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CHAPTER I

INTRODUCTORY

§ 1. Scope of field work.

During the progress of field work in late years by the Michigan
Geological Survey on Keweenaw Point the observation was made,
that the course of one or more conglomerate beds low down in
the Keweenaw series was very irregular as compared with similar
beds higher in the series, and this irregularity led to the belief that
intrusions of igneous material might have taken place early in the
geological history of the series, which, alone, might have produced
an apparent unconformity or, in connection with subsequent erosion,
a real unconformity which would call for a farther sobdivision of
the series. Some phenomena observed on Isle Royale seemed to lend
weight to the former, the simpler of these hypotheses, and plans
were made to examine the lower or older parts of the formation to
obtain evidence that might solve the problem, or that might throw
light on the mutual relations of Keweenaw Point and Isle Royale.
On a reconnoissance trip made to the end of Keweenaw Point in
May, 1895, an area amounting to nearly one square mile, on the
Little Montreal River, just above its mouth, was found to have been
burnt over several years before, and the frequent exposures of rock
there gave promise of yielding some facts which owing to the thick
covering of forest had thitherto been inaccessible. The work during
the remainder of the field season was prosecuted in that region and
was confined largely to the two tiers of sections next north of Lake
Superior, between Secs. 23 and 26, T. 58, R. 29, and the extreme end
of Keweenaw Point. In 1896 the work was taken up at Mt. Hough-
ton and was extended westward and southward along the same gen-
eral horizon, particular attention being paid to the various out-
crops of original acid rocks (and associated beds) which occur therein
with greater or less frequency, as well as to the conglomerates.
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In the prosecution of this work I have occasionally been assisted
by the members of the Survey corps, and by Prof. A. E. Seaman to
whose efficient aid I desire to express my indebtedness. 1 am also
under obligations, for valuable old maps showing geological data, to
R. R. Goodell, Esq., and to Mrs. Hill, widow of the late Hon. 8. W.
Hill, and for much useful information to Captains J. C. Hodgson
and Johngon Vivian, and others.

§ 2. Structure of Keweenaw Point.

The geology of Keweenaw Point has been so often and so well
described that a résumé here, even of only its salient points, may
seem superfluous, but in view of the fact that the literature on this
subject may not be readily accessible to everyone, 1 venture to lay
before my readers, very briefly, enough facts to enable them to fol-
low, easily and intelligently, the course I shall take in commenting
upon the conclusions of others and in recording my own observa-
tions.

The west end of the Lake Superior basin is a broad synelinal bor-
dered by rocks both of the Keweenaw or copper-bearing and Pots-
dam series, the former of which terminates about a hundred miles
southwest of the lake in Wisconsin. Keweenaw Point and Isle
Royale, near the east end of the main complex (we thus exclude from
consideration a few isolated areas of volecanic rocks and the sand-
stone, at the cast end of the lake), form the principal subjects of this
volume. They exemplify the synclinal structure, the beds of Isle
Royale dipping southeast, and those of Keweenaw Point northwest
and northerly, cach towards the lake. Keweenaw Point is the more
typically representative of the two, in that it shows numerous out-
crops of the more add rocks and a contaet, on the southeast, with
sandstone recognized as Potsdam, and, what is of still greater inter-
est, the relations of ifs rocks are such that they may enable us to
explain some of the geological changes that have contributed
directly to its topography and physical structure, and inferentially
perhaps to the history of other parts of the Keweenaw series. The
Minnesota coast northwest of Isle Royale corresponds more nearly
to Keweenaw Point, in its general structure, but lies without the
province of this report.

The Keweenaw peninsula extends about seventy miles north-
easterly into Lake Superior from the fifth correction line at the head
of Keweenaw Bay. A belt of rocks, in great part of volcanic origin,

STRUCTURE 3

forming a plateau in many places 600 feet and upwards above lake
level, dominates the central parts of this land spur, flanked by
broad belts of sandstone whose drift-covered surface slopes on cither
side to the shores of Lake Superior. This plateau is cut in two, east
and west, by the narrow bed of Portage Lake, and again sinks to
within 250 fect of lake level at what 1 shall call Allouez Gap, near
the headwaters of Trap Rock River. From this point rising again,
it soon divides into two ranges separated by the valleys of Eagle
River and the Little Montreal; the northern or Greenstone range
with a very steep east-south escarpment skirts the lake shore on the
west and north there, soon losing the broad belt of sandstone that
formed its western flank further south, while the southern or Bo-
hemian range continues in contact on the cast and gsouth with the
great body of the Potsdam sandstone, or with isolated remnants
thereof, almost to the extremity of the Point.

The Keweenaw series embraces volcanic rocks of different chemi-
cal and physical constitutions, from very basic to very acid, and from
very fine grained to very coarse grained. With these are associated
conglomerates and sandstones, which are also acid or basic, coarse
grained or fine. The strike of these beds, with some notable ex-
ceptions, conforms nearly to the northerly coast line or trend of the
Point, and their dip, which is variable in amount from place to place,
is. as above stated, towards the main body of the lake.

Beginning near the end of the Point at the bottom of the series
as exposed, at the contact with the Potsdam or Eastern sandstone,
we find in the Bohemian Range a sucecession of both basic and acid
voleanics, frequently in alternation with detrital beds of similar
composition, the whole capped by an extensive and rather persistent
bed of fairly coarse and rather acid conglomerate. This bed, which
in the following pages 1 shall provisionally call the “Bohemia”
conglomerate, skirts the northern side of this range near its sum-
mit. Above it geologically, on Keweenaw Point proper, no very acid
rocks other than conglomerates have thus far been observed,* and
it is therefore important as marking the upper limit of the felsites
of that district. Above it comparatively few conglomerates oceur
until we reach the so called Ashbed group above the Greenstone.

