritt, W. A. Barr. 

Wahkootah Iron Company; Duluth; $3,000,000; 30,000 shares; Mar. 
14,1892. L. Merritt, E. H. Hall, R. Jamison, J. Mather. 

Washing·ton Iron Company; Duluth; $3,000,000; 30,000 shares; Mar. 
2, 1892. T. B. Mills, G. F. Piper, J. Spencer, R. A. Taussig, A. B. Upton, 
D. S. Culver, W. B. Welles, G. A. Leland, C. F. McComb, J. K. Reding
ton, C. K. Lawrence, M. W. Bates. 

Wenona Iron Company; Duluth; $50,000: 500 shares; Aug. 20, 1891. 
W. H. Fisher, D. H. Merritt, J. H. Upham, L. Merritt. W. A. Barr. 

West Gogebic Iron Land Company; Minneapolis; $60,000; April 
20,1891. M. W. Lewis, J. A. Wolverton, F. B. Lewis. 

Wyoming Iron Company; Duluth; $300,000: 3,000 shares; April 23, 
1892. F. Cox, S. W. Eckman, W. [". Gore. 

Youngstown Iron Company; Duluth; $a,OOO,OOO; ao,ooo shares; 
March 1, 1892. A. Merritt, N. B. Merritt, A. L. Warner, C. C. Merritt, 
B. T. Hale. 

Zenith Iron Company; Duluth; $2,500,000; 100,000 shares; March 28, 
1892. G. F. Piper, H. H. Hanford, L. E. Judson, Jr. 

METHOD AND COST OF MINING ON THE MESABI. 

The excellent quality of the Mesabi ore and the large amount of 
it have been commented upon in the preceding pages. A few 
words as to the expense and probable method of extracting this ore 
from its bed and placing it on the cars ready for transportation to 
the furnace will be of interest. In an article in the Cleveland Iron 
Trade Review, July 21, 1892, the writer made the following state
ments: 

"The most important feature of the Mesabi, in view of its dis
tance from the furnace and forced competition with other ranges, 
is the cheapness of mining. A few estimates will make this clear. 
Old methods and old calculations will not answer on this range. 

"Soft ore, large areas neal' the surface and horizontal deposits are 
not to be handled by deep shafts, air-compressors, timbering and 
costly pumps. It is the exception to find the ore covered by rock, 
and it is unusual to find more than fifty feet of glaoial drift lying 
upon it. It is not to be supposed that there will be only a single 
method of mining here. Different men will have different ideas, 
and different properties will present different problems, but it is 
,plain that the most of the mines will be worked as open pits, with 
the surface stripped off. 
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"Estimates of the cost of removing earth, sand, clay and gravel 
and boulders can be obtained from any railroad contractor. The 
estimated cost per cubic yard varies from six to forty cents accord
ing to the material and the facilities for removing it. With a rail
road at hand a steam shovel will remove ordinary sand and gravel 
for six cents a yard. By hand work, without railroad facilities, it 
will cost from twenty-five to forty cents a yard. 

"When the surface is stripped off, the ore is found in flat deposits 
covering twenty to sixty 01' more acres, and from twenty to ninety 
feet thick. Test pits are sunk in places one hundred and seven
teen feet deep by pick and shovel, without a single drill hole 01' 

blast of powder. In other spots there may be twenty or thirty feet 
in a pit which is too hard to pick. This can be thrown down in 
large quantities when there is once a face on it, and can then be 
loaded by hand or steam shoveL Where no blasting is required, 
the expense' of loading cars by hand labor will not exceed twenty
five cents per ton; by steam shovel it may reach ten cents. Where 
the are is hard enough to blast, the expense of excavating and 
loading on cars may reach forty cents. It is not necessary to 
reckon into our calculation any interest on a large investment, for 
that is covered by royalty. No expensive plant is depreciating on 
our hands. Fewer damage suits arise from injuries received, be
cause our men work by daylight. 

" Let us now, with these figures before us, lPake a theoretical esti
mate of the cost of mining are on almost any property on the Mes
abi which has been developed enough to show the depth of are and 
the amount of stripping. One cubic yard of are weighs about two 
and one-half tons, one yard of earth about one ton. The average 
depth of are so far revealed on several properties is seventy feet, 
and the surface thirty-five feet. In other places the are is sixty or 
even eighty feet thick and the surface only twenty, but for the sake 
of estimation let us consider the are only twice as thick as the sur
face. There are then two cubic yards of are for each cubic yard of 
surface. But as each yard of are weighs two and one-half tons 
there are five tons of are for each yard of surface, and if the strip
ping costs the maximum of forty cents per yard the cost for each 
ton of are is eight cents. At the minimum of six cents per yard 
for stripping, the stripping cost is only one and one-fifth cents for 
each ton of are. 

"When the surface is removed the are is practically in a huge 
stockpile, containing in some instances several millions of tons. 
At the maximum cost of mining this by hand and in hard are the 
cost of stripping and placing are on cars is forty-eight ,cents per 
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ton. The minimum cost at the figures given above is eleven and 
one-fifth cents. The average is about twenty-nine and one half 
cents. But as there is more soft ore than hard the average may be 
expected to be about twenty-five cents. The cost of timbering 
alone in many mines on the south shore of lake Superior exceeds 
the total cost of mining millions of tons of ore on the Mesabi." 

If the cost of mining is 25 cents the approximate cost of the ore 
delivered at Cleveland will be $3.10, distril;mted as follows: 

Cost of mining, $ .25 
Royalty, .60 
Railroad freight to the lake, .80 
Lake freight to Cleveland, 1.20 
Insurance, commission, etc., .25 

$3.10 
These items will vary somewhat. The lake tariff at present is 

but $1.00 to Cleveland, and in some cases the last item will be only 
15 cents. Tl:e royalty, too, will vary, and will average less than 
60 cents. Different methods of mining will vary in expense. The 
above estimate is for mining by steam shovels and stripping off 
the surface. If the method of underground mining is adopted the 
cost will exceed the figure given above. . 

The average price for 60 per cent. bessemer ore iR not far from 
$4.25 at Cleveland. If the large amount of Mesabi ore made sud
denly available should force the price down to $3.75 per ton, there 
will still be a profit for the average Mesabi mine operator. 

QUANTITY OF ORE ON THE MESABI. 

How much ore is there on the new range? How long will it 
last? These are questions of importance and are frequently asked. 
The answer must be in the nature of an estimate at present. Dif
ferent experts of equal skill would arrive at different results in an 
attempt to compute the ore in sight. Figures that represented 
anything like the truth, even though they were mad.e by a compe
tent and disinterested person, would be received with incredulity 
by those not familiar with the actual developments. Besides, there 
is no doubt that much more ore will yet be discovered; how much 
is merely a matter of speculation. Hardly a week passes IlOW 

without the announcement of a new find, and new areas are contin
ually being tested and found productive on the properties already 
under development. The Biwabik company has quite recently been 
presented with another mine on section S6, T. 56-18, by the good 

------~ 
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judgment and industry of their explorer, Capt. J. G. Cohoe. The 
number of known merchantable depusits already exceeds twenty 
and many other promising localities have not yet been explored. 

It is evident that there is ore in store for many years to come, 
and that permanent investments and improvements of the most 
extensi ve nature can safely be made, based on an expectation ot 
the sufficiency and quality of this ore-supply. As already stated 
contracts have been made calling for the minimum production of 
one and a half million tons per annum. This is eighty per cent. 
more than has ever been produced by the Vermilion range in one 
season, and is about one-sixth of the entire lake Superior product. 
The yield of some of the largest mines, like the Mountain Iron, 
McKinley and Lake Superior, is not included in this minimum 
figure, nor are some others like the Canton, Kanawha and Great 
Western. It is moreover liknly that some companies will ship 
more than their minimum amount. It may not be within the first 
two years, but after they are quite ready. 

TRANSPORTATION. 

Extensive railr'oad and vessel equjpm~nts are necessary for 
handling the product of an iron range. It seems rather question
able whether the railroads running to the Mesabi will be able to 
handle the ore which will be offered them in 1893. The iron mines 
are situated sixty to eighty miles from lake Superior. At the be
ginning of 1892 there was but one railroad, the Duluth and Iron 
Range, which crossed the Mesabi, and that was twelve miles from 
the nearest mine. The Duluth and Winnipeg, in running west 
from Duluth. formed an acute angle with the Iron Range a~d 
crossed it at Grand Rapids, on the Mississippi river. During the 
first nine months of this year, however, two roads were constructed 
and put in daily operation between Dilluth and the new range. 

The first road completed was the Duluth, Missabe and Northern. 
From the Duluth and Winnipeg, at Stony Brook, this road runs 
north over a level, drift-covered region for forty-two miles to the 
Mountain Iron mine. The road-bed is excellent, and curves and 
grades being few the operating expenses will be light. It was 
chiefly through the efforts of the late M. B. Harrison, Leonidas 
Merritt, K D. Chase and Donald Grant that this road was built. 
It was put in operation during the first wpek in October. By its 
contracts with the owners andlesst:es of several of the largest mines 
this railroad is already assured of large business. A considerable 
number of ore-cars and heavy locomotives are now being con
structed for this company. 
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The ore brought down over the Duluth, Missabe and Northern 
will be halJdled by the Duluth and Winnipeg between Stony Brook 
and the docks on Allouez bay. This road will also handle ore 
which will be delivered to them by other branch roads to be con
structed farther west. One of the'le roads is now being t-uilt by 
the Swan River Logging Company from the crossing of Swan 
river to the mines in townships 57-22 and 58-20. 

The Duluth and Iron Range branch to the Biwabik, Canton and 
other mines near the town of Merritt was also completed in Octo
ber, 1892. In spite of many serious natural obstacles, such as 
heavy grades, this road has fiS fine a track and equipment and is as 
well managed as any road in the stt}-te. Its traffic is already large 
from the Vermilion range, and will manifestly be increased by the 
large output of the Mesabi. It is expected that both the Iron 
Range and Missabe and Northern will construct lines along the 
range connecting the various towns and mines. 

For assistance in many ways, for valuable information and re
peated courtesies, the officers of the geological survey are indebted 
to the Duluth and Iron Range, the St. Paul and Duluth, and the 
Duluth, Missabe and Northern railroad companies. The extension 
and successful operation of these roade, as well as others, is for the 
welfare and development of the wealth of the state, and they are 
factors perhaps second to none in forwarding its prosperity. 

VALUE TO THE STATE. 

The best gauge of a nation's commercial and political rank among 
the nations of the world is found in the record of its mining and 
manufacturing achie."ements. The country that makes the largest 
use of its natural products is the leader in all that constitutes na
tional greatness. One good reason for the decadence of nations 
formerly foremost in the world and now of but little importance is 
the want of mineral resources or the ability to utilize them. 

We may go farther and say that of. all natural resources there is 
none which, properly developed and applied, confers such great 
riches and commercial importance on its possessor and user as 
ron. Gold and silver mines are valuable and their possession en

riches nations as well as individuals, but "he who possesses iron 
will soon be master of the gold," and its benefits to civilization are 
greater and far more lasting. 

Which are the leading countries in the world to-day? The 
United States and England are probably foremost in all that de
notes prosperity and greatness. Which are the largest producers 
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and conSllmers of iron ore? The same two by long odds, having 
yielded together more than fifty per cent. of the world's output in 
the year 1~89. 

The same truth is borne out by a consideration of the different 
States of the United States. The four most populous and wealthy 
States in the Union are New York, Pennsylvania, Illinois and Ohio. 
In 1890 these four States ranked respectively fifth, first, fourth and 
third in the production of pig iron, having produced in the aggre
gate 73.5 per cent. of the entire yield of the U nitecl States. In the 
production of steel they ranked in the same order. 

In Michigan, V{isconsin and Minnesota there was an average in
crease in population amounting to forty-one per cent. in the decade 
fro)ll 1880 to 1890. In these States the production of iron ore in
creased in a more than corresponding ratio. The average increase 
of Michigan and Wisconsin was 1210 per cent., while Minnesota, 
which did not appear as a producer in the tenth cenSllS, ranks fifth 
among the States in the eleventh. These commonwealths have not 
derived their full benefit from this large production of iron ore for 
two reasons. First, they have been producers but a few years. 
Second, their ore has been shipped away to be consumed in other 
regions; and it is not merely the production of iron ore, but the 
combined production and consumption or manufacture of iron that 
results in the greatest growth and prosperity. 

, With the exploitation of the mines on the Mesabi there will arise 
communities of inhabitants who will populate the northern portion 
of the state more rapidly than would be the case for almost any 
other reason. All the industries connected with mining and the 
support of a large number of people will be rapidly promoted. But 
the greatest good will come only from the establishment of fur
naces to reduce the ore and factories to make finished articles for 
shipment tb the western markets. 

Minnesota has within her borders the greatest iron district known 
in the world to-day. It lies within her power to become the lead
ing state in America. With these lacts before them it is incum
bent upon the citizens of this commonwealth to consider most seri
ously how to derive the greatest benefits from her mineral wealth. 
It is a sober fact that more merchantable iron ore is already known 
to exist on the Mesabi range than has been produced from all the 
other mines in the lake Superior region since they were first dis
covered. With this possibility of unprecedented prosperity and 
industrial growth every facility and inrlucement should be ext'ended 
to those who may establish furnaces and factories within our boun
daries. 
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Discoveries of ore on lands owned and leased by the State already 
promise an annual income of a quarter of a million, to be paid 
directly into the State treasury in the shape of royalties. The erec
tion of blast furnaces to consume this ore would result in benefits 
to the state at large equal to several timee the amount of these 
royalties. It might be a wise move on the part of the State to pay 
a bounty on each ton of ore redu(led within her limits. If this 
bounty were simply enough to offset the royalty it would be a con
siderable inducement for the establishment of furnaces, and would 
he a paying investment for the State. 

CLASSIFICATION OF THE THEORIES OF THE ORIGIN OF IRON ORES.! 

In discussing the various theories proposed for the origin of 
iron ores in Bulletin No.6, the scheme or order adopted by Prof· 
A. A. Julien was followed. It has not proven entirely satisfactory, 
being often inconvenient and confusing. The following classifi
cation may be used in the study of the subject with a clearer 
understanding of the differences in the ideas entertained by 
geologists on this interesting question: 

A. MECHANICAL. 

a. Extra-terrestrial or cosmical. 
1. Meteoric fall. [1.]t 

b. Terrestrial. 
1. Subterranean-eruption in dykes or accompanying ba~altic 

flows. [2.] 
2. Superficial action. 

a. Violent abrasion and transport. [13.] 

b Ordinary erosion j 1. Conce~trati?n of iro.n sands. [14.] 
. '1 2. Oceamc sechmentatlOn. [8.] 

B. CIIElIHCAL. 

a. Changes in situ. 
1. Change in the kind or quantity of iron already present in the 

rocks. 
a. Alteration of diffused ferric oxide into ferrous carbonate. [10. • 
b. Metamorphism of bog ore. [11.] 
c. Metamorphism of lake ore. [12.] 
(1. Alteration of ferrous carbonate or sulphide into ferric oxide. 

[8 in part.] 
2. Change in the kind or quantity of other minerals. 

a. Substitution of iron oxide for some non-ferriferou8 mineral. 
[17.] 

b. Concentration, by removal of other constituents. [4.] Similar 
to B a 1. 

tAmerican Geologist, Nov., 1892, Vol. X., No.5, p. 277. 
tFigures in brackets refer to the theories as numbered and discussed' 

in "The Iron Ores of Minnesota," Bulletin:No. 6, Minn. Geol. SUfyey. 
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c. Electro-telluric action. [16.] 
b. Removal by chemical actiiln and subsequent deposition. 

1. By action of heat-sublimation. [3.] 
2. By action of water. 

r l. Oceanic precipitation. [B in part.] 
I 

a. In drainage basins. i 
l 2. 

(I a. Secondary product of the de
composition of basic rocks 

i [lB.] 
I b. Secondary product from the l decomposition of pyrite. [7.] 

b. In the rocks.' .. .. ~ 1 Saturation of porous strata. [5.] 
2. Inflltratwn Into caVitIes. [6, 15.] 

c. Deposit by springs. [9.J 

COAL IN NORTHERN MINNESOTA. 

During the past year there have been frequent reports of the 
discovery of coal in the region north of Duluth. The develop
ment of such extensive iron mines and the great desirability of 
coal deposits that can be uSAd in connection with the iron has 
added to the interest with which such reports are usually received. 

The opinion of the state geologist and the writer has been 
frequently expressed that the only coal of any sort in the northern 
part of the state is in thin seams of brown coal, occuring in 
Oretaceous shales, which were found in patches on the Little Fork 
river by the writer in 1888. This coal is not of good quality and 
the discovery of large amounts in thick beds would not be of such 
great importance as the newspapers would have us believe. 

At the same time lignite is used to a considerable extent in 
treeless regions as fuel for ordinary heating and cooking purposes. 
In Texas and Dakota such coal is mined in considerable quanti
ties. Grates of a particular pattern are devised in which to burn 
this coal and it plays quite an important part in the domestic 
economy of those regions. It is used in the form of briquettes 
in Germany. These briquettes are made by drying the brown 
coal until the water it contains is nearly all driven off and then 
subjecting a mass of it to a pressure of fifteen hundred to two 
thousand atmospheres. The resulting briquette is elliptical in 
form, about six inches long and one inch thick. It· is so hard 
that it will not absorb moisture even though laid in water for some • 
time. This 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 or: 

, eruptions cr excessive faulting in the rocks, it would have a much 

.. 
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greater value. It is not impossible that such deposits may be 
found in some of the large areas northwest of Duluth as yet but 

. littlfI 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. The value of good coal deposits cannot be over
estimated, and. if we have such in Minnesota the sooner we know 
it the better . 
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IN'rRODUOTION. 

The prosecution or geological investigations for the Geological 
Rurvey of Oanada in the region northwest of lake Superior af
forded the writer annual opportunities of obtaining cursory 
glimpses of the coast of the great inland sea itself, and on a few 
occasions of making a very limited reconnaissance of particular 
portions of it. He never, however, had the good fortune to be 
able to examine its geological features in detail. Those features, 
even to his limited acquaintance with them, appeared ever both 
grand and simple, and seemed to yield to mere inspection an expo
sition of the great principles of physical geology, which in force 
and clearness was second to none he had met with either in read
ing or in traveling. 

Working gradually eastward, therefore, the writer had before 
him the prospect of some day entering upon the investigation of 
that interesting and rarely paralleled· line of accessible rock ex
posure, the "north shore" of lake Superior, and of presenting a 
detailed account of the relations there revealed as a contribution to 
geological science. The severance of his connection with the 
Oanadian survey in the spring of 1890 obscured this prospect, but 
the writer's thoughts still turned in that direction. In the follow
ing year after having settled at the University of Oalifornia, it 
seemed to be advisable, before engaging in new investigations on 
the Pacific coast, to revisit lake Superior for the purpose of pro
curing information relative to some minor geological problems, 
which had been suggested to the writer in the course of such par
tial and unsatisfactory examinations as he had formerly been able 
to make. Among these problems was an inquiry into the charac
ter of the ancient shore lines of the lake. Stimulated by the in
teresting results obtained by Upham and Tyrrell in the lake 
Agassiz basin to the west and by Gilbert and Spencer in the lake 
Ontario (Iroquois) region to the east as to the deformation of an
cient shore lines, the writer had been particularly attracted by the 
evidence of former high elevations or the lake; and had made 
some effort to gain definite inrormf:ttion as to the distribution of 
terraC8S and beaches, and as to the probability or a detailed In_ 

quiry yielding sufficient data for purposes of generalization. 

r -
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The interest and importance of such an inquiry lies, of course, 
in the evidence which it affords of local instability of the crust of 
the earth. On oceanic coast lines evidences of recent differential 
movements of the crust are ordinarily not difficult to observe. 
Such movements are not confined to the vicinity of these coasts but 
are probably common in the interior as well as on their periphery. 
But the evidence which makes this statement possible has until re
cent years been very meagre, and indeed, scarcely sufficient to 
satisfy the demands of exact knowledge. In the interior of the 
continents there is no absolute datum such as is offered by the 
surface of the ocean to which may be conveniently referred the 
altitudes of the land. There is not a set of agencies, such as the 
shore action of the sea, to score on the slopes a definite horizon 
that may be n~adily recognized as out of place when lifted beyond 
the reach of those agencies. 'fhe allied action of lake shores pro
duces similar horizontal impressions, but the lake may go up or 
down with the portion of the continent in which it lies and other
wise share its movements, so that when such horizontal shore lines 
are seen high above the waters of a lake they are usually left there 
by the mere subsidence of the level of the lake. Thus there is no 
means of measuring the absolute vertical movement of any portion 
of the interior of a continept, except by the laborious and costly 
method of carrying lines of levels to the sea shore. But for the 
more immediate purposes of geological science the absolute 
measure of such ·muvements is not needed. The science will be 
enriched in proportion as means are discovererl recognizing the 
fact of recent differential vertical movements of the crust in re
gions remote from the sea and of affording some approximate 
measure of their extent without reference to any absolute datum. 
Such a means has been supplied by the modern study of the de
velopment of topographic forms, a study that, thanks to the mas
terly lines that have been laid down by Gilbert, Davis, McGee, 
Ohamberlin and other leaders of the present time, bids fair to 
become one of the most important fields of research to engage the 
attention of the coming generation of American geologists. 

As one result of such topographic studies it appears that in in
terior regions we may have good evidence both of the fact and of 
the measure of differential movements of the crust in (1), the 
character of stream erosion and depobition, and (2), the deforma
tion of the abandoned shore lines of lakes. It is now generally 
recognized that streams are extremely sensitive to any change in 
the slope of their trenches or of any portions of them. There is It 
uniform minimum slope which they constantly seek to establish 
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and maintain. Any movement of the land leaves its record in a 
change in the intensity of the action of the stream. whether it be 
cutting or depositi.ng; and in non-glaciated regions streams are now 
systematically inspected by geologists for tile purpose of ascertain
ing wheth.er the country traversed by them has been uplifted or 
depressed, or has maintained a fairly constant altitude. Evidence 
of this kind is, however, not always available. 

The peculiar topography of certain regions is due to the fact of 
their having bebn occupied in comparatively recent times by lakes 
which have now wholly or partially disappeared. One of the charac
teristic features of such a topography is the presence of ancient shores 
of the lake at various altitudes on the slopes of the basin, marking 
as many stages of the water. These strand lines are often trace
able as contours for hundreds of miles, and in some cases, as for 
example on lake Bonneville, the highest of such strand lines is a 
sharp demarkation between two classes of topography, the one that 
of the once submerged basin and the other that of the hills above 
the highest level of the lake. These strand lines were once of 
course horizontal. At the present day they are frequently found 
to vary from horizontality in a marked degree, and in this case they 
are said to have suffered deformation. This deformation affords 
us at once a proof and an approximate measure of the local differ
ental movements of the crust. Among the most remarkable in
stances of such deformation of ancient shores are the cases of lakes 
Agassiz and Iroquois; the former a glacial or post-glacial extension 
of lake 'Vinnepeg, and the latter a correHponding extension of lakes 
Ontario, Erie alld Huron. 

The ancient shore lines of lake Agassiz have b~en traced by 
Upham and Tyrrell on the front of the Pembina escarpment in 
practical continuity for many hundreds of miles on the open 
prairie, and are found to ascend to the northward at the rate of from 
six to sixteen inches to the mile. . 

The measurements of Gilbert and Spencer on the ancient strand 
lines of lake Iroquois show that they slope in a similar fashion. 
Thus there is very explicit evidence of the differential movement 
of the land surface of North America in two extensive regions ly
ing on either side of the lake Superior basin. In view of this fact 
it becomes a matter of very considerable interest to ascertain what 
evidences the ancient strand lines of lake Superior afford of dif
ferental crustal movements. This was the motive of the present 
inquiry. The fact of the former high elevation of lake Superior 
has long been known, though not to the extent to which the writer 
is now able to establish. 

13 g 
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Logan in his report of the geological survey of Canada, 1847, re
cords the occurrence of terraces below the Petits Ecrits (Terrace 
bay) rising to an elevation of 331 feet above the lake. Terraces 
rising to nearly 100 feet on the south side of the lake were de
scribed and their significance appreciated in Fosterand.Whitney's 
"Report on the Geology and Topography of a portion of the Lake 
Superior Land District," Part I, 1850,and Agassiz in his "Lake Su
perior," 1850, discusses the terraces observed by him in his trip 
around the "north shore" and cites Logan's measurements. 

But while the former high elevation of the lake was known, no 
effort whatever had been made to trace the strands around the coast 
and no suggestion had been offered as to whether they maintained 
their original horizontality or had been thrown into incliMd atti
tudes. There was thus a serious gap in our knowledge which, it is 
hoped, will be in some measure filled by the information contained 
in this paper. 

At the outset of the inquiry it was proposed simply to secure 
accurate data as to the altitude of the various strand lines at as 
many points as possible and to gather evidence which would help 
to trace particular strands around the coast. As soon as the work 
was begun, however, a comparison was naturally instituted between 
the characters of the present strand and thos~ of the ancient and 
abandoned strands, the altitudes of which were sought. 

This led to a consideration of the topography, not only of the 
immediate shore line, but also of the general coast of the north side 
of the lake. It was found that the coast presented very striking 
contrasts of topographical character which were due to marked 
differences in the petrographical and structural geology of its dif
ferent portions. Thus, in the course of the search for elevated 
beaches and terraces, sufficient information was gained to serve for 
a general sketc]l of the topography of the north coast of the lake 
from Duluth to Sault Ste. Marie. The ancient strands of the lake 
are now simply topographic features which are, for the most part, 
displayed along the coast at no great distance from the shore. It 
seemed best, therefore, to indlude the discussion of these special 
features in a more general discussion of the topography of the 
coast. This discussion does not pretend to be in any sense ex
haustive. It is a mere sketch which would be unwarranted were 
there any satisfaCtory account of the topography of the north side 
of lake Superior to be found in geological literature. Even as a 
sketch this description of the general topography of the coast suf
fers from the haste in which the work was done, the entire trip 
from Duluth to Sault Ste. Marie occupying only two months; and 
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also from the fact that the writer had no special qualifications for 
the work other than his general familiarity with the geology of a 
portion of the region. It is hoped, however, that the exact data 
which have been obtained regarding as many of the ancient strandE! 
of the lake as could be seen from off its present shore will com
pensate for what may be lacking in the general account of the 
coast; and that what is here set forth may be an incentive to others 
to make more detailed and therefore more valuable examinations 
of its various parts. 

GEOLOGIOAL PROVINOES FRONTING ON LAKE 
SUPERIOR. 

There is a very evident relationship between the general topo
graphy of the north side of lake Superior and the geological con
ditions which obtain in different portions of its extent. Between 
Duluth and Sault Ste. Marie there are four great geological prov
inces fronting on the lake. These arEl the Keweenian, the Animi
kie, the Archffian and the Potsdam. 

The Keweenian occupies the entire Minnesota coast from Du
luth to Grand Portage. Beyond this point the various formations 
of the Keweenian are probably geologically continuous around the 
whole of the north shore, but the out. crop of the rocks is mostly 
confined to the islands which fringe the coast and to the peninsu
las terminating in Thunder cape and Magnet point, which are here 
regarded as part of the island fringe rather than of the main land. 
A few outlying patches are also found at different points on the 
main shore, but these are quite limited in extent except in the 
vicinity of Nipigon, where a neck of these formations connects the 
lake Superior Keweenian basin with the extensive interior Kewee
nian basin of lake Nipigol'.. 

The Animikie rocks occupy the main shore of the lake uninter
ruptpdly from Grand Portage to Port Arthur and also the chain of 
islands which stretches from Pigeon point to Thunder cape. From 
Port Arthur onward to the meridian of the Slate islands the Ani
mikie formations are geologically continuous, but are much inter
rupted along the shore by projecting areas of the underlying Ar
chffian, and, on the peninsulas between Thunder bay and Nipigon 
bay, by overlying sheets of the Keweenian. 

The Archffian shares the coast line with the Animikie and Ke
weenian from the vicinity of Port Arthur to the eastern end of 
Nipigon bay. Beyond Nipigon bay as far as the outlet of the lake 
the coast yields to the rugged dominion of the Archffian; the only 
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exceptions being the Keweenian outliers of Gargantua and Ma
mainse and the flat-lying patches of Potsdam in the vicinity of 
Goulai's bay and Sault Ste. Marie. 

These Potsdam formations constitute the fourth geological pro
vince; and, although its extent on the lake shore is very limited, 
the rocks composing it have an extenE'ive distribution as is shown 
by their presence on several of the larger islands off this part of 
the coast, and much of the character of the southeasterly part of 
the lake is due to their presence. The Potsdam sandstones are 
also of peculiar interest, inasmuch as they form the dam ill the St. 
Mary'", river which holds the waters of the lake at their present 
level;--a dam which has evidently only recently been rendered 
functional by the lowering of the waters of lake Huron below the 
level once occupied in common by that lake and lake Superior. 

Corresponding to each of tl::ese great geological provinces, there 
is a distinct type of coastal topography. And here it may be well 
to draw a distinction between those elements of the topography, 
which from Gilbert's classic work have come to be regarded as the 
"topographic features of lake shores" and what may more compre
hensively be designated the coastal topography. On any rocky 
coast line of a lake there may be developed certain topographic 
elements, the perfection of brm of which may be evolved practi
cally independently of the varying character of 1he geological con
ditions of the coast. Of these topographic elements we have 
beaches, bars, spits, terraces, sea-cliffs, caves, pot holes, etc. These 
are the direct product or wave action along the shore and may be 
~ommon to all lakes. They will therefor~ be referred to briefly as 
the "shore reatures." The term "coastal topography" embraces 
these and also those features which, though not necessarily devel
oped by shore action, are well displayed along the coast line and 
are or a local character and peculiar to any given lake or to several 
lakes existing under similar geological and physiographic condi
tions. 

Just what should be comprised under the designation "coast" is 
somewhat difficult of definition. That there is, however, a definite 
belt or the land extending back from the shore to a varying extent, 
which is commonly recognized as the coast, goes without saying. 
The area recognized by the U. S. coast and geodetic survey as 
the "coast" appears to be that portion of the land visible from a 
ship sailing within easy distance of the shore. It may also be gen
erally described as the more or less rudely beveled edge of a con
tinental tract where it breaks away in altitude to form the margin 
of a topographic basin occupied by water. 
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The coastal topography, then, of lake Superior, as thus under
stood, is determined in each geological province by the conditions 
peculiar to that province. Even the common "shore features," 
such as beaches and wave built terraces, although found in equal 
perfection of form in different provinces, bre clearly affected by the 
geological conditions, and their development is not always simply 
a qnestion of a given amount of wind and water and time. The 
material of which they are confltructed is, for example, largely 
extra-lacustrine in its derivation. The waves snpply themselves 
often with but a subordinate proportion of the materials which they 
employ in the construction of topographic forms, particularly along 
the front of the Archooan province. The great bulk of the material 
is brought down by stream action and sub-aerial agencip.s. The 
abundance of this material and, therefore, the number and aggre
gate extent of beaches, bars, spits and terraces, varies directly with 
the character of the rocks and with the presence or absence of 
morainic accumulations. 

The depth of water and the angle of the sub-aqueous slope also 
are conditions which materially affect the development of such 
structures, and both of these conditions vary with the geological 
character of the shore. It will thus be found that the ""hore feat
ures" proper vary as to their abundance bnd extent according to 
the readiness with which the rocks of any given province yield the 
materials for construction, and according as the sub-aqueous slope 
is favorable or the reverse. Other conditions are the character of 
the streams bntering the lake and the time during which the lake 
has remained at the same leveL The latter is, however, a condi
tion which is a constant quantity for all parts of the shore of the 
lake. But these "shore features" proper are but small and subor
dinate elements of the sum total of the coastal topography of the 
north shore of lake Superior. 

A very important feature of the topography, and one strictly de
pendent upon the character of the rocks, is the shore contour or the 
line of intersection of the coastal slope and the snrface of the 
water. This embraces both the general form of the lake or the 
trend of its shores, and the sinuosities and indentations subordi
nate to that general trend. The general trend of the north shore· 
of lake Superior, although a dominant element of the topography, 
has practically no relation to littoral forces; and even the detailed 
forms and minor sinuosities of the contour are ascribable on these 
rocky coasts only in part to differential erosion, a major portion 
representing simply a horizontal section through pre-existing 
forms. 
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Another feature of scarcely less prominence on the coast is that 
which becomes apparent in longitudinal profiles along the mean 
local trend of the shore. Such profiles indicate the hight and bold
ness of the promontories, headlands and minor projections of the 
coast. The breadth of such features is also shown, but this dimen
sion is better read off from the shore contour where the variation 
is apparent. The character of the profile may, like the details of 
the shore contour, be due either tQ differential shore erosion or to 
the submergence of pre-lacustrine forms. On lake Superior these 
profiles are for the most part vertical sections of partially sub
merged forms which antedate the lake, and their aspect is peculiar 
to each of the geological provinces. 

Still another feature of the coastal topography, and the most 
important for the purposes of an inquiry into ancient shore lines, 
is that which is best represented by series of profiles transverse to 
thf' shore. It is that element of the topography which is depend
ent upon the hight of the land in the vicinity of the shore con
tours and upon the shoreward slope, which slope may be modified 
by the presence of shore features developed at levels of the lake 
now abandoned. For very considerable stretches of the coast, 
however, these modifying features are absent, the bald rocky slopes 
having retained no impression of former occupation by the waters 
of the lake; and in this case the transverse profile is practically 
independent of littoral action. In order to make clear to what 
extent these various elements of the coastal topography are depen
dent upon the conditions peculiar to each geological province, it 
will be necessary to review briefly the structure of the entire 
coast. 

GEOLOGICAL AND PHYSIOGRAPHIC CONDITIONS 
PECULIAR TO EACH PROVINCE. 

The Keweenian from Duluth to Grand Portage consists essen
tially of a well stratified series of volcanic fl:Jws, having a gentle, 
but very constant, lakeward dip, which does not exceed as a general 
rule ten degrees. The sedimentary formations are represented 
also in the series, but only to a very limited extent, and occupy 
less than one-half per cent. of the coast line between the points 
above mentioned. 

The pre-Keweenian surface upon which the series rests is 
exposed at a number of points on the shore, but its exposure at 
anyone place is comparatively small. The rocks of which it is 
composed are massive, coarse-grained, granular aggregates of 
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labradurite *and are similar to rocks which are well known in the 
Archman. They are doubtless Archman inliers within the Kewee
nian province, and tbey exhibit all the evidences of profound 
erosion and'rounding which the Archman shows at other points on 
lake Superior where overlapped by the Keweenian. 

Since thf\ time of their outflow over this surface of presumably 
Arcbman rocks, the Keweenian strata have not suffered any dis
turbance sufficient to fold or even to tilt them to any noteworthy 
exteLt. The prevaling lakeward dip at low angles is probably 
partly due to the altitude of the slope over wbich the lavas flowed, 
rather than entirely to a differential movement of once horizontal 
strata. 

But, while the Keweenian formations have remained almost 
exempt from disturbances of this kind, they have been profoundly 
affected in another way, and the g9010gical structure is more com
plex than might be inferred from the simple statement of the 
compoEl-ition of the series as above given. 

The series has been invaded by very many later intrusive masses, 
which appear along the line of the present coast either as dykes, 
or, more commonly, as injected sills; while there are also not a few 
masses of igneous rocks which, considering the very limited 
study that has been given to the geology of the coast, it would be 
rash to place definitely either with the regular bedded constituents 
of the series or with the later masses which cut it, although they 
doubtless belong to one or the other of these categories. The dykes
usually do not vary much from the vertical, and the intrusive sills 
coincide with the planes of stratification of the bedded flows. 

Very large portions of the rocks of the Keweenian series are 
vesicular or amygdaloidal in character, and many, particularly those 
of an acid composition in which the vesicular structure is not as 
well developed as in the more basic flows, are traversed by irregu
lar joints to so remarkable a degree that it is scarcely possible to 
secure the smallest hand specimen the form of which is not con
ditioned by Joint planes. 

There appears to be no great contrast in hardness or in power 
of resisting disintegration betwef\n the Keweenian strata and the 
intrusive masses which cut them. The basic intrusives afford evi
dence, however, of being more decomposable and the acid masses 

*These rocks, here styled Archffian, are in the horizon of the gabbro and its associ
ated crystallines, included by the Wisconsin and Minuesota geologists in the base of 
the Keweenian; although. by the Canadian geologists, generally considered "Lauren
tian." See A. A. A. Scl., Boston, 1880, p.425, and ninth Ann. Rep., Geol. and Nat. 
Hist. Survey Minn .. p. 387. [N. H. W.l 
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of being less so, than the bedded rocks. Faults which can be 
clearly recognized as such are not prominent, although certain 
blocks of strata with precipitous fronts and gently sloping backs, 
which are observable some miles inland in the vicinity of Poplar 
river, suggest the presence of faults with oragraphic tilting. It is 
not improbablp, moreover, that the entire Minnesota shore with 
its persistent line of cliffs follows tbe line 'of a fault scarp. The in
trusive sills usually appear at an altitude which is about the pres
ent level of the lake or but slightly above it. 

To these broad geological features there remains to be added 
a statement of three important physiographic facts in order to 
have before us the salient conditions which have controlled the de
velopment of the peculiar topography of the Minnesota coast. 
The first of these is that, if we except the drainage of the se 
Louis river, the hydrographic area of Minnesota which is tribu
tary to lake Superior is a comparatively narrow strip parallel to 
the shore of the lake, the water shed being a high ridge nett many 
miles inland. As a consequence of this the streams flowing into 
the' lake, although all rapid, and though actively deepening 
their trenches, are insignificant in size and bring but a small 
amount of material to the shore. The second physiographic con
dition alluded to is the rapid deepening of the water off the 
Minnesota coast. 

The third condition is the exposure of the shore to the open ex
panse of the lake without the protection of any material break
waters. 

The Animikie rocks are geologically older than the Keweenian 
and underlie them. The emergence of the Animikie from beneath 
the Keweenian may be easily observed in the vicinity of Grand 
Portage as has been well described by Irving. The lower series 
presents several striking eontrasts with the higher, the most im
portant of which is due to the diverse character of the rocks. 
While the Keweenian is made up almost entirely of volcanic flows, 
the Animikie is composed altogether of sedime!'.tary strata with no 
trace of contemporaneous volcanic formations. The series con
sists essentially of uniformily fine grained gray sandstones which 
locally are quartzytes, black more or less carbonaceous shales or 
slates, certain cherts and jaspers, beds of carbonate of iron, hema
tite and magnetite, a very sparing proportion of conglomerate, and 
occasional lenses of non-ferruginous carbonate in the slates. 
These rocks occur in strata which, except in local instances, as 
in the town of Port Arthur and near Gunflint lake, have been dis 
turbed very little from the horizontal, the average dip of the strata 
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being in a southeasterly direction at angles probably not exceeding 
five degrees; and they are frequently quite flat or very gently un
dulating. The rocks of the entire series, with thfl exception of 
certain of the cherts, the carbonates and the hematites and magne
tites, which together form but a small proportion of the tot'll 
volume, are characterized by a strongly pronounced shaly or slaty 
structure, the cleavage of which is parallel to the planes of bed
cling. This fissile character of the rocks renders them liable to 
rapid erosion. Were they not protected in a peculiar way little of 
them would have remained to the present time, and instead of 
forming parts of the highest and boldest cliffs on the lake they 
would long ago have been planed d('wn to flat shelving forms, 
few of which would remain above the surface of the water. The 
protection which has so effectually, over large areas, enabled these 
rocks to withstand the active disintegration to which they are 
subjected, is afforded by the later intrusive masses which have in
vaded the series. These intrusive rocks are all basic in composi
tion and are of the character of diabases and gabbros. They ap
pear in the series in two distinct ways: (1) as intrusive sills or 
sheets lying horizontal OT parallel to the stratification and 1'e
sembling contemporaneous beds. for which they have by earlier 
observers been mistaken; (2) as vertical dykes. 80me of the 
dykes have been observed in continuity with the sills and evidently 
represent the canals by which the material for the sills came up 
from deep sources. 'fhe most of them, however, are of later 
origin than the sills and intersect the latter. 

The dykes have two chief trends, viz: N. E. and S. W. for tha 
larger and more important, and about N. W. and S. E. for the 
smaller an.dless numerous dykes. 

The dykes are very abundant in the vicinity of Pigeon river, and 
for some few miles northeast along the Canadian coast and on the 
Islands as far as Pie island, constituting the dominent structural 
feature. From McKellar:s point on to McKay's Mt., however, 
the dykes are not so prevalent and the horizontal sills have been 
the controlling factor in the development of the topography. 
These sills have very commonly a thickness of about 100 feet and 
in places reach 400 feet. Their altitude in the vertical column of 
strata varies from a position at the water's edge to elevations of 
over 1,000 feet, and ordinarily their position is several hundred 
feet above the lake. 

Both dykes and sills have usually a distinct columnar structure, 
the columns in the former case being horizontal and in the latter 
vertical. This structure, of course, facilitates disintegration, but 
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these intrusive rocks, notwithstanding this feature, are either in 
the form of sills or of dykes, prominently harder and more durable 
than the shaly strata which thAy penetrate. 

Faulting is much more clearly recognizable in the Animikie 
province than in the Keweenian and is a common occurrence, 
many scarps being due primarily to this cause. 

In this physiography the front of the Animikie province be
tween Grand Portage and Thunder bay presents as interesting con
trasts as does the geological structure. There are two consider
able streams flowing into the lake over these rocks, viz: the Pigeon 
and the Kaministiquia, besides some minor brooks. The Pigeon 
contributes very little to the shore drift since its sediment is 
largely intercepted by lakes. The Kaministiquia has on the other 
hand brought down much sediment which has served for the con
struction of very important features. The divide is much farther 
removed from the lake than in Minnesota. The water off shore is 
also much shallower as a rule than on the Minnesota coast and 
there is frequently a shelving bottom. Added to this shoal water 
condition is the presence of a chain of islands, which form a very 
effectual breakwater and protect the shore from the violent action 
of the open lake. 

The Arc1ffian forms the basement upon which the Animikie 
rests in glaring unconformity. The actual superposition of the 
Animikie upon the well eroded Archffian surface may be observed 
at several points, with the Keweenian lying flat on the former. 
Very frequently, however, the Animikie is absent and the Ke
weE\llian is imposed directly upon the Archffian. But, whether the 
Archffian emerges from beneath the Animikie or the Keweenian, 
the contrast which its rocks present to the formations o~ either of 
the latter series is equally profound. The petrographical char
acter and general structure of the Archffian is so different from 
that presented by the newer rocks which rest upon it, that com
parisons on parallel lines of observation are difficult to make. 
Antitheses of conditions meet one at every point of view, and the 
topographic forms evolved under these conditions, save those due 
solely to wave action, present correspondingly marked contrasts. 

Thb Archffian complex of this coast is readily resolvable into 
two broad divisions: (1), a great volume of profoundly altered 
sedimentary and volcanic rocks, characteristically schistose or in 
the form of massive greenstones, which have suffered intense 
disturbance and which correspond to what has been designated the 
Ontarian system*, and (2), immense batholites of irruptive gneiss 

*Bnll. Geol. Soc. Am .. Yo1. I, PP. 175-194. 
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and granite, which have invaded the rocks of the Ontarian system 
from below in the most irregular fashion, corresponding to that 
division of the Archooan which is commonly recognized as 
Laurentian. These Laurentian rocks exhibit only to a very subor
dinate extent those evidences of disturbances and deformation 
which are so abundantly apparent in the schists which they haye 
invaded. The Laurentian gneisses and granites occupy much more 
of the shore than do the metamorphic and schistose rocks of the 
Ontarian; and each of these divisions of the Archman province 
has its own peculiar phases of a topography of a general type. 
The entire surface of this province presflnts a remarkably hum
mocky or mammilated aspect due to pre-Paleozoic erosion'" modi
ned by the glacial action of the Pleistocene. t The rocks are fresh 
and free from the mantle of rotten rock arising from secular 
decay which covers similar crystalline rocks in some regions. 
The granites and gneisses, being in this fresh condition at their 
surface, practically homogeneous, remarkably free from divi
sional planes due to pressure and movement, and having pre
lacustrine hummocky or rounded forms which are least affected 
by erosive agencies, condition a topography which to a very large 
extent is independent of shore action. Where cut terraces are 
present on the coastal slopes of these rocks they have usually been 
-carved out of morainic material or notched in the face of embank
ments formed early in the history of the lake. These embank
ments are rarely sufficiently continuous to obscure the broad 
aspects of the rocky slope. The schistose and greenstone rocks of 
the Ontarian traverse the region in curvilinear belts or zones, 
-separating neighboring Laureutian batholites. These belts some
times emerge on the coast in the fOIm of great ridges, the ex
tremities of which form promoutories. They condition a much 
more jagged and linear aspect of topography; and along the 
present shore, at least, the rocks of which they are composed 
yield to the cutting action of the waves much more readily than 
do the granites and gneisses. Sometimes the trend of the coast 
-coincides with the strike of these belts for a distance, when pre
ciptious cliffs face the lake, which, however, are not necessarily 
sea-cliffs. The essentially Archooan conditions of this province 
are modified somewhat by a great system of diabase dykes which 
traverse the region and which were noted by Agassizt; they coin
dde remarkably closely with the trend of the coast. This coinci-

. dence of coastal trend is bf\st seen between Nipigon and Peninsula. 