* In the Tamarack and Frankiin Junior (Peninsula) mines thin beds of “jasper” have
been reported, but no samples from them have been seen by the writer. Marvine'’s “jasper”’
bed, No. 6, appears to be of sedimentary origin. See Geol. Sur. Mich., 1, Pt. IL, table opp.
p. 60. Infra, Chap. V.
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From this horizon upward, conglomerates and sandstones predomin-
ate; the Great conglomerate, about 2,200 feet thick® at Eagle River,
and the OQuter conglomerate with the interbedded Lake Shore trap
occupy the entire northern rim of the Point. It is foreign to the pur-
poses of this sketch to enter into more minute details concerning the
Keweenaw series otherwise than as they affect or are affected by
the subject immediately in hand—the felsites or most acid rocks of
KReweenaw Point. For further information the reader should consult
the accompanying maps, but more particularly the extensive litera-
ture on the subject, to which references are given on subsequent
pages.

§ 3. Conclusions of previous observers.

The literature relating to the acid rocks of Keweenaw Point is not
very extensive. In drawing upon it in the following pages I may
in one or two instances digress somewhat from the subject of the fel-
sites, to touch incidentally upon some other subjects that have
come under observation during the progress of our field work.

Douglass Houghton: The lower beds of the copper-bearing com-
plex of Keweenaw Point, now known as the Keweenaw series, were
by Dr. Houghton, Michigan’s first State Geologist, considered as
members of a series of metamorphosed rocks which passed gradu-
ally from the granite of the iron region into the greenstone and its
associated amygdaloid.t Dr. Houghton did not attempt to differen-
tiate the felsites from the more basic rocks, but covered both classes
of rocks with the generic term ‘“greenstone,” applying it not to the
amygdaloids but to the more compact of the “traps.” The term
“trap,” too, in the usage of that time, and even later,i covered not
only the basic rocks of the series but what have since been shown to
be the non-sedimentary acid rocks as well.

Overlying these compact and amygdaloidal metamorphosed rocks
were (1) a conglomerate, (2) a mixed conglomerate and sandrock,

* According to Marvine. This may, however, include what I have called the Middle
conglomerate. Infra, Chap. IIT.

1 Third Annual Report, 1841, Mich. Joint Documents, pp. 487, 489. See opinion of Dr. John
Locke, in Trans. Am. Phil. Soc., Phil, Apr. 19, 1844, IX, pp. 283-315. Bela Hubbard sees in
an “‘imperfect sienitic granite’ of Keweenaw Point (probably a porphyrite) a proof of the
‘‘identity of origin of the trap and granite rocks.” “Mineral Region of Lake Superior,”
by J. Houghton, Jr. and T. W. Bristol, 1846, p. 30; also Ann. Mess. and Accomp. Doecs., 31st
Congress, 1849-50, Pt. III, p. 837.

+ Foster & Whitney used the term ‘“‘trappean’ in the same sense, as late as 1830, Report
on the Geol. and Topog. of a Portion of the L. S. Land Dist. in the State of Mieh.,
Pt. I, p. 59. Hereafter in the following pages this report will be referred to as F. & W.
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and (3) a red sandstone. The first two which represent Irving’s
“Great” conglomerate and “Outer” conglomerate respectively, were
considered by Dr. Houghton to be in effect one sedimentary® forma-
tion, divided by a trap dike, the “Lake Shore” trap of Irving. In-
deed, this phenomenon was according to Dr. Houghton not rare,
for he alludes to the frequency of “dykes” in the series “of from
fifty to four hundred or five hundred feet.” To the action of “dykes”
protruded between the strata and having with them a common in-
clination, Dr. Houghton attributed the metamorphism of many of
the sedimentary rocks. From the context this statement should
gseem to refer to the amydaloids, which in part Dr. Houghton
considered due to the fusion of the lower parts of the sedimentary
beds. Whether this statement is also meant to cover the felsites
does not appear.

U. S. Linear Survey: The geological work of the Linear Survey
was begun under the direction of Dr. Houghton, after the publica-
tion of his report of 1841. On their maps of Keweenaw Point, which
was not subdivided until 1845, the year of Dr. Houghton’s death,
we find noted the felsitei of Bare Hill, in Sec. 29, T. 58, R. 28, and
other similar outcrops as “reddish hard trap” and the like.

Bela Hubbard: Bela Hubbard, Assistant State Geologist under
Dr. Houghton, and Deputy U. 8. Surveyor, speaks of the “trap” of
Mt. Houghton,§ and mentions as occurring in the central portions of
the Sonth Range of Keweenaw Point, a

very hard and compact trap of a reddish color, which sometimes takes on the
character of a trap-breccia, or aggregate of small cemented angular pieces of
rock, and may perhaps be denominated a trap porphyry.i

In his report for 1845 as Deputy Surveyor, he says:

Keweenaw point may e said to be made up of three rock formations—
trap, trap conglomerate, and red sandrock: of these the first mainly gives its
peculiar character to the country, giving to it its mountainous aspect and
general configuration, having been protruded by the operation of igneous
forces into its present position; while the other rocks are sedimentary in their
origin, and are found surrounding and resting against the other;{

* Loc. cit., pp. 491, 494.

1 Loe. cit., p. 490, See also p. 497,

4 This is designated as ‘‘hard compact reddish trap’ and a felsitic conglomerate (or
breceia?) as “porphyry trap.”

§ Min. Reg. of L. S., 1846, p. 28.

i Loc. cit., p. 30.

€« Ann, Mess. and Accomp. Docs., 31st Congress, 1849-50, Pt. III, p. 836, ef seq.
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and he refers to the trap exposed at Copper Harbor (the “Lake
Shore” trap of Irving) as a dike.® On a preceding page (338) he had
referred to the lower of the two conglomerates intruded and sepa-
rated by this trap “dike,” as having “been deposited around the base
of the trap hills, beneath the waters” and having been subsequently
elevated with them. These views agree substantially with those of
Dr. Houghton and were evidently formed while Hubbard was acting

)

as assistant to the former.y
During the season of 1846, however, while Hubbard was at work
in the Ontonagon-Porcupine Mt. district, his views seem to have
undergone a material change. 1t does not appear that Dr. IToughton
ever examined this district in detail. The study of the structure of
the Keweenaw series in the Ontonagon district, to which perhaps
by reason of the early discovery there of mass copper, more
attention was then being given than to the northern parts of
Keweenaw Point, led Hubbard to the conclusion that the trap series
was probably bedded. Ile says that the trap range between Portage
Lake and the Ontonagon River is but a prolongation of that of
Keweenaw Point, and
bears also a close analogy to the greenstone and amygdaloid of the latter.
The high knobs arce composed mostly of greenstone which is usually hard and
compact. Tt sometimes approaches a crystalline structure, in which the feld-
spar and hornblende are aggregated in distinet grains, but generally the con-
stituent parts of the mass are so blended as not to be separately discernible
to the eye. 'This character of rock ig, however, far from composing the whole
great mass designated as trap, nor does it secm possible to consider the latter
as a single dike or contemporancous uplift; for though the compact variety
usually composes the greater part of the cliff, the entire mass will be found
to consist of regularly disposed and «alternating beds of greensione and
amygdaloid, the latter sometimes giving place to epidote. * % % These
alternating beds * * * give an appearance of stratification to the mass.
These observations will apply also to that portion of the surveyed district
embracing the Porcupine mountains. Associated, however, with the green-
stone and amygdaloid of that country, appears an argillaceous and silinous
[silicious?] rock, which, though we have classed it among the trap rocks,
is very distinguishable from all the other varieties of trap, and is therefore
entitled to a separate desecription. This rock occurs in belts, alternating with
those which make up the mass of the Porcupine ranges, and possibly may be
regarded as a volcanic mud, altered and hardened by its vicinity to rocks of
igneous origin.

* Loc. cit., p. 839.
+ Loe. cit., p. 840,

LITERATURE 7

The arrangement exhibited by these rocks has been alluded to as one of
apparent stratification. While we desire to avoid any theoretical conclusions
as to the mode of their formation, we cannot but observe that the character
of the entire trap formation is rather that of a succession of overflows, than
of simultaneous uplift in mass; in other words, it may be considered as made
up of beds of the different kinds superimposed upon each other. It has
heen already observed that in the Porcupine ranges, the trap, sandstone, and
conglomerate beds compose part of these alternations, in deposits of greatly
varving thickness. It is difficult to reconcile the frequency of these inter-
positions, the comparative thicknesses of the beds, and the few signs of dis-
turbance, with the supposition of a protrusion of the trap, as an igneous mass
from beneath, through strata of the overlying sedimentary rocks. We would
not be understood to assert that no uplift of the trap has taken place, but
merely to distinguish between the mode of formation of the several rocks,
and the subsequent and general uplift, by which the whole series has been
thrown from a horizontal and inclined at the angle at which we now find
them.*

It appears from the foregoing that Bela Hubbard was the first
to call attention to the bedded nature of the trap series, and to the
possible non-sedimentary origin of the acid rocks of that series.
Of the latter he says,

It has been already mentioned, that; alternating with the several rocks that
compose the Porcupine mountains is a hard rock of red color, fine grained,
and sub-slaty in struecture. It is evidently trappose in charaeter, but is at
the same time quite argillaceous, and sufficiently siliceous to strike fire under
the hammer. Its color varies from a light to a dark brick red. In character
and composition it bears a strong resemblance to the cementing portion of
the conglomerate rock of {he country.*

This rock is evidently the one previously referred to as a “voleanic
mud,” and from its description it appears to belong in the same
group as the felsites.

C. T. Jackson: Dr. Jackson speaks of the sandstone being some-
times
indurated into a flinty red rock resembling jasper * * * on the coast,
Tp. B8, R. 28, Secs. 25 & 26 (25 & 357), where the jasper-like rock forms bold
cliffs projecting into the lake. This rock in some places passes into a distinet
porphyry, and appears to have derived its feldspar from the adjacent

= Loec. cil., pp. 886-887. I have quoted Bela Hubbard at some length, because Irving, both in
his *Copper-Bearing Rocks of L. 8.”, Mon. V, U. 8. Geol. Sur.,, and with Chamberlin in
Bulletin No. 23, U. S. Geol. Sur., overlooks this suggestion as to the bedded nature of these
rocks, a view, which, it will be observed, Irving adopted not only tfor the basie rocks, but
for the acid rocks as well.




8 NEWEENAW POINT

porphyritic trap. In souie instances it scems to have been entirely fused and
thrown up like a poryhyry dike*

Since Dr. Jackson appears to have held the broad theory of Hough-
ton that the basic rocks of Keweenaw Point were also of dike origin,
this reference to the acid rocks is without special significance.

Speaking of Mt. Houghton, he says:

The rock at this place is a dull red jasper, stratified in structure, and split-
ting into thin sheets, It is supposed to be an indurated fine red sandstone,
which has undergone partial igneous fusion by the heat of the trap rocks,
which are in immediate contact with ity

Dr. Jackson mentions a “porphyritic trap rock” at the Suttolk loca-
tion, and another near the same locality, that has red feldspar cry-
stals scattered through it.y

The highest points of the Porcupine Mountains are by him said
to be
made up entirely of massive quartz rock, or jasper. Its structure and texture
vary considerably at different points. The greater portion of it, however, is a
homogenous compact jasper of a deep brick red color. The whole appear-
ance of the rock is that of an erupted mass. The jaspery mass is occasionally
raried by numerous, delicate, light-colored streaks or bands contorted so as
to form an imperfect ribbon jasper. At other points particles of white quartz
are mingled with the red jaspery mass. The compact variety of quartz rock
sometimes shows a gradual passage into quartzose porphyry, the jaspery
mass showing here and there a crystal of feldspar imbedded in it. ¢

J. D. Whitney, Assistant Geologist under Jackson, described an
acid rock in the Porcupine Mountains as follows:

Found a low bluff on the southern side made up of a compact red
jaspery mass, which may, perhaps, be nothing more than sandstone altered
by the proximity of the trap. It is exactly similar to that found on Mount
Houghton. In some places, even, it still seems to retain distinct marks of
stratification; in others it seems to be entirely converted into jasper.|

* Loc. cit., pp. 399, 400.
+ Loc. cit., p. 414.
+ Loc. cit., pp, 430, 433.
§ Loc. cit., p. 861.
| Loc. cit., p. 128,

LITERATURE 9

- Foster and Whitney say of the Bohemian Range:

The protrusion of so vast a mass of heated matter has changed in a marked
degree the associated sedimentary rocks, causing them to resemble igneous
products.*

Other references will be noted hereafter.

From the foregoing extracts it will be observed that by Jacksen
and by Whitney, and by Foster and Whitney the acid rocks of the
trap series were looked upon as altered sandstones, except that
Jackson, following Bela Hubbard, thought these of the Porcupine
Mountains might be of volcanic origin.