*i.~. Pre-Algonkian. (Algonkian = Aniruikie + Keweenian.) 
tRull. Geol. Soc. Am., Vol. I, pp.163-174. 
:t.Lake Superior, its physical character, etc .• 1850. 
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Betwesn Peninsula and Otter head the dykes are very numerous 
and only a portion of them coincide with the general trend of the 
coast. The majority cut the line of the CO/l,st obliquely. Between 
Otter head and Michipicoten harbor the dykes are both parallel 
and transverse to the trend of the coast, there being apparently 
two distinct systems of fissures. The dykes do not as a rule ex
ceed one hundred feet in width and are vertical or nearly ·so. 
,Vhen occurring in the Laurentian and where degradation has pro
ceeded more rapidly than the country rock, a dil:ltinct trench marks 
their occurrence. When they traverse the Ontarian rocks they 
are less rpcognizable and less important topographically, their 
color being more nearly that of the country rock and their suscep
tibility to degradation not markedly different. Whether these 
lines of dykes are also fault lines has not been clearly made out. 
It is impossible, as has been suggested, that their origin is asso
ciated to some degree with the depression which gav8 rise to the 
lake Superior syncline.'" 

There is much morainic drift scattered over the coast of the 
lake, chiefly in the form of boulders. There are also protecting 
distinct. morainic accumulations, although the form of these mo
raines is difficult to recognize on account of the timber and also 
from their having been modified by shore action at various stages 
of the lake and degraded by stream action. There are numerous 
streams entering the lake along the front of the Archffian province. 
Most of these are, however, small and the watershed is not far dis
tant from the coast. The entire coast is well exposed to southerly 
and westerly storms. 

The rocks of the Potsdam province are undisturbed, flat, or 
nearly fiat, shaly sandstones, generally of a red color. These sand
stones extend out from the base of the Archffian hills, which they 
encircle in a level plain. They have not been observed on the 
north side of the lake at elevations exceeding fifty feet above its 
level. These rocks appear to occupy an extensive tract beneath 
the waters of the lake in its southeasttll'll portion. Whether on 
the islands or on the main land these rocks, by their petrograph
ical uniformity, their stratigraphical simplicity and the proximity 
of their summits to the local base level of erosion, condition a sim pIe 
and mature topography. The coast along which they are found is 
mostly protected from the full sweep of the lake in storms, and the 
water off shore is comparatively shallow. 

'Lake Superior, its physical cbara.ctel's, etc., 1850. 



STATE GEOLOGIST. 197 

SHonE FEATURES OF THE PRESENT STRAND. 

It has been stated at the beginning of this paper that there is 
a very evident relationship between the coastal topography of the 
north side of lake Superior and the geological conditions which 
obtain in the various provinces which have been outlined as front
ing on the lake. The shore features of the present strand cOllsti
tute an important element of the general topography of the coast, 
and the relationship alluded to becomes very apparent in a consid. 
eration of some of these features. It is here proposed to sketch 
very briefly the character of the leading shore featurea and to 
compare those pertaining to the different provinces with one an
other, having reference chiefly to the geological conditions which 
have controlled the development of the shore. 

SEA CLIFFS. 

Among the most striking of the shore features which engage the 
attention on the Minnesota coast are the lines of the low sea-cliffs, 
which rise abruptly from the water, ranging in elevation from a 
very few feet in some pJaces up to as much as 210 feet of vertical 
precipice at the Palisades. These cliffs are remarkable for their 
great continuity, their general uniform hight and for the general 
scarcity of shore drift along their base. The most striking feature 
oBhe shore coutour,-viz: its simple unbroken trend,--is also a char
acter of the cliffs and must necessarily be taken into account in a de
scription of them. These cliffs are seemingly the direct product of 
shore action and appear from their abruptness to be in active 
recession; yet they are not receding altogether by reason of the 
process of battering and undermining to which the recession of 
cliffs is usually ascribable. The products of the mechanical dis
integration of the cliffs do not as a rule lodge at the base of the 
cliff and become the tools for the further cutting of its base. 
Wherever snch detritus lodges and is handled by the waves as a 
battery there is usually a little nolch or vertical gash established 
in the cliff wall. As a rule, moreover, it is to be noted that the 
cliffs, independently of any softening or rounding of their brink 
by atmospheric agencies, are not strictly precipitous ex.cept where 
the rock of which they are composed is uniform from top to bot
tom. On the contrary. although the general effect is that ,-,f pre
cipitous cliffs, the base is nearly always more projecting than the 
higher portions and the cliff rises in a series of rude steps, the 
front of each step being usually nearly vertical, while its surface 
slopes gently lakeward. The explanation of this character 
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of cliff lies in the nature of the rocks and their structural 
features. As has been stated, the rocks of the coast, with some 
local exceptions, are volcanic flows, frequently of no great thick
ness, associated with which are sheets, probably injected as sills, 
and a few dykes. The volcanic rocks are very commonly, when 
basic, vesicular or amygdoloidal and, when acid, are of the natur~ of 
a dense red porphyry which disintegrates mechanically with ,the 
greatest readiness. These' bedded and regularly stratified volcanic 
rocks have a constant lake ward dip along the whole coast, the in
clination usually not exceeding ten degrees. It is these petrograpi
cal and structural features which seem to be the real conditioning 
causes in the development of this remarkable line of cliffs in so 
far as it is actually receding, and the shore action a minor and, as 
it were, the determining or precipitating cause of the degradation. 
'fhe bedding planes, the intricate jointage, the columnar structure 
of some of the beds, the porous character of many others, and 
lastly, the lakeward dip, all favor the loosening and dislodgement 
of blo~ks under the influence of an abundant supply of water by 
the waves and the changing temperature df the climate; and so the 
cliff recedes, being only to a limited extent worn down by the bat
tery process. But the total recession has been very small as is 
evidenced by the fact that for many parts of the shore only a very 
narrow subaqueous shelf, disproportionate to the size of the cliff, 
has been formed, or none at all. And indeed there are grave 
doubts, amounting almost to certainty, that, although this line of 
precipice is now functjonally a sea-cliff of the present strand, it is 
not primarily and genetically a sea-cliff. The way in wl].ich the 
cliff rises from deep water as the upward continuation of a very 
pronounced subaqueous cliff [See PI. XI, Fig. 1.] indicates very 
clearly that its origin is essentially pre-lacustrine or at If:'8st ex~ra
lacustrine; and the suggestion can scarcely be resisted that prim
arily the cliff of the Minnesota coast is a great fault scarp. Two 
facts may be cited which harmonize with this suggestion. (1) 
'fhe trend of the coast is in direct line with the great linear series 
of dykes whi(Jh extends from Pigeon point to Thompson island, 
and which probably is continuous with the similar series of dykes 
having the same trend on the islands and points on the south side 
of Thunder cape. (2) Mr. Peter McKellar has informed the writer 
that a great fault is observable near the head of Thunder bay in 
the line of the east side of the bay, and that the cliff which forms 
this side of the bay is without doubt a great fault scarp. This 
scarp would parallel the one suggested as determining the line of 
the present Minnesota shore, or converge upon it very obliquely. 
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FIG 1. NATURAL ARCHWAY AT POINT OF GREAT PALISADES. ILLUSTRATING 
CLIFF WITH BASE BELOW WATER LEVEL. (PP. 198 AND 214.) 

F IG. 2. SCENE AT OTTER CO\'E, NORTH SHORE OF LAKE SUPERIOR 
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Along the front of the Animikie province true sea-cliffs are not 
prominent or common features of the present strand. There are, 
indeed, numerous precipices rising from the water, but they are not 
all sea-cliffs in the strict sense of the term. Two types of these 
coastal precipices may be mentioned: (1) where the rock of the 
shore is that of one of the great trap dykes which intersect por
tions of the coast, particularly in its southwestern portion; and (2) 
where the thick sheets of columnar trap, which have been intruded 
between the nearly flat Animikie beds, descend by a gentle local 
dip to the water's edge. In both of these cases precipices are 
formed, those of the columnar flat sheets being more nearly ver
tical than those of the dykes. But in neither case, so far as the ob
servation of the writer goes, are these cliffs ever functional as sea
cliffs in the sense that they are receding by reason of wave action 
and have a wave cut terrace at their base. Usually they rise from 
deep water and have no shelf at the water line. Their origin as 
topographic forms long antedates the lake and is ascribable to the 
process of erosion, which, in conjunction with orographic move
ments, is responsible for the basin in which the lake lies. There 
is, however, a type of precipice which is in its functional relations 
to the present strand, a true sea-cliff, although, as seems probable 
in the case of the Minnesota shore, the locus of the cliff was de
termined by other agencies than shore action. The cliff referred 
to is best seen on the east side of Thunder bay, above Sawy(u's 
bay. Here the shore is at the base of a long uniform line of ver
tical cliff which is in active recession and which has a boulder
strewn, sub-aqueous shelf at its base. Here the face of the cliff is 
composed of horizontal Animikie slate, which yields readily to the 
battery which plays on its lower part during westerly storms. The 
recession is so active that it is encroaching upon a terrace of a 
higher stage of the lake where a similar cliff has been devel
oped. The initiation of this line of cliff, now a sea-cliff, is, in the 
opinion of Mr. McKellar, expressed in conversation with the writer, 
due to a fault, the displacement of which is apparent near the 
head of Thunder bay. But these rocky precipices, whetier sea
cliffs or not, do not form any very extensive portion of the shore 
of the Animikie province. By far the greater part of the shore 
is along the talus slopes of the magnificent cliffs of differential de
gradation, which surround the Thunder bay district and have made 
its topography famous. On these talus slopes earlier shores have 
in places constructed embankments. But, whether the present 
strand lies along the primary talus QC along these secondary em-
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bankments, there bas been no important cutting of sea-cliffs. 
Tbere are a few minor instances where the shore has eaten back 
somewhat and given rise to a small cliff. 

Along the front of the delta of the Kaministiquia there is a low 
but abrupt rise above the shore which is also to be interpreted as 
a sea-cliff. A low cliff of a very few feet encircles some of the 
islands, such as Flatland island, which have a small altitude above 
the lake in consequence of the absence of protecting dykes or 
sheets of trap to restrain the slates from yielding rapidly to erosion. 
Some of the small islets of Thunder bay also may be but the 
remnants of larger islands truncated at the shore line by the pro
cess of cliff-making. 

Along the strand of the Archffian province rocky declivities are 
an almos~ constant feature of the shore. Tbe coast is bold, bare 
and rugged; but true sea-cliffs are remarkably scarce. The rocky 
slopes descend to the water with usually no break in tbe profile 
and most frequently with no embankment of shore drift or appear
ance of shelf at their base, except in the bays where sea-cliffs in 
rock are not ordinarily developed on any shore. Where the shore 
is occupied by the Laurentian gneiss and granite practically 
no incision has been made in the face of the rocks at the 
shore line,and the surface or rock which plunges beneath the 
waters of the lake has with little or no qualification the precise 
form and slope which it had, when, earlier in the history 
of the lake, it was covered by several hundred feet of water, 
and which it had, indeed, before the existence of the lake. 
The entire coast has been glaciated and the glacial markings, 
grooves and hollows are frequently seen to pass down be
neath the water's edge without an abrasion to dim their 
sharpness. 'fhe hummocky, rounded forms of rock which are so 
well displayed on many parts of the coast are the same which are 
found throughout the region far removed from shore action; and 
many of the slopes which descend to the water, whether steeply 
precipitous, or gently inclined or rounded in hummock form, may 
be indisputably recognized as precisely the slopes upon which 
Animi~ie or Keweenian sediments were deposited or over which 
the Keweenian lavas flowed. The basin of lake Superior is very 
ancient, more ancient than some glacialists have dreamed of in 
their philosophy. It is perhaps hardly necessary to go into the 
causes of this scarcity of sea· cliffs on a coast where one would at 
first thought expect to find them abundant, but the chief of these 
may be enumerated as follows: (1). The obdurate, tough and 
resistant. character of the rocks which prevents their yielding 
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shore drift for battering purposes. (2). The steepness of the or
igin!!.l slope of the coast and the consequent depth of water near 
shore, which prevents the lodgilig of such shore drift as is avail
able and hinders the building up of embankments which would 
facilitate the transport of shore drift to where it could be effect
ively used by the waves. (3). The shortness of the time at 
which the shore has been at its present level. Given time suffici
ent and the two other adverse causes would be overcome apd we 
should have sea-cliffs around the entire coast. Where the shore 
lies along the schistose rocks of the Ontarian system of the Arch
man, such sweeping statements as to the absence of sea-cliffs can
not be made. 'l'hese rocks have certainly yielded appreciably to 
the cutting action of the shore and the original profiles of the pre
lacustrine forms have been notched. Bilt the shore notch is not 
heavy and the recession of the fresh cliffs has usually been so 
slight as to modify the original profile but little, and the ste ep 
sl •• pe to the water which these schistose rocks commonly prese nt is 
essentially that of the pre-lacustdne form. These cliffs in the 
schistose rocks may be best seen along the shore east of Otter 
head. On this coast. also. to the east of Dog river, may be ob
served a very interesting instance of the active formation of sea
cliffs in soft material, by the waves cutting into the shore Ambank
ments which have been built up at higher stages of the lake. The 
cliff of the present shore has been receding so rapidly that a por
tion of a terrace 16 feet above the level of the lake has been en
tirely undermined and obliterated back to and beyond its Qwn . or
iginal sea-cliff, affurding a very clear picture of how gaps in the 
series of ancient shore lines may occur. [See Fig. 15, in descrip
tive notes under Dog river.] 

On the shore of the Potsdam province the sea-cliff which com
monly separates the shore from the plain formed by the upper 
surface of the flat sandstones is frequently worn down and is not 
alwaYR a prominent feature of the shore. It probably tends to re
cede more rapidly by atmospheric and organic degradation in many 
portions of its extent than by the attack of shore forces, so that its 
edge or brink is rounded and softeIJ.ed and the lake ward slope of 
the cliff is rather low. It is not precipitous on the islands. 

BEACHES, BARS, SPITS, ETC. 

Boulder, pebble and shingle beaches are common features of the 
north shore of lake Superior, and some of these are of magnificent 
proportions as regards their cross profile. They are all, however, 
iimited in their horizontal extent, except in the Potsdam province. 

14 g 
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to the pronounced indentation of the shore line. They are least 
abundant in the Keweenian province and most abundant in tbe 
Animikie. In the Arcbrean province they are only of local occur
rence cbiefly in the vicinity of the mouths of streams, there being 
extensive portions of the shore along the front of this province 
which yield no shore drift for the formation of such embankments. 
The shore of the Potsdam province presents either a continuous 
beach or a boulder strewn shore, but, as· the Potsdam rocks are of 
very limited occurrence on the north side of the lake, the extent of 
these simple beach or bonldery strands is even here small when 
compared with the total length of the sbore. 

The extensive lines of cliffs along the shore of the Keweenian 
province on the Minnesota coast would seem to presuppose the oc
currence of more extensive beach accumulations than are actually 
found; the simplicity of the shore contour, however, and its re
markable freedom from indentations in which the shore drift could 
lodge, militate against the development of beach embankments. 
The shelving character of the rocks with their constant lakeward 
dip, and the depth of water immediately off shore, are also effective 
canses in preventing accumulations of shore drift except in the 
most favored localities. Such localities are not wanting along the 
coast of Minnesota, and a few of these may be referred to. 

The finest of all the lake Superior beaches is of course tbe bar 
which spans the head of the lake from Duluth to Superior Oity. 
This is so well known already that nothing more than a mere men
tion of it is here required. Beyond Duluth the first important 
beach is that which forms the bar across the mouth of the Knife 
river. The river has at its mouth developed a small delta in the 
shelter of a low point of rock. This delta material is chiefly sand , 
but there is mixed with it drift from the shore to the eastward. This 
accumulation has extended outward till it is now even with the 
protecting rocky point, and here it is probably stationary, having 
ceased its lakeward expansion by reason of the surplus being car
ried beyond the point. The front of this delta extends as a well 
defined bar almost entirely across the mouth of the stream and the 
waves have banked it up in the form of a broad beach. 

The shore of Agate bay and that of the adj oining Burlington 
bay has a beach embankment of considerable extent, the pebbles 
being mostly of local derivation. Among these, however. were 
foand two fragments of cream colored limestone containing frag
ments of fossils indicating that some of the beach material is de
rived from morainic accumulations. 
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FIG. 2. SPIT AT THE ~IOUTH OF BEAVER RIVER. (PP. 203, 238.) 
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Gooseberry river discharges into a small bay which is somewhat 
protected by a jutting point of rock, and the shore in the vicinity 
of the stream presents a finely built beach of small uniform gravel 
of a red acid volcanic rock, which occurs in the neighborhood and 
which is easily broken down into small fragments without under
going chemical decay or losing its hardness. The mouth of 
Split-rock river is similarly protected by Split· rock point and a 
beach shuts off from the lake the marshy flood plain of the stream. 

'fhe mouth of Beaver river is also well protected by a point of 
rock and between the stream and Beaver bay there has been thrown 
out a spit composed almost entirely of sand brought down by the 
stream. The spit is parallel to the stream and ia only a few hun
dred yards long. The waves have built it up into a broad low 
arched beach. '1'he river side of the spit is being constantly cor
roded by the stream and the material thus worn down is carried 
into the bay where it is added to the outer or lake ward side, where 
by the action of the wind and waveH it is soon carried again over 
to the river side, again to be undermined by the stream. Thus 
there is a constant undermining on one side and up-building on 
the other side of the spit, while in position it remains constant. 
[See PI. xii, Fig. 2. J 

Between the Palisades and the mouth of Baptism river a beach 
of greater length than is usual on this shore has been thrown 
across an embankment. The material is chiefly derived from the 
cliffs of the vicinity, supplemented by gravel from the Baptism 
river, the rock there being the same red porphyry which supplies 
so much of the gravel of the shore drift. 

At Good Harbor bay some soft sedimentary shales protected on 
the lake ward side by a ridge of hard igneous rock have afforded 
conditions favorable for shore erosion, and the bay is the result. 
The cliffs at the back of the bay, being of this soft shale in nearly 
horizontal attitudes, are actively receding and a shingle beach has 
been piled up along the base of the material which has not yet 
been reduced to clay and carried out to deap water. The beach is 
not large and in violent storms is doubtless entirely moved. A few 
miles farther on Grand Marais harbor presents a fine pebble and 
shingle beach which extends in the form of a broad based spit con
necting the island on which the lighthouse stands with the main. 
shore. [See PI. xii, Fig. 1.J The material of this beach is again 
the same red quartz porphyry which has been so often referred to 
as a source of supply of shore drift. The cliff from which it is in 
this case derived is a little to the east of Grand Marais. 
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Fish-hook point, the mouth of Brule river, and Deronda bay are 
the only other places along the Keweenian of the Minnesota shore 
where notable beaches occur, and in all these cases they are found 
in the immediate vicinity of cliffs of red quartz porphyry and the 
embankments are nearly altogether composed of this material. 

'fhese beaches thus briefly alluded to are the only very promi
nent ones that attract attention in coasting along the shore from 
Duluth to Grand Portage. The 10Dgest of them is probably not 
more than one-eighth of a mile in length; and, if it is borne in mind 
that these are distributed over a shore of nearly 150 miles, their 
mere enumeration is sufficient to indicate the meagerness of beach
es along its extent. It is not intended by this explicit allusion to 
these beaches to imply that there are not others. There are many 
small coves along the shore, so small that they afford no shelter for 
a row-boat, and also short stretches of open shore between jutting 
points, where local detritus has accumulated and has heen thrown 
up into beach form. The proportion of these, however, to the 
total length of coast is very small. There are also stretches of 
shore which are essentially bare shelving rock, but which in 
Datches are encumbered with boulders. In general the impression 
received by inspection of the Keweenian shore from a row-boat is 
that of a wonderful dearth of shore drift and a great extent of bare 
rock, and one is constantly struck by the association of the more 
important beach accumulations with the occurrence of a red quartz 
porphyry and an allied and quite similar rock in which quartz can 
not be detected macroscopically. This association depends upon 
the property which this rock has of yielding pebbles by reason of 
its shattered jointage Btructure, the resulting fragments being 
hard and resistant. 

In passing from the Keweenian to the Animikie province along 
the shore of the lake one is impressed by the great contrast which 
is presented in the relative abundance of beaches. Along the Ani
mikie shore beaches are the rule except where the great dykes 
occupy the water's edge. The reason for the difference lies in the 
diverse petrographical characters of the two formations. In the 
Keweenian the only rock capable of yielding shore drift in abund
ance, the red porpyrhy, is of limited occurrence, Hnd it is pre
;vented from yielding large quantities by its association with harder 
rocks which keep the line of the shore from receding. In the Ani
mikie province it is far otherwise. The Animikie slates and slaty 
sandstones and quartzytes occur along the entire Animikie coast 
and have yielded an overwhelming amount of material eminently 
suitable for the formation of shingle beaches. As has been already 
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pointed out the topography of the Animikie coast varies according 
as the igneous rocks which invade the slates are prevailingly dykes 
or prevailingly horizontal sheets or sills. At the southwestern 
part of the Animikie coast, in the vicinity of Pigeon river, the 
dy kes prevail and the country is intersected by a great plexus of 
immense dykes, with limited patches of slates in horizontal atti
tudes lying between. This condition obtains also on the islands 
which stretch from Victoria light to, but not including, Pie island. 
In the portion of the coast thus affected, the dykes usually extend 
lake ward and as bold promontories marking off well defined bays; 
and the water being deep off the extremity of these promontories, 
the beaches are confined to the bays, so that there is not a long 
continuous beach on this part of the coast, although the various 
individual beaches in the bays are of considerable extent. Where 
the sides of the dykes occupy the shore, as on the north side of 
Pigeon point, Victoria island and Thompson island, the water is 
usually deep, and there is no shore drift nor beach accumulation, 
the cliffs (pre-lacustrine) rising precipitously from the depths of 
the lake. Passing into that portion of the Animikie coast where 
trap sills prevail and the dykes play only a very subordinate role 
or are absent, we find practically continuous beaches interrupted 
occasionally by precipitous headlands. This feature of the shore 
is associated with an almost entire absence of sea-cliffs. This state
ment may be surprising to readers familiar with the famous Thunder 
bay landscape with its beetling cliffs. The vertical precipices of 
Thunder bay overlooking the lake are not sea-cliffs of the present 
shore. They are primarily cliffs of differential degradation of 
pre-lacustrine origin, and 1he topographic masses which they limit 
are true mesas. At some of the higher stages of the lake they 
have been functional as sea-cliffs, but at present the subsidence 
of the lake has brought the sh()re in most cases low down on their 
talus slopes, and the cliffs have returned to their former condition 
of cliffs of differential degradation. As an exception to this last 
statement may be mentioned the cliffs which occupy the shore im
mediately to the northeast of Little Trout bay, where the main trap 
sheet or cap descends below the level of the lake, and its edge rises 
vertically 100 feet or more above the water, and there is no beach or 
visible talus. From these statements it will be apparent that, 
although beaches abound on the Animikie shore, the material of 
which they are composed is not derived immediately from neigh
boring sea-cliffs. It comes entirely from the old tftlus of the 
cliffs not now affected by shore action and much of it has come 
from earlier beach embankments highe~ up on the same talus 
slope. 
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Thus in our comparison of the Keweenian and Animikie shores 
we arrive at the seemingly paradoxical statement that along the 
former, although there are extensive lines of functionally active 
sea-cliffs, there is a scarcity of beaches; while along the latter, 
although there are practically no sea-cliffs shedding fresh detritus, 
shingle beaches abound. 

Intermingled with the local drift of the beaches of the Animikie 
province there are, it should be mentioned, numerous boulders of 
glacial derivation. There are also many more or less angular 
boulders of trap from sills and dykes, and some parts of the shore 
are thickly strewn with such boulders to the exclusion of the ordi
nary pebbles and shingle. 

A general statement respecting the distribution of beaches along 
the shore of the Archrean province is difficult to formulate. 
Beaches are common, but they are due to local causes and are not 
uniformly distributed. The intricate indentation of the coast 
affords everywhere ample opportunities for the lodging of shore 
drift and the piling of it up into beach embankments, but the 
supply of shore drift is very small. Where the Laurentian gran
ite and gneisses occupy the coast shore action has been impotent 
both at the present and all earlier stages of the lake to affect the 
sculpture of sea-cliffs, which would supply the drift necessary for 
the accumulation of important lines of beach embankments. The 
schistose rocks of the Ontarian system have been more yielding, 
but still supply a comparatively small proportion of the shore 
drift. The petrography and structure of the province preclude the 
possibility of cliffs of differential degradation having at any previ
ous period in the history of the region afforded a supply of talus 
material which might be seized by the waves and wrought up into 
embankments. This poverty of general shore drift and the preva
lent separation of the bays by bold headlands, preventing the drift 
of one bay from passing around into its neighbors,conditions a shore 
whose beaches are dependent upon local and extra lacustrine 
sources of supply. These sources are chiefly two, viz: (1) stream 
deltaE', and (2) glacial drift; awl both of these are variable. The 
result is that the shore is a long succession of small bays, some of 
which have beaches and some of which have not. In the vicinity 
of the streams, deltas have been developcd usually of small size 
consisting chiefly of stream pebbles, and these afford material for 
beaches as described in the reference to wave-built terraces. 
Where there are no streams the beaches, when present, consist 
chiefly of erratic boulders with but a sparing proportion of smaller 
pebbles and gravel. TIms a very small proportion of the beach 
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material of the Archffian province is of local origin. One other 
source of beach material on this part of the shore remains to be 
mentioned. At higher levels of the lake, the streams, not having 
well-defined trenches of their own cutting. but following the de
pressions between the hummocks and hills of this mammillated 
region, emerged on the coast in some cases at places more or less 
distant from their presenteP()int of discharge. and the embank· 
ments which accumulated at these old outlets have been cut into 
by lower stages of the lake and the whole or part of their material 
carried down to lower portions of the rocky slope; and some of it 
enters into the composition of the modern beaches. Even whe:::::. 
the point of discharge has not materially changed, the shore con
tour at higher stages was in certain other cases such that the 
stream detritus brought down to the lake was much more exten
sively distributed than at the present stage. So that not a little of 
the pebbly material which enters into the composition of the modern 
beaches is derived from the streams of the neighborhood, although 
this is not apparent at the first glance. 

Of the beaches of the Potsdam province little remains to be said. 
The rocks of the Potsdam are uniformly flat. or nearly flat, often 
shaly sandstones; and the effect of wave action upon such rocks 
has been the development of a uniform and continuouB shelf which 
is coextensive with the occupancy of the shore by these rocks, and 
which is now frequently occupied at the shore by a low beach. 
The profile of the beach of course varies according as it is shel
tered or is exposed to an open expanse of water. Th'e water off 
these shores is generally shallow. and wave action therefore feeble 
on the immediate shore. so that high beaches do not prevail. Scarps 
or cliffs of importance are not common, although a few good sea
cliffs occur, especially on the islands. An occasional abrupt rise of 
the ground may perhaps be interpreted as a cliff, genetically consid
ered, but the rocks seem to yield readily to the degrading influence 
of the weather and vegetation. The shallow off shore water and 
the shore itself is frequently strewn with boulders which the waves 
are unable to handle. These boulder strewn shores are regarded 
as a phase of beach. Under other condidions, which would allow 
the access of more potent waves to the shore. these boulders would 
undoubtedly be ridged up together in beach fashion. The sweeping 
contour of the shore, the low, continuous beaches and the degra
dation of the cliffs, all give the shore, as has been said, an aspect 
of great maturity. 
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DELTAS AND WAVE-BUILT TERRACES. 

On the north shore of lake Superior deltas and wave-built ter
races are naturally associated. The sine qua non of a wave-built 
terrace is the c.ccession to the shore of more detritus than the forces 
of the shore can either transport or pulverize. On a shore where 
the development of cliffs has not proceeded suffici.ently to yield an 
abundance of detritus, the only place ~here such a congestion of 
shore drift is liable to occur is in the vicinity of streams which are 
bringing down pebbles and boulders to the lake and there drop
ping them to build up a delta. Thus it happens that along the 
present strand of lake Superior, where the sea-cliffs are not largely 
developed, the chief wave-built terraces are found on the outer 
margins of the deltas of certain streams which are transporting 
coarse material, and in the vicinity of certain rocks of limited dis
tribution which disintegrate rapidly and shed an abudance of hard 
fragments, as in the case of the red porphyry rocks of the Minne
sota ccast. Streams which are transporting sediment in a fine state 
of division are also forming deltas at the lake shore, but there are 
no wave-built terraces associated with them. Of these the delta of 
the Kaministiquia is the most notable. Other streams which emerge 
on the open coast where the water is deep close to shore are also 
building up deltas, but these are entirely sub-aq ueous or are barely 
perceptible. Still other streams have their sediments intercepted 
by small lakes before reaching lake Superior, and these add little 
or nothing to the shore drift. The fewness of the deltas and wave
built terraces on the north shore renders it difficult to compare the 
local influences which have controlled the development of these 
features in the different geological provinces. There are certain 
general considerations, however, which may be mentioned. The 
extreme meagreness of the visible delta accumulations along the 
shore of the Keweenian province is doubtless due to the proximity 
of the Minnesota water-shed to the coast and the consequent small
nesa of the streams, and to the exceptional depth of water close to 
the shore line. The scarcity of wave-built terraces, which are in
dependent of deltas, is to be ascribed to the simplicity of the shore 
line, which does not favor the lodging of shore drift. and to the 
fact that the extensive cliffs which characterize the Minnesota 
shore are only effective sea-cliffs to a limited extent. being proba
bly conditioned by a pre-lacustrine structural feature. 

Along the front of the Animikie province there are only two 
streams of importance, the Pigeon and the Kaministiquia; and of 
these the former appears to be a very young stream, while the lat
ter is probably one of the oldest streams associated with the pres-
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. ient physiography of the lake Superior basin. The one stream has 
) a small and insignificant delta, while that of the other is large 
I and important, as is noted more in detail below. The sediment car-

j.! ried by both streams is :fine, and there is no wave-built terrace asso
ciated with their deltas. 1 The scarcity of wave-built terraces, which are strictly ascribable 
to the present strand of the Animikie province, is not due to any 
lack of shore drift, but rather to the following fact: The more 
recent stages of the lake have had their shores along talus slopes 
or earlier shore embankments, and the general shore contour for 
yery considerable stretches has not materially changed, although 
the lake has subsided through many successive stages. Thus there 
has been opportunity afforded for such a distribution of the shore 
drift to be effected as to establish It practical equilibrium without 
tendency to transport so long as no new accessions are made to the 
shore; and we haye seen in our discussion of the clIffs, that for the 
greater part of these shores the amount of shore drift is now con
stant, or is diminishing slowly by pulverization. In the process of 
establishing this approximate equilibrium, much of the shore drift 
has gathered inthe bays and has been ridged up into parallel beaches; 
but as this has proceeded pari passu with the lowering of the level 
of the lake, the ridged terrace which has resulted differs from a sim
ple wave-built terrace in the fact that it is not level, but slopes, the 
more lakeward ridges being lower as a rule than those farther 
from the lake. The additions tD this sloping wave-built terrace made 
by the present stage of the lake are not important and usually do 
not exceed one or two beaches. 

The delta-building streams of the Archman province seem for 
the most part to draw their detritus from the earlier formed em
bankments of the lake, through which they have cut their way; 
and these embankments would seem primarily to have been built 
up of material derived from morainic accumulations, as true sea
cliffs supplying shore drift have never at any stage of the lake 
been prominent features of the shore. No well characterized 
wave-built terraces, dissociated from deltas, have been observed 
along the shofe of the Archman province. In the Potsdam prov
ince there are no deltas; and no wave-built terraces were observed, 
although it is possible that they may be found in the bays which 
were not examined. Their existence is, however, improbable. A few 
notes are here given on the more important deltas and wave-built 
terraces of the north shore. based not on a careful study of their feat
ures, but only on such cursory examination as the time devoted to 
the work would allow. 
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The Delta of the Kaministiquia. '-The largest and most im
pressive delta of the north side of lake Superior, 8S well as the 
most accessible for study, is that of the Kaministiquia river. The 
lower portion of the stream for many miles back from its mouth 
has cut its trench down into, the delta, which has been accumu
lating throughout the higher stages of the lake, and this trench is 
continued into the lake as a sub-aqueous channel, navigable for 
large lake craft, through the delta now accumulating out to deep 
water. 'l'he river has three mouths, known as Fort William river, 
McKeller's river and Mission river. Thet.>e embrace two islands of 
the older delta, the river bifurcating twice in the vicinity of the 
town of Fort William, about three miles from the lake shore. The 
material brought down by the stream is all fine, and appears to 
consist of clay and light sand; and this has been true far back in 
the history of the delta, as appears from an inspection of its struct
ure as revealed in the trench walls of the river. This section 
shows uniformly for many miles from the mouth a lower portion 
of an indefinite thickness of biue clay, over which is spread a con
tinuous sheet of sand which forms the surface of the ground. The 
blue clay has a minimum thickness at a distance of fonrteen 
miles from the shore of probably fifty feet. The sand is not quite 
uniform in thickness and ordinary sections show that it ranges 
from two to ten feet. This structure in two strata,. or two sets of 
strata, the material in each being quite different from that in 
the other, becomes easily comprehensible when we consider the two 
main conditions attending the development of the delta, viz: (1) 
The extension of the delta embankment from shallow into deep 
water-a condition common to all deltas; and (2) the subsidence 
of the base-level of erosion as the level of the lake dropped, which 
would cause a more rapid lakeward extension of the delta than if 
the base-level were constant. Of the two classes of material 
brought down by the stream the clay would be carried out to deep 
water, while the sand would be dropped in shallow water. But the 
shallow water at any· given stage of the lake, except the highest, 
was deep water for the preceding stages, so that thl:' sand for this 
stage would be spread out over a clay bottom. The same process 
would of course operate with a constant base-level, but the hori
zontal extension of the delta would not be nearly as rapid. The 
process is in operation in the growth of the delta of the present 
shore. The shoals from the mouth of the river on either side of 
the channel out to the vicinity of the Welcome islands, are sandy 
and have a very gentle slope, so that a sailboat may ground half a 
mile from shore, within hailing distance of a two thousand-ton 



STATE GEOLOGIST. 211 

propeller steaming up the channel, as the writer has experienced. 
Near the Welcome islands the slope becomes steeper and out be
yond the islands is clay bottom. Thus the development of the 
present delta is but a continuation of the same growth which has 
built up the great delta extending far up the valley of the Kamin
jstiquia. At the apex of the delta, near Kaministiquia station, its 
structure is different, as is indicated elsewhere; but h~re the con
dititions were different, the current was powerful and coarse mate
rial was handled by the strE"am. The channel of the stream near 
the lake is so open and unobstructed that the older portion of the 
delta, back of the present shore, is not subject to serious overflow, 
and only the subaqueous portion is growing. The slope of the 
older delta surface is, as it should be, away from the banks of the 
stream, &.t least on the north side towards Port Arthur. The tlouth 
side of the stream has not been examined. At the line of the pres
ent shore the delta is faintly terraced by the development of a low 
sea-cliff, as if marking a distinct drop of the surface of the lake 
of a few feet. 

On the surface of the subaqeous delta is an exceptionally shoal 
linear area between the shore and Mutton island, so that it is 
scarcely possible for even a row boat to pass between. This linear 
shoal appears to be the direct product of wave action, and the 
:tinal resultjIVill doubtless be a bar connecting the island with the 
shore. 

The Delta of the Mazokamah.-Atthe mouth of the Mazokamah 
river a delta of stream gravel is at present being built up. The 
l'i VAr is a small, rapid stream issuing directly upon the lake through 
a narrow canon. The latter is a sharp V-shaped cleft in the high 
rocky bluffs which here front the lake. On the west side the flat
lying Keweenian rises in vertical walls, and the face of the heavy 
sheet of columnar trap which rests upon it frowns down on the 
shore from an elevation of 1,000 feet or more. On the east side 
the Archrean rises in scarcely less formidable hills with varying 
slopes and much greater complexity of form. Since the removal 
of the ice sheet the Keweenian cliffs have been receding, while the 
Archrean hills have not been sensibly modified by the agencies of 
erosion. Although the stream is rapid, and is lowering its trench 
like all streams entering the present level of lake Superior, the 
bulk of the material which it brings to the shore is derived from a 
great embankment of beach gravel which has been thrown part 
way across the canon at the higher Rtages of the lake, and which 
the stream is now undermining. The slides from the cut through 
this E'mbankment tend to choke the stream, and it is the purging 
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of the channel of this slide material which supplies nearly all of 
the pebbles for the delta now under construction. The delta w4ich 
is thus accumulating on the exposed shore of Nipigon bay is not a 
simple delta; for the storms have given its surface, on its outer 
part at least, the ridged character of a wave-built terrace; and the 
structure throughout, as far back as the waves originally reached, 
is doubless a composite of that of a simple delta and a wave-built 
terrace, the latter being gradually dissected and overwhelmed as 
the delta extended lakeward. To the northwest the delta passes 
into a true wave-built terrace beyond the reach of the delta overflow. 
The ectire embankment has a width from the original shore of 
from one· eighth to one-quarter of a mile, and is over a mile in 
length, extending to Mazokamah point. It has a fairly uniform 
level, except near the mouth of the stream, of from three to six 
feet above the lake. 

The Delta of Nipigon River.- The Nipigon is the largest 
stream flowing into lake Superior, yet its present delta is small 
and unimportant as a feature of the present strand. vVe have 
not far to look for the reason of this. The stream itself is 
the drainage of a large lake and just before it drops into lake Su
perior it expands into a series of small lakes, so that the sediment 
which it carries over the rapids at Nipigon bridge is exceedingly 
small in amount, and the water appears to be perfectlt- colorless. 
Just below the rapids, however, the eddy of the stream is under
mining a high embankment of sand and gravel and this affords 
sufficient material for the silting up of the small bay or inlet of 
Nipigon bay which forms the last couple of miles of the stream's 
course. 

The Delta of Gravel River.-The Gravel river is bringing to 
the north shore of Nipigon bay a copious supply of gravel and the 
accumulation of this makes the delta of the stream a prominent 
feature of the present shore. The area of the delta which lies out 
beyond the general line of the shore is probably about a mile square. 
It is dissected by the stream and has a uniformly level ap
perance, any slope that it may have being exceedingly gentle. The 
surface of the delta, like that of the Mazokamah has the characteris
tic parallel ridge structure of the wave-built terrace, and the re
cent formation of the outermost of these ridges is very apparent. 

The Deltc!s of the Michipicoien and Pic Rivers.-At the mouth 
of the Michipicoten there is an extensive delta accumulating re
sembling somewhat in its mode of development that of the Kam
inistiquia. The portion of the delta which is accessory to the present 
strand is due to the continuation of the processes which have been 
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in operation through severa:l higher stages of the lake. At the 
front of the delta successive beaches hHve been thrown up and in 
turn have been cut through by the stream. There is a similar delta at 
the mouth of the Pic river associated with which is a long sand 
beach of the present shore. Neither of these deltas was examined 
sufficiently carefully to warrant any farther statement regarding 
them. They would, however, doubtless well repay careful study. 

The Delta of BrulGRiver.-The embayment of the coast into 
which the Brule river discharges is filled with a great wave-built 
terrace, the material of which is partly a delta accumulation of the 
stream and partly due to the lodging of shore drift bhed from the 
neighboring cliffs to the south. These cliffs and the rocks through 
which the stream is cutting are largely acid volcanic rocks of the 
nature of quartz-porphyries; easily susceptible of mechanical dis
integration. As they have accumulated the fragments have been 
from time to time thrown up into storm beaches one in front of 
another till the embayment has been filled out nearly even with 
the' general trend of the shore. It is one of the few cases of sim
plification of shore line by filling in on the Minnesota coast. 

Wave-Built Terrace at Grand Marais.-The small wave-built 
terrace at the harbor of Grand Marais ie the only one of note on 
the north shore of lake Superior which is not dependent upon a 
stream for its supply of beach material. A short distance to the 
northeast of the harbor is a sea-cliff of quartz-porphyry which is 
shedding angular fragments of rock from its face very rapidly. 
The cliff is vertical, and has receded betwaen prominent points of 
more resistant rock till a distinct bay has been formed. At higher 
stages of the lake there has been 'a similar supply of the salle ma
terial, though not all from the same cliff. The detritus thus ac
cumulated has lodged at Grand Marais, and the formation of the 
harbor at that point is due to the extension lakeward of this em
bankment in thfl form of successive storm beaches, till the latter 
joined with the rocky island shore on which the lighthouse stands. 
This junction was effected by the running out of a spit from the 
shore till it met the island. The construction of the wave-built 
terrace was begun at somewhat higher stages of the lake than the 
present, and is doubtless still in progress, but the growth iF! on one 
side only of the original spit, there being no new supply of beach 
material within the harbor. 

MINOR FEATURES OF THE NORTH SHORE. 

There remain to be noted as minor features of the north shore 
the forms known as stacks, caves, clefts and pot-holes. and these 
can be disposed of in a word. These features have been found 
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only along the shore of the Keweenian province, and in all cases 
to a very limited extent and of exceptional occurrence. Stacks are 
only found where a portion of the shore, usually not more than a 
few hundred yards, is occupied by exceptionally soft material that 
is yielding rapidly to shore erosion to form a small bay or cove. 
The best and most characteristic stacks were observed between 
Baptism river and the Saw-teeth, where the rocks occupying ad
joining portions of the shore are of very diverse character as re
gards their hardness and coherence. 

Small caves a very few feet in diameter are found in the face of 
some of the cliffs. These are above the water line, and are not de
veloped by the battery of shore drift against the face of the cliff, 
as there is no shore drift in sight; but are evidently caused prim
arily by some local weakness of the rock which enables simple 
wave action, assisted by the solvent power of the water, to wear out 
the cavities. Ordinary over-arched shore caves due to the batter
ing of shore drift against the base of the cliffs are not found along 
the Minnesota coast, except at the Palisades, where some fine ones 
have been formed; and here the battering process is a small factOl' 
as compared with simple wave action acting on the infinitely jointed 
porphyry of the cliffs. These caves form magnificent archways, 
through which one may pass in a large row-boat with ease. [See 
PI. XI., Fig. 1.J Ordinarily, however, the cliffs are so low that 
the incision made at their base is, owing to bedding and jointing 
planes, carried to the summit, and a distinct A-shaped cleft in the 
face of the cliff is the result. These clefts are numerous along the 
Minnesota shore, and there may be seen almost invariably lying on 
their sloping bottom the boulders and pebbles with which their 
sculpture is effected. There is a fine arch on the north side of 
Pigeon point wrought out of coarse gabbro. 

Pot-holes are not commonly developed on lake shores. They are 
usually the products of stream action. On one part of the Minne
sota shore, however, they are distinctly the product of wave action, 
and may be observed in process of formation. The place where 
they were observed is on the shore about two miles east of the 
mouth of the Temperance river. Here the shore is occupied by an 
amygdaloidallava of uneven texture, which forms a shelving lake
ward sloping platform. In this platform are numerous pot-holes, 
the deepest having a depth of about four feet and a diameter at the 
mouth of about three feet. In the bottom of the pot, unless it is 
very shallow or has been breached, there are always one or more 
hard erratic boulders, which do the work of grinding out the hole 
when set in motion by the waves pouring over the surface of the 
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platform. The holes are not as symmetrical as hos e formed 
by stream action, but there is no essential difference between them 
and the latter. It is to be noted that the rocks which are here sus
ceptible of having pot-holes developed in them by wave action also 
afford in the canon of the Temperance river the finest, though not 
the largest, pot-holes to be seen in any of the streams of this coast. 
The canon of the river is formed by a systematic series of deep 
pot-holes which have breached into one another, giving the walls 
of the canon a concavely scalloped form. 

Similar shore pot-holes are referred to by Agassiz as occurring 
at cape Ohoyye. 

OOASTAL OONTOURS. 

THE PRESENT SHORE CONTOUR. 