Fr. C. L. Koch expressed doubts as to whether the amygdaloid
rocks had been produced by the fusion of sandstone and trap, as
advocated by Dr. Jackson (and previously by Dr. Houghton), and
thought that the jasper-like masses and “jasper-porphyry” of the
southeastern part of Keweenaw Point, as well as similar rocks in
the Porcupine Mountains, were of a like origin with the traps, i. e.,
eruptive; that they had come up in a plastic (erweichtem) condition
produced by chemical agencies—not in a molten condition—and
cited the opinion of Hausmann on the Hartz Mountains. The quartz
porphyries southeast of the Porcupine Mountains (T'ps. 49 & 50, R.
42), he says, if they are identical with the silicious rocks of the Por-
cupine Mountaing (as Trving admits they aret), must be Iater than
the trap rocks on each side of them, that is to say, intrusive.i

Thomas MacFarlane observed reddish acidrocks on Michipicoten
Island and considered them to be eruptive.§

R. D.Irving, while he was not the first to recognize as eruptive
some of the felsites and porphyries of the Keweenaw series, is fairly
entitled to his claim of being the first to recognize the fact that all
of them are “original masses.”|| He describes many exposures of
acid rocks around the rim of the Lake Superior basin, and while in
some cases he admits the difficulty of reducing their structural rela-
tions to an “intelligible order,” and in others admits that they are

* F. & W., 1850, Pt. I, p. 64.
1 Copper-Bearing Rocks of L. S., 1883, p. 208
4 Die Mineral-Regionen der obern Halbinsel Michigan’s am Lake Superior und die Isle
Royale, 1852, pp. 121, 125,
§ Geol. Survey of Canada, Rept. of Progress, 1863-66, p. 142.
| Loc. cit., p. 95.
92
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intrusive,* he nevertheless concludes that they are in general inter-
bedded flowst and were extravasated in the early part of the forma-
tion of the Keweenaw series.i He describes acid rocks at the Pali-
sades and at Baptism River in Minnesota, which he says are true
layers of quartziferous porphyry between typical diabases and
amygdaloids, and asserts that whenever less plain occurrences have
been closely studied, it has become evident that in them, too, we have
to do merely with interbedded porphyry masses.§

Tn accordance with these views Irving says that the Porcupine
Mountains “owe their existence in all probability to a fold, the
porphyry of the central portions being one of the usual embedded
masses laid bare by subsequent denudation.”||

Irving’s monograph and Irving and Chamberlin’s bulletin are
among the most complete and elaborate works ever published on
Lake Superior geology, and set forth views that not only are ably
advocated by those eminent geologists, but have also, in part, found
wide acceptance. On the soundness or unsoundness of Irving’s
views as to the relation of the felsites to the traps, may depend in
some measure the correctness of his and Chamberlin’s theory of the
contact relations between the Keweenaw series and the Potsdam
sandstone.

* Loc. cit., pp. 144, 206, 299, 306, 308, 309.

+ Loe. cil., pp. 91, 145, 150, 240, 299, 435, The term ‘*‘ interbedded’ has been used by different
writers with different signification. Among the latest of these, Van Hise speaks of
“interbedded sills” and of intrusive diabase which occurs as ‘“interbedded sheets™
(Principles of North American Pre-Cambrian Geology, U. 8. G. 8., Sixteenth Annual
Report, 1896, p. 789). Emmons, however, earlier used the term as applicable only to a sur-
face flow, that was subsequently covered by a later bed (Geology and Mining Industry of
Leadville, U. 8. G. S., Mon. XII, 1886, p. 205) Irving used the term in the latter sense
(supra. pp. 149, 299). This usage seems to correspond well with the idea of the deposition
of a lava flow—a cover laid down on the top of a pre-existing surface, just as different
parts of a sleeping-bed are made up. The term “intercalated” implies {nsertion between
parts previously in existence, and to express the idea of “gontemporaneousness’’ is for
that reason as objectionable as *interbedded’ is for an intrusive. ‘‘Interbedded.” then,
may be considered as equivalent to “interstratified,” and applied to extrusive sheets, while
“intercalated” is a proper term for an inlrusive sheet.

+ Loe. ¢it., pp..l.’)O, 186, 195, 198,:433.

§ Loc. cit., pp. 148, 149

i Loc..cit., p. 150.

CHAPTER 1I

SCHLATTER LAKE AREA

§ 1. A. Definition of field names of rocks.

Tn the following pages I shall use the term melaphyre generically
to cover the more basic and augitic effusive rocks, qualifying
it by doleritic when coarse grained, ophitic when lustre mottled,
diabasic when it discloses lath-shaped feldspars in an augitic matrix,
and amygdaloidal, when it contains gas-formed cavities either empty
or filled with foreign minerals. The term porphyrite will be used to
designate rocks known to be of medium acidity, whether they carry
feldspars visible to the naked eye or not. The word ¢rep, commonly
used by the miners, is a convenient field term and will include fine
grained compact varieties of both melaphyre and porphyrite, where
the exact character of the rock has not been determined and more
often, perhaps, will be used in a still broader sense, to cover the en-
tire Keweenaw series. The very fine grained and highly acid rocks,
formerly also included under the term trap, will be called felsife, or
when they carry feldspar or quartz crystals in some abundance,
porphyry. (See Part I, p. 52).

B. Outerops of acid rocks on Keweenaw Point.

The outerops of acid rocks observed by the Survey occur in Sec.
30, T. 58, R. 27 (New England or Keystone location); Sec. 25 (?), Sec.
35 (Fish Cove), Secs. 26 and 27 (Little Montreal River), all in T. 58,
R. 28; Secs. 29 and 30, T. 58, R. 28 (Bare Hill and westward there-
from); Secs. 23 and 24, T. 58, R. 29 (Mt. Houghton) and both eastward
and westward therefrom; See. 10, T. 57, R. 31 (Suffolk location,
Praysville); Sec. 4, T. 56, R. 32 (Allouez Gap, east of the Kearsarge
and Wolverine mines); Sec. 30, T. 56, R. 32 (falls on branch of Trap
Rock River); Sec. 36, 1. 56, R. 33 (Douglass Houghton Falls), and

Bec. 1, T. 55, R. 33 (Hecla and Torch Lake R. R.).
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The northern limit of these acid rocks—felsites and porphyries—
as far as they were observed and traced, is marked near the end of
the Point by the Bohemia conglomerate, as above stated, which is
in places quite thick, and is in near proximity to two other thinner
and less extended beds of a like nature, all of which ultimately
unite to form one bed. Below this conglomerate the felsites oceur
at different horizons down to the shore of Lake Superior, where in
some instances they extend indefinitely beneath the waters of the
lake.