Of the various elements of a coastal topography the shore con
tour is the most constant and therefore perhaps the most essen
tial and important. Other topographic elements may shrink into 
comparative insignificance and some of them may vanish entirely 
or may never be developed, but the shore line is always present. 
Like some other phenomena that belong to the category of the "ever 
present" it is apt to be overlooked among the factors in the total 
effect which constitutes the topography of a coast. The variation 

. in the character of a shore line is a variation in quantity-in the 
length of the line. In quality it is practically unvarying, there 
being no attributes of excellence or imperfection by which we can 
qualify a description of it. Its shape or form of curve may be re
garded roughly as a function of its length, being I:limple or intri
cate in proportion to the extent of time which traverses a circle of 
a given diameter and passes through to the center. The incon
stancy of direction of the shore renders the possible variation of 
the form of the contour practically infinite. Thus the most con
stant feature of a coastal topography may be the most inconstant 
in form. But notwithstanding this variability there is usually a 
certain broad character peculiar to the contour of any shore devel
oped under uniform geological conditions which, though difficult 
of precise description, may be distinguished readily from that of 
an adjoining shore developed under different geological conditions. 
This statement would probably be difficult to substantiate in the 
case of very mature shores, but it is probably only in exceptional 
cases where the shore of a large lake is uniformly mature, and the 
degree of maturity is largely dependent upon geological condi
tions. 
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. When we consider the form of the shore contour of the ~orth 
side of lake Superior in its ;r~lation to our four . geological provin
ces, we are at once struck by the pronounced character peculiar to 
each province. In none of the other topographic features of the 
coast is there a more definite and unmistakable dependence upon 
strictly geological conditions. The moment we pass from one 
province to another so soon do we pass from one kind of shore 
contour to another. This contrast of the characte-r of the shore 
contour can best be appreciated by an inspection of a map of the 
lake. But as maps of lake Superior on a suitable scale for such R. 

comparison are not common, certain portions of the shore are here 
reproduced to illustrate the character of this feature in the differ
ent provinces. rSee Figs. 1, 2 and 3.] And here it is well to re
call the fact that the apparent simplicity of a shore line as in
terpreted from a map is in a measure dependent upon the scale of 
the map. Of the two shores both mapped as simple lines one may 
be serrate in minute detail while the other may be quite as sim
ple as repres~nted. 

Shore Contour of the Keweenian P1·ovince.-The shore contour 
of the Minnesota coast from Duluth to Grand Portage is on the 
whol~ a remarkably simple line. It has. the form of a slack bow 
concave to the lake. Projecting headlands and deep bays are en
tirely absent. Such salients and re.entrants as are worthy of note 
are obtuse in form and do not appreciably add to the length of the 
shore line. Yet in minute detail the line is frequently sharply 
jagged and serrate; and there is a marked absence of those sweep. 
ing sinuous curves which characterize mature shores. Shore ero
sion is active in the production of coves and the whole tendency of 
development appears to be, in this adolescent stage of the shore, 
the reverse of simplification. The present stage of the lake found 
the shore without indentations and a vigorous beginning has been 
made in the work of evolving them and in effecting a more intri
cate form of shore contour. But it is scarcely more than a begin. 
ning. The notches, clefts, and coves of the shore can only be ren
dered appreciable on a very large scale map and do not affect the 
general statemellt or the simplicity of the shore line considered as 
a whole. The shore contour of the Keweenian in the vicinity of 
Black bay and between that and Nipigon bay is very different from 
that of the Minnesota coast, and the reasons for the difference are 
not fully understood as the Canadian distribution of the Kewee
nian has not been carefully examined. This much is known, 
however, that in the latter district the shore contour is intri
cate, and is further complicated by the presence of great num
bers of islands lying off shore in a. fa.irly well defined beJt. The 
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conditions differ from those on the Minnesota coast in the presence 
of a greater mixture of clastic rocks among the volcanic and in the 
greater abundance of dykes. These differences do not seem, how
ever, to fully account for the great contrast in the topography of. 
the two Keweenian areas; and the suggestion is strengthened, that 
the simplicity of the Minnesota coast is due to the fact that prim
arily it is a fault scarp. 

Shore Oontour of the Animikie Province.-The general trend of 
the shore along the front of the Animikie province is not a simple 
line. Deep narrow bays and prominent sharp headlands prevail, 
and the length of the shore line is large in proportion to the ex
tent of the coast. The sculpture which gave rise to these bays 
and points is pre-lacustrine and the tendency of the shore action 
is, in contrast to that noted on the shore of the Keweenian prov
ince, towards simplification. The tendency in this direction is, 
however, not strongly marked on account of the resistant character 
of the extremities of the promontories which have not yet been 
appreciably truncated at the line of the present stage of the lake. 
See Fig. 2. The tendency is chiefly manifest in the filling 
up of the heads of the bays. While the shore contour of the Ani. 
mikie province is in strong contrast to that of the Keweenian by 
reason of these large salients and re-entrants there is also a radi
cal difference in the minute detail of the shore contour in the in
tervals between the points and along those portions of the shore 
which are exempt from bays. There is very little of the sharp 
local notching and clefting of the shore line where the shore is 
rocky and none of it where the shore is occupied by shingle. 
Thus the shore contour of the Animikie province is intricate in its 
general features but simple in its minute details; while that of the 
Keweenian is simple in its general features and serrate in its 
minute detail. The conditions governing the local trend of the 
bays and points along the Animikie front is easily recognizable 
and there is a prevailing parallelism in these features. 

Shore Oontour of the A1'chccan Province.-The shore contour 
of the Archffian province is exceedingly intricate in detail. If the 
shore were represented on a map of a scale sufficiently small to 
obliterate the detail, so that it would express merely the mean 
trend of the coast, it would be indicated by a fairly simple, obtusely 
zigzag line extending from Nipigon to Sault Ste. Marie. In this 
general and varying trend there may be recognized two degrees of 
detail: (1) Wide-mouthed bays and broad or obtusely rounded 
headlands which indent the mean trend of the shore to the extent 
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of from two to five miles, and (2) a much more elaborate indenta
tion of a minor kind, which is the most characteristic feature of 
the I:Ihore of the Archrean. It is in this minor indentation that the 
shore crmtour is most intricate. It gives the shore, when mapped on 
an adequate scale a distinct suture-like appearance, to understand 
which it is necessary to remember that the shore line is prJduced 
by the submergence of a hummocky or mammilated slope. The 
land and water seem to interlock much as two bones of a skull do. 
As regards the major indentations of the shore the controlling con
dition of their evolution, under processes of pre-lacustrine erosion, 
has doubtless bE-en the variation in the petrographical character of 
the formations along the line of the present coast. The green stones 
of the Ontarian system of rocks seem to have been more resistant 
than the granite and gneiss of the Laurentian and have in some 
cases given rise to headlands. In other cases one portion of the 
Laurentian was probably less susceptible to secular decay than 
another and so stands out as a promontory. The law controlling 
the evolution of tlte form of the minor indentations is not apparent. 
It is the same as that governing the forms of the roches moutonnees 
and the hummocks. In neither the major nor the minor indenta
tions is there any semblance of pllrallelism, the forms and direc
tions of the bays and points being exceedingly diverse and irregu
lar. In spite of the excessive intricacy of detail of the shore con
tour, the indentations of this line are very rarely sharply angular 
but are rather rounded, being practically the local partial contours 
of the hummocks and lumpy rock masses of the coastal slope. 
The present tendency of shore action is towards the simplification 
of the shore contour, but as pointed out in another place, it is only 
feebly effective on account of the smooth obdurate character of the 
rocky points and the consequent scarcity of shore drift to fill in the 
bays. A characteristic feature of the Arcbrean coast and one 
which is supplementary to the minor inden"tation of its shore line 
is the presence of the fringe of rocky islets lying close in to shore. 
These of course are but the summits of hummocks and roches 
moutonnees which have been so far submerged as to be completely 
encircled by water. See Fig. 3. 

Shore contour of the Potsdam Province.-The extent of the 
Potsdam province, on the north side of lake Superior, is so limited 
and so broken up into isolated patches that any generalization as 
to the character of its shore contour would be of questionable value, 
were it not that the same province has an extensive distribution on 
the adjoining south side of the lake, under similar conditions. The 
shore contour of the province is that of a mature shore. In detail 
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it presents sweeping sinuous curves, and the few angularities are 
apparently due to the development of spits, or to the local accumu
lation of coarse glacial debris, in shallow water. 'fhe simplification 
of the shore line is far advanced, although there are some small 
bays without apparent bars across their entrance. Such bays are, 
however, very shallow. The general ·trend of the shore line is ir
regular, and has no dominant direction for the reason that the 
geological province is geographically. if not geologically made up 
of. outliers of the more extensive formation of the same rocKs on 
the south side of the lake. 

THE HILL CONTOURS. 

Inasmuch as the topography of the coast is, in its broad features, 
essentially pre-lacustrine, the shore contour is only a special case 
of the hill contours; and our consideration of this special case 
anticipates, in some degree, an account of the more general con
tours of the coastal slope. These contours, as they would appear 
on a topographic map, are, quite as much as the shore contour, 
characteristic for each province. In the Keweenian province the 
hill contours, inland from the brink of the shore cliffs, are prevail
ingly long sweeping lines, usually uniformly spaced for a constant 
vflrtical interval. On a map closed curves, indicating isolated 
hills, would not be numerous, and only in a very few cases, such as 
at Carlton Peak, would they approximate a circular form. These 
hill contours would not, however, have the same constancy of trend 
as that evinced by the shore contour of the present strand. This 
comparison of the shore contour with the hill contours brings into 
prominence the fact that at none of the higher stages of the lake 
has the shore of the Keweenian province been so simple a line as 
it presents for the existing strand. Many sinuousities, bays and 
headlands characterized the shores of the earlier stages of lake 
Superior along this portion of the coast. 

In the Animikie province the hill contours would for the most 
part show a prevailing parallelism with the shore contour, but with 
a greater amount of indentation. The prevalence of mesa scarps 
and dykes would, as compared with the Keweenian coast, necessi
tate a great crowding together of contour lines; while on the tops 
of the mesas the same vertical intervals would be widely spaced. 
In their trend, also, these contours would show sudden bends and 
sharp angularity, features which contrast with the gentler curves 
of the Keweenian province. Closed curves would be even more 
exceptional than in the Keweenian, but would occur in the case of 
isolated mesas similar to Pie island. 
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In the Archffian province the hill contours are very distinct from 
those of either the Keweenian or Animikie provinces. Whatever 
general parallelism they may have with the present shore is ob
scured by their great irregularity. The hummocky character of 
the country would give rise to a great abundance of closed curves 
in contours of small interval, and these would constantly approxi
mate circular and oval forms. The majority of the contour lines 
would be exceedingly serpentine in character, or suture-like as in 
the case of the present shore. For the same interval they would 
not be so uniformly spaced as in the Keweenian province, nor 
would they ever be so unequally spaced as in the mesas of the 
Animikie. 

In the Potsdam province the contours, even of very small inter
val, would, on a map, be few in number, widely spaced, and sinu
ously straggling as is usual ill nearly flat tracts. 

COASTAL PROFILES. 

Those elements of the coastal topography which are beet ex
pressed by profiles evince, as has been already remarked, a very 
striking dependence on geological conditions; and the profiles in 
each province are characteristic for it to a remarkablE:' degree. 
The petrographical and structural features of the four provinces 
find very distinct expression in the form of the coastal slope. 

The possibilities of variation in a topographic profile are seem
ingly great. As a matter of fact, however, thE:'re is but a limited 
number of types of profile actually met with in the inequalities of 
the earth's surface; and nothing would startle the geological eye 
more than to meet with certain profiles which are mathematically 
possible, and easily conceivable, but which are not developed by 
geological agencies. 

It is not proposed here to enter upon a discussion of these types 
of profile in general, but a few may be enumerated as of dominant 
occurrence in lake Superior topography. For the sake of con
venience the writer will take the liberty of specifying these differ
ent types of profile by definite names, some of which are in com
mon use. 

The Dip Profile-in which the slope is definitE:'ly conditioned by 
the dip of inclined strata. This profile is common as a portion of 
anticlinal, synclinal or monoclinal structures, and is of frequent 
occurrence where the full structure is not revealed. It also con
stitutes portions of the full profile of many tilted orographic 
blocks. 
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The Flat Profile-in which the vertical element is very insig~ 
nificant; common in undisturbed horizontal strata, the upper beds 
of which are not much above the local base level of erosion. This 
would of course include base level plains of deposition. The same 
profile may also be found in base level plains of erosion. 

The Mesa Profile-in which the vertical and horizontal elements 
are nearly equally effective and are manifest in the profile as act~ 
ual vertical and horizontal lines respectively. Most common 
where table lands are wholly or partially circumscribed by cliffs 
of differential degradation. 

The Strike Profile-the outline of a section of inclined strata 
taken parallel to the strike of the rocks. Theoretically the profile 
is characterized by a dominant horizontal line. In reality the 
horizontal line is usually interrupted and indented by features due 
to uneven erosion. 

The Ri·ver Trench Profile-the profile across a line of drainage, 
usually representing a distinct trench, the form of which varies 
according as the drainage is new or old-juvenile or senile-from 
the sharp V-shape of a mountain canon to the broadflat-boUomed 
valleys of a base-leveled plain. On lake Superior the latter of 
these extremes is never found. With reference to their present 
base level all the streams are young and are actively cutting trench
es. But they are mostly small and the canons, with one or two 
exceptions, such as that of the Pigeon, below the falls, and the 
Kaministiquia, below the falls, are not imposing. 

The Precipice Profile-in which the vertical element is greatly 
in excess of the horizontal, and which lacks the flat top of the mesa. 
The forms which give this profile may be developed in a variety of 
ways. It may be part of the fallen but not wholly revealed profile 
of many sea-cliffs. It is common in the forms resulting from 
stream erosion and along fault lines. 

The Dyke Profile-usually the profile of a sharp ridge with a 
definite approximation to verticality on both sides, resembling two 

. precipice profiles back to back. Frequently on lake Superior the 
vertical aspect of the profile is diminished by the adherence to the 
sides of the dyke of indurated portions of the country rock inter~ 
sected by it. 

The Hummock Profile-characteristic of the forms resulting 
from the gradual decay of massive crystalline rocks; very common 
in Archman terranes where this character of surface now prevails, 
and also prevailed prior to the deposition of the earliest Palmozoic 
strata, although evidence of secular decay of the pre-Palmozoic 
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surface is exceedingly meagre. Rotundity is the chief character
istic of the hummocks so that convex curves m~rk their profile. 
The arrangement of the hummocks with reference to one anoth6r 
is very irregular so that no two neighboring profiles exactly agree, 
although the general characteristic is never lost. 

The Talus Profile-the slope of repose of angular fragments 
of rock; common on certain parts of the coast of lake Superior but 
always subordinate to more important profiles, usually that of the 
mesa; never a dominant profile as in the case of cinder cones. 

All of these profiles may be observed on the coast of the north 
side of lake Superior. Other types also exist, but it is believed 
that they are of minor importance for the purpose of this discus
sion, which does not pretend to be exhaustive. Some of these 
types may exist alone or in combination with others; while some 
exist only in combination. They may be regarded as primary 
profiles or of prime importance iu giving character to the topo
graphy of the coast, being the results of sculpture, under various 
geological conditions, of the beveled edge of the rocky plateau 
which limits the lake basin. 

These primary profiles are frequently, however, locally modified 
by the imposition upon them of secondary profiles due to former 
lacustrine action. These secondary or modifying profiles are those 
of the various shore embankments and terraces which have been 
developed at stages of the lake higher than the present. And it is 
these modifications of the coastal topography to which special 
attention is directed in the sequel. But first a brief comparison 
will be instituted between the primary profile of the different 
geological provinces. 

Independently of their topographic character the profiles of a 
coast may be classified according to the direction in which they 
are taken with reference to the trend of the coast as, (1) the 
parallel profile and (2) the transverse profile. The topographic 
type which these two directions of profile exhibit in the different 
geological provinces will now be briefly stated. 

THE PARALLEL PROFILE. 

The Keweenian Province.-The parallel profile of the Kewee
nian province is characterized by the dominance of those special 
types of profile which have been designated the" strike profile," 
modified by the "river trench profile." Generally speaking, the 
strike of the rocks is parallel to the shore, and a general section 
through the coast close to the shore line and parallel to it would 
show a long; approximately horizontal line notched by stream 
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trenches and the deeper coves of the shore. The vertical distance 
between the level of the lake and the line of the profile would be 
comparatively small, but would increase in proportion as the line 
of section was taken more and more remote. from the shore. 

The Animikie Province.-In this province a section of the coast 
parallel to the mean trend of the shore, or roughly coincident with 
it, would show in the western part a prevailing series of "dyke 
profiles," and in the more eastern part very pronounced "mesa 
profiles." The dykes are on a grand scale, and as they form the 
axes of several of the long points which condition the bays, they 
appear to advantage in a section across these bays, though cutting 
them obliquely. Many of these great dykes, though rising in pre
cipitous ridges, some nearly a thousand feet in elevation, have con
siderable masses of the adjacent country rock adhering to their 
sides, while others have lost this and rise shear from the water. 
This prominent dyke topography is practical1y absent in the 
Keweenian, except at a few localities, of which the vicinity of the 
Saw-teeth is the most notable. The horizontal line of the mesa 
profiles differs from the same line in the strike profiles of the 
Keweenil:Ln in the greater vertical interval between it and the lake 
level, and also in the fact that this interval is practically constant, 
however remote inland the section may be taken. A marked char
acteristic of the coast of the Animikie province,.also which appears 
in this profile, is the talus profile, subsidiary to that of the mesas. 
In none of the other provinces do these talus slopes appear. 

The Archman Province.-The characteristic parallel profile of 
the coast of the Archroan province is that of the hummock, and 
does not differ essentially from the transverse profile given in 
generalized form in Fig. 6, except, that in a section coinciding with 
the mean trend of the shore, it would be broken by intervening 
stretches of water. 

The Potsdam Province.-In this province the parallel profile is 
that designated as the" flat profile," and is somewhat similar to the 
strike profile of the Keweenian. It would differ from the latter 
in being closer to the line representing the lake level and in being 
more nearly horizontal, or so lowly arched as to be sensibly hori
zontal, and would be free usually from the interruptions due to the 
stream trenches and sharp coves of the Minnesota coast. 

THE TRANSVERSE PROFILE. 

The Keweenian Province.-If one leaves out of consideration 
the hummocky gabbro hills of Duluth, which are of limited ex
tent, the transverse profile of the Minnesota coast is characteris-
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tically the "dip profile" in combination with 
which at the water's edge is a "precipice profile," 
where the slope of the coast breaks away shear. 
There is a uniform and constant lakeward dip of 
the bedded volcanic flows and injected sheets of 
which. the series is composed, and the slope of 
the coast is clearly conditioned by this dip. At 
a few places along the coast the underlying 
basement upon which the Keweenian rests 
emerges in the beautifully rounded hummocks 
so characteristic of the Archrean terraces, but 
these are so limited in extent that they do not 
affect the character of the profile except in one 
case. This is at Carlton peak, where, at a dis
tance of something less than two miles from 
shore, a huge dome of the underlying basement 
rock projects through Keweenian strata and gives 
its character to a portion of the profile. To the 
southwest of Carlton peak, also, a heavy sheet 
of coarse gabbro, several hundred feet in thick
ness, probably the remnant of a great intruded 
sill, rests upon the Keweenian flows and has a 
dip conformable with them, giving the appear
ance of a tilted mesa with a great scarp facing 
the northwest, and a less pronounced mesa edge 
facing the lake. Other localities where the 
characteristic "dip profile" is notably deviated 
from are, in the vicinity of the Saw-teeth, where 
there are important irruptive masses, intersect
ing the Keweenian; at Farquhar's knob, a ridge 
whose structure has not been investigated; at 
Beaver bay, where there is some topography of 
the mesa type; and at Grand Marais where, to 
the west of the harbor there is also a mesa ridge 
and to the northeast a moranic accumulation. 
The precipitous termination of the coastal slope, 
near the shore varies somewhat in character. 
Where the rock is a single mass from the water's 
edge to the top of thecliff, it is usually almost 
or quite vertical, as at the Palisades where the 
cliffs have their maxium elevation of 210 feet. 
Where the clifi is composed of different strata it 
is frequently step-like in character. 

i. 
~ 
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Fig. 5. Transyerse profile of Anlmikie Province modified by a terrace and several beaches. 
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'fhe transverse profile o~ the Minnesota coast is frequently mod
ified by the presence of embankment!:! and terraces of the ancient 
strands of the lake and it is probable that were the timber re
moved this modification would prove to be much more extensive 
and important than can at present be recognized. 

The Animi7cie Province.-The transverse profile of the coast of 
the Animikie province is characteristically that of the mesa, usual
ly with the subsidiary talus profile, but sometimes without it. 
The dyke profile is, however, not uncommon in the same part of 
the coast where it appears in the parallel profile. In the valley of 
the Kaministiquia the transverse profile is exceptional, as will be 
understood from what has been said of the development of the 
delta of that stream in a former part of this paper. At Port 
Arthur a trap sheet, such as usually forms the cap of the mesas, 
dips towards the lake and passes beneath it, and there is other 
evidence of local disturbance so that the profile here is abnormal. 
It is, however, more effectively modified her~ by the embankments 
of the former strands of the lake than is usually the case. Towards 
the head of Thunder bay the transverse profile crosses both the 
Animikie formations and the underlying Arcbffian, which emerges 
from beneath it, and the profile is correspondingly complex. 

The Archroan Province.-Throughout the coast of the Archffian 
province the hummock profile prevails in sections transverse to the 
coast as in those parallel to it. The exceptions are few and are quite 
local. Where the coast is coincident with the strike of the schis
tose rocks, however, the hummock profile is combined sometimes 
with the precipice profile, and also at some few localities where 
sea-cliffs have been developed in massive rocks. Two of the ex
ceptions to the general hummock profile are of special interest. In 
the profile of the coast to the east of Rossport there are places 
where a very distinct precipice appears with a shelf at its base, 
not immediately at the shore, but at some little distance from it. 
Resting at the base of the cliff are small outliers of the Keweenian 
lava flows, in place, showing clearly that the cliff is pre-Keween
ian in date. Other portions of the hummocky slope of the north 
coast of the lake have small outliers of such volcanic rocks and 
also of Keweenian sedimentary rocks which locally modify the 
profile to a minor extent. 

The second exception is also of exceptional occurrence. It occurs 
where the line of profile crosses some of the numerous trap dykes 
which intersect the Archffian of this coast. Very freq uentl:tT these 
dykes have disintegrated much more rapidly than the adjoining 
country rock so that the spaces formerly occupied by them are now 
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sharp trenches of rectangular section. In short Jthe hummock 
profile is modified by the presence of what may fairly be termed a 
negative dyke profile. 

The Potsdam Province.-The transverse profile is here again 
the flat profile of low-lying undisturbed strata. Within the limits 
of what may fairly be termed the coast, however, we pass from the 
Potsdam to the Archffian and the two types of profile would com
monly appear in combination. 

THE ABANDONED STRANDS. 

Considered as purely topographic features the abandoned strands 
of the north side of lake Superior appear most prominently in the 
transverse profile, as modifications of the primary coastal slope. 
This modification of the profile is only of local occurrence and 
therefore topographically not of great importance. Many extensive 
portions of the coast might be passed in review without a suspicion 
being raised in the mind of the observer of their having served as 
a succession of shore lines. The strictly topographic interest is 
therefore quite subordinate; and it is only when we begin to take 
cognizance of the various and wonderful physiographic changes 
which have conditioned the different stages of the lake that the 
real interest begins. The shore topography on the hill sides, even 
if it were far more continuous than it is, is but the registration of 
the former existence of conditions and activities other than those 
of the present, and it is the possibility of acquiring clear concep
tions of these vanished conditions that gives zest to the inquiry. 
The nearness of this wonderfully different state of affairs to the 
present and its evident gradation into normal familiarities of our 
own day give the chase for the facts even a dash of excitement; so 
realistic is the picture of the geologic yesterday, conjured up by the 
contemplation of beautifully, perfect shingle beaches and terraces, 
one, two, three, four, five, and six hundred feet in the air. 

But even this interest, strong as it is, has been made subordin
ate by the writer to another. The chief object in the inquiry has 
been to endeavor to ascertain by a careful series of measurements 
whether the old strand lines of the lake have maintained their or
iginal horizontality or have become warped and tilted as in the 
case of the shore lines or lake Agassiz and lake Iroquois. With 
this object in mind it was clearly recognized at the outset that it 
would be hopeless, owing to the merely local development of shore 
features, to settle the question by attempting to trace out continu
ously any single strand line or any set or such lines. It was, how
ever, believed that the strands of different vertical series could be 
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correlated, unless there had been rather complex moveme nts, by 
carefully comparing the intervals between them. Whether the 
shore lines had been tilted or not, the interval between them would 
be constant, provided always that any tilting that might have oc
curred was subsequent to the abandonment of the lower of the set 
of strands considered. 

In order to effect such a correlation the most accurate possible 
data were necessary, and steps were accordingly taken to ascertain 
the elevations of the various features indicative of shore lines by 
precise engineering methods. I was accompanied throughout the 
exploration by Mr. Louis A. Ogaard, who, assisted by Mr. Fred 
Kiehle as rodman, carried lines of levels from the shore to the var
ious points designated by me in any series of beaches and ter
races, using a Y level carefully adj usted from time to time. The 
figures given in descriptive notes which follow and in the table are 
the figures from his leyel book, and the writer vouches for the pains
taking care with which this instrumental work was done. In these 
figures the decimals are not dropped for two res sons. (1) The 
figures do not represent always the actual level of the water. The 
crest of a beach is always above the level of the water line at which 
it is formed; the rear of a terrace may be sometimes above the ac
tual water line and occasionally it may be below it, so that in 
nearly all cases a correction has to be made for the actual water 
level. The amount of this correction is never definitely known 
so it has been thought best not to apply it, but to give the figures 
for the actual observation. In this connection it is well to note 
that many of the apparent discrepancies in strand lines which are 
correlated in the table are doubtless due to the varying value of 
this correction. On the present shore the crests of living beaches 
facing the open lake were frequently measured at all elevations 
betwen 9 and 14 feet above calm water. In less exposed parts of 
the shore they usually did not exceed 6 feet in hight. Again, the 
base of a sea-cliff is commonly one or two feet above the calm 
water, though occasionally it coincides with the lake-level closely, 
and the rear of terraces forming at the mouths of streams is usual
ly below the lake-level. (2) The second reason for giving the 
actual figures of the level book is that in a great many cases, par
ticularly with reference to beaches, it was found to be entirely 
possible to determine the elevations accurately within a fraction 
of a foot, so sharply horizontal are these features, and there seems 
to be no good reason for giving figures less accurate than were ob
tainable. It will be understood then that the figures given do not 
represent precisely the actual water levels, but simply the eleva-
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tion of shore features developed at the various stages from which 
the actual water levels may be inferred, within certain considera
ble limits of error. 

Before discussing the data obtained by the inquiry or formulat
ing any generalizations it will be well to first become familiar with 
our facts, and to this end a brief descriptive account is given of 
the various series of strand lines observed on the coast. The re
sults of the levelling also are summarized in the table at the close 
of the descriptive notes. In these notes the word series and the 
number attached to it has the same significance as in the table. 
The Roman numerals also refer to the table. The table is ex:pres
sive of a correlation which is discussed in the pages which follow it. 

DESORIPTIVE NOTES. 

Series 1.-Duluth West-On the hills of the city of Duluth a 
very clear and excellent registration of some of the higher stages 
of the lake may be observed. The city, as is well known, is being 
built upon the steep lakeward slope of a massive, rounded range 
of coarsely crystalline gabbro, which within the city limits rises 
to an elevation of probably 800 feet above the present level of the 
lake. On the upper portion of this slope the topography is such 
that it has been found a convenient and easy matter to conatruct, 
as part of the general embellishment of the city, a magnificent 
carriage drive around the brow of the hill. This carriage drive 
follows a contour line a,t an average elevation of perhaps 470 feet, 
and is known as the Lake View terrace. 

It requires but a cursory inspection to see that the particular 
phase of the topography which has suggested and made easy the 
construction of this Lake View terrace is due to the imposing upon 
the steep and rocky bill-side of a feature which has been developed 
along a former shore line of the lake. This feature consists of a 
pronounced natural terrace or shelf facing the open lake. It varies 
considerably in width, being narrow where it rounds the shoulders 
of the hills and widening out very much in the bays and recesses. It 
has a gentle but constant slope lakeward, and ends rather abruptly 
on its outer edge, dropping away into tbe general steep slope of 
the bill. The back of tbe terrace is limited usually by the rounded 
glaciated forms which characterize the upper portion of the 
gabbro mass. Tbese rounded forms at the back of the terrace are 
in places replaced, however, by vertical cliffs of gabbro with large 
blocks which have fallen from its face scattered about the rear of 
the termce and partly imbedded in it. This vertical face of rock 
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FIG.!' LAKE TERRACE WITH SEA-CLIFFS IN BACK GROUND, END OF NINTII AYE. W . , DULUTH. 

PARTIALL Y ~IASKED BY SUBSEQUENT WASH AT THE RIGHT. (p.233.) 

FIG. 2. BOULDER BEACHES, HORSESHOE BAY. (P. 247.) 
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with its talus of angular blocks represents undoubtedly a "sea
cliff" and is like the terrace a product of shore action. An ex
ample of such a sea-cliff may be seen near the upper end of Ninth 
Ave. West. [See PI. VIII, Fig. 1. J 

The material of which the terrace is built consists of surf rolled 
bouldns, pebbles, gravel and sand. The arrangement of this ma
terial is well seen in the cuts which have been made at a few 
points in the construction of the drive. In the cut at the upper 
end of Ninth Ave. W. about 150 feet in front of the sea-cliff 
just mentioned, the terrace bas been sunk into so as to aflord a 
vertical section of 9 feet. The lower 6 feet of this section show 
sharply bedded gravel and sand with occassional boulders up to 
one foot in diameter. [See PI. X, Fig. 2. ] The upper 3 feet of 
the section although composed of the same materials is not dis
tinctly bedded, but this obscuration of the stratification may be 
due to the action of vegetation. The strata intersect the vertical 
plane of the section usually in quite horizontal lines. At the 
south end of the cut, however, oblique bedding of !ilternating 
wedges of gravel and sand is well seen, the dip of these beds being 
25 degrees and less. 

The relations of the various factors of the topography at the 
head of Ninth Ave. W. is illustrated in the dlagrammatic sec
tion. 

Fig. 8. SE'ction at the head of Ninth Ave. W., Duluth. Elevation of terrace, 476 feet. 

The rear of the terrace in front of the sea cliff was found to be 
475.9 feet above the lake (XXIX). The structure of the terrace 
shows that while primarily it is a wave-cut feature, the llut shelf of 
rock and the slope below it is covered with current-sorted material 
which was probl;l.bly brought down by minor drainage. 

16 g 



234 TWENTIETH ANNUAL REPOR'l: 

Evidence of shore lines at lower levels in the western part of 
Duluth were not satisfactorily observed, although they will prob
ably be found if looked for on the slopes between Duluth and Fond 
du Lac. 

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

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

The undulatory front slope of the beach extends from its crest 
at an elevation of 534 feet down to the rear of the terrace already 
described at an elevation of 475.9 feet, and the relations seem to 
warrant the inference that the higher strand line is the older and 
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that the water subsided by stages till it arrived at the one marked 
by the Lake View terrace, where it remained c0nstant for a suffici
ent length of time to evolve the striking feature of the togography, 
the terrace being in fact cut into the slope of the older and higher 
beach. 

Bm'ies 2.-Dnluth, Tenth Ave. East.-Near the head of Tenth 
Ave. East, three distinctly marked strand lines are recognizable. 
The highest of these is a wave-built terrace of pebbles and bould
ers resting on a rocky slope and facing the open lake. Oareful 
levelling established its elevation at 534.8 feet (XXXI) which 
agrees within a foot with the altitude established by an entirely 
independent lille of levels for the beach at the head of Seventh 
Ave. West. From this elevation down to an altitude of 436.2 
feet, or in round numbers a vertical distance of 100 feet, there is a 
continuous bank of beach material comprising boulders, gravel 
and coarse sand, lying upon the slope of the hill. On the front of 
this great embankment there is a level terrace, which, while not 
very broad, is persistent and on being traced southward is found 
to abut directly against the rocky slope at a place where the upper 
terrace is wanting. This second terrace was found to have at the 
rear an elevation of 473 feet (XXIX) which again agreef3 very 
closely with the figures obtained for the rear of the Lake View 
terrace in West Duluth. The structure of the upper terrace is 
not revealed by any section; but below the 473 foot terrace there 
have been a number of excavations for road ballast and in these it 
is seen that this lower part of the gravel bank is distinctly strati
fied with a dip in the direction of the slope of the hill, but at a 
much less angle. There is a small ravine to the left of the higher 
terrace and there is little doubt that the stream which flowed 
down this ravine supplied the material of which the whole of the 
100 foot bank is constructed; and the development of the two ter
races and the stratiform structure seen below the second one is 
probably explained by the following considerations;-

The bedrock of the ravine is much lower than the upper terrace 
(XXXI), und was so when the lake stood at the level at which the 
terrace was buiH. The ravine after becoming itself filled with 
detritus to the level of the lake would supply the material for the 
terrace, and besides this there would be much which would be 
carried down to the subaqueous slope and arranged by the varying 
currents into strata. As the level of the lake subsided the ravine 
would be cleaned out and its accumulations spread out on still 
lower slopes also 'in bedded fashion. In this way the 100 foot 
bank of gravel. etc., stratified in its lower part, would have been 



236 TWENTIETH ANNUAL REPORT 

accumulated. The strand line XXIX represents a stage in the 
recession of the water, at which, as in West Dulu1 h, a second 
terrace was imposed upon the slope of the growing bank, pal tially 
cutting into the flauks of the upper terrace. 

At the foot of the rather steeply inclined 100 foot bank of beach 
material, the slope suddenly changes and flattens out into a broad, 
gently inclined terrace in which no rock in place is seen. The 
rear of the terrace was found to have an altitude of 436.2 feet 
(XXVII). Its surface is composed of a dark earth in which are 
embedded scattered boulders, and it is covered with grass or timber 
so that its substructure is not apparent. Ou following the rear of 
this terrace northward beyond the gravel pits, it is found to abut 
against the roches mouionnees of the hill-side without the inter
vention of the gravel. The age of this terrace relatively to the 
gravel terraces above it is doubtful. It is uncertain whether the 
gravel bank rests upon the rear of this terrace or whether the 
terraCb is imposed upon the lower flanks of the gravel bank. 
Owing to the absence of natural sections no ready answer presented 
itself to ·this question, and time was not taken to investigate it. 
It is possibly an older terrace, but evidence of this supposition is 
lacking. 

Series 3.-Hardy's Schoolhollse.-Near the eastern limits of 
Duluth, in the vicinity of Hardy's schoolhouse, there is a mag
nificent illustration of that phase of topography which is due to 
the development of a bar beach and delta depoe-it at the mouth of 
a valley, which has been the channel of a stream flowing into a lake 
at a level now abandoned. The altitude of the crest of the barrier 
beach was found to be 509.5 feet (XXX) above the lake. North
ward from it there extends a forest-clad, rock-walled valley 
about a mile wide at the mouth whpre spanped by the barrier 
beach. About the mouth of the valley are several isolated 
rocky hills which evidently formed islands in the lake when it 
stood at this high level. They rise from out of the beach 
formation or from the flat. lying delta deposits farther out 
which represents the shoals of the old lake bottom. The crest 
of the beach has a curvilinear form and extends in a soulh
westerly direction from the rocky knob at the schoolhol1se, which 
stands at its northeast extremity, to the rocky hills which rise 
at the back of the city. In a general way it seems concave 
towards the valley, tut it is by no means a simple ridge. It has a 
very extensive aerial distribution, and while on the side it presents 
sections, as along the line of the electric tramway, which are 
simple lowly-arched ridges of beach material, towards the middle 
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FIG. 1. ORA \ ' EL CUT. SECTION ACROSS HARDY'S SCHOOL I'IOUSE BEACH, EAST DULUTII. (P. 237.) 

FIG. 2. CUT IN GRAVEL BANK, SHOWING STRATIFICATION OF OLD BEACH, DULUTH. (p.233.) 
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of the valley it spreads out and grades into a broad delta. The 
crest of the beach is higher than the valley bottom to the north 
of it and also higher than the flat tract to the south. The section 
referred to on the line of the tramway near the schoolhouse is a 
cutting made in the construction of the road and displays a verti
cal section of bbout 6 feet of evenly bedded and obliquely bedded 
gravels with some sands. [See PI. X, Fig. 1.] 

On the lower slopes of the eastern part of the city of Duluth and 
for mtl.ny miles northeastward along the coast, there are definite 
indications and suggestions of terraces when the land is viewed 
from a distance. There are two circumstances, however, which 
interfere with the recognition and location of these terraces at close 
quarters. The first of these is that the geological structure of this 
part of th~ coast is such th'tt the strata dip lakeward at about the 
same angle as the slope of the terraces, so that the changes of in
clination in the transverse profile are not sufficiently accentuated 
to permit of reliable determination of the line of the abutment of 
the terraces upon the hill-side. The second unfavorable circum
stance is the prevalence of timber which obscures the surface but 
allows the general effect of a terrace to be sometimes dimly ap
parent at a distance. On accouut of these conditions, no time was 
spent in trying to locate shore lines between Duluth and Two 
Harbors. 

Series 4.-Two Harbors (D. & I. R. Ry.).-On the line of the 
Duluth and Iron Range railway, northward from Two Harbors, 
one very strong suggestion of a strand line may be obseIved in the 
vicinity of mile post 32, in the abutment of a sloping plain against 
a series of morainic hills. This change of the character of the 
surface comes out most distinctly when viewed from a dist:mce. 
From a hill top on the shore of the lake near Two Harbors, even 
although the country is wooded or only partially burnt, the effect 
of a plain abutting upon the hills is quite distinct. The corre
sponding change in the slope of the surface is recorded in the rail
way profile as published in Winchell's Iron Ores of Minnesota, 
plate No. XXXVII, where the rear of the terrace at the 32nd mile 
post is given at 475 feet (XXIX). 

Th'e railway yards and station, at the town of Two Harbors, are 
also on a terrace whose limitations to the northwestward could not 
be definitely recognized. The elevation of this plain at the railway 
junction is, according to the same authority, 35 feet abov~ tbe lake. 

Ser£es 5.-Beaver Bay.-The mouth of Beaver river is well pro
tected from south and southeast winds by a bold head. which, 
at its extremity, presents to the lake vertical cliffs over 100 feet 
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high, but which is connected to the main land by a rocky ridge 
about 50 feet on an average above the lake. This ridge is partially 
mantled by old beach material and sand. The stream, after emerg
ing from the gorge through which it discharges into the lake, hugs 
the northeast side of this protecting ridge for a couple of hundred 
yards, and on the other side of the stream there has been built up, 
by the joint action of the stream and easterly or northeasterly 
storms, a well defined spit. [See PI. XII, Fig. 2.J This spit seems 
to be crowding the stream against the ridge, and in consequence 
it is cutting a terrace in the S0ft material which flanks it. This 
same condition of things seems to have obtained when the lake was 
20 feet higl16r than at present; for, on the northeast side of the 
ridge, parallel to the present stream, and 20.1 feet (III) above it is 
a distinct terrace, which, while doubtless due to stream action, yet 
is in such a position that it must have, at the time of its formation, 
corresponded at its rear to the then level of the lake. 

The next old strand line observed at. Beaver bay is on the slopes 
above the base of the spit referred to, where a small but distinct 
terrace is found at an elevation of 79.9 feet (VII). The terrace 
looks out over the lake and lies to the northeast of the mouth of 
the gorge from which the stream em€lrges. The hill in which the 
terrace is cut is apparently moranic material resting in a rocky 
slope. There is doubtless also an admixture of stream detritus 
but the heavy sward prevents satisfactory determination of the 
structure of the hills. 

Farther up on the slopes of this hill a broad terrace has been 
built up evidently in the form of an embankment of the stream 
detritus dumped into the lake at its higher stages. This terrace 
is best seen in the cultivated fields on the west side of the Beaver 
river. It abuts against the steeper hills as an old shore-line near 
the grave-yard at an elevation of 126 feet (XI). A few hundred 
feet down the slope of this broad and gently-sloping terrace is a 
low beach-like ridge of fine gravel which is probably of the char
acter of barrier beach at 114.8 feet (X). On the east side of the 
river the hill rises somewhat uniformly in the form of a broad 
sloping well timbered terrace. A wagon road through the timber 
shows that while the slope is uniform in general it is uneven in 
detail, is strewn with boulders, and characterized by abundance of 
red mud. This broad terrace at about a mile back from Beaver 
bay encircles a rocky hill which rises from the rear of the gentle, 
nearly flat slope with steep sides which in places are absolutely 
vertical for over one hundred feet. The sides of the hill at these 
places present the character of a sea cliff and the abutment of the 
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gentle boulder-strewn terrace against this rocky hill is taken to be 
the mark of an old strand line, at a time when the hill was an 
island of the lake. This abutment was found by our measurement 
to be at 313.9 feet above the lake (XXII). The hill thus encircled 
has a diameter of perhaps one-half mile and rises to about 700 
feet above the lake. It was ascended to the summit, but no red 
mud and very few boulders were 
seen above the terrace plane. 
Nor W8re any indications of , 
:higher strand line observable I ~ 

either on this hill or on the s~r- ~ \~\ < 
rounding hills as seen from Its ~ '0 ~- ~ 

summit. The summit affords a ~ t-- \1 ~;~ 
good view of the surrounding ~ :; ~ \\!~, 

'"" ~ ,I,~(\\ \ 

country and the terrace in ques- ~ .... ~\\'L'': I 
tion appears to run in bet ween ~ s; \\' I I 

"'+., \ I." c." 1 the hills as a valley bottom <;:, t"i (::,ct\ I \ 

which as far as could be judged l ~ L.L\'-,L, I,I I 
in the timbered state of the "'J (" ~ ;>;-' J~~"C~ [I \:\1 1 

~ ~ ~ ~ <_~~(I\II' II 
country, rose on the flanks of the '" ~ ::; ~ l.r\,-:>~ Ii \1'\1111, 
hills to a constant level. Be-~"'~ ,.., ... I 
tween this hill and the lake on ~ ~, c.. S f~~; 1'\,\ Iii, 1 

the general slope of the main ~ ~ :-~. Pli:"\~\~I\i"IIIIIIIIIII!III" 
terrace there is a subordinate ~..., ~ 

~ JI, ~ . 0,\;\\1\\,,1,'\11 11 III:',: terrace at an elevation of 173 .... ~ \~ 

feet (XV). ~ ~ ~~\~'\ III \ll i II' ::. 
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disintegration. Upon this rock rests a thickness of over 50 feet 
of stratified material which presents all the characters of a shore 
embankment. 

It is made up chiefly of coarse sand, gravel and boulders en
tirely uncemented. Upon this stratified beach. like material rests 
about 11 feet of heterogeneous material which has all the characters 
of boulder till. The part of the E\ea.cliff above the lower vertical 
wall of rock, although made up of these incoherent materials, 
presents at numerous places a vertical escarpment in its upper 
part with a talus mantling its lower part down to thl' brink of the 
rocky cliff. The section parallel to the shore, as seen when 
approaching the shore from the lake, is shown in Fig. 9, as ie also 
the cross section. 

The upper incoherent portion of the sea-cliff although present
ing a frunt which stands somewhat further back from shore 
than the lower rocky portion is not apparently receding at a faster 
rate, but is receding pari passu with the undermining of the rocky 
foundation on which it rests. The line of demarkation between 
the rocky lower portion of the sea-cliff and the stratified material 
which rests upon it is a roughly horizontal one and seems to be 
the trace of a.n old plain which is of the nature of a terrace. The 
dividing line between the stratified beach material and the third 
or till-like member of the section, is also a horizontal line and is 
sharply marked. There seems to be no good ground to doubt 
the beach character of the middle member (If the section for the 
following reasons: (1). The character of tille material is that ... hich 
usually constitutes shore drift. (2). Its stratification is similar to 
that of embankments composed of material not too coarse. It is 
both horizontally and obliquely beaded, the planes of the false bed
ding being frequently discordant. (3). The apparent embankment 
extends out from the west side of a bold promontory which lies to 
the east of the Baptism river and the material is coarser near this 
rocky ridge than further from it. (4). It faces the open lake and 
extends across the front of a valley. In view of these facts the 
formation is interpreted to be an embankment of the' character of 
a beach bar that once crossed or partially crossed the mouth of a 
bay into which the old river discharged. The material of whicil 
the embankment is built is partly foreign, doubtless brought by 
the stream from morainic accumulations inland, and partly local 
from the mechanical disintegration of the cliffd. The upper mem
ber of this 'section, as has been stated. presents the heterogeneous 
character of boulder till. In places it is a pure red plastic clay 
with only occasional pebbles in it, bnt quite devoid of structure; a 
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few yards away this will merge into a clay mixed with sand and 
pebbles in the most irregular fashion, together with numerous 
boulders both rounded and angular up to two feet in diameter. 
Could the formation be shown to be boulder till of glacial origin, 
the section would be of great interest in connecting the old high 
leads of the lake with the presence of ~lacier ice at a time poste
rior to the primary glaciation of the region. The suggestion that 
this till-like formation is of glacial origin is sustained in a meas
ure by the fact that it is found at the mouth of a short valley at 
the upper end of which are ranges of hills much higher tha,n are 
usually seen on this coast, and which might have served as a gath
ering ground for local glaciers. In spite, however, of these sug
gestions of glacial causes, the origin of the formation must be for 
the present regarded as problematical, and the evidence inconcl usive. 
In some of the western placer mining districts the heavy beds of 
stream detritus, consisting of boulders and r-ebbles of greatly vary
ing sizes imbedded in clayey matrix, and devoid of definite al'
rangf'ment within a given bed of great thickness, resemble closely 
much of the material which sometimes is callf'd boulder till and 
referred to glacialorigin.* In view of the insufficient examination 
of the surrounding conditions nothing beyond suggestion is offered 
as to the origin of the till-like stratum. It is assumpd that the 
summit of the stratified gravel is the approximate crest of a bar
rier beach which by some means has been covered by the till. The 
summit is 80.8 feet ab.we the level of the lake and it thus falls into 
place with strand line V II. On the upper or westerly side of the 
mouth of Baptism river, behind the club house, there is a distinct 
wave-cut terrace whi.:lh has been carved out of a morainic accumu
lation, the rear of the terrace being 49.0 feet above the lake (V). 
The terrace has a very low angle of slope and is strewn with bould
ers which project above the surface, giving it the character of a 
boulder pavement, in the sense in which Prof. J. W. Spencer uses 
that term. The sea-cliff behind the terrace is low and has been 
rounded by atmospheric waste. The morainic material rests upon 
the same terrace-like platform rock as that observed on the east 
side of the river. The terrace and sea-cliff face the open lake. 