The different felsite outcrops will be taken up in detail, as far
west as Mt. Houghton, and the area thus comprised will be con-
sidered at length before proceeding to other areas further south-
west. For convenience this area will be subdivided into the Schlat-
ter Lake and the Bare Till areas, the former comprising all the ter-
ritory east of the mouth of the Little Montreal River together with a
small part of Sec. 27, T. 58, R. 28, immediately west of the river.”

§ 2. A. Sec. 30, T. 58, R. 27.

The first reference I find in geological literature to acid rocks
exposed in this section is by Foster and Whitney, who say, as quoted
above:

The protrusion of o vast a mass of heated matter [Bohemian Range] has
changed in a marked degree the associated sedimentary rocks, causing them

to resemble igneous products. Thus, on section 30, township 58, range 27,
by the lake shore, is seen a metamorphosed sandstone resemDbling jasper.

Its general bearing is east and west. In places it assumes a vesicular ap-

pearance, while other portions are brecciated, and take into their compo-
sition cllorite and feldspar. In some hard [hand?] specimens the lines of
gtratification can be recognized. The mass is about 100 feet thick, and sur-
mounted by alternating bands of porphyry and a chlorite rock known as
rotten trap, which may be regarded as a volcanic ash. Tlese veins attain a
thickness of only a few feet.{

On the shore, at the above named section, where in the early days
of copper mining on Keweenaw Point a pit was sunk on what was
called the Keystone location (New England?) at a point which ac-
cording to the plat of the Linear Survey is about 400 to 600 paces
west of the east line of Sec. 30, there are several outerops of felsite
covering a belt about 230 paces long, running east and west, and not
over 30 paces wide as exposed. These outcrops, all of them in the

* See map, PL IV.
t+ F. & W., p. 64,
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water or at the water’s edge, although to some extent separated,
either by the water or by the sand and shingle of the beach, evidently
belong together. The most easterly exposures are shown in the
accompanying diagram, Figure 1. At the extreme east end a point,
A, with an island opposite or south of it, rises about three or four

FELSITE FELSITE BRECCIA MELAPHYRE

SeALE o fTovy
""""" vl v

L AKE SUPERIOR

FiG. 1

Exposures of felsite at Keystone or New England location, See. 30, T. 58, R. 27, Keweenaw
Point, Michigan.

feet above the water. The rock of this point is thinly jointed nearly
north and south; that of the island about N. 33° W. The neck of
this point where it joins the beach, flattens and is frequently covered
by the water of the lake. Iere the nature of the rock changes, ap-
parently quite suddenly, and instead of a distinctly jointed, rather
tresh-looking rock, we see a rock made up of reddish, light and dark
patches of felsite, more or less surrounded by a white kaolinitic
material. The latter is evidently the result of decomposition,® for
on many of these outcrops the zone of the kaolinitic material is
pretty sharply marked and is confined to their lower parts—those
that are most subjeet to the alternating action of the atmosphere
and the lake water. I have said that the line of demarcation between
the fresh and the decomposed rocks is quite sharp, and yet along this
line in places one can see the gradual transition from fresh to decom-
posed in what was originally one continuous band.

The zone of decomposed rock extends 25 or 30 paces north on the
beach and can be seen in the shallow water extending some distance
west of the rock, almost visibly connecting with an outerop at Y,
40 paces west. The latter outcrop, level with the beach, holds

# Irving mentions “ caleitic ’ decay of the felsites, loc. cit., pp. 312, 319, and kaolinitic deeay,
ibid., p. 146.
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abundant inclusions of basic rocks and on its north side is flanked
by a dark-colored, boulder-like rock, possibly not in place, which
is also Targely basic. The inclusions in the rock at the water’s edge
are very distinet, owing to the gray and yellow alteration colors
of the matrix. Six paces west a rock, Z, 4 feet high and over 4
feet thick rises f1rom the water’s cdge, contains fragments of foreign
roeks, and shows both in the hand specimen and in the thin section
(17140) a distinct banding, cast and west in the rock, due to flow-
age. It dips N. 80°, and strikes slightly north of west. It forms
part of a wall which on the west falls gradually to the level of the
beach and is flanked on the north, at its two extremities, by a thin
layer of melaphyre in close contact. It disappears under the sand
at its west end opposite a felsite, X, like that at A, which, like the
latter is also thinly jointed north and south, and is more or less shat-
tered. Ten paces further west, at W, two melaphyre outcrops sepa-
rated by sand seem to lie in the way of the westward continuation of
the felsite wall, but digging in the sand disclosed between them an
east and west slip in line with the felsite wall, dipping like the
latter, and carrying some fluccan and chloritized melaphyre.

Up to this point it was not clear whether the fragment-bearing
felsite wall with east and west flow lines was a part of the decom-
posed bed under it, or an independent mass.

For about 6 paces west of the melaphyre at W sand and shingle
cover the rocks, but at 7 paces west oceurs a small exposure of
felsite jointed north and south.* Two paces further west is another
felsite mass jutting into the lake, at B. It is like the felsite at A,
and its outer or southern part is jointed and banded on the cast side
nearly north and south; as the west side of the ledge is approached,
however, the jointing curves from southwest and west to east. The
most northerly part of this ledge shows no distinet jointing, but oth-
erwise closely resembles the sonthern jointed portion, the rock at
cach place being spherulitie. The spherulites are gencrally quite
small (1-16 inch in diameter) but in some layers they are over an inch
in diameter, and irregular in form. The jointing in these rocks,
w]n(:l} is q‘uite couspicuous, scems to coincide with a banding due t6
theﬂd%sposﬁion of the spherulites, not like the flow structure of the
wall Z.