*Formations of the chara.cter GOllllllOllly dc..,ignated as bouldel' cla.y may. it seelliS to 
the writer, in SOIue Cass..'; have an origin greatly ditferent froru that at prer;ent ~Lscribed 
to them and proper criteria of a purely petrographic"l character, so to speak, for dis
eriminating between the true glacia.l fortllations and those due to otller agencies are 
not yet fo[·mulated. Other criteria are of eOurse nvailabJe, such as the f"rm of tht, 
mas_, its relation to adjacent formations and otber conditions of occurrence. But 
there seems great room for error if we rely OIl the ci1araeter of the formation petro
gra.phically considered as a. Dleans of recognizing its TIlode of developnlent. 
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Series 7.-Saw-teeth.-Ahout three miles east of the mouth of 
Baptism river iu the vicinity of the Saw-teeth, a search was made 
for terraces at a place where the country had been burnt and the 
jungle appeared to be plssable. None were seen from the shore, 
and the fact that the search proved successful warrants the belief 
that at many places along the Minnesota coast ancient terraces 
and beach lines will be revealed as the timber is cleared. At the 
locality in question, a gmat embankment of shore drift mantles 
the underlying rocks up to a level of 130 feet above the lake. The 
upper limit of this embankment forms a horizontal contour around 
the hill and marks the rear of the highest terrace. Above it the 
hill rises with an acclivity of about 25 degrees to a hight of about 
300 feet above the lake. The terrace has a slope of perhaps 5 de
grees aud at the place examined is about 150 feet wide. There is 
no trace of water-worn material on the rocky slope above the rear 
of the embankment, only scattered angular blocks of local origin; 
and from the summit of the hill no suggestion of higher terraces 
was obtained from an inspection of the surrounding, thickly-wood
ed hills. The terrace (XXI) probably belongs to the "cut and 
built" type of Gilbert, but no well-defined cliff has been developed 
and the accumulation of shore drift has been proportionately more 
rapid than the cutting action, a fact due doubtless to the proximity 
of streams. About 150 feet from the rear of the embankment, the 
upper terrace is limited by the sea-cliff of the next lower terrace. 
The sea-cliff, having been cut in the incoherent material of the em
bankment, is well defined, although its slope is something less than 
the angle of repose. The terrace at the base of this sea-cliff is 
only 50 feet wide and hits an altltude of 99.5 feet (IX). Below 
this i.s another low sea cliff, the base of which is 84.5 feet high 
(VII), at the rear of a broad, gently-sloping terrace which extends 
for nearly one-fourth of a mile to the brink of the cliffs above the 
present shore. 

Series S.-Gar-lion Peak-From the vicinity of the Saw-teeth 
to Carlton peak fairly definite suggestions of two, and in some 
cases more than two terraces are obtained by an inspection of the 
coast from the lake. The country is, however, heavily timbered, 
and experience proves it to be impracticable to locate them within 
a reasonable time by crawling throu gh the jungle. On the slope 
from Carlton peak to the shore the timber has been burnt, and by 
hard scrambling through the windfall it was possible to reach the 
terraces and ascertain their elevations approximately by aneroid 
observations. The figures obtained by this means were 80 feet, 
(VII) and 125 feet (XI) respectively, above the lake for the rear 
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parts of two very gently sloping terraces that have been cut in a 
broad embankment of soft material which must have accumulated 
at st.ill higher stages of the lake. The precise registration of these 
higher stages was not observed, but the conditions of examination 
were unfavorable, and it is probable that higher terraces on the 
flanks of Carlton peak will be found. 

Ser1:es .9 and lO.-Poplar River-The Poplar river cuts through 
a broad embankment of sand, gravel, etc., which mantles the rocky 
slope of this part of the coast for many miles. The front of the 
embankment overlooking the lake descends rapidly to the present 
shore by a succession of cliffs and cut-terraces which have been 
carved out of the main embankment at various successively lower 
stages of the water subsequent to that at which it was accumulated. 

The brink of the main embankment is about 116 feet above the 
lake, and from this point its upper slope rises very gently land
ward for nearly two miles to an elevation of about 300 feet where it 
abuts sharply against a steep range of a gabbro. The general 
character of the topography and the underlying structure is 
analogous to that describpd at Beaver bay, where a broad gently
sloping terrace of incoherent material abuts on precipitous rocky 
hills at an elevation of about 314 feet. The rear of this broad 
terrace at Poplar river was only ascertained very approximately by 
an aneroid observation, so that the figures are not incorporated 
with the more precise data of the table. The wooded character of 
the country practically prevented precise observations at points 
distant from the shore without an expenditure of time, labor and 
money. which would have been inconsistent with the modest plan 
of our operations. Although the newer terraces carved in the 
front of this main embankment face the open lake, they are in the 
immediate vicinity of the mouth of the stream, and the 
stream currents haVf~ doubtless played an important part 
in the development of the terr aces, supplying and removing 
detritus contemporaneously with the cutting action of the waves 
The terraces and cliffs are all remarkably sharp in cross profile. 
The terraces are narrow and vary but little from horizontal. The 
angle of slope of cliffs was carefully measured and three were 
found to have a declivity of 28°, two of 27°, and one (the lowest) 
of 32°. 

The lowest terrace of the series is a wave-built terra.ce, and is 
only 6.9 feet (I) above the level of the lake at its real', where 
the fishermen's boat-houses stand. Towards the lake it grades 
into the present shore. The higher terraces have none of the 
characters of wave-built structures so far as can be discerned. At 
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the summit of this series of terraces 
and clifis,just at the limit of the main 
embankment, is a beach-like ridge 
with somewhat lower ground behind 
it and a series of minor, succesively 
lower, parallel ridges on its gentle 
lake ward slope. Thil:l ridge is inter
preted to be a barrier beach developed 
at a favorable stage of the emergence 
of the coast. The accompanying cross 
profile was plotted to scale in the 
field from precise measurements. 

On the east side of the mouth of 
Poplar river only three distinct strand 
lines have been registered on the front 
of the main embankment. These are, 

"l 
a well-formed wave-cut terrace facing ,F 
the lake at an elevation of 78.4 feet ? 
(VII); a less distinct terrace, which 'd 
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the lake, the front limit being a steep sea-cliff rising from 
the present shore. The terrace is 15Q feet wide and at its 
rear has an elevation of 17.8 feet (III), thus exhibiting a slope 
of about 2 in 100. From the rear of this terrace an other sea 
cliff rises with a slope of 37 degrees and the brink of the 
secl)nd terrace is 37.5 feet above the lake. The terrace runs back 
under the beach apparently nearly flat. The elevation of its rear 
portion was estimated to be 6 feet higher than its brink, thus mak
ing the shore line about 43.5 fetlt (V) above the lake. The low 
sea-cliff which rises above the present shore and limits the lower 
terrace lakeward is rather a striking feature of this part of the 
shore, being a vertical scarp of the old embankment material rest
ing upon rock varied in places by shorter stretches in which the 
cliff is wholly rock or wholly embankment gravel. 

Ser'ies 12.-Good Harbor Bay.-The next locality along the 
coast where the ancient strand lines are sufficiently recognizable 
to be measured is at Good HarbC!r bay. The bay is open to 
the east and northeast and presents on the maps but a small jog 
in the generally unIform trend of the shore. The west side of the 
bay is overhung by a sea-cliff of very slightly inclined beds of red 
and brl)wn shales and shaly sandstone which rises vertically to a 
hight of 15 feet. Between the base of the cliff and the shore line 
there is a narrow and low beach of shingle derived chiefly from 
the cliff. Above this sea-cliff there is a terrace about 100 feet wide 
and 20 feet high at its rear (III), which is thickly strewn with 
shingle. Immediately above this, wi! h a low cliff between, is 
another terrace 25 feet wide and 27.2 feet high at its rear (IV), 
and also cut out of shingle and gravel. A third sea-cliff cut out of 
irregularly stratified gravels and sands of a primary embal:\kmpnt 
rises above this for about 50 feet. Above the summit of the cliff 
the ground rises gently in a rolling succession of beach-like ridges 
for several hundred feet horizontally and then grades into a dis
tinct terrace abutting against the higher slopes of the hill at an 
elevation of 115.3 feet, (X). 

Series 13.-GrandMarais.-The pinkish acid volcanic rocks of 
the vicinity of Grand Marais have by their mechanical disintegra
tion along the sea-cliffs afforded an abundance of shingle and 
grav!'l with which the waves have banked up a fine series of 
beaches. These have been arranged in parallel ridges in the 
form of a beautifully distinct and typical wave-built terrace. As 
this terrace encroached upon thp, area of the lake the space 
between the shore and the rocky island upon which the lighthouse 
stands was spanned by a spit, and the construction of the terrace 
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was limited to the northeast side of the resulting bar, since the 
latter closed in a bay, the only entrance to which is by a deep chan
nel between rocky points through which no shore drift could enter. 
[See PI. XII, Fig. 1.] Within the bay at Grand Marais the wave 
action has been restricted, for lack of supply of new material, to 
working over the old material brought there before the bar was 
established; and its effect has been doubtless to extend the size of 
the bay and render it shallow. Within the bay the crest of the 
livillg beach has an altitude of 5.5 feet and is 23 feet distant from 
the water. Parallel to this and 65 feet farther inland across an 
intervening hollow is an old beach, the crest of which is 6.1 feet 
above the lake (I). Behind this is again a hollow and beyond the 
ground rises in two low steps to culminate in a third distinct and 
bare beach-crest at a distance 105 feet from the second. The alti
tude of this third beach is 12.1 feet (II). This is again followed 
landward by a parallel hollow, and again the ground rises (all bare 
shingle and gravel) in two low steps, each about 25 feet broad, the 
higher of which is 17.5 feet at its edge. Neither of these steps is 
taken to mark a definite stage of the water. The upper of these 
steps grades into a gelltly sloping wave-cut terrace 260 feet wide 
and 29.1 feet high at its rear. Thus from the back of this terrace 
(IV) to the present shore there appears to have been no sudden 
drop in the level of the lake but a gradual recession of the water. 
At stage IV the waves were cutting a terrace out of a pre-existent 
embankment of shingle and gravel. AA the water sank the supply 
of drift from neighboring cliffs seems to have increased so that 
terrace-cutting gave way to terrace-building. The particular sec
tion eelected for measurement shows the wave-built terrace at its 
narrowest part. Farther east it is many times broader. 

Along the line of examintion the cutting action which produced 
the terrace of strand IV had eaten back into an embankment of 
shingle to the line of a beach of a former higher stage of the lake. 
For at the rear of the terrace a low sea-cliff of shingle rises with a 
slope of 28 degrees and this slope is nearly coincident with the 
front slope of a very distinct shingle beach with a hollow behind 
it, the crest of which is 43.6 feet above the lake (V). Above the 
level of this beach, the slope of the hill rises gently with an undu
lating profile, and presents a surface of gravel obscured by forest 
loam and shrubbery. In this vaguely undulating profile which 
was plotted to a large scale with great care, in the field, only two 
shore lines are distinctly registered, viz: one at an elevation of 
55.9 feet (VI), in the fGrm of a terrace 26 feet wide, and another 
at 113.5 feet (X), where the last of the gravel was observed. 
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Less than half a mile farther west, however, two still higher 
strand lines were observed and their altitudes measured. The 
lower of these is a terrace 127.3 feet high (XI) which is well seen 
from a distance towards evening, but which is less apparent at 
close quarters. ThA higher is a distinct but not an extensive 
gravel terrace encircling low glaciated domes of rock at an eleva
tion of 162.6 feet (XV). This upper terrace is nearly on a level 
with the lower part of the bold bluff which overlooks Grand 
Marais on its southwest side. This bl1Jff presents vertical walls 
from 20 to 50 feet high and was a sea-cliff when the water stood at 
the 162.6 foot level. On the east side of Grand Marais village a 
trail goes up over the hill. This was followed to the summit of 
the pass, about 750 feet above the lake, in search of higher strand 
lines. But although the trail passes almost continuously over 
morainic accumulations, no trace of a shore line was observed at 
levels higher than that last recorded. 

Series 14. -Kimball's Oreelc-From Grand Marais eastward a 
low terrace, corresponding to strand line IV or the 29.1 feet terrac 
at Grand Marais, may be observed for several miles along thA 
coast as far as Cow-tongue point. Higher traces of shore lines 
are doubtless present, but they are utterly obscured by the jungle. 
At the bottom of the bay below Cow-tongue point three terraces 
are observable from the lake, but only two of these could be located. 
The third eluded our search although it must have been covered 
by us in our excursion in quest of it near Kimball's creek; and the 
second was difficult to locate with precision on account of the lack 
of contrast between its slope and that of a pre-existent slope of 
rock in which no cliff had peen carved. This terrace has a 
measured minimum elevation of 80.1 feet (VII), and its maximum 
is within two or three feet of this figure. It is evidently neither a 
wave-cut nor a wave-liluilt terrace, but might be classed as a current
built terrace. Below this is a flat clearing on which stands a half
breed's house. The flat is the first of the three terraces referred 
to. At its rear it is 28.5 feet high (IV), and above it rises a 
steeply inclined sea-cliff carved out of the primary embankment, 
whose upper surface constitutes the second terrace. Farther along 
the shore this terrace is again seen about a mile below Fish-hook 
point, and again below the mouth of Brule river, where it is being 

• cut into by the wave-action so as to present the scarp of a sea-cliff 
rising above the existing shore. 

Series 15.-Horspshoe Bay.-At the bottom of Horseshoe bay 
there is a very remarkable and striking series of three beautifully 
developed beaches. The bay, as its name implies, is not long pro-
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portion ate to its width, but its shores converge towards the upper 
end and the wave action has been exceedingly energetic in conse
quence of this rapid convergence. Vertical cliffa of massive gab
bro in the vicinity of the bay, particularly on its west side, where 
they rise to an elevation of 50 feet, have supplied the material of 
which the beaches are constructed. There is also a sparing admix
ture of glacial erratics. The remarkable feature about the beaches 
is that there is no shingle or gravel or any fine material whatever 
in their composition. They are strictly boulder beaches resem
bling ridges of cannon balls, although there are as many sub-an
gular boulders as rounded ones. [See PI. VIII, Fig. 2. ] The 
crest of the lowest of these beaches is only 20 feet horizontally 
distant from the present shore line and its crest. is 119 feet (I) 
above the lake. The crest is strikingly horizontal and curves par
allel to the contour of the shore. It may be the storm beach of 
the present stage of the water, but the size of the boulders which 
range on an average from 6 inches to 12 inches in diameter, sug
gest that ihe crest was built up when the water was somewhat 
higher than now. Behind this beach there is a slight depression 
and behind this the second boulder beach rises to an elevation 
along its crest of 17 6 feet (II). The distance between the two 
beaches from crest to Cl'f~st is ahout 100 feet. The boulders of 
which this beach is composed do not on the average vary much 
from 12 inches in diameter. This second beach is again followed 
by the usual parallel hollow and behind this rises the third and 
most imposing beach of the three. The crest of the latter is 200 
fept diataut from that of the second beach and is 38.6 feet high 
(IV). The front of this beach is not a simple slope as is the case 
with the two lower beaches, but its profile shows a distinct step
like feature in its lower part such as may be some times seen in 
clear water on the subaqueous slope of some of the living beaches 
of the lake. The component boulders of this beach are percepti
bly larger than those of the lower beaches, the average diameter 
being over 12 inches. Many were measured which greatly exceeded 
this dimeosion. This beach was clearly developed as a bar across 
the bay when the water was at stage IV, for behind the beach 
there is a broad expanse of marshy ground much lower than the 
beach, which represents the lagoon formed by the establishment of 
the beach har. At higher elevations of the surface of the water, 
Horseshoe bay would have been merged with the common expanse 
of the lake and the shore carried further inland than the range of 
our observations. 
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Series l6.-Double Bay-A fine display of terrace topography, 
visible through the burnt and still standing timber, meets the view 
on entering Double bay. The present shore line is backed by It 
steep sea-cliff which is being carved out of an embankment which 
is probably fundamentally morainic, although modified in form 
by shore action of former high stages of the lake. Numerous 
boulders are worked out of the embankment and are strewn along 
the present shore, but it is largely also composed of clayey 
material. Stretching back from the brink of this sea-cliff is a 
nearly flat terrace, which is about e. quarter of a mile broad, and 
which spans the entire breadth of the embayment. 'fhe rear of this 
terrace is about 32 feet above the lake (IV). Above it risE's a 
second sea-cliff followed by another broad terrace similar to the 
first, having an altitude at jts rear which measured 85.8 feet (VII). 
This second sea-cliff is not continuously distinct. Above it spreads 
out a broad sloping plain which varies in width, according to the 
topography of the rocky slope which here begins to emerge 
through the superincumbent embankment. Along the line of 
section measured, this terrace is about a half mile wide and abuts 
upon a rocky slope; the line of abutment is horizontal, and 
although no well-marked sea· cliff has been developed, owing to the 
resistant character of the rock, it may with great probability be 
taken to mark approximately a shore line. Its elevation, as 
measured is 160.5 feet (XIV). On top of this rocky ridge at an 
elevation of 278.9 feet, and at a distauce inland of about a tenth of 
a mile from the rear of the last mentioned terrace was found a 
distinct gravel bar surrounding low rocky knolls and spanning 
the gaps between them. 'fo the northeastward this beach appears 
to merge into a terrace which abuts upon the precipitous flanks of 
a spur of Farquhar's Knob. The rear of this terrace would be a 
few feet higher than the figures given for the elevation of the 
gravel bar, but its precise elevation was not determined. It' 
doubtless corresponds to strand XXI. 

Series 17.-Grand Portage-It was hoped from a distant in
spection 6f the topography of the pass through the hills at Grand 
Portage, from its being fairly free from timber, and from its gentle 
grade, which renders the country accessible for some miles from 
shore within moderate limits of elevMion, that the registration of 
the &.ncient strand lines of lake Superior would at this pltlce be 
fuller than usual. This hope was, however, not fulfilled, and only 
a few of the strand lines were satisfactorily located by carrying a 
line of levels along the portage trail. From the nature of the em-

17 g 
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bayment in the hills it is evident at a glance that at the higher 
stages of the water Grand Portage bay must have extended several 
miles inland and have had a somewhat irregular shore contour 
with sharp indentations, particularly on its west side. From the 
precipitous character of the bluffs or promontories which limit the 
embayment on either side it is presumo,d that very little of the 
general shore drift found a lodgment in the bay, and whatever 
embankments may have accumulated would be of local derivation. 
The fact that the general shore drift did not find its way into the 
bay at the higher stages of the lake, either around Mt.J osephine 
on the east or the bold precipices which rise on the west of the 
embayment. is evidenced by the absence of such drift on the wave_ 
cut terraces which contour these precipitous slopes on either hand, 
as will be noted later. In spite of this exclusion of the general 
shore drift, there is evidence that at probably all recorded stages 
of the water, the water was in the middle parts of the bay as it is 
now, al ways shallow, and that waves, although very effective on 
the neighboring steep slopes where the water was deep, left com
paratively feeble traces of their action' on the successive shores at 
the head of the bay. The conditions which have favored an ex
cessive accumulation of local detritus in the bay and rendered it 
shallow from the highest stages of the lake down to the 
present are, (1) the presence of It massive morainic ridge crossing 
the valley about four miles north of the villagE", and, (2) a small 
stream cutting through it which has built up a succession of slop
ing delta plains, each of which has been cut through in turn as the 
level of the lake dropped. The higher and older delta plains 
appear to be much more extensive than the later, and it is a possible 
case that at the time of their building the stream flowed from 
beneath ice still lingering behind the moraine in the upper part 
of the valley. The highest delta forms a very distinct broad plain 

, which has been terraced by the stream, but which cannot be clear
ly separated at its rear from the present front slope of the 
moraine. Half a mile or more in front of the moraine there pro
jects through the plain a rocky glaciated dome a few hundred feet 
in diameter. The abutment of the plain up0n the steep slopes of 
this island-like mass of bare rock is very sharp. An inspection of 
the surface of the rock, whic~ is uneven in detail on top, warrants 
the belief that it was not submerged at the time of the formation 
of the plain which encircles it, and that it was, therefore, but little 
'l.bove the level of the water which conditioned the slope of the 
plain. The elevation of the plain at this point was measured at 
339.7 feet, which altitude is placed in the table as representing 
approximately strand line XXVII. 
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A higher terrace was also Elbserved abutting on a rocky slope at 
an elevation of 458 feet, but the brushy character of country ob
scured its relation to that just mentioned and it could not be deter
mined to be distinct from it. 

Further down the valley on a lower delta slope are two low 
beach-like ridges, one at 254.7 feet (XX), and another at 23U:l feet 
(XVIII), which appear to have been barriers thrown up by the 
breakers in a shallow bay at some distance from the shore and 
similar to the barrier which is now forming in Grand Portage bay. 
On a still lower delta plain and much nearer the lake is still an
other low barrier ridge which has an elevation of 103.5 feet (IX). 
The church of the village stands on a terrace which, at its rear, at 
the foot of a low and worn-down cliff carved out of delta material, 
is 74.7 feet high (VII). Immediately to the lake ward side of the 
church the ground drops steefily to the level of the terrace on 
which the village is built. This drop represents a sell.-cliff which 
is one of the most striking shore features of Grand Portage. l'he 
terrace which extends out from its base is 37.9 feet above the lake 
(IV). There is still It lower terrace the rear of which is about 8.6 
feet above the lake (I). The present bay is shallow out as far as 
Grand Portage island so that the waves break before reaching 
shore; and one of the results of this is the development of It sub
aqueous ridge or barrier parallel with the shore line. Boats draw
ing over a foot of water may ground on this barrier, but between it 
and the shore the water is deeper. The barrier as yet appears no
where above the surface of the lake and probably it will never so 
develop into a barrier beach, but always remain subaqueous since 
heavy storm waves necessary for the throwing up of the initial 
Aubaerial ridge can not reach this line on account of the lakeward 
shoal. 

Series 18.-Mount Josephine. The south side of Mt. Jose
phine presents a succession of strand lines most of which are ex
ceptionally well defined. The mountain is a ridge about 800 feet 
high and consists of a great dyke of gabbro or diabase, to both of 
the steep flanks of which a selvage of southerly dipping slates and 
quartzite of the Animikie is still adhering up to varying eleva
tions. The extremity of the ridge juts out into the lake as a sharp 
point which forms the eastern limit of Grand Portage bay and is 
known as Hat point. 'rhe most striking and most heavily scored 
of the strand Jines is a wave cut terrace (XXX) which contours 
the side of the ridge at an elevation of 509.5 feet and sweeps 
around in a beautifully shaped curve where the ridge ahuts upon 
the main illass of rock from which it is a spur. The timber has 
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been burnt over a portion of the hillside so that the character of 
the terrace, as a heavily cut shelf, perfectly horizontal, projected 
against the side of the hill, attracts the eye from a long way off, 
and excites the curiosity of even the casual observer as a peculiar 
feature of the landscape. At close quarters the terrace was found 
to be about 100 feet wide, to have a gentle lakeward slope for this 
distance, and then to drop away into a steep declivity of the hill
side. At its rear rises a steep cliff which is partly the side of the 
great dyke, partly the inducated slates adhering to the dyke, and 
partly a wall of the dyke rock, farther in than its original side 
wall, which has been established by the cutting action at the level 
of the terrace. The terrace is strewn with great blocks which 
have fallen from the vertical cliff, and at one place a considerable 
talus has accumulated in great part since the wave-action ceased. 
There is a considerable proportion of glacial drift over the lower 
flanks of the ridge and this seems to have extended up to the 
summit of the ridge since there are some northern erratics strewn 
over the surface of the terrace. It is possible that the terrace may 
in part, particularly at its northern end, be cut out of a morainic 
dump. The summit of Mt. Josephine is heavily glaciated. A 
small portion of beach shingle and gravel is strewn over the sur
face of the terrace. The possibility of the terrace being a feature 
of differential degradation was critically considered on the ground 
but all the evidence observed made clearly for its wave wrought 
origin. The facts that the strata dip southerly while the rear of 
the terrace is horizontal, that the slope of the terrace is outward 
and independent of the dip, and that the terrace character is main
tained where it swings in the curve of the ,--- away from the 
line of the dyke, indicate at once that its form and situation are 
not conditioned by the structure of the rocks. The terrace is 
further interesting as yielding to accurate measurement figures for 
its altitude which are identical with those obtained for the equally 
well-defined strand line (series 3) at Hardy's schoolhouse in East 
Duluth. 

This terrace, although the most pronounced of the dents in the 
west side of Mt. Josephine, is not the highest. There are two 
higher and" presumably older terraces, neither of which is so ex
tensive along the hillside nor so wide. Both of these are much 
alike in their general character, and in the measure of their ex- " 
tent and they rise one above the other. They are continuous for 
only a few hundred yards and both vary from about 30 to 50 feet 
in width. Both are backed by a sea· cliff and both are strewn with 
blocks of rocks derived from it Itnd from drift accumulations._ 
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These terraces are respectively 587.2 feet (XXXII) and 607.3 feet 
(XXXIII) above the lake. One of them is a prominent feature of 
the hillside as a distinct horizontal shelf visible at long distance; 
the other is not so apparent, owing, doubtless, to the thickened 
&hrubbery. It is suggested in explanation of their short extent, 
that they lie in a slight embayment on the side of this ridge and 
so somewhat protected; while their continuation on the more sal
ient portions of the ridge has been undermined and cut away by 
~e same wave action which resulted in the devlopment of the 
broader terrace at 509 feet. ThesE' two terraces at 587 feet and 607 
feet are remarkable for being the highest strand lines which have 
thus far been observed on the coast of lake Superior. 

Lower on the same slope of Mt. Josephine are two other sharply 
scored but narrow terraces which lie well within the un burnt tim
ber and which are therefore not apparent at a distance. The first 
of them in descending order is at an elevation of 313.5 feet (XXII) 
and the second at 226.1 feet (XVIII). Both are readily observable 
on the trail which crosses Mt. Josephine from Grand Portage to 
Wauswaugoning bay, and both appear to be cut out of the accum
ulation of drift which here mantles the rocky base of the ridge. 
Still further down at the base of the hill is a boulder beach (V) 
the crest of which is 43 feet above the lake; and between this and 
the shore there is again a drop in the general slope to an even ter
race which is 19.9 feet (Ill) high at its rear, and which extends 
for less than 100 yards to the brink of the sea-cliff of the present 
shore. This last sea-cliff has a hight of 13 feet. 

Series 19.-- Wauswaugoning Bay.-Wauswaugoning bay is lim
ited on the southwest side by Hat poiut and on the northeast by 
the base of Pigeon point. The shore along the side of Hat point 
is a precipitous cliff without a beach or visible shelf at its base, 
and the water is deep. This line of high cliff, rising in places to 
a hight of 800 feet, is continuous around the embayment, but 
leaves the shore line about half way from the extremity of the 
point and sweeps round to the vicinity of Pigeon falls roughly 
parallel to the shore, but usually several hundred yards distant 
from it. At the base of Pigeon point the ground is low, and at 
higher stages of the water Pigeon point was either an island or was 
completely submerged so that portion of the sediment of Pigeon 
river then found its way into Wauswaugoning bay. But as Pigeon 
river is a new stream, being a succession of cataracts and stretches 
of still water, the sediment is small in quantity and very fine so 
that it supplied practically no material which would remain in the 
zone of shore drift on a wave-beaten shore. Its sediments have 
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taken the form of a delta at the head of Pigeon bay where pro
tected from wave /lction. The Pigeon river is clearly a very re
cent drainage and it seems probable that the ancient outlet was 
into Grand Portage bay. This dearth of stream detritus has char
acterized the shores of Wauswaugoning bay at all stages of lake 
Superior, there being no other stream cutting through or tumbling 
over the cliffs which rise around it. In this respect the bay presents a 
marked contrast to the neighboring bay at Grand Portage with its 
heavy deltas. The contrast between the two bays is perhaps best 
seen in the character of the strand line registrations. The higher 
stages of the lake were not strongly registered at the head of 
Grand Portage bay because of the lack of contrast between the 
sub~erial and subaqueous slopes of the delta. At the head of 
Wauswaugoning bay the water line of the higher stage was not 
registered at all, because the shore was along the face of vertical 
cliffs of pre-lacustrine origin. As the lake subsided the water 
surface reached the talus of the cliffs and terrace lines were doubt
less carved. But in the vicinity of the cliffs the growth of the 
talus since the water subsided has rendered them unrecognizable; 
and it is only when we come to comparitively low stages of the 
lake, where on the gentler slopes of the talus, conditions have 
been favorable for the carrying of a bar across the head of 
the bay, that permanent strand lines have been established. 
These bars form two magnificent beach embankments with 
lagoon hollow behind and undulatory slope in front. They are 
composed entirely of coarse shingle of quartzyte and hard 
siliceous slate which mostly weather red. The vegetation has 
been burnt off and the crests are remarkably sharp and continu
ously horizontal lines, which by their color and distinctness give 
a striking character to the landscape. The upper of these two 
beaches is 76.5 feet (VII) above the lake and the lower 43.7 feet (V). 

Series 20.-Near Birch Island.-Outsirle of Wauswaugoning 
bay on the south side of Pigeon point and about half a mile east 
of Birch island there is a fine display of storm beaches. The 
material of which they are built is the detritus of the reddish 
Animikie quartzyte which is the prevalent rock on this part of the 
coast. The shore is well exposed to southerly winds. The beaches 
although well developed are here only found at comparatively low 
altitude", there being no high slopes upon which embankments of 
higher stages of the lake could be lodged. Three distinct beach 
crests rise one above the other all having the same general char
acter. The first of these is within reach of the waves of the 
present stage of the lake and is possibly the living storm beach in 
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process of growth or having attained its maximum growth. Its 
crest is sharp and uniformily level at 13.6 feet above still water (I). 
About 150 feet from this crest rises the second beach equally sharp 
and distinct, with an elevation of 17.4 (II). On the front slope 
of this beach is a subordinate shelf-like feature. There is no per
ceptible depression in the 150 feet of space betwef'n the two beach 
lines. The third beach crest is about 100 feet behind the second 
and there is a slight depression between the two. There is a 
depression behind the third beach, i. e., bet ween it and the rocky 
slope upon which it has been banked up. The third beach has an 
elevation of 21 feet (III). All three beaches are, like those of 
series 19, absolutely devoid of soil or fine material of any kind. 
There ie no blown sand to obscure their characters as perfect 
wave-built embankments of shingle and gravel spanning the bay 
between two rocky ridges. 

Series 21.-Pigeon Point.-From the abandoned ranch at the 
mouth of Pigeon river a trail crosses Pigeon point to the shore on 
the south side. This trail is transverse to the trend of 'the rocks 
and between the two main ridges is an embayment which opens to 
the south-east on the south side of the point. The trail in crossing 
this embayment follows the crest of a shingle beach which spans 
it. The totsllength of the beach is something less than one-eighth 
of a mile, there is no breach in it and behind it is a well defined 
lagoon hollow. The cret>t of the beach was found to have an ele
vation of 75.6 feet (VII). On the front of the embankment which 
culminates in this beach a second beach has been developed at an 
altitude of 56.6 feet (VI). It is probable that several other beaches 
lie between this and the shore, but the interval is heavily timbered 
and definite results are scarcely obtainable. 

Series 22.-Pigeon River.-At the mouth of Pigeon river, on the 
Canadian side, there are three fairly distinct traces of shore action. 
They are found on the south side of the point of land which sep
arates the canon of the Pigeon from Pigeon bay. The highest is 
of the nature of a short gravel bar, connecting two projecting masses 
of rock. It is about one foot lower in its middle than at the sides 
where it abuts upon the rock. Its elevation at the latter place was 
found to be 134.3 feet (XII). The fine character of the gravel 
(mostly of slate), and the low curvature of the bar indicates devel
opment under sheltered conditions, fmch as the local topography 
woald suggest. On the lower flanks of the hillside are two distinct 
terraces, one at 60.8 feet (VI) and another at 18.2 feet (III), both 
of which are probably rather to be strictly interpreted as stream 
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terraces of the Pigeon, but being at its mouth and below rapid 
water, they represent very closely the stages of the lake at which 
they were developed. 

Senes 28 -]JilcKellar's Point.-lhe south side of McKellar's 
point near its extremity, has afforded conditions eminently favora
blefor the accumulation of a serie!'! of shingle beaches, viz: A cove 
between rocky bluffs, high sea-cliffs on either side shedding frag
ments of quartzyte, hard slate and trap through various successive 
stages of the lake, and exposure to the fun sweep of the lake from 
the south. The fact that the beaches have accumulated on one 
side of a narrow ridge-like promontory has insured them from in
tersection by drainage lines and thus they are remarkably perfect 
in form. They have been protected also by forest growths but these 
have recently been removed by fire up to about 100 feet above the 
lake, leaving the bare red banks of shingle and boulders. It is 
quite noticeable in comparing the different beaches of the series 
that the material composing the higher ones is coarser than that 
of the lower. In the highcr beaches, the embankment is made up 
essentially of boulders in which the flattened shingle character is 
comparatively rare. They are mostly subangular and have an 
average diameter of over six inches according to deliberate estimate 
made on the ground. There is in these higher beaches nothing 
which might be termed gravel. In the lower beaches the shingle
like character of the drift is pronounced. Some of the higher 
beach accum ulahons have been cut into by the wave action at lower 
stages, so that a part of the old material of the higher beaches 
has been worked over in successive zones of shore attrition. It is 
possible that the lower accumulations may be mostly composed of 
material derived from the· older and higher accumulations, and if 
so, the contrast in form and size of the pebbles would be accounted 
for. The same contrast in the character of the beach material was 
observed on Wauswaugoning bay though to a less marked degree. 

The series of strand lines on McKellar's point is divisible into 
three parts. The highest is a boulder beach that spans the em
bayment at an elevation of 137.6 feet (XII). Between this and 
the next beach there is an interval of perhaps two hundred yards 
in which no distinct shore lines were observed. This beach con
stitutes the first of the three divisons of the series and seems to be 
distinct from those which follow. At about 100 feet altitude we 
come well within the burnt timber and at the same time upon the 
second division of our series. This division consists of a contin-

. uous succession of beaches extending over a horizontal distance of 
about 300 feet. The actual figures obtained by levelling were for 
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the highest of the succession 101.4 feet (IX) and for the lowest 
82.2 feet (VII). Between the two beaches at these respective 
elevations, there are three distinct intermadiate ridges, of which 
the middle one is perhaps the most pronounced and has an elevation 
of 89.7 feet (VIII). The succession seems to indicate, without 
queFltion, a gradual recession of the lake between stages IX and 
VII. Whether this gradual recession continued below VII ur not 
cannot be inferred from the record of this series. For, at a lower 
level the lake, whether arrived at by a gradual subsidence or by a 
sudden drop, conditions of shore action were so changed that in
stead of wave-building wave-cutting set in. This resulted in the 
development of a distinct wave-cut terrace and corresponding sea
cliff, both carved out of the pehble embankment. The terrace is 
about 100 feet wide and the sea-cliff is 25 feet high, and rises with 
as steep a slope as it is possible for the loose me.terial of the em
bankment to lie. The rear of the terrace was found to be 48.4feet 
above the lake and seems to represent stage V. This sea-cliff and 
the shore features below it constitute the third division of our 
series of strand lines. On the front part of this terrace there has 
been built up a distinct but low beach or barrier ridge which has 
an elevation of 36.3 feet (IV). The front limit of the terrace is 
again a cliff, almost vertical in places and carved out of shingle. 
At the base of the cliff is a beach accumulation which seems to be 
the beginning of a wave-built terrace. The terrace effect is some
what marked, although the embankment is narrow. The maximum 
elevation of the embankment at the foot of the shingle cliff is 8.4 
feet (I) and it is within easy range of storm waves of the present 
lake. 

Series 24.-Thompson Island.-On Thompson island thert:' are 
three strand lines recognizable. Two of them are shingle beaches 
and the third is a line of wave wrought caves on the south side of 
the island. The island is a long narrow ridge composed of a 
great trap dyke with some subordinate dykes running parallel to 
it and blocks of horizontal strata lying between the dykes or adher
ing to their sides. The upper of the two beaches lies on the sum
mit of the main dyke Ij.t about the highest point of the east end of 
the island.· 'rhe altitude of its crest is 97 feet (IX). The lower 
beach is at the extreme east end of the island. Its crest was found 
to be 28.7 feet above the lake (IV). Both beaches are composed 
of clean shingle and pebbles free of all fine material and 
unobscured by soil. The development of caves on the face of the 
nearly vertical side of the main dyke seems to have been primarily 
conditioned by weak spots in the rock due to the inclusion of 
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masses of slate in the trap. The occurrence of a series of them 
at the same level and having the same general character as some 
smaller caves developed on the present shore can only be referred 
to shore action. The caveE! are widest at the mouth and at the 
bottom; and the sides converge rapidly inward and upward. Those 
examined were about 20 to 25 feet in length, and were about 12 to 
15 feet high, at their entrance. The floors sloped outward. After 
comparing them with similiar cavities on the present shore line 
a point was selected in the floor of one of these caves as represent
ing most probably the water level, and it was found by measure
ment to be 45.6 feet above the lake (V). 

Series 25.-Shore opposite Flat Island.-The trap capped cliffs 
of hard slaty sandbtones which are so characteristic of the topog
raphy of Thuuder bay have at all stages of the lake afforded an 
abundant supply of durable shingle, and the fact that only a small 
number of beach accumulations have been observed on the talus 
slopes of these cliffs is due to the presence of the timber which 
obscures them from view. Wherever conditions are favorable on 
this part of the coast for observation, by reason of fire having re
moved the timber, or by reason of such talus slopes being within a 
short distance of the present shore, the beaches are observable. 
On the shore opposite Flat island there is a set of three beaches 
which are entirely analagous to those described on McKellar's 
point. They have been built up on the talus which encircles a 
sharp projecting angle in a line of vertical escarpment. At the 
summit of the series iF! a great beach ridge whose normal hight 
was found to be about 105 feet (IX), but which at one place is 
somewhat higher and is irregular in its form, as if the f>ffect of the 
storms at this projecting point had been exceptionally great. This 
higher part has a maximum hight of 109.2 feet. From this great 
beach ridge a continuous succession cf later beaches extends down 
to a beach crest which has an elevation of 86.4 feet (VII). The 
intervening beaches are sometimes distinct and sometimes run 
into one another. They seem clearly to indicate, just as the 
beaches at McKellar's point do, a gradual recession of the waters 
of the lake through this distance. Below this lower beach there 
is again as at McKellar's point, a precipitous, here nearly vertical, 
sea-cliff carved out of the shingle. At the base of the cliff a broad 
sloping terrace extends out to the present shore. '1.'he rear of this 
terrace at the base of the cliff is found to have an elevation of 45.3 
feet (V). On the front part of this terrace at a distance of 150 
feet from the present shore is a low barrier beach, the cres.t of 
which is 8.8 feet above the lake (I). The entire series is well 
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bared and the beaches above the sea-cliff are destitute of all vege
tation and soil. The sea-cliff iE remarkable for its precipitous, 
wall-like character, while composed of loose shingle. There is no 
cementing material whatever and the broad flat character of the 
shingle alone enables the cliff to maintain its form. 

Series 26.-Shor·e above Carp rive1'.-In the embayment of the 
coast next above that into which Carp river flows, the country has 
been burnt over partially, revealing some fine shingle beaches at 
the head of the embayment. These cannot be seen from the shore 
but may be viewed to advantage from a boat some distance out on 
the lake. They are about half a mile inland from the present 
shore. The embayment within which they lie is bounded by verti
cal walls of columnar trap resting on flat Animikie slate, the two 
walls converging and meeting at the head of the embayment. On 
the sides of this embayment, at the immediate baEle of the cliffs, is 
the remnant of a terrace which appears to be nearly flat and which 
was found to have an elevation of 164.1 feet (XIV). The terrace 
is composed of shingle and gravel with cliff debris much less water 
worn. Below this and spanning the embayment from cliff to cliff 
is a great embankment of shingle the summit of which is a perfect 
beach. The distance between the canon walls along the line of 
the embankment is not more than a quarter of a mile. There is 
no breach whatever in the embankment. Behind the beach, i. e., 
between it and the talus of the cliffs which encircle the head of the 
embayment is a very pronounced lagoon hollow, the bottom of 
which is about ten feet lower than the crest line of the beach. The 
crest of the beach is 138.2 feet above the lake (XII). Against 
the front slope of this great embankment another beach also of 
large dimensions has been built at a lower stage of the lake. Its 
crest has an elevation of 122.5 feet (XI). A little below this at an 
elevation of 116.8 feet is another, but feebly developed beach which 
probably also indicates a distinct though short-lived stage of the 
water. The conditions of the embayment are, it is perhaps needless, 
to say, peculiarly favorable for the development of such embank
ments. The continuous line of cliffs, of which the embayment is 
but an indentation, would, below the base of the trap cap, shed a 
large amount of fairly hard but slaty Animikie sandstone for the 
formation of the shingle, which, traveling along the shore, from 
either quarter, would be entrapped in the embayment. The latter 
is in ground-plan, funnel-shaped, opening upon the lake and ex
posed to northea'sterly storms. 

I, 



260 TWENTIETH ANNUAL REPORT 

Series 27.-Carp river.-The sides of the canon through which 
the overflow of Loch Lomond finds way to lake Superior by the 
short succession of rapids known as Carp river, contains numerous 
registrations of old strands, which are for the most part clearly 
defined. The canon is funnel-shaped, and has been an embayment 
at all the known stages of the lake. A wagon road ascends the 
canon to the level of Loch Lomond, a distance of about two miles, 
which renders the inspection of the topography of the canon an 
easy matter. Rising immediately from the present shore line 
there is a rolling succession of small. ill-defined gravel beaches at 
low levels which were not regarded as altogether simple in their 
development, but probably as having been modified by the stream 
which emerges at this point. They seem, however, to indicate a 
gradual recession of the water without leaving an emphasis at any 
one stage to suggest its longer continuance than its associate stages. 
The first well-defined beach has an elevation along its crest of 33.8 
feet. (IV). This is followed by another great beach of perfect form 
at an elevation of 52.1 feet. (V). Above this are two terraces 
flanking the south side of the canon, one at 82.1 feet (VII) above 
the lake, and the other at 106.3 feet. (IX). Both are evidently cur
rent-built terraces and may owe their origin to stream action: but 
as their situation is near the mouth of the canon, their level cor
responds very closely to that of the lake at the stages when they 
were built, unless the stream had a delta extending far out into 
the lake, a feature of which there is no evidence and which is 
highly improbable at the mouth of so short a stream arising from 
the overflow of a clear water lake. Further up the road is another 
great gravel beach which has been built up on the gently sloping 
surface of a great accumulation of stratified gravel which has once 
filled the canon, but is now cut through by the stream to bedrock 
again. The crest of the beach at the point leveled was 139.8 feet 
(XII) above the lake. The section afforded by the sides of the 
stream trench shows gravels to a thickness of nearly one hundred 
feet and proves that the canon as a feature of stream erosion ante
dates the high levels of the lake. Above this, on the north side of 
the canon, there are three small terraces, doubtless again essentially 
stream built, but also as argued above, representing closely levels 
of lake Superior. Tltey were found to have the following eleva
tions by our measurement", viz.: 221.8 feet (XVIII), 256.4 feet 
(XX), 288.1 feet XXI. 