B* Irtl1 1896 the rocks were exposed here, showing the eastern extensions of the felsite from
and the westward gxtensxon of the melaphyre north of it, to the east edge of B, also the
eastward extension of the felsite north of the non-jointed portion-—as shown in the diagram
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Near the north part of this ledge, B, and on a line with the felsite
wall, Z, is a fairly well defined zone more than 5 feet thick that
cuts off the jointing on the south, and carries fragments of felsite
and of melaphyre, especially on the west side of the ledge. At this
latter point the zone is in contact on the north with melaphyre. From
here for 90 paces west the shore ig lined with outcrops of basic rocks,
to another ledge of felsite which juts into the lake. It much resem-
bles the rocks at A and B, is decomposed helow the water line, and
contains a few small inclusions of dark-colored rocks and several
larger ones of felsite, whose banding nearly always coincides with
the longer axis of the ledge, east and west. There are many evi-
dences of sliding iu this onterop. At its contact with the melaphyre
on the north it contains numerous inclusions of melaphyre and shows
an east and west banding, which dips 70° to 80° north. This banded
portion is well marked for only three or four feet south of the con-
tact with the melaphyre, but there is no such contact with the felsite
south of it, as was obscrved at B.

dJetween B and € and in their line of strike several felsite
masses rige from the water; and in the lake, a quarter of a mile cast
of A, there is another small island in the same line, the nature of
which, however, was not ascerfained.

The above facts make it not impossible that we have here two
ages of felsitie rocks, the earlier of which appears to have intruded
the basic rocks—if the direction of its jointing is any indication of
the direction of the flow—and possibly to have been itself later
intruded by a dike of felsite, which has taken up many fragments
both of acid and of basic rocks. Whether this banded zone is simply
the margin of the entire felsite mass or a later intrusion may per-
haps be left an open question, but the jointing of the felsite, if it has
any significance, and the irregular relations of the several felsitic
and basic outcrops to one another not satisfactorily explained by
fault hypotheses, point to the intrusive nature of the main felsite

mass.

The petrographic characters of these rocks were described by
Rominger*, who noticed their spherulitie, banded and amygdaloidal
structure, and their decomposition to kaolinite. The rock forming
this fragmental zone he calls a “coarse breccia, of partly angular,
partly rounded, water-worn felsite fragments,” a name which evi-

* (Geol. Sur., Mich., V, Pt. I, p. 139.
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dently does not fully express his meaning, for although e does not
differentiate between the ditferent outerops nor attach any signifi-
cance to the different jointings, he clearly recognizes in this “breceia”
a rock of cruptive origin.

B. Sec. 30, T. 58, R. 27. Westward.

Following the shore N. 76° W. from the last named locality, we
find, about 1000 paces further west, another series of outerops, also
mentioned by Rominger* but not described by him. They ave
exposed on a narrow beach and are cut off on the east by melaphyre,
the fault line apparently running southeasterly into the lake. This
is evidently the outcrop described by Foster and Whitney as quoted
above.

A curving band of red felsite with an average cast and west strike,
showing distinct flow lines, and containing lenticular fragments of
felsite, which in its lower edge or footwall are very small, is in con-
tact on the north or hanging side with melaphyre. Beneath it is a
bed of reddish decomposed felsite, and below this a gray felsitie rock
(8.17150).f Next below occurs a reddish rock containing angular
fragments and calcite in coarse patches.

This latter bed strikes N. 78° W. and may mark a line of faulting
or slipping along the edge of a banded belt filled with broken frag-
ments which comes next under it, and which much resembles in
structure a brecciated felsite (8.17149). This banded belt in turn
gives place to a bed of amygdaloidal conglomerate under which is a
melaphyre, more or less thinly platy and fractured, with some
reddish matvix on its hanging, in seams, looking like angular felsitic
fragments (8.17148). The west line of section 30, T. 58, R. 27, is prob-
ably on or near the east edge of a wide clearing used for banking
logs, east of the brook from Hoar’s Lake. Between this line and the
gray outcrops on the east, just described, i. e. next under the latter,
we find a series of melaphyres alternating with at least six melaphyre
conglomerates.

The gray and the red rocks strike nearly cast and west and amount
to about 125 feet in width. Their dip is to the northward, about 70°
or more. They show in places distinet flow lines conuformable with
the direction of their strike, and contain many angular fragments,
being in all important respects like the hanging wall portion of the

* Jbid.
+ High numbers preceded by S, in parentheses, refer to thin sections of roeks in the collec-
tion of the Geological Survey, by Sp. to the hand specimens.
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felsite in the same section further cast, Like this, oo, they are over-
lain by a compact melaphyre.® The inference appears, therefore, to
be justified that we have here a continnation of that felsite, sepa-
rated by a fault of some 300 paces, the eastern portion being that
much further south. This fault will be alluded to later, in connec-
tion with the discassion of the Greenstone Range.

. Sec. 25, T. 58, R. 28.

Following the shore south of west from the west line of Sec.
30, we find a continuation downward of traps and conglomerates,
most of the latter being of the melaphyre or amygdaloidal variety,
with, however, lower down in the series, some beds that contain also
rounded pebbles of an acid rock. The first of these latter is about
1135 paces west of the cast line of Sec. 25, T. 58, R. 28, or near the
north and south center line of the section. It is made up of one foot
of rounded amygdaloidal fragments in a calcitic matrix, above a
three-foot layer of coarse sub-angular porphyritic pebbles in an
abundant sandstone matrix, this in turn succeeded by five or six feet
of rounded amygdaloidal fragments in a red matrix. About 90 paces
further west we find, overlain by a mottled melaphyre, another con-
glomerate 5 feet thick, carrying rounded pebbles of melaphyre and
fewer of an acid rock. The bed just below this conglomerate gave a
strike of about N. 85° W. and a dip of 56° N. Near this point there
is also exposed a series of rocks, more or less decomposed and red,
containing laumonite, calcite and possibly some other zeolitic min-
eral, which alternate with fresher and more homogeneous rocks.
Tnless one of these beds be the brecciated felsite belt referred to by
Rominger,t T did not see or did not recognize the latter.

Between the last point and the west line of Sec. 36, T. 58, R. 28§,
several conglomerates of varying thickness, and largely of basic
material, occur interbedded with traps. One of the latter, a fine
grained rock, shows distinet columnar structure. The thickest of the
melaphyre conglomerates is 50 feet wide and is just south of the
north line of See. 36.

§ 3. Secs. 26 and 35, T. 58, R. 28. Fish Cove Knob.
Of the next two felsite outerops met as one goes west along
the shore, one lies partly in Sec. 35 and partly in Sec. 26, T. 58, R.

= No dips were observed in the overlying melaphyre at either of the above localities.
4+ Loc. ¢it., p. 139. The beach sand and gravels shift from year to year, covering some out-
crops and exposing others.

3
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2&; the other wholly in the latter section. These outerops flank a
small bay known in carly geological litevature as “Fish Cove,” and
for convenience the larger outerop on the east side of the bay will in
the following pages be referred to ax “Fish Cove Knob.” Dr. Jack-
son speaks of it as a sandstone “indurated into a flinty red rock re-
sembling jasper,” in T. 58, R. 28, Seex, 25 (357) and 26.* J. W, Foster
refers to it as a “rved jasper,”+ and Foster and Whitney as a “meta-
morphosed rock.”i Rominger speaks of the smaller and more west-
erly of these two exposures as “a large isolated outerop of felsitic
rock masses,” that “projects in high cliffs at ihe shore.” This out-
crop consists of two narrow ledges about 8 feet high, jutting into the
water, but together being not more than 25 paces long, as exposed,
nearly north and south. On the west they are in close proximity to
the trap. They flank the west end of a beach about 350 paces long,
thickly strewn with felsite pebbles. At the east end of the beach
rises the other felsite mass, Fish Cove Knob, which is really an aggre-
gate of several knobs of different sizes and altitudes. They are
described by Rominger as a “belt” 500 feet thick, overlain on the
north by a belt of porphyritic diabase.§ The limits of this felsite and
of the group of knobs of which it forms a part, are shown on Plate I.
The shore cast of it, as far as the point on the line between Secs.
35 and 26, is lined with outcrops of the coarse grained diabase por-
phyrite described by Rominger,§ overlain by a fine grained almost
aphanitic porphyrite, possibly the top of the coarse bed (8.16972),
resembling in the hand specimen in places a very dark felsite, and
containing some minute amygdules. In the thin section it shows
large oligoclase crystals with seme iddingsite [Lane] and magnetite
in a very fine feltlike groundmass, and resembles a rock from Michi-
picoten Island described by Irving.||

The strike of this latter bed at this point is N. 72° W., which is
in close agreement with the prevailing strike higher in the formation,
in Secs. 26 and 27 of the same township. Where it approaches
the cast end of the aforesaid felsite knob, the bed of coarse diabase
porphyrite that lines the shore is covered by a beach terrace, but this
bed, or a similar one, appears on the east face of the knob, where the

* Ann. Mess. and Exee. Doc., 31st Congress, 1849-50, pp. 399, 400.
+ Loc. cit., p. 767,

+ F.& W., p. 65.

§ Geol. Sur. Mich., V, Pt. I, p. 138.

| Copper-Bearing Rocks of L. 8., PL X, Fig. 2.
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well defined contact between felsite and porphyrite strikes N. 57°
—60° W. The hanging side of the porphyrite, however, strikes N.
70° W., and the bed soon tapers out against the felsite wall on the
west. Immediately above the coarse porphyrite at this point is the
fine grained porphyrite already noted in an outcrop further east 5 it
dips northerly 70° and carries some copper. A thin bed of conglom-
erate, also seen on the point further east, overlies the latter por-
phyrite. From the western termination of the above beds the felsite,
turning abruptly, runs about N. 10° E. and N. 30° W. for nearly 200
paces, its immediate contact with the basic rocks being covered by
drift. Fifty paces east, however, on the adjacent knob a thick bed
of doleritic melaphyre is exposed in the nupward continuation of the
series. It seems quite evident, therefore, that the felsite cuts off
the bedded rocks. The wedgelike termination of the coarse diabase
porphyrite and the absence of any marked disturbance in the overly-
ing beds, so far as observed, might possibly be looked upon as the
natural result of a series of flows around the flanks of an earlier ex-
frusive mass, but on this hypothesis we cannot well account for the
east-facing cliff unless there was a considerable cutting away of the
base of the felsite during the formation of the abutting beds, and
that this was not the case is made probable by the rarity,—in faect,
entire absence,—so far as observed, of felsitic conglomerates at this
horizon. The dip of the fine grained porphyrite noted above {N. 70)
which is 16° steeper than the prevailing dip of the beds in the interior
of Sec. 26 on the north, is also significant.

Along the shore the felsite appears roughly columnar, and is also
in a general way jointed parallel with the strike of the bedded rocks,
the joints dipping like the latter to the north. Tt is also slightly
brecciated near the east end of Fish Cove beach.

§ 4. Sees. 26 and 27, T. 58, R. 28. Interior.

A, General description.

The ground for 350 paces north of the beach between the last two
mentioned felsite outcrops is low, flat, sandy and forest-covered.
Beyond that Kmit, however, for nearly a mile eagt and west, is the
burnt area above mentioned, that extends across parts of Secs. 26
and 27.

The surface of this tract is very uneven, being broken into a sue-
cession of short ridges and knobs which rise to a height of 150 to 180
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feet above Lake Superior. These are separated by narrow valleys, in
some of which vegcetation was not affected by the fires. The ridges
and knobs, however, many of them, are almost bare, even of soil, and
the different rocks that compose them can, in some cases, be followed
uninterruptedly for long distances. (See PL. 11,

B. Cross-section in See. 27, T. 58, R. 28,

In order better to understand the relations of the rocks that occur
beneath the most northerly felsites of these two sections and the
disturbances that have taken place there, it may be well to introduce
here a cross-section (P1. 11I) and brief descriptions of the principal
beds.