Series 28-Pie Island-The "Pie" of Pie island is a magnificent 
example of the mesa topography which is so characteristic of 
Thunder bay scenery. A roughly circular area of columnar trap, , 
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the remnant of a once extensive sheet, lies horizontally upon the 
flat Animikie slates. The edge of the trap, together with that 
portion of the slate which intervenes between it and the summit 
of the talus, presents vertical walls several hundred feet high. 
The top of the "Pie" is about 850 feet above the lake. This mesa 
was surrounded by waters of the lake at its higher stages beyond 
the general upper limit of the talus, and it is doubtless encircled 
by corresponding beaches and terraces on the slopes beneath the 
timber. There are strong suggestions of such features which 
even the timber cannot obscure. On the west side of the island 
the ground has been cleared and cultivated, and here on Mr. 
Keefer's ranch some of the strand lines stand out clearly and at
tract the eye at a distance of many miles. There are three of 
them which were sufficiently distinct at close quarters to permit 
of precise location. The highest of theRe is a broad terrace abut
ting upon the talus of the "Pie." It has the form of a great spit, 
the rear of which is 221.5 feet (XVIII) above the lake. It seems 
to be essentially a current-built structure, and there is no wave
built beach at its highest part, the material of the terrace being 
mostly fine gravel and broken shale. The crest or axial line of 
the spit, however, slopes downward or lake ward and seems to have 
been a salient of the shore line at various lower stages, at which its 
construction was continued, and upon the sides of which true 
beaches were thrown up. The profile, both along the axial line and 
transverse to it, is undulatory while regularly descending. Among 
several somewhat vaguely defined beachee which contour this com
plexly built spit, there is one very fine shingle beach which leaves 
nothing to be desired in the perfection of its form, its linear con
tinuity, and its state of preservation. The crest of this beach was 
found to be 136.5 feet (XII) above the lake by our levels. 

The third strand line is a broad terrace which along the line of 
our measurement abuts against a talus of great angular blocks of 
trap. Here it has an elevation of 43.5 feet (V) and slopes away 
from this altitude, without any marked break, to the low cliff above 
the present shore, in the vicinity of Mr. Keefer's house. More 
patient examination of the talus slopes of Pie island where the 
timber is thin, would doubtless reveal many other strands. 

Series 29.-BruM Point.*-Tl::ere is but one strand in this se
ries, the coast being comparatively low. It consists of a well de
fined shingle and pebble beach in a small bay on the west side of 
the point. The crest of the beach was found to be 34.7 feet (IV) 

*By an error printed Bruh! river in the table. 
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above the lak9. This heach seems to be correlative with a broad ter
race which extends far inland and which could not in the time 
given to the inquiry be discriminated from the plain of Kaminis
tiquia delta. This delta has been developed at various successively 
lower stages of the lake and would require careful and very criti
cal examination in order to win from it any record of definite and 
prolonged stages of its base level. 

Series 30.-Kaministiquia.-At the higher stages of lake Superior 
a large stream swept down the valley of the present Kaministiquia. 
At Kaministiquia station on the Canadian Pacific, this valley is 
constricted by the approximation of rocky hills which rise nearly 
500 feet above the level of the railway at this point. Immediately 
below the station the valley begins to open out and continues wide 
and open to lake Superior. This narrow place in the valley seems 
to have been the head of the delta plain of the ancient stream. 
There is a gravel pit close to the railway station which reveals 
gravel and sand in false bedded attitudes. 'fhe pit presents a sec
tion of a very extensive terrace which appears to be the remnant 
of the old delta plain. This terrace adheres to the east side of 
the valley, the river in cutting its way down through it in pursuit 
of its steadily lowering base level having clung to the west side of 
the valley. But with such an open valley it seems probable that 
the waters of the lake which conditioned the apex of the delta were 
not far distant and that the level of the terrace at its abutment 
against the rocky slopes of the carron indicate approximately the 
maximum figures for an altitude of one stage of the lake. The 
level of the terrace was found to be 455.1 feet above lake Superior. 
It is placed in the table as indicating a distinct stage of the lake 
(XXVIII) with considerable hesitation. It is not improbable that 
it should more properly be correlated with strand line XXVII. 

Series 31.-Port Arthur.-In this series are some of the most 
beautiful terraces which have been noted among the strand lines 
of the north side of lake Superior. The series is also unique in 
comprising a well developed "hooked spit." The effect of the ter
races is strongly accentuated by the culture which has been im
posed upon them. They are seen to best advantage, perhaps, 
within the town limits of Port Arthur, which is not yet so thickly 
built up as to obscure their character. [See PI. IX. Fig. 1.J The 
lowest terrace is that upon which the business portion of the town 
is built. Its rear ends sharply at the base of a sea-cliff and was 
found to have an elevation of 61.4 feet (VI) .. From this altitude 
it slopes gently though not quite uniformily to the present shore 
through a distance in the heart of the town of about a quarter of a 
mile or less. 
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F LG .1. TERR.\CE IX TOWN OF PORT ARTHUR . STREET ABOUT SIXTY FEET 

ABOVE THE LAKE. (P. 262.) 

FIG . 2. PHOFILE OF TEHRACES AT BACK OF THUNDER CAPE. F I~on S.\\yYEI~'S BAY. (P. 199.) 
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The next terrace is that upon which stands several of the 
churches of the town, the court house, and many of the more prom
inent residences. It has a very sharp brink at the upper limit of 
the sea-rliff above referred to and is on an average less than half 
as wide as the terrace below it. Its rear is also remarkably sharp 
in its abutment upon its limiting sea-cliff. This sea-cliff is for the 
most part composed of the loose material of an earlier embank
ment, but in one place it is a precipitous wall of rock. The rear 
of this terrace was found by our levels to have an altitude of 89.8 
feet (VIII). Above this arfl two remllants of higher terraces, one 
at 95.7 feet (IX) and the other at 118.4 feet (X), which, though 
narrow and not so sharply defined as the lower ones, appear as 
quite sharp and distillct lines when viewed from a distance. There 
is still another narrow terrace at 148.b feet (XIII) which is rather 
illy defined and is not noticeable at a distance. 

At the b~ink of the hill behind the town a little to the south of 
the Dawson road is a gravel pit which affords an admirable section 
of a beach. The beach crest runs out from a shoulder of the hill 
at the entrance to the valley of the Kaministiquia. The beach has 
been a spit which tended to continue its growth in the direction of 
the shore line from whence it received its mater.ial and so attempt
ed to span the valley. Its extremity was, however, soon swung 
around so as to point up the valley, or bay as it was at the stage of 
the lake. In this way the characteristic form of a "hook" was de
veloped ILnd the form is perfectly preserved. The spit beach is 
somewhat remarkable for the number of large boulders which are 
strewn over its surface, while its section in the gravel pit shows it 
to be chiefly made up of comparatively fine gravel. The crest of 
the beach, at a point close to the base of the spit is 170.1 feet above 

. the lake (XV). Its extent indicates a long continued stage of the 
lake. 

Se1'ies 32-McKenzie-From McKenzie station, about 14 miles 
east of Port Arthur on the Canadian Pacific railway, a series of 
terraces can be seen scoring the hills to the north at a distance of 
probably a little more than a mile and a half to the farthest. An 
effort was madeto locate these terraces by running a line of levels 
from the railway, but this only met with partial success. The 
terraces which appeared so sharp and unequivocal from the railway 
station lost their character when approached closely, and could 
only be recognized as terraces with consideraQle doubt. Some of 
these terraces, also, were of so remarkable a character that al
though figures for their elevations were obtained, they could not 
without more critical study be identified as strand lines of lake 
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Superior. Indeed only the broad sandy terraces immediately to 
the north of the railway, the lowest of the series, was found to 
possess sufficient of the character and definition of shore topo
graphy to warrant its being regarded as a strand. And even here 
the question had to be carefully considered whether it was not a 
flood-plain of the stream which traverses it, and the cliff at its rear 
a stream cliff. The material of which the terrace is compJsed, a 
stratified sand, seemed to indicate that it was not a flood-plain, but 
the bottom of a shallow bay of the lake, which the configuration of 
the hills suggests. Sections of the plain are well revealed in the 
cuttings and sand pits at McKenzie. This plain was found to be 
susceptible of very precise measurement. At McKenzie station it 
is 320.4 feet above the lake, and at its rear along the base of the 
cliff nearly a half a mile distant, ithas an elevation of 326.8 feet 
(XXIII.) Above this are two shelf-like portions of the profile 
which suggest terraces, but the smallness of the one and the ir
regular surface of the other, render them doubtful as features due 
to shore action. The elevations of these are respectively 347 feet 
and 379 fe'3t above the lake. Still higher is a much more distinct 
terrace at 420 feet above the lake, which would be interpreted as a 
wave-cut terrace were it not that, at its rear part, immediately in 
front of the cliff which rises above it, there are several very re
markable pits or kettle holes without apparent drainage outlet. 
The kettle holes have clearly originated after the dtlvelopment of 
the plain of the terrace. The pits were 15 feet to 20 feet deep, 
and irregularly fuunel-shaped, and could apparently have been 
formed only by local subsidence of the ground. About 40 feet 
above this terrace, ascending the cliff at its rear, we come upon 
the brink of a much more extensive terrace-plain which is also 
backed by apparent sea-cliffa .. The front of this terrace has an 
elevation of 460 feet, and its rear 497 feet with a slope of 37 feet 
in about a half a mile. When viewed on a level the plain presents 
a uniform, apparently flat surface. Immediately that the eye rises 
above it, however, it is discovered to be pitted over its entire pxtent 
by kettle holes which are similar to those noted on the plain below, 
but which are much larger and relatively to the area much more 
numerous. In many cases two pits are so close together that 
the narrow ridge separating them is quite wedge· like and has 
frequently broken down. The pits are so numerous that it is not 
practicable to traverse the plain in any direction in a straight line, 
but only to wind in and out on the narrow remnants of the original 
plain which are left between the pits. The sides of the pits are 
in many cases as steep as the material can lie. The material is 
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morainio in oharaoter and oontains numerous huge boulders. In 
some oases these large boulders were conspicuous features in the 
narrow bottoms of the pits. Here again the only suggestion that 
could be obtained after traversing the plain several times was that 
the pits were posterior in their origin to that of the plain. Above 
this remarkable pitted plain is another important terrace also com
posed of coarse morainic material, but not apparently pitted so far 
as observations could be made. This terrace is thickly wooded 
while the lower ground is burned off. On account of the brush it 
could not be examined easily, but it appeared to slope toward the 
rocky hillside of the valley, and although this appearance was not 
verified, it suggested, when taken into connection with the char
acter of the material of which it was composed, the possibility 
that the feature was a true morainic terrace.* 

A definite explanation of the mode of development of these 
interesting terraces is not possible from the scant study which the 
writer was able to give them. He can only commend them to 
students of topographic forms as an interesting field for study 
which is easily accessible. A tentative suggestion may, how
ever, be not out of place. These terraces occupy the sides of a 
valley which was unquestionably filled with the continental ice 
sheet. As the front of the sheet receded this valley was very 
probably occupied by an ice current running out from the general 
body of the glacier, or it may possibly have been occupied still 
later by a local alpine glacier. The configuration of the hills 
would favor such a possibility. Students of the kettle moraine 
have come to the conclusion that the kettle-holes of that region 
have been formed by the burial of masses of ice within the moraine 
which afterward melted and caused the surface to collapse. There 
is an immense accumulation of morainic material in the valley 
we are considering. Is it possible that such accumulations con
tained numerous buried blocks of ice, which continued frozen until 
after the high stages of the lake had cut broad terraces out of the 
moraine? If the high stages of the lake followed closely upon the 
recession of the ice front, it seems not impossible, when we con
sider the low temperature which lake Superior maintaines even 
to this day. 

Sm'ies 33.-Easi side of Thundet· Bay.-The east side of Thun
der bay from its upper end to Sawyer's bay presents a very bold 
and remarkably straight cliff several hundred feet high composed 
of Keweenian sandstone resting in Animikie slate, both fiat bedded 

"d. Gilbert, Lake Bonneville, p. 81. 
18.>2: 
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and in apparent conformity. The cliff is probably originally and 
genetically a fault scarp. In the face of the cliff there has been 
cut a distinct shelf or terrace, the rear of which, at the foot of a 
talus due largely to sub-aerial degradation, wag found to be 57.5 
feet (VI). The shelf is assumed to be, in part at least, a wave·cut 
terrace. 

A similar terrace is being cut at the present level of the .lake, 
causing the recession of the lower cliff, so that it is apparent that 
the shelf referred to must have been once wider than it now ap
pears. 

Series 34.--Back of Thunder Cape.-At the back of Thunder 
cape, on the south side of the entrance to Sawyer's bay, there has 
been preserved a series of wave-cut terraces and sea-cliffs which 
are of unusual interest for the perfection of their form and for the 
fact that being situated on a projecting portion of the coast they 
are revealed in I:Iharp and distinct profile to certain points of view. 
The prome was photographed and is reproduced in plate IX, fig
ure 2, the view selected being that obtained from the north side of 
Sawyer's bay. All of these terraces have been cut out of Animikie 
slates and present very sharp sea-cliffs particularly as regards the 
lower members of the series, where the cliffs are nearly vertical 
scarps which can only be scaled at certain favorable localities. 
The timber has been burnt so that their characters are unobscured. 
The first four of these terraces have a fairly uniform width which 
does not vary much from 100 feet, and all have the usuallakeward 
slope. The figures obtained for the elevations of these, at the 
base of their limiting sea-cliffs, are respectively 49.6 feet (V), 122 
feet (XI), 170 feet (XV) and 261.2 feet (XX). The fifth terrace is 
smaller and has an elevation of 288.4 feet (XXI). The sixth ter
race breaks down in its front part into a broad uneven plain when 
examined closely, but when viewed from a distance affords the 
simple prome of a continuous slope. Its altitude is 392.3 feet 
(XXV). Above this there is still another broad terrace, the rear of 
which was found to be at a point representing its sharpest features, 
482.2 feet. This terrace slopes, however, rather rapidly, is more 
obscured by timber and could not be definitely recognized as of 
wave-wrought origin. It was therefore not placed in the table al
though there is a probability of its being a strand line. At its rear 
is a talus accumulation from cliffs of trap rock which rise high 
above it. 

Series 35.-SiZver {sZet.-On the trail from the deserted village 
at Silver islet to lake Marie J;'.ouise an interesting series of beaches 
may be conveniently examined. The series is chiefly interesting 
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for the great number of beaches which are found within a very 
limited vertical range. The crest of the present storm beach is 
12 feet above the level of the lake. Between this and a beach the 
crest of which is 39.3 feet above the lake, there are no less than 
nine distinct well formed shingle beach ridges rising one above 
another on a gentle slope. The first two of these are somewhat 
larger and apparently of more importance than the others and are 
placed in tbe table at stages II and III, the elevation of tbeir 
respective crests being 14.7 feet and 20.5 feet. The elevations 
obtained for the crests of the otber shingle ridges are as follows: 
21.4 feet, 23.2 fe!:)t, 25.9 feet, 26.7 feet, 31 feet,33.7 feet, and 36.8 
feet. If projected on a vertical plane these beaches, eleven in all, 
would appear closely crowded, but in reality, owing to the gentle 
slope upon which they have been built, they are spaced horizontally 
so as to be well individualized and spread over several bundred 
yards of ground in a direction transverse to their trend. 

This portion of the series, only certain dominant members of 
which have been inserted in the table, clearly indicates a gradual 
recession of the lake, from the stage at which tbe 39.3 feet (IV) 
beach was built clown to the present level. 

At this level the beaches cease and the next indication of a 
strand line is a terrace at 59.2 feet (VI) with a low and rather 
ill-defined cliff at its rear. The next is an isolated beacb resting 
on a rocky slope tbe crest of which is 89.2 feet (VIII) above the 
lake on the line of the trail. In ascending the trail we next come 
upon a beach at 136.7 feet (XII) which is the lowest of a continu
ous succession of beaches extending for a distance of about 600 
feet. The bighest has along its crest an elevation of 149.2 feet 
(XIII). This succession of beach ridges has practically the 
character of a wave-built terrace with this exception, that the stage 
of the water bas not been constant but bas been very slightly lower 
for each successive ridge of the terrace. From the upper beach 
of this nearly horizontal succession of beach ridges there is another 
succession wbich rises more rapidly and which is fewer in number. 
The upper member of this succession is a beach tbe crest of which 
is 168.2 feet (XV). Here then we have evidence of a gradual 
recession of the lake from stage XV to stage XII or from 168.2 feet 
to 136.7 feet. The beach which represents stage XV (168.2 feet) 
is also the highest point of the trail along that portion of it on 
which strand lines are observable. In other words, the beach is an 
old bar beach thrown acro"s the mouth of a channel between two 
. portions of the lake, so that after passing over it, we begin to 
descend over another succession of beaches. These present the 
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same continuity as on the side first approached and our h·vels 
showed, that the rolling profile of beach ridges crowded together, 
continued from the crest at 168.2 feet to 140.8 feet. In this suc
cession there is one prominent beach larger than the rest which 
has an altitude of 161.4 feet (XIV). Farther along the trail there 
is a distinct nearly flat terrace at the base of an escarpment of 
Keweenian rocks, of which two determinations of altitude at point.s 
t mile apart, are 115.9 feet and 116 feet (X). Further along the 
face of the scarp a small terrace was found with an elevation of 
127.4 feet (XI). The trail then passes over a remarkable sandy 
plain which appears to have been once shallow lake bottom. The 
pll),in was found to be about 132 feet above the lake but it is some
what ridged in places and some sand dunes have been raised above 
its general surface. 

Series 36.-Nipigon.-At some of the higher stages of lake Sup
erior, lake Nipigon and the great lake into which it now drains by 
a succession of rapids must have had a common level. The 
present valley connecting the two bodies of water was always nar
row and bounded by precipitate hills of rock, in which, however. 
there may have been notches affording other outlets than the pres
ent one. The channel was particularly narrow just where it would 
have emerged upon the open lake, being from t to t mile wide 
according to the stage of the water. At one of these higher stages 
(which one is not definitely known but it was certainly over 200 
feet higher than the present) a bar was thrown across the mouth 
of the channel partially or wholly shutting off the basin of lake 
Helen from that of lake Superior. This bar formed an immense 
beach which has been cut throu,gh by the Canadian Pacific railway 
just west of the bridge over the Nipigon river and is used as a 
gravel-pit so that its structure is well revealed. This great gravel 
beach is unfortunately covered by a dense jungle which renders its 
investigation extremely difficult. An attempt was made to ascer
tain its form and carry a line of levels to its crest. But it was 
soon realized that it was far from simple in its character and that 
no safe conclusions could be reached without giving the inquiry 
much more time than was at our disposal. An apparent crest was 
reached at an altitude of 198.3 feet, but the impression was ob
tained that probably the bar had been developed at successive 
stages of the water on the same general lines, and that the figures. 
obtained afforded no reliable information as to any particular long
continued stage of the lake. But while the strand or strands to 
which the beach itself corresponds was not definitely ascertained. 
the slopes of the embankment afforded an excellent opportunity 
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for the registration of lower stages of the water. Upon its slopes 
there are several very distinct wave or current-cut terraces. Some 
of these face the open lake and record unequivocally a stage of its 
waters; others face the channel of the Nipigon river and are due 
rather to current scouring and therefore strictly of the nature of 
stream terraces; but being in immediate vicinity of the lake with 
no drop in surface of the water in the short distance which inter
vened, they represent also stages of the lake, the figures being a 
little smaller than the corresponding wave-cut terraces would give. 

The highest of these flanking terraces is a broad forest covered 
plain which in the vicinity of the beach embankment, but not at 
the rear of the terrace, has an elevation of 131.7 feet (XII). The 
great breadth of this terrace, its flatness, and the fine sandy ma
terial of which it is chiefly composed, indicate that it is not a com
mon shore wave cut or wave built tenace. It is a plain of deposi
tion probably of the charaeter of a delta, and yet it probably 
represents very closely a level of the lake. A few hundred yards 
behind Nipigon railway station the front of this broad terrace drops 
abruptly in the form of a sea-cliff at the base of which a sharp but 
narrow wave-cut terrace having an elevation of 89.8 feet (VIII). 
This terrace is traceable around the face of the great bar-beach 
to the vicinity of the Nipigon bridge. Another determination of 
its elevation obtained at this place gave the figures 89.9 feet. This 
narrow terrace in turn drops in a low sea-cliff to the terrace flat on 
which the railway depot stands and over which the track is laid. 
At its rear it has an elevation of 82.2 feet (VII). 

Crossing the rail way track and descending the wagon road to 
the Hudson Bay Co's. port, we cross three cut terraces haviIlg re
spectively the elevations 61.3 feet (VI), 28.4 feet (IV), and 13 feet 
(II). In addition to these there is a well marked terrace cut out 
of the slope of the great bar-beach on the lake Helen side of the 
railway bridge. This has an elevation of q3.3 feet (V). 

Series 37-Mazokamah-About half a mile southeast of the 
mouth of the Mazokamah a high bluff of the Archooan juts out into 
the lake. On the stream ward flank of this bluff there has been 
revealed by a recent forest fire, a series of remarkably sharp, step
like terraces overlooking Nipigon bay. The terraces, like so 
many others on this coast, are not cut into the rock, but into an 
earlier-formed embankment which lies imposed upon the rocky 
slopes. At the summit of the embankment is a great shingle 
beach bar at an elovation of 360.6 feet (XXIV) with a lagoon 
hollow behind it. The origin of this primary embankment is sug
gested by its proximity to the canon from which Mazokamah river 
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issues. It seems originally to have been an immense embankment 
which accumulated at the highest stage of the lake registered by 
the bar referred to. The conditions of coastal topography at this 
high stage of the water favored such a local accumulation. The 
stream supplied the boulders, shingle a,nd gravel. The storms dis
tributed them now on this side of the river's discharge and now on 
that. The portion which was cast to the eastward could not easily 
recross the mouth of the cai"ion. Its tendency to move as shore 
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drift far from the point of dis
.!leach charge was effectually checked 

3I1o.Qti! by the deep water off the jutting 
shoulder of the bluff. It was, 
therefore, confined within an 

88;.0/'t open-mouthed bay of smaller 
extent, and as it accumulated, 
mantled the rocky slope down 
into hundreds of feet of water. 
It is out of. this embankment 
that various later stages of the 
lake have wrought successive 
terraces, and at the same time 
added to its lower slopes. The 
terraces are generally uniform 
in character, the widest being 
about 120 feet and the narrow
est about 25 feet, and all are 
equally sharp. The sea-cliff 
which rises from the rear of each 
terrace and extends to the brink 
of the next higher in the series 
is, with one exception, of the 

I same character in fl.ll cases, and 
is a straight slope having a de
clivity somewhat leas apparently 
than the ordinary angle of re
pose of such material, being 
probably about 24 degrees. The 
exception is the cliff between 
(XVI) 193.1 feet and (XVII) 
214.5 feet, which is a rather un-
even slope with a much gentler 

Fig. 11. declivity The terraces have thus 
the character of the wave-cut type, but while this is their 
essential character it is very probable that at each stage of 
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the water the Mazokamah river continued to add fresh 
supplies to the shore drift, so that they are in pl:Lrt also of the 
character of Gilbert's "cut and build" terrace. The new acces
sions at each stage being of the same character of material as the 
embankment in which the cut was being made, it is difficult to dis
tinguish between the cut shelf and its added extension. The ver
tical distribution of the terrace at this locality is shown in the ac
companying diagram. Fig. 11. 

Series 38.-Simpson Island.-The terraces of the north side of 
Simpson island are like those at 
Mazokamah of the wave-cut type. 
They have about the same lake
ward slope and have similar but 
steeper cliffs rising from their 
rears. '.rhey present a decided 

IY-'==::.--..-' contrast, however, to those on 
the opposite side of the bay at 
Mazokamah in the paucity of 
loose material which they ex
hibit. The terraces being formed 
on the side of an island there 
was no contribution of stream 
and gravel and the shore drift 
arising from the waste of cliffs 
was small in amount. The ter
races are essentially cut out of 
the rock of the island and the 
vigor with which the cutting 
proceeded is shown in the steep 
and in some cases nearly vertical 
declivity of the sea-cliffs behind 
them. The rock is a sandstone, 
rather friable in places, with a 
distinct bedding and southerly 
dip at low angles. It is protected 
above by a heavy trap cap. 'I'hese 
characters have favored the cut
ting of the terraces and the cliffs 
remain much as the shore action 
left them, having shed but a 

small amount of talus since the cutting ceased. Tbe fact that the 
strata dip south while the cliffs face the north precludes the pos
sibility of an unmodified shelf of rock having been mistaken for a 
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terrace.· The ground has been well burnt of its timber and the 
terrace slopes are well defined. There is some sandstone and shale
shingle and trap pebbles of local derivation, but these are more 
abundant on the lower than on the upper terraces so far as the veg
etation will permit of observation. The width of the terraces 
varies from about 25 to 300 feet. The highest tern'ace is 254.6 
feet above the lake, and at its rear rises a precipice upon which the 
higher levels have not been registered, or if so, such registration has 
been obliterated by the undermining action of the Grand Portage 
stage (XX) of the lake. 

Series 39.-- Winston's-At Winstou's siding half way between 
Rossport and Schreiber is a heavy but quite local accumulation of 
coarse delta material which has been opened as a gravel pit. The 
matArial has been supplied by a small stream which has prob
ably traversed a moraine, as the material is very heterogeneous. 
'fhe embankment appears to be essentially of the character of 
delta, spreading out fan-shaped from the mouth of a little canon, 
but much modified by wave action. Its upper surface in the 
vicinity of the pit was found to have an elev;tion of 2 LO feet 
(XVII?) The surface is here gently sloping and the maximum 
hight was not obtained. The general nature of the embankment 
was not realized when first examined and its altitude measured, 
and it was only later when viewed at a distance from the lake that 
its delta cbaracter became apparent. 

Series 40.-Schreiber-The railway shops at Schreiber, a divi
sional point of the Canadian Pacific railway, and the small town 
which is growing up around them, occupy a perfectly If'vel piece 
of landless than a square mile in extent in a region where such 
level tracts are exceedingly "few and far between." This flat is 
rudely triangular in shape, one side facing lake Superior, the 
shore cf which is two miles distant. On the other two sides it is 
bounded by bare or scantily wooded rocky hills which rise irregu· 
larly to elevations of a few bundred feet within sight of the rail
way station. On the northwest side of the flat where it abuts upon 
the rocky slopes, a small rapid stream from the north has cut a 
deep sharp gorge down to bedrock showing a thickness of detritus 
which varies according to the uneven character of the rocky floor, 
but which probably aVbrages over 100 feet. The rocky ridges 
which bound the two sides of the flat continue lakeward as bold 
promontories so that the flat occupies an embayment in the hills. 
The lakeward boundary of the flat is a beautifully defined beach 
bar which extends across the embayment from ridge to ridge save 
where it has been cut through by the stream. The ground has 



"-

/ ( 
~w/ 
'\\ 

/ 

.I 

STATE GEOLOGIST. 273 

been cleared of the heavy jungle by fire 
and the characters of the beach bar are 
not disguised by the thin veil of new 
growth. The crest of this bar has an 
altitude of 391 feet above the lake, and 
on its front it descends rapidly lake
ward till it reaches the uneven rocky 
slope upon which it is imposed. The 
flat behind it is a filled-in lagoon having 
a uniform elevation of about three or 
four feet below the crest of the beach 
bar. The history of the development 
of the topographical features thus de
scribed cannot be stated in detail from 
the brief study given to it, but broadly it 
appears to be as follows: At the higher 
stages of the lak.e the stl eam coming from 
the hills at the apex of the old embay
ment dumped its sediment and gravel 
into the then bay. All but the gravel 

~ 
bD of the sediment was retained within the 
i;; bay owing to the deep water off its 

limiting promontories, and formed a 
heavy embankment at the bottom of the 
bay. As this embankment extended 
lakeward the point of discharge of the 
stream was apparently carried suffi
ciently far lakeward to come within the 
influence of the waves and currents of 
westerly and southwesterly storms, so 
that a spit was developed running 
easterly, which eventually spanned the 
bay and became a bar. The choking of 
the first channel of the stream and the 
filling in to a uniform level of the in
closed lagoon would naturally follow. 

Other lower beaches or terraces may 
possibly be found between this beach 
bar and the present shore line, but on 
the trail followed by the writer none 
were clearly recognized, the country 
being rough and difficult of inspection. 
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Series 41.-Ten·ace bay.-Terrace bay has long been'noted for 
its terraces and their character, as ancient strands of lake Superior' 
were recognized as early as i847. *1 

The embayment occupied 
by Terrace bay is rudely 
horseshoe-shaped and the 
hills rise steeply above the 
bay in a succession of great 

I terrace steps, like a magni
ficent amphitheatre. These 
terraces are ideal in their 
perfection of form, free of 
timber for the most pad, and 
as sharp in their profile as 
if they had been constructed 
of masonry. The embayment 
seems to have been originally 
occupied by an immense em
bankmpnt which spanned the 
valley, the abundance of the 
material being due doubtless ~ 
to the proximity of the early ~ 
representative of the Black 
river, which now enters lake 
Superior a little to the east 
of Terrace bay. The top of 
this embankment is a broad 
well-rounded beach, the crest 
of which is 092.2 feet (XXV) 
above the lake. It evidently 
was a bar beach which separ-
ated a deep lagoon from the 
open lake. It is on the front 
of this embankment that the 
terraces have been con-
structed. 

The material of the em
bankment is un00nsolidated 
gravel and pebbles, and th e 

37;'.9[t, 

317.9/'t. 

2'1-i!.7ft, 

cliffs at the rear of each terrace have the angle of repose 
of such material, viz., uniformly 34 0 by measurement. The 
width of the terrace varies from 1,000 feet to 50 feet. The series 

*Logan-Report of Progress, Geological Sun'e'y of Oanad", 



STATE GEOLOGIST. 

is so simple in its general character that no farther description is I 

necessary. A profile plotted from measurements is given, which 
it is hoped, will afford some idea of the distinctness of the terraces. 
The el~vations obtained for the rear part of the different terraces 
are as follows: 96.3 feet (IX), 228.4 feet (XVIII), 242.7 feet (XIX), 
317.9 feet (XXII), 371.5 feet (XXIV). The impression which an 
inspection of the series gives is that, having been developed at 
different and distinct stages of the water, the subsidence of the 
lake must have been by great leaps from the level of one terrace 
to that of the next below. This notion is, however, at once cor
rected, when it is remembered that the development of one terrace 
may involve the destruction of many or all of the earlier formed 
terraces or benches. The number of the terraces is, therefore, no 
indication whatever of the number of distinct and long-continued 
stages of the lake. These terraces are essentially wave-cut ter
races, but as the supply of material for construction doubtless con
tinned at all stages. to some extent at least, they may in part be 
current-built terraces. And as the material from the cliffs in pro
cess of recession would be the same as the shore drift supplied by 
neighboring streams, there would be no observable difference be
tween the portion of the terrace which is cut and that which is 
added to it, and there would be no break in the profile. 

Series 42.~Jackfish Bay.-On the east side of Jackfish bay, 
just south of Jackfish station on the 0anadian Pacific railway, 
there is an embayment in the hills which is now spanned by a rail
way eml->ankment, which, at its highest part, is about 85 feet above 
the lake. The upper part of this emeayment was, at the highAst 
stage of the lake of which there is here a record, the seat of the 
accumulation of an immense embankment. The surface of the 

. embankment is apparently flat and no rise could be detected with 
the spirit level for a distance of an eighth of a mile. It passes 
undAr the timber and its full extent was not determined. It ap
pears to be a delta plain of a drainage system which found other 
outlets as the waters of the lake fell to lower stages. The eleva
tion of this delta plain was found to be 418.3 feet. (XXVI) On 
the front steep slope of the delta there have been carved two very 
distinct terraces, both with well-defined steeply sbping sea-cliffs 
remarkably uniform and intact. The first of these in descending 
order is about 100 feet wide and at the base of its sea-cliff has an 
altitude of 391.3 feet (XXV). The second terrace is smaller but 
no less distinct. Its elevation is 367.2 feet (XXIV). Below the 
front of this terrace the pr0file of the surface changes from the 
step·like character given to it by the terraces to a gentle slope ex-
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tending to the present shore about a mile distant. On this slope, 
on which the underlying rock may in places be seen protruding, a 
great many shingle and gravel beaches have been thrown up at 
different stages of the lake; and we have here perhaps the fullest 
repIesentation of the ancient strand lines of the lake that is to be 
found anyw here on this coast. 

The first five of these beaches are distinct from one another 
being well spaced both vertically and horizontally. Their individ
uality is no less marked than their general perfection of form, size, 
and continuity. They are concave lakeward and usually h~ve a 
distinct depression behind them. The country has been burnt and 
they are easy of access for purposes of examination. . 

The figures obtained by our leveling for the crests of these five 
beaches is as follows: 3I7.2 feet (XXII), 259.2 feet (XX), 237.9 
feet (XIX), 228.5 feet (XVIII), and 175.6 feet (XV). About 6 
feet above the last (XV) there is a beach-like ridge which may 
also be indicative of a distinct stage of the water, but was thought 
to be a feature of practically the same shore as that at which beach 
XV was developed. On the lower slope of beach XV there is a 
narrow terrace which appears to ber cut into the higher embank
ment at an elevation of 157.9 feet (XIII). The ground is some
what obscure at this place and the fact that it was really a cut 
terrace and not the incipient form of a wave-built terrace was not 
·clearly established. Continuing down the slope there are well 
defined and distinctly spaced beaches at elevations for which we 
obtained the following figures, viz: 135.9 fed (XII.). 127.7 feet 
(XI an exceptionally large beach), and 119.5 feet (X). 

These are followed by a continuous succession of rolling beaches, 
the highest of which has an elevation of 110.1 feet and the lowest 
84.9 feet; of this succession the most prominent are the last men- • 
tioned and one at 102.9 feet which are placed in the table as strand 
lines (VII) and (IX); between these two for a distance of 1200 
yards one beach follows another closely. An inspection of the 
ground leaves little doubt in the mind of the observer but that 
there was a gradual and comparatively regular recession of the 
waters of the lake from the stage corresponding to the 110.1 foot 
beach to that at which the 84.9 foot beach was formed. On the 
lakeward side of the railway embankment we 'find another rolling 
succession of beaches, the figures for the . crests of which are as 
follows: 57.1 feet (VI). 53.8 feet,51 feet and 46.2 feet (V). 
These follow one another closely and again indicate a lowering of 
the water by easy stages. Separated from these by an interval are 
two lower beaches quite distinct from each other. The first is an 
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embankment of great size at 33.5 feet (IV); and the second is less 
prominent and has an elevation of 19.2 feet (III). The lowest 
record is that of a small wave-built terrace 9.8 feet high, the prod
uct of the waves of the present stage of the lake and which is an 
abandoned terrace only as regards its rear portion. Its front is 
still growing. It is a significant fact that the only horrizontal 
wave- built terrace in this very full record of shore lines is that of 
the present strand and suggests that the present stage has been 
perhaps the most enduring of the many through which the lake 
has passed. Where conditions for the development of shingle and 
gravel beaches have been so favorable, it is remarkable that no 
single stage of the lake should have lasted long enough for the 
construction of the characteristically rigid wave-built terraces 
which are seen at some places along the present shore. 

Series 4S-Three rniles east of Jackfish.-Just around 'the rocky 
point which defines the limit of Jackfish bay and about three miles 
or less from J ackfish station may be seen another fine series of 
strand lines which present a strong contrast to those last described. 
We have seen that in series 42 the conditions of the embayment 
favored the growth of beaches and that with the exception of two 
terraces near the top of the series there are practically no well 
defined wave-cut terraces. In series 43 just around a jutting ridge 
of rock which separateR the two embayments, we have a fairly full 
series of strand lines in which there is not a single beach, the 
whole series being composed of terraces. The embankment in 
which they are cut is an extensive one in which a large gravel pit 
has been opened for the railway. Its upper surface is quite fiat, 
so far as could be observed and its entire extent was not investi
gated. It appears in places to abut sharply against projecting 
portions of the rocky ridge. It appears to be analogous to the 
embankment at the head of the J ackfish embayment of series 42. 
Its elevation is 212.9 feet (XVII). The front of this terrace is 
limited by the sea-cliff of a lower terrace which has an elevation 
of 174.5 feet (XV). This terrace is very narrow owing to the re
cession of the sea-cliff of the next lower terrace which is that.upon 
which the railway track lies. This has a maximum elevation of 
111 feet, but the precise rear of the terrace is not susceptible of 
exact determination, and this figure (111 feet) was considered in 
the field several feet too high for what is probably the true rear of 
the terrace. Below this are four well defined cut terraces having 
the following altitudes, viz: 59.2 feet (VI), 47.3 feet (V), 40 feet 
(IV) and 16 feet (III). Below this is a great beach which appears 
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to be yet within reach of exceptional storms although its crest is 
13.3 feet high. By an error it appears in the table as strand 
line II. 

Series 44.-Dog River.-To the east of the Dog river we have 
a set of conditions somewhat analogous to those at Terrace bay. 
At a very early date Dog river was a source of supply for a great 
mass of shore drift. The prevailing storms have thrown it all to 
the east side of the river, where at a high level of the lake it ac
cumulated in a great embankment. On the summit of this em
bankment at a point about three miles Mst of the mouth of Dog 
river, a beach was thrown up which separated a shallow lagoon 
from the open lake. Below this beach on the front of the em
bankment there have been cut numerous terraces which are well 
preserved and perfect in form. The crest of the summit beach is 
323.4 feet (XXIII). The following elevations were obtained fl)r 
the rear part of the various terraces in descending order: 314.7 
feet (XXII), 255.4 feet (XX), 215.6 feet (XVII), 100.7 feet (IX), 
39.7 feet (IV), 16.5 feet (III). A very interesting feature of this 
series is that the actual process of their development may be ob
served in progress at the present shore. The cliffs are there 

. actively receding and have a declivity which is the angle of repose 
of the gravel and sand of which the primary embankment is com
posed. The recession has gone so far that for a considerable dis
tance the 16.5 foot terrace has been entirely obliterated save at 
points where it is protected from undermining by a projecting 
basement of hard rock. A broad sub-aqueous terrace of very 
gentle slope is being formed and the waves which traverse this 
shallo.w shelf being feeble at the shore line, the rear of the terrace 
where it abuts upon its sea cliff is precisely the level of the lake. 

Series 45.-Sancl River.-On the south side of the Sand river 
about a quarter of a mile from its mouth are two terraces the lower 
of which is very distinct while the upper is somewhat indefinite 
and hard to recognize on account of large numbers of huge boulders 
which cumber it. The terraces are composed mostly of boulders 
and large pebbles brought down by the stream. They flank the 
rocky walls of the canon in which the stream flows, but their posi
tion is clearly conditioned by a former level of the lake, the stream 
having cut through them as the lake subsided. The levels obtained 
for these terraces are 75.2 feet (VII) and 118 feet (X). 

Series 46.-Montreal River-The Montreal river in its lower 
stretch is a torrent rushing through a very narrow; high-walled 
canon whose form is due to structural planes in the granite of the 
country. This torrent has brought down to the lake a large 
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amount of very coarse material which has been dumped at the 
mouth of the canon and spread out in the form of a delta. The 
surface material of the delta consists chiefly of large boulders and 
angular blocks whose average diameter is perhaps three feet at the 
mouth of the canon, with masses of less size down to cobble stones 
farther lakeward. The finer gravel has been carried to the outer 
edge of the delta and there thrown up into a magnificent beach 
through which the stream maintains a narrow passage to the lake. 
This fine bar has its counterpart for an older phase of the stream 
at an elevation of 211.3 feet (XVII) less than half a mile up the 
canon and above the edge of its more precipitous part. The bar' 
has the form of a great beach extending across the valley and 
although covered with timber is easily recognized by its form and 
by the material of which it is built. This bar beach forms the 
crest of a great embankment probably much the same in character 
as that accumulating at the mouth of the present stream; On the 
front slope of this embankment there have been developed four 
sharply marked terraces. The upper two of these have elevations 
of 134,8 feet (XII) and 78.7 feet (VII), respectively, the first being 
over 100 feet wide and the second not more than 25 feet. Both ap
pear to be essentially wave-cut terraces and have sea-cliffs as steep 
as the material of which the primary embankment is composed 
will lie. The lower two terraces have elevations of 61.9 feet (VI) 
and 45.2 feet (V) and are the surfaces of former deltas which have 
been cut through by the lowering of the base level. Their prox
imity to the open lake and their position below the precipitous 
narrow part of the canon make it clear that their elevation is ap
proximately that of the lake at the stage at which their rear part 
was built. They have no true seu-cliffs, and they lie below the 
level of rocky surface upon which the higher embankment with its 
secondary terraces rests. I 

Series 47.-Mamainse.-At the deserted mining village of Ma- . 
mainse three of the ancient shore lines of the lake may be recog
nized by the usual characteristic features. The lowest of these is 
a gravel and shingle beach which skirts the back of the old stamp 
mill. Its crest, where crossed by our levels, is 122,1 feet (XI). 
The second is a distinct terrace which at its rear was found to be 
156.8 feet (XIII). The third is also a terrace, but a somewhat 
extensive one, the rear of which was not observed. It is an appar
rently flat gravel plain, thickly timbered, the surface of which, 
neal' its brink. is 191 feet above the lake (XVI). 
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Series 4B.-Sault ste. Marie.-The last of our series of the an
cient strand lines of lake Superior is in the vicinity of the present 
outlet. of the lake, and is interesting for its geographical position 
between lakes Superior and Huron: for the high levels at which 
the strand lines are observahle and for their well-preserved and 
unequivocal character. The terracing of the hills on the north 
side of the St. Mary's river is a conspicuous figure of the topo
graphy and may be readily examined at many points. The town 
of Sault Ste. Marie, in Ontario, is, like Port Arthur, built upon 
terraces. Of those within the town, two are very prominent, and 
there are suggestions of others. Only the lower of these two ter
races has its sea-cliff (possibly stream cliff) within the town 
limits. The base of the cliff is just north of the line of the Cana
diatJ. Pacific railway track, and on Pim street, where our levels 
were run, the rear of the terrace was found to be 49 feet above 

. lake Superior (V). The cliff rises steeply and is composed chicfly 
of clayey material. . The second terrace which extends back from 
the upper edg~ of the cliff, is a broad plain, at least a mile in 
width, and does not appear to have a well· defined cliff at its rear, 
bnt to have a sinuous abutment upon a series of low tumultuous 
hills composed of morainic drift. The altitude of this broad ter
race at its rear was not precisely determined although our levels 
crossed it, but it is probably about 150 feet. These two terraces 
are distinct from the remaining members of the series which are 
grouped together farther back on the front pftrt of the hills. They 
are probably best seen on the Tarentol"US road, about four miles 
from the town of Sault Ste. Marie.' Here an immense embank
ment has been accumulated alo::g the front of the hills in the em
bayment now occupied by the Root river, which has since cut a 
deep canon through it. This embankment culminates in a great 
gravel and shingle beach, the crest of which is 413.9 feet above 
the lake (XXVI). Immediately below this there is a rolling suc
eession of three bBnches for which the following elevations were 
obtained: 403.3 feet, 404:.8 feet, and 400.4 feat, the succeEsion indi
cating a stage of the water somewhat lower than XXVI at which 
there was a tendency to form a wave-b,uilt terrace with a gradually 
subsiding lake. A few hundred feet down the road we come upon 
a goo(l terrace, the rear of which is 365.3 feet above the lake 
(XXIV). On the front part of the terrace is a distinct but low 
beach. two feet lower than the rear of the terrace. The road then 
drops to the level of another terrace which is several hundred 
vards wide and which has an altitude at its rear, where it encircles 
~n island-like mass of rock that projects through it. of 311.2 feet 

19 g 
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(XXII). The front of this terrace is the front of the primary 
embankment of shore drift and there are cut into its steep slopEl' 
four wave-cut terraces ranging from ten to fifty feet in width, an 
well defined. The elevations obtained for these, in descending 
order are, 223.9 feet, (XVIII), 207.6 feet (XVII), 174.4 feet (XV), 
and 150 feet (XIII). 

DISCUSSION OF RESULTS. 

The facts set forth in the preceding pages, regarding the hyp
sometric and geographic distribution of the observed abandoned 
strands on the coast of lake Superior, suggest many interesting 
problems which cannot be here entered upon. The information 
which has been won is but a contribution to an inquiry into a ~ery 
important chapter in the recent physiographic development of 
North America. The full inquiry will require the labor of many 
investigators through many years before entirely ~atisfactory and 
invulnerable conclusions are attained. A few preliminary in
ferences and suggestions, arising from a consideration of the data 
which has been presented, may here, however, be discussed briefly. 

Up to the present point the abandoned strands with which we 
are concerned in this inquiry have been discussed as topographic 
features of the coast of lake Superior, and they have been alluded 
to as having been developed at the higher stages of that lake. But· 
a little reflection will make it clear that all but the very lowest of 
these strands represent stages of a sheet of water which was very 
different in its general physiography from the present lake Super
ior. It was many times more extensive than lake Superior, and 
covered the entire region of the great lakes Huron and Michigan 
with several hundred feet of water. The extent of thia vast lakEl' 
w,as probably at least twice as great as the combined areas ~f the 
present lakes Superior, Michigan and Huron, or about 150,000 
square miles; and these lakes are but the remnants of its waters 
gathered together in the subordinate depressionA of the once 
greater basin. The Algonquin beach which skirts the coast of 
lake Huron marks but an episode in the later stages of subsidence 
of this remarkable sheet of fresh water. For such a lake it would 
be manifestly incongruous to retain the name lake Superior, and 
confusion would constantly arise by such a usuage. It is, in fact. 
scarcely possible to discuss the problems presented without some 
distinctive name for the immense lake which played so important 
a rBle in the post-glacial physiography of the continent, and of 
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which the present great lakes are but residual parts. The necessity 
for such a convenient designation has been anticipated by Spencer, 
who has suggested for this great lake the name LAKE WARREN.* 

By lake Warren, then, will be understood the great sheet of 
water along whose successive shores were developed the terraces 
and beaches now apparent on the north coast of lake Superior; and 
the name will be applicable to this lake from its highest stages 
down to that stage when its waters became definitely segregated 
into the different subordinate depressions, and assumed the char
acters of the present great lakes. The different shore lines of 
lake Warren may, of course, receive special designations without in 
any way interfering with the name of the lake itself. 

A glance at the table shows that in different parts of the coast 
of lake Superior the number of observable strand lines varies 
from one to nineteen; while along very considerable portions of 
the coast none can be detected. This great discrepancy in the rec
ords of the different distinct stages at which the waters of the lake
Warren have stood is to be accounted for in different ways. Of 
course a very large proportion of the discrepancy is only apparent, 
and is due to the fact that the coast is a timbered country. Were
the coastal slope stripped of its timber many of the local series of 
strand lines would have a much fuller representation than is shown 
in the table. And in this respect forest fires are coming rapidly 
to the assistance of the inquiring geologist. If fire continues its 
destructive work in the future as vigorously as in the past few dec
ades, the record of ancient beaches and terraces will in many 
places be much fuller than is here given. But apart from gaps in 
the series due to obscuration of the topography by timber, there
are many localities where the topography is well exposed, and all 
the beaches and terraces present may be accurately determined; 
and on comparing these with one another very serious differences 
are at once apparent, even when the localities are not widely sep
arated. These may be due to one or another of two causes. (I) 
The coastal slope is not equally susceptible of receiving the regis
tration of shore lines at different levels. One portion of the slope 
may be admirably adapted to the formation of sea-cliffs and em
bankments, while another portion either above or below may not 
lend itself to the developmeut of such features. This difference in 
susceptibility of receiving shore line impressions is due partly to 
the varying character of the rocks and partly to thfl general steep
ness of the coastal slope. (2) A second cauge of the lack of con-

*Trans. Roy. soc. Can .. Sec. IV, 1889, p. 122. 
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cOl'dance between the different series of shore features is that many 
of them, particularly those which take the form of terraces in pre
Bxisting embankmer:ts, have been obliterated by wave action oper
ating at lower levels than that at which they were formed, by the 
process described as now in operation near Dog river. 

There is, however, still another important possibility to be con
sidered. Thera may have been differential movements within the 
limits of the present lake Superior basin when its outlet was 
relatively higher than at prellent. There are two general cases 
under such a supposition: (1) the differential movement may have 
been of such a character that a portion of the coast did not change 
its altitude relatively to the outlet, while another portion did so 
change; or (2) the entire coast, within the limits named, may have 
<lhanged its altitude relatively to the outlet, or become inclined. 
In the first case one shore line in one part of the coast would 
(lorrespond to more than one sh01'e line in another part, i. e., there 
would not be in all parts of the coast the same number of aband
oned strand lines even if the record were quite complete. But the 
supposition is a violent one, involving pest-glacial faulting or flex
ure of which there is no evidence whatever. In the second case 
there would be an equal number of strand lines in all parts of the 
coast (supposing none were re-suhmerged) but all would converge 
upon the outlet if projected on a vertical plane. 

In both cases the vertical interval between the same pairs of 
strand lines in all different parts of the coast would not be constant 
Moreover, it would be by the merest chance that in the second case' 
the same figures would be obtained for the vertical interval between 
strand lines in diffen:nt parts of the coast. If it can be shown 
that, notwithstanding the actual discrepancies in the different local 
series, there is a prevailing constancy of interval between strand 
lines in different localities, we shall not be warranted in assuming 
that the discrepancies apparent in the table are due to local move 
mentsat a time when the basin was fullel' than now. To be 
.convinced that there is a prevailing constancy of interval one has 
only to study the table of elevations, bearing in mind the fact, that 
the elevations given of the ancient shore features of lake Warren 
may differ a varying number of feet (ordinarily up to ten feet) from 
the actual water level at which they were formed. In the table 
will be found many striking coincidences of vertical interval; and 
the nature of the problem is such, that positive evidence of this 
character is important, while negative evidence' is practically value
less, owing to the fact many conditiolls may cause apparent dis
crepancies, while only one set of conditions would favor a con-
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stancy of vertical interval between the abandonpd strands, viz., 
a uniform subsidence of the watm' along the entirE extent of the 
coast. Not only is there a prevailing constancy of in terval between 
the abandoned strands, suggesting the correlation implied in the 
table, but when we compare the intervals between the strands of 
the various local series and the present level of the lake there is a 
far more imposing array of coincidences. This becomes apparent 
in the following table, in the consideration of which it must be 
again remembered that, if the same features were to be subjected 
to the same kiud of measuremeut, there would be a maximum dis
crepancy for the present level of the lake of 15 feet. In addition 
to this there are possible errors of observation and instrumental 
errors to be taken into account; so that the maximum discrepan
cies in the following table are very moderate in extent. 

TABLE 
Showing the extent of coincidence of the vertical intervals between 

the level of lake Superior and some of the abandoned strands of lake 
Warren at various well c1istributec110calities on the coast. 

Number . Maxinlunl and ulinimuru Maxirnum 
of localities. values of the interval ill feet. discropanoy ill feet. 

7 .................. 17.6- 12.1 ............... 5.5 
11 .................. 21.7- ]6.0 ............... 5.7 
17 .................. 400- 27.2 ............... 12.8 
]8 .................. 53 . .3-43.0 ............... 10.3 
10 .................. 61.9- 55.9 ............... fLO 
18 .................. 86.8- 74.4 ............... 12.2 
5 ................. 92.7- 89.2 ............... :-1.5 

12 ................ .. 106.3- 97.0 ... , .......... 9.3 
9 .................. ] 19.5-113.5 ......... , ..... 6.0 
9 .................. 129.2-122.0 ............... 7.2 

10 .................. .142.4-134.1. ............. 8.3 
6 ................. 11'>7.9-]48.8 ............... 9.1 
4 .................. 162.6-]60.5 ............... 2.1 
8 .................. 175.6-170.0 ............ '" 5.6 
3 .................. 19:~.]-189.1 ............... 4.0 
7 .................. 215.6-204.5 ............... 11.1 
7 ................. 2:H 8-221.8 ............ , .. 10.0 
2 ..... , ... " ....... 142.7-237.9 ............... 4.8 
7 .................. 261.2-2536 ............... 7.6 
3 .................. 288.4-278.9 ............... 9,5 
7 .................. 313.9-310.6 ............... 3.3 
3 .................. 33l.6-32:3.4 ............... 8.2 
4 .................. 371.5-360.6 .............. 10.9 
4 .................. 392 3-391.0 .............. , 1.3 
2 .................. 4183-41:i.9 ............... 3.4 
2 ................. .439.7-436.2 ............... 3.5 
3 ................. .475 9-4nO ............... 2.9 
2 .................. 509.5-5095 ............. 0.0 
2 .................. 534.8-5il4.0 .............. 0.8 

This remarkable coincidence of vertical interva.l could not be 
a matter of accident, and it seems to the writer to warrant the 
correlation of the abandoned strands of the lake as expressed in 
the table. But if this be granted it also demonstrates another im-
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port ant fact: viz., The lack of local deformation in the strand lines 
since their abandonment by the subsiding waters of the lake. For 
it is clear, that if the strands are to be correlated as indicated in 
the table, they are as perfectly horizontal as when they were 
functional shores. And in this statement we have a satisfactory, 
even if unexpected, answer to the question proposed at the outset 
of the investigation. 

It follows from this conclusion, that every distinct altitude 
occupied anywhere on the coast by a atrand line represents a stage 
of lake Warren. In other words, the total number of observed 
strands marks the minimum number of distinct stages. There are 
recorded in the table 33 e.trands having distinct altitudes. 
With reference to one of these (XXVIII) there is some doubt as 
to its representing a stage distinct from one recorded at a lower 
level. Thus there have been in the history of the recession of the 
lake at least 32 definite stages. The maximum number recognized 
in anyone locality is 19, so that the minimum defect in the record 
in the most favored locality is 13, i. e. in the most complete series 
only 60 per cent. of the minimum complement of shore lines is 
re presented. 

So far as can be inferred from a consideration of the observed 
strand lines, the subsidence of the lake may have been effected by 
a gradual lowering of the waters, with a definite halt at each of the 
stages represented by a strand line in the topography of the coast; 
or the waters may have dropped rapidly from one stage to another. 
The latter assumption for so large a sheet of water involves so 
much violence that it is naturally repugnant to the geological mind. 
The only probable condition which would give rise to a rapid drop 
in the water of the lake would be the rupture of an ice dam. But, 
as will be urged in the sequel, ice barriers appear to be ruled out 
Df the problem. Conditions favoring the rapid trenching of soft 
material, such as morainic debris, producing effects similar to the 
rapid lowering of lake Bonneville, are possible; but in the utter 
absence of evidence of such action this possibility can scarcely be 
entertained at present. It seems probablfl, then, that the lowering 
of the water has been gradual. But while this is so it does not 
imply that the subsidence was uniformly gradual; the occurrence 
of successions of beaches following one another closely on certain 
of the lower portions of the coastal slope (as has been indicated in 
earlier pages of this paper) seems to mark a much more gradual 
subsidence within certain limits of elevation than that which 
usually obtained. On the other hand, the wide vertical gaps 
between the strand lines in the higher parts of the coast may in-
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dicate a more rapid lowering of the water. or at least less frequent 
:stoppages of the process of subsidence. But owing to the imper
fection of the record the evidence is at best only suggesti ve on this 
point. 

There can be little question but that everyone of the many 
stages of lake Warren had its level determined by a definite 
outlet, just as the level of lake Superior is conditioned by the 
overflow at Sault Ste. Marie. The existence of post-glacial beach
-es and terraces at high levels in the vicinity of Sault Ste. Maril:l, 
demonstrates clearly that no ice barrier, spanning the interval be
tween the high ground on the north side of the lake and that on 
the south side, can be invoked to explain the high level strand lines 
of the north coast as those of a body of water dammed back by a 
glacier lobe, and corresponding in geographical extent approxi
mately with the present lake Superior. It was a sheet of water of 
much vaster proportions; and for such it is entirely reasonable to 
suppose that epeirogenic movements may have been in progress in 
one portion of its area and not in others; or that a movement of 
uniform elevation or depression in one part may have proceeded 
contemporaneously with local warping in another. Further, since 
the supposition of an ice barrier at Sault Ste. Marie is out of 
the question, and since there is no known single gorge of post
glacial age which, by being progressively trenched, would, without 
crustal warping, account for the lowering of the waters through a 
range of 600 feet, we seem, so far as our present knowledge serves 
us, to be forced to assume crustal deformation as the primary 
means of the lowering of the outlet of the lake. A consideration 
of the abandoned strand lines of the north coast of lake Super
ior warrants the conclusion that whatever deformation may have 
been in progress, the region examined was not locally warped, al
though it may have been uniformly uplifted or depressed. Thus 
it seems probable that local warping of the crust, in some region 
far removed from lake Superior, is accountable for the lowering of 
the land barrier which held back the waters of lake Warren. The 
region in which evidence of such changes should be looked for lies 
to the south and southeast of lakes Michigan and Huron; and the 
movements which here concern us are probably cloaely related to 
those revealed in the warping of the Iroquois and Algonquin shore 
lines, as described by Gilbert and Spencer. These warpings,however, 
must represent a late movement in the general process; since the 
scoring of the Algonquin beach of Spencer is probably only a re
·cent episode in the subsidence of the great sheet of water which 
-embraced all three of the upper lakes. 
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The general epeirogenic result of the movements which lowered 
the southern and southeastern barrier of the basin of lake Wan·en. 
and caused the registration of the great succession of strand lines 
now observable on the north coast of lake Superior, seems to have 
been an absolute and uniform elevation of a large portion of cen
tral Oanada, including the region about lake Superior, of several 
hundred feet, and a relative, and probably also an absolute, de
pression of the region sou th of the present lakes, embracing the 
states of Ohio and Indiana. For on the north side of the divide 
between lake Superior and Hudson's bay, at a distance from lake 
Superior of from 150 to 200 miles, post-glacial marine deposits oc
cur on Kenogami river at an elevation of 450 feet above the sea,. 
extending thence continuously to the shore of James' bay; and sim
ilar post-glacial marine deposits occur on the Missinibi river at an 
elevation of 300 feet.* Since the occupancy by the sea of these 
e ~ ions north of the divide and the high stages of lake Warren are 
both clearly post-glacial, we would seem to be warranted in corre
lating the two events; and also in further correlating the gradual 
subsidence of lake Warren with the emergence of the Hudson's 
bay slope from beneath the sea. 

U the general supposition be true, that the draining of lake War
ren was due to the relative lowering of a land barrier far south
east of the present lake Superior, it seems probable farther that 
the outlet of this vast sheet of water shifted from time to time in 
consequence of the continental warping. It would be quite rea
sonable, also, to suppose that if a southerly land barrier conditioned 
the high levels of lake Warren, the same barrier may have been high 
enough at first to determime a northerly drainage of the lake to 
Hudson's bay. The suggestion that such was the case is strength
ened by the following interesting circumstance. 

The hight.of-Iand portage south of Long lake, i. e., the divide 
between the St. Lawrence system of drainage and that of Hudson's 
bay, is only about 15 miles distant from the shore of lake Superior. 
The elevation or this pass is 1,102 feet above the sea,t i. e., it is 
500 feet above the present level of lake Superior. The description 
of the pass by Bell leaves little doubt but that it is the abandoned 
bed of a large river. Now one of the most heavily marked of the 
abandoned strand lines of the north coast of lake Superior has a 
precise altitude of 509 feet. The coincidence is a remarkable one, 
and it is difficult to resist the conclusion that stage XXX of the 
lake was determined by the altitude of this PltSS, the drainage be-

~Bell, Geol. Survey of Canada, Report of Progress. 18'11-72, p. 112, and 1875-76, p. 340. 
·~Upba1l1. Bull. Geol. Soc. Am., Vol. 2, P 203, 
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ing northward. Mr. Upham, if the writer understands him, re
gards this pass as an outlet for the southerly drainage of a hypo
theticallake, dammed back to the north by a wall of ice; but the 
writer can find no warrant for Mr. Upham's supposition. It is not 
improbable that the continental ice sheet was still extensive to
wards the east at the ti~e that lake Warren stood at stage XXX; 
and it is possible that a lobe of its southern margin may have 
reached nearly as far s<;mth as Sault Ste. Marie. But it had certainly 
disapreared from the present coast of the northwestern part of the 
lake and probably had been sufficiently removed from the region 
northward to permit of the northerly drainage here suggested. 

About 50 miles northeast of Michipicoten harbor is another pass, 
somewhat lower, at an altitude of 440 feet above lake Superior,* at 
the divide south of Missinaibi lake. It is possible that this pass may 
have been blocked with the ice sheet when the Long lake outlet 
was open, or it may have bt'en blocked with morainic debris which 
has been since trenched by stream action. If this pass ever served 
as an outlet of lake Warren it is doubtless to be correlated with 
stagfl XXVI which has so strongly marked a strand line at Sault 
Ste. Marie. 

There are other possible outlets concerning which, for lack of 
information, it is impossible for the writer to speak definitely. It 
seems not improbable, for instance, that the valley of the St. Croix 
river served as an outlet for the overflow of some of the high stages 
of lake Warren, conveying its waters to thfl Mississippi. The bed 
of an old channel at the lowest point of the divide between Bois 
Brule and St. Croix rivers is described by Upham, who gives the 
elevation as 468 feet above lake Superior.t This Reems to cor
respond well with strand XXIX of lake Warren, which, at Duluth, 
has an elevation of about 475 feet. There are possibilities of 
another outlet to the same general drainage by way of the Illinois 
river. The Fort Wayne channel doubtless offered another outlet 
at a different attitude of the surface and a greater absolute eleva
tion than it now has. The Nipissing depression may possibly have 
been available at some of the higher stages. 

Prof. N. H. Winchell, also, has suggested that there is a former 
outlet by way of Whitefish valley through Little Bay de Noc.! 

*Upbam, op. cit., p. 264. 
tOp. cit. p. 258. 
:1:Am. Jour. Sci., Vol. II. 1871. p. 19. 
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DIATOMACEAJ 

OF MINNESOTA INTER-GLACIAL PEAT. 
BY BENJAMIN W. THOMAS, F. R. M. S. 

WITH A LIST OF SPECIES AND SOME NOTES UPON THEM, BY 

PROF. HAMILTON L. SMITH, M. A., L. L. D. ALSO DIREOTIONS 

FOR THE PREPARATION AND MOUNTING OF DIATOMAOElE. By 

DR. CHRISTOPHER JOHNSTON AND PROF. H. L. SMITH. 

Samples of inter-glacial peat from Blue Earth county, Minne
sota, sent by Prof. N. H. Winchell, state geologist of Minnesota, 
were found to be well filled with the siliceous frustules of over 100 
different species of fresh water "Diatomaceal." The stratum of 
peat from which the specimens were taken was reported as being 
overlaid by some twenty-two feet of boulder clay, and as resting 
upon the same material, but I am not advised as to the extent or 
thickness of the peat in this interesting deposit. The clay both 
above and below the peat carried many boulders showing glacial 
striation and on microscopical examination yielded Foraminifera, 
Radiolaria, and other marine forms peculiar to Minnesota, and some 
other western boulder clays, but marine forms were not detected 
in the peat. 

Diatomaceal constitute a group of microscopic organisms of great 
interest to the student of natural history. They are a family of . 
confer void algal of very peculiar character, and the living forms are 
found in great numbers in almost all waters that are exposed to the 
sun and air, forming a brown, or yellowiSh layer at the bottom of 
the water, adhering to sllbmerged logs and rocks, or attached, to 
the fronds of the larger algal. Specimens which contain the living 
diatoms are of course the most valuable for the proper study of their 
life history, but the plants are so variable in character and habit 
that it is difficult to give directions that will in all cases give the 

-- ,-:'~ 
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best results for collecting and preserving them. Collections should 
he ma.de of plants growing entirely beneath the water, attached to 
rocks, piers, logs, etc., or to the larger aigm. The slimier the 
plants appear, if in water free from sand and mud, the richer 
will be the harvest, as the brown, or yellowish coating upon the 
algm and other submerged objects is frequently but a mass of 
living Diatomacem and the moss-like carpeting upon submerged 
rocks, is often largely made up of beautiful specimens of the 
£.lamentons species. 

The growing algae, carefully taken from their attachments, can 
be thoroughly dried, and each collection carefully placed in 
separate paper boxes, or wrapped in strong, clean p'1per, and 
plainly labeled, giving locality, date of collection, etc., or they 
may be kept moist in ppials or small bottles, with a little creosote 
added to prevent mould, as recommended by Prof. Smith. When 
prepared either dry or moist as above suggested they can be care
fully laid away for future examination, and the dried material can 
safely be sent to correspondents by mail or otherwise. 

But as many of the most carefully collected and promising 
specimens prove to be of little or no value it is not only desirable 
but also a most interesting and profitable study to examine them 
while fresh from the water. 

For this purpose with a pipette take a small quantity of sedi
ment from one of the collecting bottles as soon as possible after its 
collection, and before creosote or other preservative has been 
added, put a drop from the pipette onto a microscope slide, place 
a cover glass over it and with a blotter absorb the surplus water. 
1£ the collection is of good material the microscope with a one
fourth inch objective will show an abundance of living diatoms, 
with their rich and beautifully colored endochrome. Some of the 
frustules will be connected by stipes to the larger algm, some in 
tubes, others in long ribbon-like filaments, while many will exhibit 
those independent and almost intelligent movements that so nearly 
resemble animal life, and which has caused and is yet causing 
much discussion among scientists. 

The individual cells of the Diatomacem containing the proto
plastic endochrome are called frustules and have an external coat
ing of nearly pure silica, which consists of two portions or valves, 
which are connected at their margins by hoops or bands of vari
able widths forming a minute box. These siliceous shells or frus
tules occur in a great variety of beautiful and symmetrical forms, 
and the valves, or main surfaces of the frustules, are generally richly 
carved and sculptured, and under the microscope show strire 
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pinules, ribs, cells, knobs, bosses, etc, in almost innumerable 
variety and combinations, and some of the species when properly 
prepared and mounted are the best known tests of the resolving 
power of microscope objectives. The valves of one well known fOpe
cies that is quite abundant in most of our western waters, the 
Amphipleura pellucida, show at the rate of 90,000 to 100,000 lines 
or strire to the inch. 

DIATOMACELE are undoubtedly of comparatively recent geolog
ical age, and I find no reliable authority of their having been 
found below the TERTIARY, although unverified claims have re
cently been made of the finding of their siliceous remains in the 
coal formations. 

The fossil r8mains of DIATOMACELE abound in the vast sub-plu
tonic and other strata on the Pacific coast of North America, which 
exhibit both fresh water and marine species, though rarely in a 
mixed state. In most of the deposits the predominating species 
present indicate the character of the water, and the climatic influ
ences under which they were accumulated; different species or 
groups of species, usually appearing in fresh, brackish, or salt water, 
and in seas, lakes, rivers and marshes. 

While a majority of the fossil diatomaceous deposits hitherto 
discovered are of fresh water origin, by far the most extensi ve are 
marine, and some of them spread over large areas. One of the 
most important stratums of this character in North America is 
considered as belonging to the Miocene-Tertiary, und is on or near 
the Atlantic coast, and is largely in the states of New Jersey, 
Maryland and Virginia. The principal deposits in Maryland com
mence at about sixteen feet above tide water, and are covered with 
four to twelve feet of earth. They then dip below tide water until 
at Fortress Monroe they are from 200 to 400 feet below the surface, 
and from an artesian well at Atlantic City, N. J., fossil diatoma
ceous material containing several new and beautiful species has 
recently been secured from depths respectively of 406, 510, 535, 
550 and 628 feet below the surface. . 

'fhe extent of some deposits of fossil Diatomaccre and the vast 
number and variety of forms contained in them, seem almost 
incredible, and Dr. Buckland states that the remains of these 
minute forms have added more to thEl mass of the exterior crust 
of the globe than has the bones or animals. Ehrenberg estimated 
that one of the diatomaceous deposits in Bohemia, covering a large 
area to an average thickness of some fourteen feet, coLtained not 
less than 40,000,000,000 diatoms to the cubic inch, and Mr. Fred
erick Habershaw, several years ago, published a catalogue of over 
4,000 species then known to diatomists. 
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While the samples of inter-glacial peat submitted for examina
tion were all well filled throughout their entire substance with the 
siliceous remains of fresh water Diatomacero, it is not probable 
that preparatious from th~ small number of speClimens at our dis
posal, and the consequently small number of slides prepared and 
submitted to Prof. Smith for examination, will be exhaustive as to 
the diatomaceous contents of the peat. Accumulations of peat and 
diatoms, like deposits of more nearly pure diatomaceous material, 
are probably of very slow growth, and, as is well known to micro
scopists, the upper layers of a stratum orten exhibit different 
species from those found in the lower, or other parts of the same 
deposit, which may have been accumulated thousands of years 
earlier, and under different climatic and other influences, and it is 
quite probable that a more thorough examination of this very 
interesting deposit will yield many species which were not on the 
slides submitted for examination, and consequently are not in
cluded in the following very valuable "list of species," and the 
interesting notes upon them, by that veteran diatomist, Prof. H. L. 
Smith. 

Their value and appropriateness in this connection, fully justifies 
me in using the paper of Dr. Johnston, with the supplement by 
Prof. Smith, on the "Preparation and Mounting of Diatomacero," 
which originally appeared in "'fhe Lens, ' a journal published by 
"The State Microscopical Society of Illinois," and which is nearly 
out of print. 

LIST OF SPECIES AND SOME NOTES UPON THEM. 

BY PROF. HAMILTON L. SMITH. 

The discovery of a peat deposit between two layers of boulder 
clay in Minnesota, is not only interesting but remarkable, inas
much as the organisms found in the over and underlying clay 
are all of marine origin, while those of the deposit, lying between, 
are not only fresh water forms, similar to those found in the sub
peat deposits of the eastern states, but with one or two exceptions, 
are formE' living at the present time in the great lakes or their 
tributaries; so that, geologically speaking, the deposit appears to 
be of very modern origin. While the difference between this and 
the sub-peat deposits of the eastern states is not very marked, yet 
a few distinctive species do occur, and will be mentioned in the 
notes appended to the list, which ally it to the fossil deposits of 
Oregon, Utah and California, and which, to a practiced eye, would 
serve to indicate the intermediate position, and to distinguish it 
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from both. How such a deposit, which is certainly of much more 
recent origin than the boulder clay, came to be thus interposed, 
is an interesting question,-a question for the geologist to settle. 
The thickness of the overlying bedv/ilries from twenty to thirty feet; 
this, and the lower bed, like theother boulder clays of Minnesota, 
show, on careful examination, only marine fossils; whereas, as 
already mentioned, only fresh water and recent forms are found 
in the peat deposit. At the request of Mr. B. W. Thomas, I have 
examined a series of slides very carefully prepared by him, and 
the result will be found in the following list; these are all fresh 
water diatoms. 

The larger diatoms were many of them broken, owing to the 
character of the deposit, which contained much sand, but the 
smaller forms were mainly perfect. 

The number of species might have been considerably extended 
if I had followed the example of some of the European diatomists, 
and affixed n. sp. to each form with a slightly varying outline, 
striation or size. I have in the list, gone to the fullest extent in 
this direction which I thought allowable; indeed, the number 
might be somewhat lessened with advantage. 

The almost total absence of Surirelleoo Nitzschieoo Pleurosigmoo 
and Synedreoo, which abound in many eastern deposits, is a 
characteristic feature, and also the presence in great abundance of 
spicules of Spongillidce, and small, flask-shaped bodies; some of 
these latter are quite smooth and others reticulated Qr covered 
with short spines. and all are rigidly siliceous. Ehrenberg 
classed them with the Infusoria, and even placed them in different 
families, calling the smooth forms "Trachelomonas," and the 
hispid or armed ones "Chcetotyphila." I have frequently found 
these in recent gatherings, and they occur quite abundantly in 
some sub-peat deposits. e. g. Wrentham, Mass., and Smithfield, 
R. I. I give in the list the average length or diameter of the 
frustules as they occur in this deposit, also references to where 
figures illustrating the different species may be ,found, and in the 
appended notes will be found reIIlarks on most of the species. 

HAMILTON L. SMITH. 

- ;1, 
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DIATOMS FOUND IN IN'rER-GLAOIAL PEAT. 
MINNESOTA. 

Autbor. Plate. Fig .. 

-------- ----------
10 1 Acbnantbidium .. fiexI"llum, Breb .................... Van H ... . 
22 2,Amphiprora .. .' ... ornata, Railey ..................... Van H .. .. 
12 3 Ampbora ......... ovalis. KoO ........................ Van H .. .. 
40 4!OampyI9discus .. 9.lypeu8. Ehr ...................... Schmt .... . 
9 500ccone18 ......... nneata. Ehr ....................... Van H .. .. 
5 6 Oyclotella ........ klltzingiana. Thwaltes ............ Van H .. . 

25 7 Oymatoplema .... bibernica!,.~. S ..................... S. B. D .. .. 
7 8 Oymbella ......... aequalls. vv. B ...................... 8chmt .... . 
7 90ymbella ........ affinis. K ........................... Van H ... . 

16 10\Oymbella ......... cistllia. Ehr ........................ S. B. D .. .. 
17 11 Oymbella ......... cllspidata. R ....................... B. B. D .. .. 
17 12 Oymbella ......... cymbiformis. Ehr ................. S. B. D .. . 
24 13 Oymbella ......... ehrenbergii. K .................... S. B. D ... . 
23 14 ()ymbella ......... ga8troides. K ..................... Van HoO ... 
51 15 Oymbella ......... lanceolata. Ehr .................... S. B. DoO .. . 
8 16 Oymbella ......... parva. W. S ....................... S. B. D ..•. 

10 170ymbella ........ subaequalis, Green ................ Van B .... . 
7 18 Denticula ......... elegans. R ......................... S. B. D ... . 
6 111 Denticula ....... tenuis ............................... S. B. DoO .. . 
5 20 Encyonema ...... caespitosum, R .................... S. B. D ... . 
9 21 Eneyonem ........ graeile, Ehr ........................ Van H .. .. 

22 22 Jilncyonema ...... prostratllm. Berk .................. B B. 0 .. .. 
12 23 Encyonema ...... tllrgidllm, Greg .................... Van H .. .. 
7 24 Encyonema ...... ventrlCoSllm. K....... . ......... Van H .. .. 
9 25 Epithemia ........ alpestris. W. 8 .................... S. B. D .. .. 

32 26 Epitbemia ........ glbba. K ............ '" ............ Van H .. .. 
30 27 Epithemia ........ gralllliata. R............... ..... S. B. D .... · 
8 28 Epithemia ... " .... ocellata. R .......................... S. B. D .. .. 

14 29 Epithemia ........ proboscidea, R.-W. B ............. Van H .. .. 
23 30 Epithemia ........ turgida. Ehr ........................ S. B. D .. .. 
9 31 Eunotia ........... arcus. Ehr.. ........... .. ........ Van H .. .. 
9 32 Ellnotia .......... arcus v .. r bidens, Gru ............. Van B .. .. 

15 33 Eunotla ........... formica. Ehr ....................... Van H .. .. 
7 34 Eunotia ........... incisa. Greg ........................ Vbn H .. .. 

38 35 Eunotia ........... majo)', W. S.-Rab .................. S. B. D .. .. 
11 36 Eunotia ........... pectiualis, R ....................... S. B. D ... .. 
3 37 Fragilaria ........ construens. Ehr .................... Van H ... . 
8 38 Fragilaria ........ virescens, Ralfs .................... Van B .. .. 
5 3~'Gomphonema .... abbreviatum. R .................... Van H ... 

14 40'Gomphonema .... acuminatum. Ehr. var. coronata Van H .. .. 
20 41IGomPbonema .... brebissonii, R ...................... Van H .. .. 
12 42 Gomphonema .... capitatum. Ebr.. . ............... Van H .. .. 
11 43 GOlophonema ... commutatum. Gru ................. Van H ... . 
13 44IGomPbonema .... coostrictum. Ehr .................. B. B. D ... . 
11 45,Gomphonema .... crlstatum. Ralfs ................... S. B. D .. .. 
12 46 Gomphone"la .... intricatum. K ................... Van H .. .. 
13 47 Gomphonema .... subtile, Ehr. forma Augusta ..... Van H ... ; 
9 48 Gomphonema .... subt.i1e. val'. sagitta, Scbuman ... Van H .. .. 
7 49 Mastoglo;a ........ grivillei, W. B ....................... Van H ... . 
9 50 Mastogloia ....... smithii. Thwaites .................. Van B .. .. 
3 51 Melosira .......... crenuJata, K ...................... Van H .. .. 

13 52 Melosira .......... tympanum. Ehr ............................. .. 
13 53 Navicula ......... aeuta, W. S ........................ S. B. D .. .. 
13 54 Nlvicula ......... ambigua, Ehr ...................... S.B. D .. .. 
12 55 Navicula ......... ambigua. forma craticularis ..... Van H .. .. 
15 56 Navicula .......... amphigomphus, Ehr ............. Van B ... . 
13 57 Navicula ......... amphirhynchus, Ehr .............. S. B. D .. .. 
12 5a Navicula ......... bacillum, Ehr ...................... Van· H ... . 
7 59 Navicula ........ horealls. Ehr.-K ................. Van H .. .. 

12 60 Navicula ......... braunl!, Green ..................... Van H ... . 
24 61 Navicula ......... cuspidata. R......... .. .......... S. B. D .. .. 
32 li2 Navicula ......... cuspidata forma cl'aticularls .... S. B. D .. .. 
40 6'& Navicula ........ dactylus forn:a maxima. Ehr ..... Van H .. .. 
13 64 Navicula ......... dicephala, Ehr.(pinularia biceps, 

Greq ............................ M . .1., 1856'1 
8 65 Navjcula ......... Alginebsi!! .. Greg .................... M . .1., 1856. 

20 66 NaviCula ......... firma (Ir1d1s var.), Ehr.-R ....... Van B ... .. 
6 671 Navicula ......... frontinalis, Gru .................... Van H ... .. 

* Relative length or diameter 1= .0001Ineh. 
Abbreviations: Van H-Van Heurck's Atlas. 

Schmt-A. Schmidt's At.las. 
S. B. D.-Smith's British Diatomaceffi. 
M. J.-London Microscopical Journal. 

XXVI 
XXII Bis 

I 
LV 

XXX 
XCIV 

81 

30 
5 
1 
3 

32 
4-1> 

a 
IX 69 
II 19 

XXIII 221-a 
II 22 

XXIII 220 
II 21 
II 9 

XXIII 219 
x..'CIII 222 

III 2' 
XLIX 14-15 

XXXIV 29R 
LV 346-a 
III 20 

LIV 845-a 
III 12' 
III 16 

I 7 
XXXII 1,2' 

I 3 
I 6 a b 

XXXI 10 
I 2' 

XXXIV 2 
XXXIV 7 
XXXIV 1 
XXXIV 35a 
XXXTII 286a 
XXXII 280a 

XLV 26-27 
XLIV 1 
xxv 16· 

XXIII 15 
XXIII 23 
XXIII 7 
XXIV 2 

xxven 236 a 
XXVIll 239 a 

XXIV 28 
XXIII 14 
XXIII 27 

IV 20 a 
IV 13 

LXXXV= 19 

xv= 
XVI 
XII 

XII[ 
XVI 
XIII 

VI 
VI 

XVI 
IX 

V 

I 
I 

XIII 
XII 

'i7i 
149 

6 
2 

142 
9 
3 

21 
131 

67 
1 

28 
33 
1 

33 I) 



296 TWENTIETH ANNUAL REPORT 

Plate. Fig. ! ~ I Author. I 
Is 6s Navioula~= g'astr~ Ehr. (val'.---;tyriacea,I------I-----.I---

Gru.) ......................... tD.F.J.L. 
15 69 Navicula ......... hemiptera. Ehr.-K ............... Sohmt .... . 

A a5 
XLIII 27 

15 70 Navicula ......... hitcheockii, Ehr .................... ISchrut ... .. 
13 71 Navlcuia ......... interrup'a. W. S ................... S.B. D ... . 
9 72 Navi"ula ......... laevi·silU". K. (Staawoneis reo-

tangularis. Greg.) ................ M. J .. 1854. 
H 73!Navjcula ....... latH .• Breh... .. ................... Van H .. .. 
23 74INav~cula ........ l~e:umen. Ehr ....................... Van H .. 
22 75 NavICula ........ l1mosa.K ......................... VanH ... .. 
15 76 Navloula ......... limo_a. var. gibberula. K ........ Van H ... .. 
12 77 Navioula ......... limosa. Val'. ventrioosa. Ehr.-

Donie ....................................... .. 
30 78 Navioula ......... ludloviana. A. S .................. Sohmt .. .. 
37 79 Navloula ......... majol'. K... .. ................... Van H ... .. 
12 AO Navioula ......... Dlf'solepta. Ehr .................... S. B. D .. .. 
12 81 Navicula ......... mesolepta, val'. stanroneitormis, 

Ehr .... ~ ......................... Schmt .. .. 
50 82 Navioula ......... nobilis. Ehr.-K .................. 'Ivan R ... .. 
8 8~ Navioula ......... siE!svic:ensis. ?l'u .................. ,van H ... .. 

11 84 Navloula ......... trInOdls. LewIs ..................... * 
28 8; N.av!oula ......... vjrjdis. K .......................... Ivan H ... .. 
10 ~6INaV~lmla ........ vIrld.llla. K ......................... Van H ... .. 
21 87 NavlOllla ......... vulpma.K ....................... VanH .... . 
5 88 Navicula ......... winchellina, N. Sp. (nav infiata •. 

DOllk.) ........................ I§D. B. D, .. 
32 89 Nitzschia ......... amphiox!"s. K.-W. S ............... S. B. D .. . 
11 OOI·Nitzschia ......... thermall;;. K ...................... Van H .... . 
31 9! Stauroneis ........ acuta. W. S.. ........ . ............ S B.D .. .. 
9 92 8tauronels ....... aneeps. Ehl' ........................ S. B D .. . 

23 93,8tauroneis ....... gracilis. Ehl' ..................... S. B. 0 .. .. 
6! 94 ~tauronejs ........ phoenicenteron. Ehr .............. 8. B. D .. .. 
1~ 95 Stauronels ........ punctata. K -Ehr ................ ,8. B. D .. .. 
40 96 Sul'!rella .......... crenllll!-ta, Ehr........... ......... ' .... .. 
56 97 8urll'ella......... splendlda. Ehl'." .................. S. B. D .. .. 
80 9R8ynedra .......... capitata. Ehr ...................... IS. B. D ... . 

100 99 Rynedra ......... longissima. W. S. ? ................ Is. B. D .. .. 
121 100 Tabellaria ....... fenestrata, K ..................... 18. B. D ... . 

*Relative length or diameter 1= .000 1 inch. 
Abbreviations: Van H-Van Heurck's Atlas. 

Schmt-A. Schmidt's Atlas. 
S. B. D.-Smlth'8 Bri.i8h Diatomacere. 
M. J.-London Mil'roscopical Journal. 
t-J)iatomees de I!'raus Josepb Land. 
:j:-Notes on Dew and rare species,1861. 
§-London British Diatomacere. 
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NOTES ON THE SPECIES. 

No.1. AChnanthidium flexellum Breb.=Cocconeis thwaitsii W. Smith. 
This diatom I found living at Copper Harbor, Lake Superior, and it oc
curs frequently in fre"h water gathering's in the Eastern states. It is 
flexed in front view (f. v.), has dissimilar valves and a sigmord median 
line; outline of valve oval, aspect hyaline; not common in the deposit. 

No.2. Amphiprora ornata Bailey. First detected'by him in the Croton 
water, and not uncommon in fresh water streams in the Eastern and 
Middle states. I have found it in filterings from lakes Erie and Michi
gan; one gathering from New Jersey has frustuleb nearly double the nor
mal length. Bailey's figure, from Withlacooche river, Florida, is a rough 
outline; Mic obs. Smith Cont. 1850, Pl. 2, f. 15. In the lillt of Croton dia
toms he considers it a Paludosa. I have never found it except contorted. 
The general aspect is hyaline,and the endochrome very delicately colored, 
and resembling in its arrangement that of a Nitzschia. Not common in 
the deposit and only broken frust1:l1es. 

No.3. Amphora ovalis K. Occurs abundantly in the living form and 
is cosmopolitan and not uncommon in sub-peat deposits. Ehrenberg de
scribfos and figures it 'as A. gigas in Abb. del' Konig!. Akad. 1870. from a 
deposit near Salt lake, Utah, where it is found associated with Surirella 
crenulata E, our No. 91l. Not rare in the deposit. 

No.4. Campylodiscus clypeus E. I found only a few fragments of this 
diatom in the deposit. It occurs living at Petalume, Ca!., ann probably 
may be found in other western localities. I have not observed it in any 
gatherings from the great lakes. 

No.5. Cocconeis lineata E. Probably a variety of U. placentula, which 
is found in nearly all fresh water streams and pondE, densely incrusting 
stems of algre, leaves of Potamogeton, etc. It is very variable in size; the 
larger forms are probably sporangia!. The valves are generally broadly 
oval, and unlike: one, the lower, has median line and nodule. Common. 

No.6. Cyclotella kutzingiana. Exceedingly abundant in this neposit 
and of very variable size. C. meneghiniana is a more undulated form of 
this, and C. rectangulata is doubtfully distinct. The frustule is undulate 
in front view, and the valve, in s. v., shows this, especially the larger spe
'cimens, by a shaded band across a diameter, or a little one side of a dia
meter, and it is more or less apparent on all the valves. It is found every
where living, and is common in almost all sub-peat depOSits. Great con
fusion exists in the species of this genus. 

No.7. Cymatopleura hibernica W. S. This diat0m is not vflry com
mon, though I have found it living in gat.herings from lake Erie, and 
alSo in fresh water deposits in the Eastern states. It is rare in the Min
nesota deposit, and I found no whole frustules. 

No.8. Cymbella aequalis W. S. This pretty little diatom, which re
sembles a Navicula, is fairly abundant in the deoosit. It has somewhat 
sharper ends than Greville's figure, Ann. & Mag. Nat. Hist. April 1885. 
PI. ix, fig. 4. He describes it as having the strire fine, but not clol:'e, and 
shows them in the figure rather too strongly marked. He found it in a 
peat deposit. It does not occur very frequently in the U: S., nor do I 
recollect ever meeting with it in gatherings from the great lakes. It 
,Jccurs, however, fairly abundant near Richmond, Va. 

20 g 
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No.9. Cymbella atIinis K. A slllall form, common, but not abundant 
in this deposit. The Cymbelle,:e are generally present in all our sub-peat 
deposits, and occur extensively in the living condition in almost all fresh 
water gatherings, The distinction formerly made into Cocconema and 
Cym bella, based on the presence of a stalk or stipe for the former, is 
now properly abandoned; though Encyonema, generally found in the 
living condition in tubes, and which otherwise would fall into this 
genius, is yet retained. There is much confusion among these smaller 
forms of Cymbellece. Thus, I have specimens marked by Brebisson as C. 
affinis, which are C. ventricosa K.=Encyonema ventricosum, which is 
also C. ventricosa of Ag. Rut. Diat. Ex. No. 24, and given by Rabenhorst 
as a brackish species. C. affinis has a curved median line, extending to 
the extremities pf the valve, while that of the Encyonemece is straight, 
or very nearly so. 

No. 10. Cymbella cistula E.=Cocconema W. S. This diatom occurs 
plentifully in the deposit. It is distinguished from C. cymbiformis by 
being more bent or curved on the ventral margin of the val ve, and also 
distinctly inflated. How far these can be accepted as speciflc characters 
is questionable. It is not ditIicult to find many intermediate specimens. 

No 11. Cymbella cuspidata K. Common in this deposit, and varying 
considerably in size and distinctness of the produced ends. It is allied 
to No. 13, from which, however, it differs in its gmaller size and finer 
striation. Both these forms are common in fossil deposits and in recent 
gathenngs. 

No. ]2. Cymbella cymbiformis E. Common, and doubtfully distinct 
from No. 10, from which it differs only in wanting nearly or quite the 
inflation on the ventral margin of the valve, and in being much less 
curved. The striation is about the same. 

No. 13. Cymbella ehrenbergii K. A large and fine species, distin
guished from No. 11 by its much coarser striation and larger size, as well 
as sharper ends. It is not rare in this deposit. 

No. 14. Uynlbella gastroides K. This, and probably numerous other 
species, constituted by Grunow, Kutzing and Ehrenberg, on slight 
differences of form or size, is probably but a variety of No. 15. It is not 
common in this deposit and is distinguished mainly by its blunt ends. 
C. stomatophora Grun., which is a variety of this diatom, occurs living in 
the great lakes, and numerous varieties of this and the other Cymbellce 
occur in nearly all our sub-peat deposits. 

No.15. Cymbella lanceolata=Cocconema W. S. This form, well figured 
in S. B. D. PI. 23, fig. 219, is the same as the typical slide of C. gastroides, 
Eulensteins series No. 93. It is the largest of the Cymbellece found in 
this gathering, and is pretty abundant, though the frustules are mostly 
broken. It diflers in size and coarser (moniliform) striation, from Nos. 
10, 12 and 14, and may be a sporangial form. 

No. 16. C., parva I have found conjugat.ing, and the sporangial frus
tules were C. cymbiformis,and as in the caseofNav. amphigomphus,I have 
actually found thesporangial forms, (and in the same gathering) conjugat
ing-and producing the largest frustules, N. iridis. It is quite possible that 
these larger forms now designated C. lanceolata, and C. gastroides,may be 
sporangial forms of C. cymbiforrnis or C. cistula, and that Nos. 10, 12, 13, 
14, ]5 and 16 are but one species. C. parva is common in this deposit. 
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No. 17. Cymbella subaequalis Grun. Not common in the deposit, 
nor have I observed it in any other of the sub-peat deposits, or recent 
gatherings. Its occurrence therefore though rare in this particular de
posit,is interesting. The figure given by Van Heurcks,atlas PI. III flg.2 is 
a good representation from specimens found at BrusiSels. The valve is 
naviculoid with blunt ends, and distinctly striated. 

No. 18. Denticula elegans K.=D. ocellata W. S.: rather rare in ,this de
posit. It is clistinguished by the rounded ends of the valves; and the 
strong pervious transverse costae or ribs, give it the ocellated appearance, 
which distinguishes it from other species. This form, and the next, with 
many of the Epithemiae, abounds in the thermal waters of the National 
Park. 

No. 19. Denticula tenuis K. More abundant than the preceding, but 
not common. It is frequently found in ordinary fresh water gatherings; 
striation quit" conspicuous. 

No. 20. Encyonema cffispitosum K. A marked character of this 
genus, wbich after all, is but Cymbella living in tubes, while the Cocco
nemeae slip out and the contracted tube forms a stipe, is this, viz, the 
median line in the other forms, terminates in the ends of the valves, 
·while in Encyonema, it is nearly straight and terminates within the con
vex margin of the valves. This is a very conspicuous feature in the larger 
form, but may be noted also even in the smaller forms like the present 
one, which is tolerably abundant in the deposit. It is a common recent 
form. 

No. 21. Encyonema gracile E. This is probably the Cymbella scotica 
W. S. It is a slender and somewhat longer form than the preceding, and 
more delicately striate and with sharper end!;; it is pretty abundant in the 
deposit. 

No. 22. Encyonema prostratum Berk. This is the largest and most 
robust form, coarsely moniliform striate, and exhibiting ina marked man
ner the peculiar features of the median line already alluded to. It is not 
abundant in this deposit, nor indeed in any of our sub-peat deposits. It is 
not uncommon in recent gatherings. 

No. 23. Encyonema turgidum Gregory. This diatom is common in 
the deposit; it has sharp ends, and is coarsely moniliform striate. 

No. 24. Encyonema ventricosum K. Smaller than the preceding; the 
ends are slightly produced; it is C. affinis of Bret., and C. ventricosa Ag. 
It is very variable in size; some frustules are smaller than those of No 20, 
but unlike these latter, they are almost straight on the vertical margin
-abundant. 

No. 25. Epithemia alpestris, W. S. This is, no doubt, a variety of No. 
28, and also E. argus, as already suggested by Dr. Walker-Arnott, Micro
scopical Journal, Vol. VII, 1859, fig. 174. They are all distinguished in 
front view by a series of inter-margined ocelli, or foramina, as they are 
termed by W. S., though they are not openings at all, but siliceous nodules, 
and from these "eyes"comes the speCific name argus. E. alpestris was 
separated as having produced somewhat recurved extremities, and nearly 
straight sides in f. v. Not rare in this deposit. 

No. 26. Epithemia gibba K. 'l'his diatom is not as abundant as the 
preceding, and the valves are mostly broken. It is quite distinct from 
the other Epithemiae, for while these latter are adherent by the conca,ve 
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margin of the frustule, to the stems of conft'rvffi, in the living condition; 
Epithemia gibba adheres by one end. It is further distinguished by the 
absence of granules on the valves, as in the other species. 

No. 27. Epithemia granulata K. This form is perhaps the most abund
ant of the Epithemiae in the deposit.and is characterized by its long arched 
valves and slightly produced ends; and it appears to be somewhat more 
finely striated and granulated than No. 30,' of which, however, it may be 
a variety. 

No. 28. Epithemia ocellata K. '1'he inflated frustules and blunt, not 
produced ends, served to separate this from No. 25. As already remarked 
these are features of doubtful specific value. This diatom is much less 
common in the deposit than No. 25. 

No.29? Epithemia proboscidea K. There appears to be some doubt 
about the E. proboscidea of W. S. being this form, as the latter is more 
coarsely mftrked and the valves are much more arched, and the ends 
more produced and recurved. The examination of W. Smith's original 
specimens shows that it is quite distinct from our present form. 

No. 30. Epithemia ·turgida. This is doubtfully distinct from No. 27. 
Valves somewhat more arched, and apparently, not really. more coarsely 
granulated, and the ends are somewhat more recurved. It is not as com
mon in the deposit as No. 27. 

No.3!. Eunotia arcus E. This is not the Eunotia arcus W. S. which 
is a very different diatom,but it is Himandidium arcus W. S., a name giv
en to the species of the genus which cohered after self division, forming a 
a ribbon or filament of frustules, a character considered now of no specific 
value. E. arcus is very variable in size and outline, it is generally arched, 
somewhat more convex on the dorsal margin, and has produced ends; 
the ventral margin is nearly straight and the valve is transversely and 
conspicuously striated. It is v<ery abundant in the deposit and occurs 
plentifully in the many sub-peat deposits. 

No. 32. Eunotia arcus var. bidens Grun. This variety is common, 
and is also, like E. arcus, variable in size. 

33. Eunotia formica E. differs from No. 31 in having the ventral or 
concave margin of the valve, sharply undulated at the middle. It is the 
Rimandidium undulatum of W. S. and is not uncommon in the deposit. 
It is very variable in size. 

No. 24. Eunotia incisa Greg. This is a small form, more delicately 
striated than the preceding, and is rather abundant in the deposit. It 
occurrs in gatherings and fossil deposits of high latitudes in great abund
ance. The valves have a decided little notch near the ends, on the con
cave or nearly straight margin. This notch is, in the other Eunotiffi, 
replaced by an inter-marginal nodule. 

No. 35. Eunotia major W. R=Himantidium W. S. It is doubtful 
whether this is anything more than a large variety of E. arcus. It is 
abundant in the deposit. 

No. 36. Eunotia pectinalis K. This diatom is but a variety of E. arcus. 
It was called Himandidium pectinale by W. S., and the frustules do 
adhere very firmly; but it differs in no way from E. arcus except to have 
the dorsal margin of valve flat, or even slightly indented, and it is gener
ally somewhat smaller. Common. 
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No. 37. Fragilaria construens=staurosira E.=Odontidium tabellaria 
W. S. Valves small, hyalin, and infiated,sometimes so small as to resemble 
a small cross, and not unlike small specimens of Tabellaria flocculosa 
with which it has been confounded; it occurs in filaments of 5 to 10 frus
tules in the prepared slides, and is not rare. An abnormal form of this, 
and found only in a single gathering at ( lrmsby, }i;ng., wanting one of the 
arms of the cross, was called by W. Smith Triceratium exiguum; along 
with it in the same gathering was an abundance of the normal form with 
both the inflated and the stauriniform valves. It is not rare in both 
forms in the Minnesota deposit. The inflated valves are Kutzing's Navi
cula inflata,K. B. Tab. 3 fig. 36. Odontidium parasiticum W. S.=Fragilaria 
binodis E. is probably this diatom. 

No. 38. Fragilaria virescens. Not rare to the deposit, both the valves 
with constricted ends and filaments of a few frustules. 

No. 39. Gomphonema abbreviatum E. This small form is not uncom
mon in the deposit, the strire are marginal, and easily seen; it may be a 
very small form of No. 43. It is difficult to decide whether this is Kut
zing's species. 

No. 40. Gomphonema acuminatum E. The Gomphonemre are quite 
abundant in this deposit; and intermediate forms, between species con
stituted by Ehrengberg and many of the continental observers. are not 
rare. The present form, however, is well marked, quite variable in size, 
and readily recognized. Nos. 47 and 48 are probably slender varieties of 
the present diatom. . 

No. 41. Gopmhonema brebisonii K. This, which is a large, well 
marked variety of the preceding, and is probably same as G. turris' E., 
occurs in considerable abundance in this deposit. It is a marked varIety, 
and possibly a distinct species. It occurs living in the great lakes and 
1iheir tributaries, as also all the other forms in this list. 

No. 42. Gomphonema capitatum E.=G. elevatum E. This diatom is 
very abundant in the deposit, and also living in the great lakes. A large 
variety has been called G. herculeanum by Ehrenberg, and G. oreg-onicum 
E. and G. giganteum E. are probably varieties, as also Grunow'.s G. robus
tum. It is very variable in size in the deposit. 

No. 43. Gomphonema commutatum Grun., occurs abundantly in the 
deposit. I have not observed it living. It is more conspicuously striated 
than the smaller forms of the preceding; strire marginal; it is allied to G. 
vibrio,and except in the somewhat greater breadth of the valve is not to 
be distinguished from No. 46. 

No. 44. Gomphonema constrictum E. The passCl>ge from No. 42 into 
this form is very easy, the capitate head is more constricted and rounded, 
and' intermediate forms are not rare. It occurs in the deposit about as 
frequently as G. capitatum and is a common form, living in nearly all 
fresh waters. 

No. 45. Gomphonema cristatum Ralfs. This is an intermediate form 
between the last and No. 40. Not as frequent in the deposit as the latter 
and generally smaller. 

No. 46. Gomphonema intricatum K. Grunow's G. commutatum is 
allied to this, and G. hebridense of Gregory is probably the same. The 
strire are marginal and the central nodule is almost midway from the ends 
of the valve, in this respect differing from the normal G. commutatum; 
but intermediate forms are_abundant in the deposit. 
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No. 47. Gomphonema subtile. This is a very slender form of G. con
strictum, and so also is No. 41\, and both should be considered as varieties. 

No. 49. Mastogloia grevillei W. S. '.rhis diatom is somewhat rare in 
the deposit and, so far as I am aware, has not been found in any other of 
our fossil deposits, or indeed in any gatherings from the western lakes. 
It is a small, coarsely-marked form, valves with cuneate ends, and the 
peculiar inflation figured in the British Diatomacere,Supp. pI. LXII,fig.389a, 
on the under surface of the valves near the ends, is quite apparent. The 
frustules found in the deposit are all smaller than the original, found at 
Portland hills by Dr. Greville, but otherwise agreeing completely. 

No. 50. Mastogloia smithii W. S. This diatom is rarer than the last in 
the Minnesota deposit. It is, however, a much more common form in 
fresh water gatherings. As found in the deposit the valves are somewhat 
narrower and with sharper ends than the normal form. The loculi are 
conspicuous and the striation much finer than that of M. grevillei. 

No.51. Melosira crenulata K. The absence of Melosireae from the 
Minnesota depo~it is a marked feature, inasmuch as they constitute 
the larger portion of many of the Oregon, Oalifornia and other fossil 
deposits of the Pacific coast, and they occur abundantly, living in all 
our fresh waters; but few frustules were found of this diatom. It is 
probahly but a variety of M. nichalcea (orthosira) W. S. 

No. 52. Melosira tympanum E.? It is somewhat doubtful whether 
this is the form described by Ehrenberg as occurring in the fossil deposit, 
Truckee ri ver, Oalifornia, but the few valves which I have found agree 
well with his figures. 

No. 53. Navicula acuta W. S. Not very abundant in this deposit 
though not rare. 

No. 54. Navicula ambigua E., rather rare in the deposit; the crati
culate form is somewhat more abundant; perhaps this may be owing 
to the striking charaeter of the latter, which makes it so much more 
conspicuous. These craticulate forms, arise from the persistence of the 
sporangial sheath which en velops the frustule. The striation on the valves, 
can be detected in under this. The ribs on the sheath, are much more 
pronounced in this form, and in No. 61 to which it is closely allied, 
than in any other of the Naviculere. N. brebissonii perhaps comes 
nearest, and a new genus Perizonium, was constituted to receive the 
craticulate variety of this diatom, which was called P. braunii. I have 
observed these rib-like markings in the sporangial sheaths of N. viridis, 
but none are so conspicuous as these of N. antiqua and N. cuspidata. 
The genus Stictodesmis of Greville, appears to be founded upon this char
acter, and I have observed it in a small marine form, no ways differing 
from antiqua. The resemblance of these craticulate markings to 
those of Surirella, induced W. Smith, in the Birtish Diatomeceae, to 
figure and describe our No. 62, as Surirella craticularis. 

No. 56. N. amphigomphus E. This is a variety of N. iridis E. with 
wedge shaped ends. The typical N. iridis is precisely like N. firma, No. 
66, but larger. It is not rare in the deposit, and, like all the varieties of 
N. iriclis is finely striate, and shows apparently a few intra'marginal 
lines parallel with the sides of the valve. All the varieties are common 
in our sub-peat deposits. 
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No. 57. Navicula amphirhynchus E. This variety of N. iridis, 
which scarcely differs from N. producta, is characterised by the pruduced 
ends. It is not rare in the deposit. Tbe ends of the valve are blunt and 
there is a blank space around the central nodule. 

No. 58. Navicula bacillum E. '1'hi8 small and somewhat hyalin3 dia
tom i~ not rare in the deposit. The valve has round ends and straight 
sides, and a distinct median line, with a blank space aruund the central 
nodule; striation fine. It oeenI'S in many of the ea,~tern sub-peat depu
sits. I have not observed it living in any gatherings from the great lakes, 
but it is abundant in some of the fresh water ponds of the New England 
states, and in fussil deposits from Sweden and Nurway. N. bacillaris, 
Grey is smaller and more finely marked, and is without the eentral blank 
spaee. 

No. 59, Navieula borealis E. K. '1'bis small and coarsely marked dia
tom. N. latestriata of Greg., is usually founel among clamp mosses on 
trees; it is rIOt rare in the Minnesota deposit. 

No. 60. NaVIcula braunii Grev. A small form, allied to N. gihba, and 
tolerably abundant in the deposit; the val ve is inflated and has constricted 
and rounded ends; strhe. marginal. 

No. 61. Navicula cuspidata K. '1'his tine diatom, which occurs plenti
fully in recent gatherings and in many sub·p'at dAposits; is not very 
common in the Minnesota deposit. The craticutale form appears to be 
somewhat more plentiful, anel is a very striking object, and generally a 
little larger than the diatom as usually met with. As already remarked 
under No. 54 this form, our No. 62, was called Surirella craticula by W. 
Smith. The valves are finely but distinctly striate. 

No. 63. Navicula dactylus E. Distinguished from N. irielis by its 
size and coarser pinnre, and from N. major and N. nobilis by its 
straight, not intiated sides. Whether these features warrant a new 
species is questionable. The distinction into Pinnularire and Naviculre, 
the former having smooth (apparently) ribS. or pinnae, and the latter 
strire made up of fine dots [moniliform), is now abandoned, and all are 
termed Naviculre. The species mentioned above are very common in 
sub-peat eleposits and in recent gatherings. The marine forms with 
smooth ribs are comparativeiy few. 

No 64. Navicula dicephala E, This is the Pinnular'la bicep~ of Gregory, 
who supposed it new, but this name "biceps" had already been given by 
Kutzing to a different diatom, and as Ehrenberg has, no doubt, given the 
name "dicephala" to several entirely different forms, one of which is the 
"dicephala" of W. Smith and our No. 65, perhaps it would be better to 
adopt Lagersteclt's name and call the present form N. bicapitata. It is 
a well Illarkecl, though not large form, with straight sides and con
stricted rounded ends, (not unlike a "rolling pin"), it is dictinctly striate, 
and is fairly abundant in the deposit. 

No. 65. Navicula elginensis Greg. '1'his is the N. elicephala of W. 
Smith; it is "maIler than the preceding, and the valve not unlike it in 
outline: the sides are generally a little incurved, and there is a peculiarity 
in the appearance of the central nodule, whieh at once distinguishes it 
from No. 64, which has a blank space around the nodule, absent in this 
form. This striation is rather coarse. It is about as abundant in the 
deposit as No. 64. 
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No. 66. Navicula firma. This is a smaller form of N. iridis, and not 
rare in the deposit. 

No. 67. Navicula fontinalis Grun. I am not quite certain that this 
small diatom, which is very rare in the deposit,is Grunow's species. About 
a third of the length of the val ve, the middle portion is blank, gi ving the 
impression of a wide stauros. 

No. 68. Navicula gastrum E. val'. styriaca Grun. This fine diatom, 
which is not uncommon in the deposit, reminds one at first glance of 
Stauroneis punctata. It is, however, larger and much more coarsely 
marked. The ends are produced in this variety, rather more than in the 
normal N. gastrum, only one specimen of which I observed in the pre
pared slides. The strim are absent from the cen tel', much as in Stauroneis 
punctata. It is a characteristic form in the deposit, and I do not recol
lect observing it in any other of the sub-peat deposits, or even in any re
cent gatherings. The normal form of N. gastrum, a~ figured by Donkin, 
has been found by Thomas and Chase in the water supply of the city of 
Chicago, from lake Michigan. 

No. 69. Navicula hemiptera E. Not rare in the deposit; it is a small 
form, strim marginal, outline of valve lilee N. iridis,but somewhat narrow 
in proportion to length. 

No. 70. Navicula hitchcockii E. Quite abundant, and rather larger 
than those which I have found in the eastern sub-peat deposits, or in re
cent gatherings. It has a hyaline aspect and is allied to the variety of 
N. limosa, called "gibberula" by Kutzing. The ends, however, and central 
inflation, sharper; but it must be confessed, that some small forms of N. 
gibberula, approximate very closely to it. 

No. 71. Navicula interrupta W. S. This i8 not the N. interrupta of 
Kutzing, which is only a variety of N. didyma E.; we may, therefore, re
tain W. Smith's name. Really, this speCies is a staurineiform variety of 
our No. 6i, and exactly like it in every respect, except the central blank 
space or stauros which characterizes the pre"ent form. It is not so 
abundant in the deposits as No. 6i. Nos. 80 and 81 are similar examples. 

No. 72. Navicula laevissima K, Stauroneis rectangularis Gregory. A 
smaller form than N.bacillum, to which it has a remote resemblance, but 
the margins of the valves are slighUy undulate and the striation some
what coarser, and i'nstead of the circular central blank space there is an 
arangement of the central striae giving the impression of it sort of 
stauros. It is fairly abundant in the deposit. 

No. 73. Navicula lata Breb. This diatom is somewhat rare in the de
posit, and at once recognized by the very course and dista'nt pinnae; N. 
burealis is pwbably a very small variety. I have not observed it in any 
recent gatherings, but it is found in some of the fossil sub-peat deposits 
of New England. 

No. 74. Navicula legumen E. '.rhis fine diatom is also rare in the de
posit. The valve has three distinct undulations and rounded ends; the 
strim are radiate, not reaching the median line, and there is a large 
central blank space, or pseudo-stauros around the central nodule. 

No. 75. Navicula limosa K. This, and its varieties are common in the 
deposit. It belongs to the N. irielis group, and is distinguished by the in
flation at the middle of the val ve. 

No. 76. Is a variety of the preceding, with smaller and sharper ends 
anel somewhat deeper constirctions. 
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No. 77. Navicula ventricosa E.-Donk. Smaller than N. limosa, and 
less inflated, the sides of the valves are nearly straight; it is characterized 
by having a transverse blank space around the central nodule, and is not 
ag common as Nos. 75 and 76. 

No. 78. Navicula ludloviana A. S. 'l'his fine diatom has a resem
blance to N. peregrina, which, however, is a m~lrine species; it is charac
teristic of the Minnesota deposit. It is about the size of N. peregrina, but 
has a larger blank space at the central nodule. It is found in fossil deposits 
at Shasta, California, and is figured in Schmidt's Atlas; striae radiate con
spicuous and not reaching the medium line. 

No. 79. Navicula major K. A large form pretty abundant in the de
posit, and differing from N. iridis and N. dactylus by having the valve 
intiated at the middle. 

No. 80. Navicula mesolepta E. This is fairly abundant in the depos
it. It has three central inflations and is deeply constricted towards 
the obtuse extremities. It is N. nodosa, E., a form confounded sometimes 
with N. legumen, and the latter may possibly be a sporangial form of 
this diatom. 

No.81. Navicula mesolepta var stauriniformis E. Exactly like No. 
80, with the exception that this variety has a distinct central blank 
(stauros). It is nut quite as common in the deposit as No. 80. 

No. 82. Navicula nobilis E. K. This is a very large form of N. major, 
and not rare in the deposit, though the frustules are generally broken. 

No. 83. Navicula slesvicencis Grun. This diatom is probably a variety 
of N. viridula, and is pretty abundant in the depo"it. The striation in 
our form is somewhat more rad iate than in Grunow's species,and the ends 
are a little more produced; but in the main it agrees so closely with speci
mens from Grunow, that I have little hesitation in adopting his name. 
The valves are slightly inflated amI striae distinct. 

No. 84. Navicula trinodis Lewis. This is not the N. trinodis of W. 
Smith, which is very much smaller and has rounded ends, and was con
sidered by Dr. Arnott as Achnanthidium. The present form was first fig
ured by Lewis, in Notes on New and Rare Species of the United States Sea
board. Phil.1861,Pl. II fig. 6. His figure shows the strim too plainly, for 
it has a hyaline aspect, and is not very rare in many recent gatherings. 
The constrictions are very much deeper, and the ends sharp~r than inN. 
gibberula; it i~ more like N. hitchccckii, but smaller, and more deeply 
constricted. It is rare in this deposit, but is found in some of the east
ern sub-peat depJsits. 

No. 85. Navicula viridis K. Abunclant, and variable in length and 
breadth; ends of valve round, and sides Rcarcely inflated; strim or pinnal 
conspicuous. 

No. 1;6. Navicula viridula K. Com:non in the deposit, and variable in 
size; valves inflatecl and with punctured ends. It is one of the com
monest of our fresh water forms. 

No. 87. Navicula vulpina K. This diatom, which is not rare in the 
deposit, resembles N. ludloviana, but is somewhat more tinely striate and 
with sharpp,r ends, and wants the central blank space. 

No. 88. Navicula winchelliana, n. sp .. H. L. S. This small, but 
well marked diatom, is not very rare in the Minnesota deposit. It has 
been figured by Donkin Brit. Diat., pI. III, fig. 9, as N. inflatatof Kutzing. 
Anexamination of Kutzing's figure,on the Santa Fiore deposit in which he 
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found it, would have shown that Kutzing's diatom was Staurosira con
struens. The N. intlata of W. Smith is still another form found in the 
Peterhead deposit, and quite distinct from the present one which Donkin 
quotes as found in the Lough Mourne deposit. The latter agreRs in all 
respects with our form, and is well figured by Donkin. It is characterised 
by having the two or three central strim somewhat stronger or farther 
apart so as to gi ve the appearance of a pseudo-stauros. No. 253 Oleve and 
Moller, Nav. viridula, var. ampiceros as figured in Schmidt's Atlas,might 
probably be mistaken for this, but wants the peculiar pesudo-stauros and 
is much larger and quite distinct. As the specific name inftata must be 
retained for W. Smith's form, I name the present one after Prof. Winchell, 
who discovered the deposit. 

No. 89. Nitzschia amphioxys K. W. S. Not rare in the deposit, but 
very variable in size. The larger ones are generally broken. 

No, 90. Nitzschia thermalis. Less abundant than N. amphioxys, and 
distinguished by the valve having straight or slightly incurved sides and 
sharply constricted capitate ends. The paucity of Nitzschim in this 
deposit is marked. 

No.91. Stauroneis acuta W. S. Not uncommon in the deposit. The 
valve has straight or somewhat incurved sides with sharp ends, and 
presents a rhomboidal aspect; striae distinct. It is found in recent 
gatherings with the valves adhering somewLattenaciously into a filament 
of six or nine frustules, and is not uncommon in sub-peat deposits. 

No. 92. Stauroneis anceps E. This is a small form with produced 
capitate ends, and finely striate, and is sparingly abundant in the 
deposit. There are intermediate forms between this and the next No , so 
that it is doubtful whither this is not a variety. The stauros barely 
extends to the margin of the valve. 

No. 93. Ktauroneis gracilis E. Much like the preceding but more 
distinctly striate and longer, ends of valves slightly produced; not 
capitate. This is really the parent frustule of S. phoenicenteron. 

No. 96. Surirella crenulata E. Only a few fragments of this were 
found. It is quite common in the fossil deposits from Utah, and is 
figured by Ehren berg, Abh. der Konigh Akad, 1870, T. II, 3,nd fig. 6. 

No. 97. Surirella splendida E. Fragments only were found of this 
diatom, but more abundant than the last. It is a very common form in 
recent gatherings and in sub-peat deposits. No other species of the 
genus Surirella were observed in the deposit,. 

No. 98. Synedra capitata E. Broken frustules of this were not rare, 
and also of the next species. 

No. 99. Synedra longissima and possibly of S. radians. They were too 
fragmentary to decide. 

No.IOO. Tabellaria fenestrata K. Abundant. 
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*THE PREPARATION OF DIATOMACEJE. 

BY DR. CHRISTOPHER JOHNSTON. 

In all the range of microscopic research there is confessedly 
nothing which offers more seductive attraction than that depart
ment of botany which comprises the DictiomCtcero. Apart from the 
exclusiveness with which the microscopist makes his observations 
and pushes his inquiries., there are charms which attach to the life, 
the modes "and the extent of the reproduction, and to the vast re
sults which follow the multiplication of these organisms. There 
is also a pleasing bewilderment in their large variety of form and 
dimension, from the grosser discoids to the almost infinitely little 
living chambers; and a perpetual delight afforded by their archi
tectural beauty, and by the marvelous and matchless delicacy of 
the designs sculptu~ed upon the siliceous skeletons of their frus
tules. The man of science pauses in his work to pore over the 
tracery of detail, and the philosophic student exhausts resource to 
effect combinations in objectives and in oculars which shall serve 
to bring the "markings" into view and to perpetuate the picture 
by photography. 

However great the interest which life, habits, and reproduction 
inspire, the structure and configuration of the siliceous part espe
cially command attention; for this flinty framework, resisting time 
and decay, alone endures, and is a recognizable integral in vast 
strata of the earth's surface, while the softer organic portion, leav
ing the character of the diatom to the skeleton, is caught up and 
utilized in obedience to the law which compels organic matter to 
incessant action, whether it mount successively higher or fall 
witliin the scope of the humblest organism. This animated matter 
loses its identity, and its relations to particular forms, but the sili
cified cachet of Tricm'atium and of Coscinodiscus is as palpable in 
the pillared rock or the California stratum as in the recent condi
tion, or in the softer "deposits" of Nottingham, Md., and of Moron, 
Spain, or in the guano accumulations of the Chincha and other 
islands. 

"Preparation of the "Diatomacere" ought strictly to signify the 
preservation of individuals or groups of these organisms in a per
manent way, and their arrangement in a condition suitable for 
study ann future reference. We would begin with the deep sea
soundings and end with animated pool water. It is not our pur
pose, however, to discuss at present the various devices adapted to 

*The Lens, vol. 1, page 197. 



308 TWENTIETH ANNUAL REPORT 

accomplish a task so extended; but we desire to point out those 
methods of isolatir:g the siliceous parts of Diatoms to which ex
perience has given reputation. 

It may be worth while to premise by stating-what is, of course, 
familiar to the student-that the coveted forms are to be met with 
in a great variety of conditions, either swarming fresh and full of 
life in pools, ponds or estuaries, clothed in fibres of green, brown 
or yellow, or clustering together in springs, pullulating in llikes 
and rivers, or tossed by the waves of the great ocean itself. 
In some of these situations the Diatomacem become and are the 
pabulum of myriads of beings, in whose bodies, as the Acalephs, 
the Salpidm, the Molluscs and the Holothuridm, their siliceous 
remains are constantly found by the microscopists, who use theee 
and other creatures for their dredgers. They live with and upon 
other Algm, and are met with in the green ooze of CorifeTvoids, 
and even among the Muscidm. 

As ancient or recently fossilized, however, forming strata of con
siderable thickness, of widely different consistency and density, 
and not unfrequently of wide· spread geographical distribution, the 
Diatomacere astonish even the workers in science by the extent of 
their proliferation, and by the uneventful quiet of their liviIJg and 
dying, apparently undisturbed for whole ages in the conditions of 
their existence. Examples of these tedious and slowly cumulative 
formations may be instanced in Cassel, in Oalifornia, in Jutland 
and in Maryland and Virginia, the latter furnishing so many varie
ties of configuration and such rare beauty in design and ornament
ation. One of these diatoms, the Heliopelta, so much admired, 
has been selected by a distinguished author to grace the front page 
of his admirable work on the microscope. 

It must be apparent that no one procrustean method of securing 
the prize can be made applicable in the business of "preparation." 
The extreme delicacy of Amphiplenra forbids the rough boiling 
which Coscinodiscus invites; the free recent forms of any kind in 
"pure gatherings" obviously require nothing more than the de
struction of the organic part, elso the fairy-like embossing, .as 
shown in lines or dots, is blurred, or disappears; while the so·called 
Diatomaceous "earths" or clays often tenaciously resist the de
liverance of the imbedded gems, made adherent by a filmy, glassy 
cement, the product of time, an alkali, and a portion of the seem
ing lithopbytes of other epochs. A lacustrine deposit may be 
washed out clean with water, but rock must be softened and sul
phate of lime removed by boiling chlorhydric acid. 
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In general, the business of prAparation involves two distinct pro
cesses: first, the liberation of the diatoms (as we shall henceforth, 
for convenience, call the siliceous skeletons of the Dictiomacem) 
from all extraneous matters, with the exception of amorphous silex 
or some silicates; and, secondly, the complete isolation or the di
atoms themselves. The former is, at times, toilsome and disagree
able, by reason of acid fumes which arise in Its course; the latter 
is tedious and, like the other, time-consuming. But both call for 
a clear knowledge of method and precise eXf'cutive manipulation, 
and both demand of the operator an intelligent adaptation of 
means to an end, and the patience with which the attainment of 
the end is made possible. 

The simplest methods of cleaning are not always the most easy,
for example, the rescuing of d.iatoms from among the PoZycystinm 
of Barbadoes,-nor thA most complicated always the most difficult, 
as, for instance, the treatment required by a sulphate of lime guano 
known here as the "Algoa Bay." Let us, however, attempt to 
make the several methods distinctly comprehensible, although in 
so doing we run the risk of emulating the tediousness of "neighbor 
Verges." 

Apparatus and Chem£caZ Material.-Guided by our experience, 
the following-named articles are recommended as necessary for the 
work of cleaning and isolating Diatoms, which should be done in 
a chamber high above the gruund, if possible, and not heated in 
winter by a flue. Hot-water pipes are far" better, as affording im
munity against dust. We enumerate: 

German beaker glasses of different sizes, with a number of small 
china plates to serve as covers, several large watch-glasses, or 
shallow glass capsules of like shape; solid glass rods for stirring; 
small glaRs tubes or pipettes; a sand bath and an apparatus for heat
ing; nitric acid, chlorhydric acid, sulphuric acid,-all the best 
"commercial," except the last, which should be "C. P."; car
bonate of soda and carbonate of potassa, both 0. P.; Atkinson's 
alcohol. freshly distilled water, and a copious supply of filtered 
soft water. 

For displaying a cleaned sediment with the view of securing 
individual specimens, a number of glass slides one and a half inches 
by four inches should be provided; and for the preservation of 
finished work. or clean diatoms, a score (If small bottles, with corks 
already fitted. 

Finally a large camel's-hair pencil; a few slender cane (reed) 
stripA, to serve eventually, when pointed very finely, to pick out 
single valves; a supply of litmus paper; a glass funnel, and Saxony 
filter paper, complete the category. 
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Method to be Employecl.-As pure diatoms, guano findings, and 
diatomaceoU'3 earths or clays each require separate modes of treat
ment, let us first handle a guano specimen, because some of the 
steps to be trodden may be called fundamental, or we may say they 
are of very general application; still, they must in certain instances 
be preluded by others, may not be wholly needed in particular 
cases, and are of necessity to be followed by supplementary pro
cesses demanded by the peculiar nature of the products obtained· 

A guano, such as the Chincha or that of Ichaboe; ought to be 
coarsely sifted to free it from pebbles, feathers, and masses of crys
tallized substances. The better part is still, however, very hetero
geneous, consisting of diatoms in very small percentage, and of 
much extraneous matter, earthy, salty, and excrementitial. Boiling 
water dissolves a great part of all these, and should be repeatedly 
applied to the deposit, and as often suffered to stand after stirring, 
so as to leave behind the insoluble constituents, among which, of 
course, are the objects of our search. 

The sediment will be materially lessened in bulk by a good boil
ing in a solution of carbonate of soda, one ounce to the pint, which 
dissolves much organic as well as some inorganic matter, and, 
besides, sets free adherent diatoms without injuring their struc
ture. Carbonate of potash, however, is not so free from objection. 

The residuum,being drained upon a filter, ought now to be boiled 
in an equal part dilution of nitric acid for about ten minutes in a 
beaker glass, the quantity of the fluid being a couple of inches in 
hight above a half· inch of the matter upon which it is destined 
to act. Lime not in the form of sulphate, and some other ele
ments, are dissolved out as nitrates, and must .be poured off in the 
solution when cold after standing. Hot water should now be 
added freely to the sediment and poured off after its subsidence 
until all acid shall have been removed, whereupon the residuum is 
to be once more drained upon a filter. 

The matter remaining is now ready for pure nitric acid, in which 
it is to be boiled for five or even ten minutes; after which treat
ment, and before cooling, the whole must be deluged with hot 
water. After standing, the supernatant liquor is to be poured off, 
and the refractory deposit washed clean with cold filtered water, 
and drained as before stated. 

The sediment now much reduced in quantity, is prepared for 
chlorhydric acid, in which it is to be boiled for the removal of 
sulphate of lime if in moderate quantity, perhaps of a small per
centage of other matter, and of such metallic stains as have 
resisted the action of the aquafodis. Besides, the chlorine has 
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bleached such vegetable orgauic debris as has escaped destruc
tion, so that the sediment, now composed of diatoms, fine sand and 
siliceous dust, and extraneous vegetable remains, appears of a pale 
gray color. 

When thoroughly washed in filtered or distilled water, and then 
rendered as free from moisture as possible, either by means of a 
filter or by gravitation, the deposit must be subjected to the action 
of sulphuric acid, C. P .. which heated to the boiling point car
bonizes the vegetable matters, which, in a charred state, blacken 
the fluids. The removal of this carbon is to be accomplished in 
the form of carbonic acid by the addition to the still boiling acid 
of oxygen, which at the very high boiling point of sulphuric acid 
combines with it, and the gas escapes in ebullition. Nitric acid 
(N05), may be slowly dropped in, one drop a time, (being very 
careful to protect the eyes, face and clothing from the miniature 
pyrotechnics that may result), until the black or dusky color gives 
place to the orange hue of nitrous acid (N 0 3 ), being what is left 
of the nitric acid that has parted with two elements of oxygen; or 
else chlorate of potassa in fine powder, after the manner of Bailey, 
may be very gradually, and in small doses, dropped into the seeth
ing liquid. Upon each contact of the powder a vivid explosion 
takes place as the carbonaceous particles ignite and consume. 
Chlorin€l is evolved, to the great annoyance of the operator, and 
sulphate of potassa is added measurably to the sand and diatoms 
beneath. But soon all is of pearly whiteness. and the process is 
at an end. 

The task of cleaning is near its accomplishment; for all that 
remains to be done is the abstraction of the acid and the washing 
out of the sulphate of potash. 

Let the tyro be careful, and manipulate with deliberation; for 
the rapid admixture of sulphuric acid and water occasions a sud
den and considerable rise of temperature. Instead of pouring or 
drawing off the hot or cooled fluid. we would recommend that a 
large heaker glass two-thirds full of hot filtered or distilled water 
be made ready, and that into the water, by very tardy pouring, or 
even dropping, the acid, and all it contains, be thrown. When 
cold, or nearly so, the supernatant fluid must be flowed away, 
which process is facilitated by holding a glass rod against the 
beaker's edge to guide the stream, and after repeated washings with 
distilled water in a fresh beaker (for the sulphuric acid clings 
to the pot-beaker), the diatoms, the sand. and the amorphous silica 
alone survive. All is now perfectly clean; but the constituents of 
the white powder must await separation, and this they can do only 
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in dilute alcohol, 13ecause the particles mat or adhere irretriev
ably in water, in which, also, confervoids speedily arise. We 
label the vessel, and we choose our own time for isolating the pre
cious forms, observing, however, that the whJle sediment has 
shrunk within very small dimensions, as we set aside the result 
of so much labor. 

Finally, in reviewing the work done, let us have in mind the 
intention of each of the acids employed, and remember that N05 

boils at a moderately high temperature, which, as in other fluids, 
is increased by the presence of pebbles, bits of glass, or coarse 
sand; that HOI passes into ebullition at a comparatively low indi
cation of the thermometer; and lastly, that the boiling point of 
SOl is very high indeed,-so elevated, in fact, as to jeopardize all 
inferior glass-ware. 

The foregoing process is open to the charge of being time-coD
suming,-as are all other method~,-but we have invariably found 
the results to be excellent. The same success is claimed for a 
different procedure, practiced and recommended by F. G. Btokes,* 
and which may be here briefly set forth. 

"Provide a beaker glass of six or eight ounces capacity, in which 
place about two teaspoonfuls of guano, and then fill to near the 
top with a saturated solution of carbonate of soda. Boil for half 
an hour, wash well with water, and, after standing, pour off the 
supernatant fluid very close. 

Add now of chlorhydric acid two ounces, boil also for a half 
hour, wash well, and pour oft very close once more. 

Treat the sediment with one ounce of strong sulphuric acid. 
Let it act for ten minuted, and then add bicarbonate of soda cau
tiously, either in solution or suspension. Shake well during effer
vescence, wash wdl, and, with great caution, add two ounces of 
nitric acid. After effervescence, drop in two pinches of chlorate 
of potash, boil a half hour, or until the deposit becomes white,· 
and, finally, wash the sediment thoroughly." 

From what precedes, it must appear that the aim of the operator 
is the removal of all inorganic substances, either originally soluble 
or artificially made so, prominent among which is lime, and of all 
organic matters reduced by a debtructive process to a soluble or 
gaseous form. And it. is also eVIdent that when certain of these 
I:ltrange elements are known to ':le absent, such parts of the pro
cesses as are applicable 10 them ought to be omitted, so that fewer 
steps are necessary to attain the end. Silex, or sand, of course, is 
not to be regarded in this connection, as it is as insoluble as the 
Diatoms themselves. 

* F. G. Stokes, On Cleaning Diatoms, Quar. Jour. Micros. Science, vol. xv. p. 222. 
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Suppose we take a clay or earth, that of NoUingham, for ex
ample. Cretaceous matter forms but a small part of its substance, 
which consists, in fact, of Diatomllceous skeletons, more or less 
adberent through the agency of a mortar, probably 11 silicate of 
lime, and of fine si1i ceous particles, or even sand, Ipss closely con
nected. To disintegrate a mass, let it first be slaked, as it were, 
by pouring over it a strong solution of carbonate of soda, and 
when, after a time, the whole falls to pieces in lamime and in dust, 
let it be boiled for fifteen or twenty minutes in a quantity of the 
same solution, and the result will be the reduction of the cement, 
the formation of silicate of soda and carbonate of lime, and the 
almost perfect cleaning of the diatoms. The former is removable 
by hot water and frequent washings; the latter, by boiling in nitric 
acid; while chlorhydric acid dissolves out any sulphate of lime 
and, besides, bleaches by the abstraction of un attacked metallic 
stains. The tine siliceous dust, the torment of diatomists, can only 
be gotten rid of by elutriation, a!'! will pre8ently be shown, and 
refractory particles or lumps must be left behind in the washings. 

If the reader have followed our proces raisonne, he will hardly 
be at a loss to answer the query, "What are we to do with such 
clay or rock as the ]Jfonierey?" some specimens of which we have 
found to be extremElly hard or tenacious. In this instance, again, 
the difficulty presented is the disintegration of the rock without 
doing injury to the diatoms. We may make the mass very hot 
and then drop it into cold water, by which many diatoms will be 
sacrificed; or else we may slightly warm the specimen, drop it into 
a strong solution of carbonate of potash, and boil for a time, to 
be ascertained by the breaking down of the original lump. In the 
same way, carbonate of soda may be employed, with more safety to 
the forms in request, but with less general success; while the potash, 
which is more energetic in decomposing the cement, is very de
structive, if not carefully watched, of the very ohjects we seek. 

Once reduced to the state of powder, the rules just enunciated 
are to be followed. 

Before leaving the difficult or troublesome, we feel obliged to 
notice such guanos as contain sulphate of lime in any quantity, but 
especially in large proportions. Algoa Bay guano (South Africa,) 
for instance, as furnished us by a reliable person, was found to 
consist almost wholly of this refractory substance, which required 
an especial treatment. Being soluble in boiling and hot dilute 
chlorhydric acid, it was found necessary to boil the Algoa guano in 
that dilution, and to pour the whole on a filter, whereby the 
sulphate of lime in solution ran off and deposited on cooling, while 

21 g 
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the guano residuum was caught by the filter, to be subjected again 
and again to the same process as long as it contained the salt of 
lime. The small portion of decalcified guano was next exposed to 
the action or NO 5 and HCI, in the usual way, with the result of 
securing some beautiful Actinoptychi and Anlacodiscns peiersii. 

Recent gatherings, unmixed with sand, mud, or other refractory 
extraneous substances, are not made to pass through the ordeal of 
an alkali and so mHny~acids as in the case of a guano, but may be 
cleaned by the use of one of these agents with the aid of no long
continued heat. Chlorophyll will yield to carbonate of soda, 
and all possible lime here, to nitric acid; but when we have to 
deal with very delicate Amphipleuras or Grammatophoras, 
marked with almost ghostly lines, we should handle our reagents 
with gloves, and not boil out those exquisite markings which al
most rival the art-ruled bands of Nobert. Maceration for a time 
may be sufficient; or, if the quantity be small, all phytic substance 
may be burned away by the heat of a spirit-lamp flame applied be
neath a film of mica, on which the "once animated dust" reposes, 
and on which it may, without change, be mounted in balsam. 

It is needless to remind the young operator of the necessity for 
delicacy in all manipulative procedures, and not least in the wash
ings of pure gatherings, or of those containing the filmy forms. 
But care is especially to be exercised in the recovery of those most 
fragile diatoms which are met with in Barbadops earth. Water 
alone, poured gently on this polycystinous deposit, will suffice to 
float away and waft them to slides ready for their reception. And 
this may be done in a beaker, so that the supernatant water, ren
dered milky by diatoms and siliceous dust, yields by elutriation 
the fairest of results. 

Isolation of Diatoms:-We have already pointed out the advan
tage, nay, even the necessity, of preserving the fruits of all clean
ings in dilute alcohol, in which they may rest in safety awaiting the 
separation of the morphous from the amorphous. And we may 
here add the advice to recommit the diatoms to alcohol finally be
fore mounting, or incidentally, if interruption temporarily arrest 
the perfect course of the isolation. The methods of Mr. F. Okeden* 
by decantation, and by whirling in an evaporating capsule or large 
watch-glass, as suggested by Mr. J. A. Tulk,t we have found to 
answer Avery requirement if they be as dexterously managed as they 
are ingeniously devised. But we would call attention to a point 

'Method of Washing Diatomaceous Earths and Clays; Quarterly Joul'nal of Micros
copical Science, vol. iii. p. 158. 

tOn t.he Cleaning and Prep'Ll'ing of Diatoms, vol. xi. No.3. III. 
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not hitherto noticed, incidental to the decantation process, and 
which has reference chiefly to the discoid forms. It is this: When 
the diatoms were nearly or quite free from foreign matters, and 
beaker glasses were being used in the preparation, we observed that 
entire disks adhered to the flat bottoms of the vessels. We utilized 
this knowledge by emptying a beaker, by washing it out quite freely 
with distilled water, and, finally, by detaching and collecting the 
absolutely perfect diatoms by means of a soft camel's-hair pencil, 
well cleaned. In this way we have had excellent success with many 
gatherings, but with none better than the Nottingham earth, as 
was shown by some of our slides exhibited in Ohicago at the re
union of the State Microscopical Society of Illinois. 

We have now, by whatever process employed, attained the clean
ing and separation of the diatoms, and have consigned them to 
the temporary guardianship of dilute alcohol; but there still remains 
for us the task of a final preparation of them for mounting. By 
the plan adopted and suggested by Mr. Okeden they have been 
"sorted" as to size; yet one washing more is necessary before we 
can transfer them to the es::pectant slides. IE the diatoms were to 
be dipped out by a tube directly, and dropped eithe~ upon a cover 
or a slide, the rapid alcoholic evaporation would keep the whole 
field in agitation, and the objects would eventually group together 
in drying and materially mar the baauty of the preparation. 
This defect may be easily remedied by quickly washing out the 
alcohol; after which the even display of the diatomaceous forms 
is readily aceomplished, especially if we give the end of the slide 
a fillip with the finger previous to putting it aside to dry sponta
neously. At this point the microscopist has the election either of 
mouuting in the dry way, or of embalming his tiny treasures in 
Oanada balsam. He may add the balsam drop au naturel and 
gently heat over a spirit flame before applying the cover, or he may 
omit the evaporation and mount "soft," placiDg a small screw, for 
a weight, Up'0n the cover, or he may use balsam thinned by chloro
form, or dissolved in absolute alcohol, and filtered as recommended 
by Dr. Schaeffer, of the Army Medical Museum, and then apply 
the continuous pressure of a small weight. By the first method the 
slide will be immediately ready for use when labeled; by the 
others, a certain number of hours or days must elapse before the 
margins of the covers will have become securely attached. But the 
work is done, and the student may now gloat over the things of 
beauty which he views by the light of science. It is true that he 
may regret a few forms which have been floated off under the de
scending cover, but careful manipulation alone will in future pre-
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vent this mishap. But how can he imitate the exquisite groupings 
of the Dialomaceen-Typn-Plaite of MeHler? He may note qual, 
but he may, with much practice, approximate to the excellence of 
that wonderfully skillful preparer by arranging his diatoms dry 
upon a slide or cover previously coated with a thin film of gelatine, 
and then fixing them by exposure for a moment to the vapor of 
distilled water. In mounting with balsam the diatoms cannot 
change position, but the gelatine disappears, and is seen no more 
forever. 

Before closing this paper, perhaps already too long, we deem it 
germane to the subject to refer to the plan which we have adopted 
with success in the selection or picking out of particular diatoms. 
It may not be altogether original, yet it is practical. and may aid 
the inexperienced. 

Nothing is easier than to seize particular diatoms and transfer 
them to a bottle for future use, or to a slide, provided the field 
from which we select be rich and clean. Difficulty, however, occurs 
when forms in any gathering are few and far between. Let such 
prepared material be spread upon a large slide, covering a space of 
one inch by two, and let it be filliped as it is set away to dry spon
taneously. With a two-third inch objective. search the white field 
for any diatoms whatever, and, upon finding, encircle each one 
with a line, made with the point of a match sharpened and moist
ened, adding near the circle a dot, or cross, or other sign, always 
appropriated to the same diatom, and of which a tallying record 
is kept on paper. At leisure one may, without trouble, single out 
any desired object. pick it off with a fine dampened point of cane 
(reed), not including the siliceous cuticle. and deposit it, free from 
injury, in a small drop of distilled water placed in the centre of 
the slide. 

And here we leave our subject, with the remarks that ~one of 
the methods proposed can lead to success unless aided by patience, 
painstaking, the adaptation of means to an end, and by practiced. 
manipulative skill; and that what appears to be present perfection 
is only to be regarded as one of the widening circles which tend 
towards, but which never reach, ultimaihulan truth. 

.' 
" 
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*ON THE PREPARATION OF DIATOMAOElE. 

BY PROF. HAMILTON L. SMITH. 

The following paper is intended as a supplement to the very ex
cellent article by Ohristopher Johnston, M. D:, in a former num
ber of this journal, under the above heading, and I know of no 
better guide for the student. What I have to say relates to the 
rapid preparation, from crude material, where this has been at all 
carefully gathered, and to a mode of mounting, invariably on the 
cove1' oj the slide, not mentioned by Dr. Johnston, but which has 
some great advantages. The gatherings should not be dried, but 
kept moist, in phials with a little creosote to prevent mould. I 
very much prefer to examine whole frustules, with both valves 
adherent, or if filamentous, still cohering. And I have many bot
tles of preparations for mounting which are nearly as clean as 
though they had been treated with acids. And many of the most 
interesting preparations which I have were never boiled in acids. 
Of course, very much depends upon the skill and carefulness of 
the gatherer, and a little patience and judgment will enable any 
one to obtain the crude material tolerably pure. Only a few days 
ago I made a gathering of Niizschiw, in which I have the frus
tules almost as free from foreign matter as though they had passed 
through the most elaborate acid and chlorate of potassa treatment. 

Supposing, then, that one has before him a phial which will 
hold a considerable quantity of water compared with the sediment 
in it, the latter composed more or less of diatoms. We proceed 
thus, and if it has stood for some days perfectly undisturbed so 
much the better. The bottle is twirled rapidly, and the lighter 
material rising up in the axis will soon diffuse itself throughout 
the water. Allowing it to settle for two or three seconds, un til to the 
eye the grosser portions have just been deposited, all lhat remains 
floating is now poured off into another phial, and it is from this 
stock that Wfl are to separate the diatoms and sand from the clay 
and organic matter. The material poured into this second bottle 
is allowed to settle until the water simply appears milky or cloudy; 
the time will vary according to the minuteness of the diatoms, and 
can only be judged of fr'om experience, say one minute, when all 
that remains floating must be poured off, and thrown away, unless 
there are very minute forms which it may be desirable to separate. 
The phial is again to be filled with rain, or distilled water, (hard 
or lime water should be strictly eschewed,) and again shaken up. 
As soon as the heaviest deposit touches bottom, the rest should be 

*The Lens. Vol. 2, page 209. 
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poured off into a third phial, leaving say about one-fourth the 
amount behind in the second phial. The third phial will now con
sist mainly of sand and diatoms, with lighter organic matter and 
pure clay; the last two can be removed byelutriation; for this pur
pose, fill the phial No.3 with water, and after well shaking allow 
it to settle two to five minutes, pour off and throwaway the slightly 
milky water, and repeat the operation, allowing it to settle a some
what longer time; the operation may be repeated a third time, 
when particles, suspended after an interval of eight or ten minutes 
may be poured off. Often, after the first settling of bottle No.2, 
the diatoms will rise more pure in the mass by twirling the bottle 
than by shaking it up. A little practice and care will enable anyone 
to separate certain diatoms, according to size. I had a gathering of 
Pleusosigma :;pencerii from Scioto river, 0., sent to me, but 
although it had been chlorated, still when a mounting was made, 
not more than one or two frustules would be in the field of view, 
the great mass being either smaller forms, or fine fragments of 
silex; by careful watching and testing the time when the different 
sizes would remain suspended, I have made from this a prepara
tion, which will show hundreds where before were scarcely any, 
and which would never be recognized as the same gathering. Sup
posing now a trial shows us the diatoms tolerably abundant, the 
trial being made by heating in the manner presently to be de
scribed; the phial is filled with alcohol and water, half and half. 
Some samples of alcohol leave behind a scum after evaporation,
especially noticeable after burning in the mode presently to be de
scribed, and water which will leave crystals, or any scum, must be 
avoided; the beauty of the preparation will largely depend upon 
being particular in this matter. 

For mounting diatoms I invariably place a drop of the fluid con
taining them upon the CGver, neVel' on the slide. The alcohol and 
water will spread out on the slide, but will remain heaped up on 

the round cover,like a plain convex lens. I prepare a 
little stand, represented in the accompaning wood cut, 
of quite fine wire( so as not to conduct off too much neat) 
bent at right angles and inserted into a base; the free 
end is bent into a ring, and upon this ring is placed a 
square plate of very thin iron (such as is used for the 

""_""""' ........ ..,.-,,"5'" so-called "tintypes" in photography, with the Japan 
burned off), held in place by bending the corners of the square over 
the ring, loosely, to allow expansion, without bending when heated; 
upon this plate the cle~ned cover is placed, and then by means of 
a pipette, a drop of the alcoholic liquid with the diatoms is placed 
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upon it, and the spirit lamp applied below. The alcohol takes fire 
and is allowed to burn out; the flame of the lamp is then placed 
beneath, and the rest gently boiled, t.he reml1ining alcohol escap
ing during this ebullition causes the diatoms, by this very act, to 
distribute themselves very evenly over the cover, and all matting 
is effectually prevented. It is better after one perceives that this 
even distribution has taken place, not to push the heat so as to 
make large bubbles again) but to slowly evaporate until dry, after 
which the full power of the flame must be applied until the iron 
plate and the glass cover is red hot; at first the mass of diatoms 
&c., will become black, but as the organic contents and debris bur~ 
away there will finally remain only the silex nearly white. I in
variably burn in this manner Oil the cover, even the specimens 
which have been prepared with acids, for the diatoms thus treated 
when mounted appear much sharper and cleaner. The amount of 
heat, if the diatoms are rigidly siliceous, as most of them are, may 
be the full power of an ordinary alcohol flame continued for some 
time, but if they are imperfectly siliceous, care must be exercised 
in the burning. 

I invariably use old balsam for mounting, just as bought from 
the shops, especially if I wish to have a specimen which will bear 
immediate handling, or be ready to be sent off soon as mounted. 
Allowing then the cover to cool, while the slide is being cleaned to 
receive it, I place a drop of the balsam, which must not be fluid, 
only viscous, on the middle of the slide, and now with ih1'S pick up 
the cover from the little stand where it has been heated. The di
atoms will be so fastened by the heating, that but few will flow out 
from under the cover, if any, in the subsequent treatment. I now 
hold the slide over the flame of the lamp (which should be much 
sIQaller than when used for the burning,) until not only all under 
the cover is a mass of small bubble;;, but until very large bubbles, 
balsam steam, appear; the flame is removed soon as the bubbles 
are observed all running to one edge. I press down the cover at 
this place by a mounted pin and start them in the opposite direc· 
tion. This may seem unnecessary, but long- experience shows 
that this is the better way to get rid of them; during this the 
slide ia held somewhat obliquely, the cover is kept from slipping 
by the pin, and if all the bubbles do not disappear, then with a very 
small flame heat is applied just beneath the obstinate ones, the 
slide being held slanting, and that part upwards where the 
bu b bIeR are nearest the edge of the cover. The description is 
longer than the actual process, and the slide when cool is ready for 
immediate use. Perhaps I am wedded to old ways, but after 
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trial of fluid balsams, without heat, I have always come back to the 
old way; still, for selected diatoms, some of tb,ese preparations of 
balsam are good. If the diatoms are to be mounted dry, always 
the best way, if for real study, I make a ring of the zinc white' in 
bal~am (sold by the opticians), and which in a moment or two is 
sufficiently hard to receive the cnver, and never runs in~· after 
standing an hour or two I give a finishing ring of the same, or 
the usual black varnish on the outside. ' ' 

I think anyone who will adopt the mode of mounting on the 
cover, and subsequent heating, as above described, whatever may 
be the rest of the procedure, will never consent to give up this 
'part, since it effects so even a distribution, and such destruction of 
residual organic matter, and gives such increased brilliancy to the 
preparations; sombtimes, if the acid has not been thoroughly 
washed out of acid treated specimens, snappy explosions will 
occur when the alcoholic mixture is heated; of course, the 
remedy is to pour off, and replace with pure water and alcohol. 



VII. 

OXIDE OF ~IANGANESE. 

N. H. WINCHELL. 

It was through the persevering efforts of Mr. J. N. Stacy that 
this ore has been discovered at and near Monticello, in Wright 
connty. He first nbticed a black substance along the bank of the 
Mississippi, overlying the gray boulder clay and underlying a 
thick stratum of gravel and sand. This black substance appeared 
to be brought to the surface and to be distributed more or less on 
the slope for a distance of several rods, through the action of spring 
water which constantly oozed from the bluff at abont the same 
level. On having an analysis made Prof. Dodge reported the fol
lowing May 26, 1891: 

Sand and clay.. . . . . .. ................................ 4 98 
Carbo lime...... ...... ............ .............. 6.86 
Carbo magnesia............ ............ ............... .85 
Oxide of iron...... .... .. ....... ..................... .5l 
Black oxide of manganese...... ........... .......... 79.83 
Phosphorus. . . . . . . . . . . . . . . . . . . . . . . .. ................ .09 
Sulphur.......... ............................. ...... .01 
Wat,er of hydration and organic matter.............. 6.87 

100.00 

Subsequently considerable examination was made in some of the 
bogs in the vicinity further west and north, so situated as to pre
sumably constitute the main reservoir, notably for the water seen 
at the river bank, but also for the principal deposit of the manga
nese oxide, and, although several analyses were made of a ferru
ginous sub-peat deposit, no manganese oxide of sufficient purity 
waf! found at that time. Several shipments of a few tons each 
were made from the orignial locality, and the excellence of the 
product stimulated further exploration. The result has been to 
demonstrate that in several places a bog manganese exists in con-
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siderable quantity, more or less associated with bog iron ore, con
stituting an ore which is valuable for many uses in the arts. Anal
yses show manganese oxide ranging from almost nothing to ten 
per cent., and iron oxide to thirty and forty per cent., with the 
usual varying accompaniments of carbonate of lime, silica and or
ganic matter. Such an ore is widely distributed through that part 
of the state, and it is very probable that, if exploration be-contin
ued, larger deposits of as great purity as that which is found in 
limited amount by the bank of the river, and analyzed as above, 
will be brought to light. 

It has also been noticed that some of the iron ore deposits lately 
discovered on the. Mesabi range are accompanied by a noteworthy 
percentage of manganese oxide, promising to be· more valuable 
as manganese ores than as iron ores. 
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MUSEUM 

SPECIMENS REGISTERED IN THE GENERAL 

OBTAINED. 
Serial __________ _ NAME. 
No. 

When. Whence. 

--- --------------------------- -----
8101 Oct.,., 1892 Donation. . ... Proboscina tum ulosa Ulrich, ...... : ....... . 
8102 •.•.•. " frondosa NicholRon .......... ' .. 
8103 .... Mitoclema (?) mundulum Ulrich .......... . 
8104 ...... 1 Rhin1?-ictya ,!el,ilecta ,([lrich ............ .. 
8105 ...... mlUlma UlrICh ......... , .... . 
8106 .. var. modesta Ulrich ... 
8107 ..... Pachydictya pumila Ulrich ............... .. 
8108 ...... Arthropora bifurcata Ulrich ............. . 
8109 ......, reversa Ulrich ............. ' .... . 
8110 ...... Stictoporella dllmosa Ulrich .............. .. 
8111 Nem",topora gr>tnosa Ulrich .............. .. 
8112 Hel!,?pora muyr,onata Ulrich .............. . 
8113 harrlsl James. .. ................. . 
8114 Arthroclem", "triatum Ulrich., ............ . 
8115 ...... ,. cornutum Ulrich .............. . 
8116 ...... I .. arm",tum Ulrich ....... " .. .. 
~m : ::::: Callop-ora J'~~cliJ~e¥j\i;iy~r.i~h: :::.:::::::::: 
8119 " und ul",ta Ulrich. . ............. .. 
8120 pulchell", Ulrich..... . ..... .. 
8!21 ..... pulehella Val'. persimilis Ulrich. 
8122 ...... Homotrypa separ",L", Ulrich ............... .. 
8123 " tubel'culata Ulrich ............... . 
812! Homotrypella (?) ovata U Iricb." ........ .. 
8125 ... " " rnstica Ulricb .............. .. 
8126 ...... Aspidopora elegantula Ulrich ........... .. 
8127 ...... Mesotrypa (?) spinosa Ulricb ........ , .... . 
8128 July. 1891 Geo!. Survey.. .. qubecensis Ulrich ............ . 
8129 Oct., .. 1892 Donation ....... Eridotrypa exigna Ulricb ................. .. 
81aO " " .... Constellaria varia Ulrich" .......... " .... " 
8131 .... " Nicholsonella pulehra Ulrich ..... , .... .. 
81;;2 ...... Leptotrypa claviformis Ulricb ........ ' ... . 
8133 Nematopor", ovaHs Ulrich ... ' ............. . 
8134 Bato~~oma moptuosum Ulricb" .. " ...... .. 
8W5 varmm UlrIC-b. . .... " ....... .. 
8136 fertile Ulrich ......... , ...... , .. 
SIH7 .• .• .• "val' elrculare Ulrich .. . 
~m~ July:, 1891 Geol.,~ul'vey" Lep.~ffina unico~,tata Meek & Wortben .... .. 

8140 Aug., 1891 
m~ July:, 1891 

8143 
8U4 
8145 
8146 
8147 
8148 
8149 
8150 
8151 
8152 
8153 
8154 
8155 
8156 
8157 
8158 
8159 
8160 
8161 
8162 
8163 
8164 
8165 
8106 

Aug., 1891 
.fuly, 1891 
Aug., 1891 
July:, 1891 

Aug;: 1891 

m~ July:, 1891 

8169 
8170 
8171 
8172 
8173 
8174 

c-barlottre Winchell & Schuchert .. 
Rafin!;squina nlinne~?tellsis Witt.chell ... _ .. 

" var. inquassa, Sardo 

(?) 
( ?) 

altern~ta Emmons .......... .. 

" var.loxorb·ytls·Mee'k 
kingi Whitfield .............. . 
del~?idea Conrad ........... . 

::: Stropb\"lllena incu~,vata Sheppard ......... , 

2 
3 

Num. 

1 
1 

6 
Num. 

4 
3 
2 
2 
4 
4 

1 
2 
5 
5 
2 
1 
1 

3 
1 
3 

1 
3 

10 
3 
1 

12 
5 

Num. 
5 

Num, 
6 
1 
5 

11 
1 
5 
3 

13 
2 

20 
3 
4 
4 
5 
5 
6 
3 
6 
2 
1 
5 

12 
5 
9 

26 
4 
1 
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ADDITIONS. 

MUSEUlI! SINCE THE LAST REPORT. 

Locality. Formation. Collector and Remark,. 

------.------------
Cannon Falls. Minn ............. Tr'nt'll shales E. O~Ulric~--------
Cincinnati. Obio .............. Hudson mvel' " 
Cannon Falls, Mlnn ............ 'l'rellt., sbales 
Near Danville, ICy ............... Trenton ..... . 
Cannon .l},alls, Minn ............ Galen!,: shales 

St. Paul, Minn ........ :·:::::::::: Trenton ..... . 
" ... .......... .. .. Galena shales 

Near cann,?"; 'Fail~',' ~i in';: :: :::: &~l~~~nsh'ah;s 
Waynesville, Ohio ........ ::: '.::: Hudson River 
Minneap~lis, Minn...... . Tl'e~ton ....... 

N ear Ca";~?n Falls:' Min';::::: :: Galen~ sliaies 

St. P~ul, Minn ............ :::.::. Tre~ton ...... . 

Near Cannon F;':iis: i,ii;"·'; .. :::: 
Minneapolis, Minn... . .' .... 
Near Cannon Falls, Minn...... ' .... 

" ..... Galena shales 
Richmond, Ind ................... Hudson River 
St. Panl, Minn ................... Galena shales 
Minneapolis. Minn ............... Trenton ..... .. 
Decorah, Iowa ................... Galena shales C. Schuchert, 
Near uan~\>n Falls, Minn...... " E. O. ,ulrich, 

M!lrfreesb,?ro, Tenn ....... :::::: Tre!:ton ...... . 
MIllne",polls, MIlln........... .. .. . ... .. 
Near Cannon F",lls, Minn ...... Galena shales 

., Tre,'7ton ..... 
Minne",polis, Minn ....... . 
St. P~.ul, Minn .......... .. 

Near Granger: iI-ii;"·n::::::::. :::: Hudson Riverlscofield & SChuchert,' 
GrM. Iowa... .... .... .... .... .... " O. Schuchert. 
Spring Valley. Minn........ .... " Scofield & Schuchert. 
Iron Ridge. Wis ............... " C. Schuchert. 
West Side. St. Paul, Minn ....... Trent. shales 
McGregor. low", ................ " 
Decor",h, low"' ................. .. 
Mineral Point, Wis .............. Upper Buff .. . 
Rockt,on, IlL........ .... L. bl~,e beds .. 
JaneSVille, Wis ................ . 
4 miles north of BelOit, Wis.... " .. 
Preston. Minn.... .... .. ......... Trent. shales Scofield & Schuchert. 
12 m. S. of Oannon Falls, Minn .. Galena shales " 

H .1 

Preston, Minn .................... Trent. shales 
6 mi. S. of Cannon ~'alls, Minn. Galena shales 
Mineral Point, Wis .............. Upper buff ... O. Schuchert. 
Spring Valley. Minn ............ Hudson River Scofield & Schuchert. 
Iron Ridge. Wis.................. " O. Schuchert. 
Osbkosh. Wis ..................... Galena. ,. 
Dubuque. Iowa............. ..... " ...... . 
Weisebach'sdam nr. SpringYa]. " ........ Scofield & Schuchert. 
Near Hamilton. Minn ..... [Minn Top of Galena 
Mantorville, Minn ............... Galena ...... .. 
Near Gra~ger. Minn ............. Hudson River 
Bellville, l~. Y............ ...... Trenton .... .. 
3 mi S of Oannon Falls, Minn .. Galena ........ Scofield & Schuch crt. 50 ft. ab~ve base. 
3&5m.S.of Cannon Falls, Minn. " 
Mantorville. Minn.............. . ....... 
Dodgeville. Wis ................ Trenton..... C. Schuchert. 
McGregor. Iowa .................. Trent. shales " 
Decorab. Iowa... ............... " 
Mineral Point. Wis ....... : ...... Trenton ....... 
4 mL N. of Beloit, Wis ........... L blue beds .. 
Janesvill p , Wis.................. " 
Mineral Point, Wig ............. . 
Rockton, IlL ................... . 
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Serial 
No 

8175 
8176 
8177 
8178 
81'{9 
8180 
8181 
8182 
8183 
8184 
8187 . 
8188 
8189 
8190 
8191 
8192 
8193 
8194 
8195 
8196 
8197 
8198 
8199 
8200 
8201 
8202 
8203 
8204 
8205 
8206 
8207 
8208 
8209 
8210 
8211 
8212 
8213 
8214 
8215 
8216 
~217 
8218 
8219 
8220 
8221 
~222 
~223 
8224 
8225 
8226 
8227 
8228 
8230 
8231 
8232 
8233 
8234 
8235 
8236 
8237 
82il8 
8;l;j~ 
8240 
8241 
8242 
82~3 
8244 
~2l5 
8~46 
8247 
8248 
8249 
~~50 
8251 

TWENTIETH ANNUAL REPOR T 

MUSEUM 

SPEOUIENS REGISTERED IN THE 

OBTAINED. 

NA.ME. 

When. Whence. 

Aug.o}891. Geol. .. survey ... Strop~omena inc,~lrvata She~'pard 

July,}89l. 

Aug.,}891. 

July, 1891. 
Aug .. }891. 

July, t891. 
Aug.,}891. ' 

July, 1891. 
Aug .. 1891. 
JulY,J891. 

.• tl'entonensis Winchell & schuciiert 

.. winchelli Hall ..................... . 
" trentonensis (?) Win. & Schuchert. 
.• trentonensis Winchell & Schuchert 

•. rugosa Rafinesque. .. ............. . 
f! uct~?sa Billings .... " ............. . 

.• trilo~\Lta Owens .................... . 

.. planodorsata Winch'll & Schuchert 
" billings! Winchell & Schuchert ... . 

scofieldi Winchell & Schuchert ... .. 

.... .. 

.... Rhyn~hotrema c~pax Oonrad .............. .. 

perlamellosa Whitfield ....... . 
ant!~ostiensis Billings ...... .. 

Donation ... ainsliei Winchell ............. . 
Aug.,,~891. Geol. .~urvey ... 

July, 1891. ., :: .. 
Oct" 1892 .. Donation ...... Escharopora conf!uens Ulrich ............. . 
Aug"J891 Geol. .~urvey ... l{hY~9hotreU1a inreq.~livalis Uastelnau ... .. 

JulY,J891. 

Aug',J891. 

:::: Zygospira recul'virostris Hall val'. Minne
....:: :: [sotensis W & S 

July, 1891. " 
Dec., 1891 .. Donation .... . 

" " ...... Raufella palmipes Ulrich ................... .. 
July. 1891. Geol. survey ... Strophomena winchelli Hall. .............. .. 
Aug., t891. ,. .. .. Zygo.pira uphami Winchell & Schuchert .. 

.. ...... modesta (Say) Hal!.... .. ....... 
.... Anastrophla (?) scofield! Win. & Schuchert 
.... .. hemiplacat.t var. rotunda W & S 

.. hemiRlicata Hall ......... : . 

Jan.,1892 .. Donation .. :::: BaHella salfordi Winchell & Schuchert .... 
Aug., 1~91. Geol. survey... .. nicolleti Winchell & Schuchert. 

.. ...... nicolleti Winchell & Schuchert. 
Feb., 1892. Donation ...... Aulopora trentonensis Win. & Schuchert .. 
Sept .. 18U2. Exchange ...... Pleurotomaria sphmrlllata ................ .. 

.. ". ..... tabulata ............................... . 
. .,. Bellerophon montfortianus ................. . 
...... Polyphemopsis peracuta .................. .. 
...... Nucula ventricosa ......................... .. 
...... Lophophyllum proliferum ................. . 
...... Splrifera camerata .......................... .. 
..... Athyris subtilita ............................. . 

.. " .. DipJodus compressus ....................... .. 

...... Head of Coelacalithus elegans ............ .. 

...... Eurylepsis mlnimus ........................ .. 

9 
11 
2 
6 
2 
2 
3 
7 
4 

12 
13 
3 
3 
2 
1 
2 

11 
2 
1 

14 
10 
22 
8 
2 

16 
10 
4 
a 
1 
5 
1 

4 
18 
12 
3 

10 
7 
4 
4 

N~?J' 
5 

Num. 
10 
34 
3 

Num. 
1 
1 

10 
1 

28 
1 
5 
2 
2 
2 
3 
4 
3 

Num. 
1 
5 
1 
7 
3 
3 
5 
1 
5 
1 
1 
1 

.,' 

-=-~=.1i1 
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ADDITIONS- Cantinttecl. 

GENERAL MUSEUM SINCE THE LASl' REPORT. 

Localit,y. Formation. Collector an,l Remarks. 

Preston, Minn ................. " 'I'r'nt'n shales Scofield & Sohuchert. 
Fountain, Minn .... q...... .... .. ,4 " 

St. Paul. Minn... ....... ......... C. Schuchert. 
Minneapolis. Minn... ........ .. J, O. Kassube. 
4 miles N. of Beloit, Wis, ....... L, blue beds. O. Schuchert. 
Jane&ville. \Vis ........... _ ... _..." H 

Kenyon. Minn ................... Galena shales W. H. Soofield. 
6 miles S. of Oannon Falls,Minn Top Tr, shales Scofield & Schnchert. 
2 miles S. of Oannon Falls, "linn Tr'nt'n shales " 
Iron Ridge, Wis................ Hudson River O. Schuchert. 
Spring Valley, Minn".... ...... " Scofield & SchnoherL 
NearGranger. Minn........ ..... ,. " 
Mantorville, Minn ................ Galena ...... .. 
3 miles S. of Oannon Falls, Minn" ,. 
Iron l{ldge, Wis .................. Hudson River O. Schuchert. 
Fonntain, Minn , ................ Galena shales Scofield & Schuchert. 
2 miles S. of Oannon Falls, Minn" ,. 
St. Paul. Minn .................... 1'0pTr.shales 0, Schuchert. 
4 miles N. of Beloit, Minn ........ L. blue beds. " 
Sprin~ Valley, Minn. ' ....... , ... Hudson Hiver Scofield & Schuchert. 
Graf, lOwa . .. ................. '. 0, Sobuchert. 
Iron Ridg-e, Wis ......... ,.. ..... .. 
Near Olifton, Wis .............. .. 

50 n. above 1mBe. 

Iron mdge, Wis ................ .. 
Graf. Iowa ...................... .. 
Iron Rid~e, Wis, ............... .. 

j;l~gie~i~r~oMi!~~:::: :'.:'::.:::'.: 'l'r'nt'n shales N. Ainslpe. 
Preston, Minn...... .............. ., Scofield & Schuchert, 
Ohatfield, Minn .............. ,,,. " 
McGre~or, Iowa ................ , 0, Schuchert. 
Minneapolis, Minn.... .. ....... 1 " E. 0. Ulrich, 
10 mil's ". of 'annon Falls, Minn Galena shales Scofield & Schnchert, 50 feet above base. 
Warsaw, Minn ........ ".......... " W. H. Scofield. 
Fountain, Minn .. .. .. .... .. .... .. " Scofield & Schuebert. 
Neenah, Wis, ..................... Galena ........ O. Schuchert. 
Oshkosh, Wis......... ........ .... " 
J~nesville, .Wis ................... L, blu~ beds.. " 
Mmeral Pomt. WIS...... . ...... I 
McGregor. Iowa ..... _ .......... rl"nt'~ shales :: 
Decoran, Iowa .................. .. 
6 miles R. of Oannon Falls, Minn Galen?: shales Scofi~:d & Schuchert. 
Warsaw. M!nn.. ..... .. ...... , 
2 miles S. of Oannon Falls, Minn 
6 miles S. of Oannon Falls, Minn " 
Near Fountain, Minn ........... Tr'nt'n shales " 
Oshkosh, Wis.. . ... , .......... Galena ........ C. Scbllchert. 
St: Pau], M,inn .... ' ......... , ..... Tr'nt'~ shales " 
Mmneapo!Ja Mmn .............. . 
Oshkosh, Wis .................... Galena,. 

[growth. 
SpeCimens in all stages of 

Lake street bridge, 

Weisebachs dam, n'r Spr'g Val'y ". Scofield & Se-huchert, 
Spring Valle,f' Minn. .... . .. , Hudson RIVer ", 
d miles S. of Oannon Falls, Minn Galena., ..... . 
5 miles S, of Oannon Falls.Minn " 
12 miles S.of Oannon J!'alJs,Minn 
Weisbach's dam ............ . Near Spring Valley. 
Near Fountain, Minn ......... .. 
Preston. Iowa .................. .. 
Decorah, Iowa ......... , .... ' ..... GI' d I' , , O. Schuchert. 
Lebanon, Tenn....... ...... ...... a e m st n 
Decorah. Iowa ................... Tr'nt'n l'mst.n 
Near Fountain, Minn...... .... .. " Scofield & Schuchert. 
Near Oannon b'alls. Minn" ... , .. Tr'nt'nshales 0, Schuchart. 
Richmond, Obio .................. L.coal Meas .. Sam Huston, 

" "" 

: ::::::::':.:::::: L.b'r'~:,-co'lM 

Linton:,Ohio .... :::· :::::::::::::. L. coal Meas .. 
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Serial 
No. 

8252 
8~53 
825t 
a~55 
8256 
8257 
8258 
8259 
8260 
8261 
8~62 
8~63 
8264 
8205 
8266 
8207 

8268 
8269 
8270 
8272 
8i7a 
~276 
8277 
8278 
8279 
8280 
8281 
8~2 
82~a 
8284 
8285 
8286 
8287 
82108 

8289 
8290 
B201 
8292 
8293 

8294 
82!J5 
82U6 
8297 
8298 
8209 

8300 
8301 
Sa02 

TWENTIETH ANNUAL REPORT 

MUSEUM 

SPECIMENS REGISTERED IN 'I'HE 

OBTAINED. 

NAME. 

When. Whence. 

UJ .. ~ 
Ql Ql 

'S~.§ 
" '"' z 25-

~ _________________________________________ UJ __ 

Feb'y, 1892 Donation ....... Scenidiull1 halJi Safford ..................... . 
Dec., 1891 .. . ..... Oltrophudonta perplana Conrad ............ . 

...... Chonetes pusHlus Hall. ............ . 

...... Spirifer pannatus Owen ..................... . 

..... Strophodonta naer'ea Hall .................. . 

...... Orthis vanuxemi Hall ..................... . 

...... Spirifer parryanus 1:1 all ..................... . 

...... Aorypa reticularis Linne ........ . 

...... Atrypa hystrix Hall ...................... . 

...... Orthis suborbicularis Hall ................. . 

...... Stropbodonta demissa Conrad ............. . 

...... Ortbis iowensis Hall ........................ . 

...... Cyrtina hamiltonensis Hall. ............... . 

...... Heliophylluru hallL ....................... . 

...... Favosites alpenensis Winchell.. . ....... . 

...... Cystipbyllum americanum Edwards and 
Rairne , .................................... . 

..... Phyllipsastrea gigas ? ...•.•................ 
..... Cyathophyllum davidsoni Hominger ...... . 

..... Stromatopora ............................. . 

...... Streptelasma rectum Hall ................ .. 
" .' ...... Munt culipol'a ............................... . 

July, .. 1891 Geol.,~urvey ... Orth~feras multic.'~l1leratum emmons ... . 

Aug., 1891 
July, .. 18m 

Aug., .. 1891 

July, 1891 
Aug., !891 
July, 1891 
Aug .... 1891 

.... ActinoceI'as beloitense Whitfield ....... :: :: 

.... Orth~?era.s jUll~~um Hall. .................. . 

bilineatum Ha'le: :::: :'. :::::::: 

amplie:';JLleratu~ '~~iL:::: :::: 
............ Donation .... ::·.: planocon vexum 

July, .1891 Geol. Snrvey ... Triptoceras ................................... . 
:. :: .... Orth~~eras anell?s Oonrad ................ . 

ol~rus Hall ..................... .. 

Aug .. 1891 :::: Gonioceras (?) confe~tiis' Wlncheii ",1;".1 
Schuchert ................................ . 

.... Cyrt'!~eras man,,;!tobense Whitea ves ..... . 

I " :::. Orthoceras bilineatum Hall ........... :·:::: 
July, 1891 .... Gonioceras anceps Hall ........... : ....... . 

1S91 Donation...... . Triptoceras planodorsatum Whitfield ..... . 

July, ]891 Geol. Survey ... Oncoceras pandion Hall ................... . 
Aug.,,, 1891" ".. .. ................ . 

2 
1 
2 
1 
1 
2 
1 
2 
2 
H 
1 
2 
1 
1 
1 

1 
1 
1 
1 
2 
1 
1 
2 
1 
3 
4 
4 
5 
1 
2 
3 
2 
1 
1 

1 
1 
2 
1 

2 
6 
1 
1 
1 
1 
1 

8303 July,,, 1891 . .. .. 
8304 DonatIOn ...... . 

plebi.~m ? Hall. .... , ............. . 

8:,05 
8006 
sa07 
83a5 
S37~ 
saso 
8aSl 
83~2 
8083 
83~4 
8385 
8087 
8388 
8389 
8390 
SoOI 
8392 

Aug., 1891 Geol. Survey ... Dekayella prffinuntia Ulrich ............... . 
"4' ".. var. n1ultipora Ulrich. 

Oct., 1892 "" var. simplex Ulrich .. . 
...... .. .. .. .. Uypricardites sardesoni Ulrich ........... .. 
Sept., 1892 Donation ........ Monotrypa intabulata Ulrich ............. . " I .. . ..... Ceramoporella inclusa Ulricb .............. . 

.. . ..... ()eramopb~ lla frondo,a Ulrich .......... .. 
1884 By purchase ... Trochunema beach! Whitfield .............. . 

1876-1879
j
GeOl. Survey..." " .............. . 

188e Uonation... .... .. ........... .. 

Aug:: 1877Geoi:·su;~ey::." " ::::::.:::::::: 
.::::::::::: I:::::::':::: :::::: ., umbilicatum Haii::::::::::::: 
.. .... ...... ................. Fusipira ventricosa Hall ................. .. 
...... ...... ............ ...... "subfuslfol'mis Han ........ : ..... .. 
July, 1891 Geol. Survey ... Schizotreta minutula W. and S ............ .. 

3 
1 

· .. · .. r .. 
1 
1 
6 
5 

12 
2 
2 
1 
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ADDITIONS.-Oontinued. 

GENEltAL MUSEUM SINOE THE LAST REPORT. 

Locality. Formation. Oollector and remarks. 

Lebanon. Ohio .................... Glade I'mst'n. C. Schuchert. 
Rock Island, Ul.. ....... , ........ Hamilton .... J. A. Udden. 

".. u" 

" ::::::.::::::::::'. Oorniferous:: 
" .................. Hamilton .... . 

.. ..... ...... ..... Cornlferous .. 
................... .. 

.............. Hamilton ..... 
Mineral Point, Wis....... ..... . L bluA heds .. O. Sc?,uchert. 
Rockton, III ..................... U. bull' beds. 
Rockdell. p, 0., Minn ............ Galena. '" Scnfield and Schuchert. 
Janesville, Wis ................... L. blue beds .. C. Schuchert . . , H., 
Near Fountain; lI'ii;"';:::::::: :::: Gltlena shales Scofield and Schuchert. 

" H •••••••••••• Trenton ., " " 
Decorah, Iowa.................... .. "(1. Schuchert. 
Warsaw, Mlnn .................... /Galena " W H. Scofield. 
Mineral Point, Wis ............... L. blue beds .. C. Schuchert. 
Ne ... r Rochester, Minn, ......... , Galena., ...... W. H. Kchofield. 
Preston. Minn .. :. . ........... ~ Galena: ..... Scofield and Schuchert. 
Cannon Falls, MlDn .............. rrenT.Ou llme-

stolle. ' ... W. H. Scofield. 
Mineral Point., Wis ............... L. blue beds .. C. Schullhert. 
McGrellor. Iowa ................. Trenl-On sh'I's ., 
Janesville, Wis .................. L. blue beds .. 
Mineral Puint, Wls....... ........ .. .. 

Scofield and Schuchert.of Stewartsville. 
Stewl!-!'tsville, M!,nn:::::: .. :::::: Mid'l~ Galena th~Ig-~a~st speCimen donated by F. 
Mantorville. Mion...... ... .... " Scofield and Schuchert. 
Pleasant ();rOve. Minn..... .. ...." "" 
Near li'ount ... in. ,\1.inn ............ Trenton sh'l's 
Mineral Point. Wis .............. L. blue beds O. Schuchert. 
Minneapolis. Minn ............... Trenton lime-

stone ..... H. V. Wincbell. 
Janesville. Wis ................... Low .. r blnff C. Schuchert. 
Preston. Wis ..................... Trenton ~h'i's Scofield and Schuchert. 
Minneapolis. Minn ............... T~~~~~Ii. 1~~~~1 ............................... ,,', .. , ..... .. 
J~nesvillf •. Wis, .................. L. blut' be.ds"lc, Schuchert. 
Mmneapolls, Mlnn ............... Trent,m lime-

stone. H. V Winchell. 
Prest~n, Minn.::: ... ::::::::.: ::: Tren~?n Sh'l'SISCOfi~!d and lS~huchert. 
Minn?apolis, Minn....... ....... " E.O Ulrich. 
2 m. S. E. of C.anno~ Faiis;M·i;;';. Gaien'';:ShaieSIE: 0: yii,ich:· ............................. . 
Ne~,r Fountalll, MlUn ........... Trenton ... .. 
St. Paul. Milln ........ ..... .... .... " 
Minneapolis, Minn ............................... Wm. Howling. (567~1. 

.............................. : O. L Herrick. (5108) • 

................. ......... ...... H. V. Winchell. (5U6a). 

::::::::::::::::: ':::::::':::.:: u:,L. Her'~ick:' (773):" 
................. ..... .......... ..... .. .... (6867). 

Kenyon, MInn ................................... N. H .. ;WinchelI. 
Lime City. Minn .............................. .. 
Decorab. Iowa ................... ............ O. Scquchert. 
Granger. MinD .................... L. Hudson R. .. 

22 g 
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Serial 
No. 

8393 
8394 
8395 
8396 
8£27 
8428 
8429 
8430 
8431 
8432 
8433 
8436 
8437 
8438 
8439 
8440 
8441 

TWENTIETH ANNUAL REPOR'!' 

MUSEUM 

SPECIMENS REGISTERED IN '1'HE 

OBTAINED, 

NAME. 

When. Whence. 

'" ~ g 
'8~.§ 
i ~ ___________________________________ _ ____ rD __ 

............................ Fusispira nobilis Ulrich and Scofield ...... . 
............ ...... ........... .. vitata Hall ...................... .. 
.... ........ .................. .. vaticina Ulrich and Scofield .... . 
" .. .. ...... . . . .. .... .. .... •. con vexa Ulrich and Scofield .... . 
Sept., 1880 Geol. Survey ... Tr-ocbonema umbilicatum Hall ............ . 

1884iBy purchase... "beach! Whitfield .............. . 
Oct., 1892 Donation ......... Pachydictya occidentalis Ulrich ........... . 
Oct., 1892 Donation ....... Rhinidlctya paupera Ulrich ................ . 

" " ....... Escharopora limitarls Ulrich ......... , .... . 
.. " ....... Callopora ampla Ulrich .................... . 

....... Callopora crenulata Ulrich ................ . 

....... Asaphus gigas DeKay ...................... . 

....... ASIl:¥hus meg!~tus L~?ke ................... . 
Aug" .. 1891 

...... i' .. 
1 

·····4 .. · 
5 
3 
4 
2 
1 
1 

July, 1891 Geol. 8mv.;;;::: Lingula modesta Ulrich. :::::: ::.: :::::: :::: • 
1 
3 

22 " ..... Maq~urea cu~~ata Wh~!,field ...... '" ...... . 
1 
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ADDITIONS.-Uontinued. 

GENERAL MUSEUM SINCE 'fHE I,AST REPORT. 

Loeality. Formation. Collector and remarks. 

Decorah, Iowa...... ............. . ............... O. Schuchert. 
Fountain, Mlnn ............................ , ..... Scofield and Schuchert. 
Petit's mill, Mantorville, Minn ................. N. H. Winchell. 
Decorah, Iowa .................................... C. Schuchert. 
Lime Oity, Minn .................................. N. H. Wlncbell. (4104). 
Minneapolis, Minn............... .... .. ....... Wm. Howling. (5675). 
St. Paul, Minn .................... Trenton ...................................... " ........ .. 
St. Paul, Mlnn .................... Trenton ...... E. O. Ulrich. 
Minneapolis, Minn.......... . ... " ...... ,. 
Near Oannon Falls. Minn ....... Galenasbales d 
St. Paul, Minn .................... Trenton......" [natural moul . 
Granger, Minn ................. Hudson river R. H. Hesse, gutta-perclla impression of 

" ".. ............... " .. gutta-pero. imp. ot nat.mould 

::::::.: :::: :::: :', L. Hudson R. Scofield and Schuchert. 
Li1l)~ City, Mi,':m ... , ......... , .................... N. H. ~inchelJ. 
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Additions to the Library Since the Report for 1890. 
A 

Albany. Geol. Survey of N. Y. Paleontology, vol. xiii. An. Rep. viii-x. 
N. Y. State Museum, An. Reps. 43 and 44. 

AttStin. Geol. Survey of Texas. Secont! Report of Progress, Bulletins 2 
and 3. 

Geol. Survey of Texas. Bulletins 1-3; Second Report of Progress; 
Third Annual Report fur 1891. 

Avon. American Antiquarian, vol. xiv, No.5, Sept. 1892. 
American Antilluarian vol. xiv, No.6, Nov., 1892. 

B 

Baltimore. Amer. Chern. Jour, xiii, 7, 8; xiv, 1-5; Johns Hopkins Univ. 
An. Rep. xvi; BioI. Lab. Studies v, i; Circulars ix, 80, 81; x 84, 87, 
88; xi 92-99; 

Johns Hopkins Univ. Circulars, vol. xi, No. 100. July 1892. 
Johns Hopkins Univ. Circulars, vol. xii, No. 101, Nov. 1892. 
Amer. Chem. Jour., vol. xiv, No.6. Oct. 1892. 
Amer. Chern. Jour., vol xiv, No.7. Nov. 1892. 
Amer. Chern. Jour., vol. xiv, No.8. Dec, 1892. 
Johns Hopkins Univ. Circulars, vol. xii, No. 102, 1893. 

Basel. Naturforschenden Gesellschaft VerhalldlungE:n ix, 2. 
Berlin. Verhandl. Gesellschaft fur Erkunde, Band xix, Nos. 2, 3,4,5, 

1892. 
Gesellschaft fur Erkunde Zeitschrift xxvi, 4-6. Verhandlungen 

xviii, 7-10; xix, 1. 
Zeitschrift Gesellschaft fur Erkunde, Band xxvii, Nos. 1, 2, 1892. 

Bern. Mitt. Naturf. Gesellschaft, Nos. 1, 265-1268,1891. 
Bonn. Naturhistorischen Vereins der Rheinlanrte, Westfalens, und des 

Regbezuks osnabruck, Verhandlungen, viii, 5. 
Boston. Proc. A mer Acad. Art and Science. 1890--91. 

New England Magazine. N. S. iii, 6; iv, 2; old series ix, 6. 
Bolognct. Memorie della R. Accademia delle Scienze dell Instituto. 

Serie v, Torno i. 189l. 
Bridgeport List of birds found in the vicinity of Bridgeport; 
Brunn. Verhandl. Naturf. Vereines, band xxix. ]890. 

Bericht M~teorology Commission Naturf. Vereines Beobachtung im 
Jahre 1889. 

Bruxelles. Soc. Etomologique cleBelgique, Compte-Reudu Series, iv, 15-25. 

C 

Cambria; e. Peabody Museum of Amer. Archeology and Ethnology. An. 
Rep. xxii, 3, 4. 

Harvard ColI. Mus. Com Zool. Bulletin xxiii,"4.~ 1i:192. 
Mus. Com. Zool. Harvard ColI. An-:-Rep~of Curator;lS91:-Bulle

tins xxii, 1-4; xxiii, 1, 2. 
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Ohampaign. Bulletin Ill. State Lab. Nat. Hist., vol. iii, Article xiii, 1892. 
Biennial Rep. of Director of Ill. State Lab. Nat. Hist. for 1891-92. 

Ohapel Bill. Elisha Mitchell Sci. Soc. Jour. viii, 1, 2, v 2. 
Ohicago. The Brickmaker, ix, 5. 

World's Columbian Exposition. Plan and Classification. 1892. 
Ch?"istiania . . Jahrhuch des Norwegeschen Meteorologischen Instituto fur 

1890. 
Norwegian North Atlantic Expedition. Zoology. Crinoida und 

Echinoida. 1892. 
Ohw·. Jahresb. Naturf. Gesellschaft Granbundens fur 1890-91, xxxv Jahr

gang. 
Oincinnati. Soc. Nat. Rist. Jour., xiv, 3, 4; xv, 1. 

Soc. Nat. Rist. Jour., xv, 2. July 1892. 

D 

Da1·mstadt. Vereins fur Erdkunde. Notizblatt, iv, 12. 
Abhandl. Geol. Landesanstalt, Band ii, Heft 2. 1892. 
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