Following up the Little Montreal River from its mouth, where it
falls over slightly corraded trap beds* about 25 feet above the lake,
we soon reach a pool where the river bed makes a sharp turn to the
east (PL II). Between this point and the lake shore the surface is
more or less drift-covered, and was not examined in detail; it was
seen to be underlain by lustre mottled melaphyres, or ophites, and
melaphyre conglomerates, and by at least one small conglomerate
that carries rounded pebbles of a more acid rock. The eross-section
runs north from the pool at 50 paces 8., 400 paces W., of the E.
quarter-post of Sec. 27. (R—S, Pl IL)

1. Basic eruptives. Beginning at the south end of the cross-sec-
tion at the lowest or oldest part of the formation, we find on the
south or left bank of the river a bed of coarse ophite, A, much
altered, and peculiarly banded. This bed, as we shall see, plays an
important part in our subsequent correlation. Above it, in the
river bed is an amygdaloidal conglomerate which is overlain by
a melaphyre and, succeeding these, are other sheets of similar
basic eruptive and fragmental rocks. The original or eruptive
rocks in the series occur in beds from 10 to 140 feet wide, or
from 8 to 112 feet thick, four of them being upwards of 55 feet
thick, and each bed varies more or less in width from place to
place. As a rule they are compact and homogeneous, but many of
them carry rounded or lenticular amygdules of quartz or of agate in
sufficient quantities to be quite noticeable, but not always to form
a typical amygdaloidal structure. This charaeter in beds of the
lower-middle part of the Keweenaw series has been noticed at many

* Well marked glacial striae were found in the river bed here.
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points between the Little Montreal River and the Portage Lake
area.®

The compact melaphyre beds exposed along the middle parts of
our line of section are in general narrow. No attempt was made to
trace these beds in detail on the west side of the river, or to deter-
mine the amount and direction of the faults which are supposed
to cross them, but which are probably of less magnitude and fre-
quency than those found on the east side. Indeed, the narrowness
of some of the beds and the amount of drift in places, would probably
render such an attempt fruitless. Between beds A and E no abso-
Iute correlation was established with beds further east. B, € and
D denote simply horizons that correspond approximately.

2. Basic conglomerates. A marked feature of most of these mela-
phyres (below an acid zone soon to be considered), is that the
amygdaloidal portion or top of the flow no longer forms an integral
part of its underlying bed, but has in most cases been broken up into
a breccia-conglomerate with a reddish matrix. For over 200 paces
immediately above the crowning acid conglomerate in this area basic
conglomerates were not noticed. Within a like distance lower in
the series, however, there are at least six of them if not more. Indeed
it is the exception to find a compact melaphyre without its capping,
more or less scoriaceous, conglomerate. This, in connection with the
width of some of these detrital beds should seem to indicate that the
carlier beds were formed at longer intervals than occurred between
the outpouring of the beds above the acid zone, or that the beds
above the acid zone were not submerged. It is characteristic of these
conglomerates that they contain no acid pebbles such as are found
in the better known conglomerates of Portage Lake. Roughly
rounded to sub-angular fragments of amygdaloidal rock lie imbedded
in & copious cement of a fine reddish material which consists of a
mixture of quartz grains and of both basic and acid rock fragments.
In color this cement is in marked contrast with the pebbles, which
have a bluish green cast, possibly from the presence of salts of cop-

* “Tt must be ezxpected that currents of lava which have flowed at great depths under
water, will present comparatively few scoriform parts. * * * Vesicles or air-bubbles, on
the contrary, should be expected to abound in the interior of the rock, whenever its liquidity
was sufficient to permit the agglomeration of the vapor into parcels; the extreme tension of
the elastic fluid causing the expansion of the bubbles as the lava flows on; while, for the
reason mentioned above, very few will make their escape by rising outwardly.” Scrope
Considerations on Voleanos, London, 1825, p. 177,
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per, and this mwatrix often stands out on an exposed surface, like the
pointing in a wall of masonry. Figure 2 from a photograph of bed

Fig. 2.—Melaphyre conglomerate.

F shows well its character. In the figure the handle of the hammer
is a foot long. It is quite noticeable that the line of demarcation
between these conglomerates and the underlying parent bed—mela-
phyre—seldom exhibits the characteristics of an croded surface.

Trving has described three types of conglomerate of diabase and
diabase-amygdaloid:
one in whiel the pebbles are distinetly waterworn, and another in which
there is no such distinet evidence of water action, and in which the vesicular
exteriors of the balls suggest their possible origin as voleanic scoriae that have
become buried in the accumulating detritus. The first of thesc varieties has
Deen noted on the North or Minnesota shore only. The other has been ob-
served on both the South and North shores, and is often hard to distingunish
from a kind in which the red shaly material is most confusedly mingled with
ihe vesicular amygdaloidal diabase, which at times scems to grade into the
detrital matrix, and again to be separated from it in more or less distinetly
defined balls; an appearance suggesting the deposition of detrifal material
upon and within the extremely scoriaceous upper portion of a lava flow.*

* Copper-Bearing Rocks of L. S., 1883, pp. 29, 30.
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The peculiar type of amygdaloid characterizing the wo-called Ashibed of
Keweenaw Doint *  * % appears as a peculiar and irregular mixture of
red sand and amygdaloidal material, and bears at first sight some resemb-
lance to those conglomerates already described, in which the pebbles are
amyegdaloidal. But in the Ashbed the apparent pebbles appear on close ob-
servation to be mostly connected, and I am disposed to follow Wadsworth
(Notes on the Iron and Copper District of Lake Superior, p. 112) in considering
that it represents a very scoriaceous and open layer, upon aund within which
more or less sand was subsequently deposited.*

The basic conglomerates under consideration belong probably to
the second and third classes.  Their separation is at times difficult,
for the same bed near its hanging and near its foot may have the
characters of the two classes respectively. They occur from 35 to
50 feet thick, which fact alone, so far as the thickest beds are con-
cerned, should seem to lend probability to the foregoing supposition;
in some of the thinner ones, too, it is hard to determine whether
we have before us a true conglomerate or a scoriaceous breccia bed
with sand. They vary somewhat in width, from point to point,
less so, perhaps, than do the original beds associated with them, and
it is very noticeable but not strange that, corresponding to a con-
glomerate at one point, we find in apparently the same horizon else-
where two thin beds, conglomerate and melaphyre, amounting to
the width of the former, or we appear to find one thick bed of mela-
phyre corresponding to a series of alternate melaphyres and conglom-
erates. Indeed, the thinner beds in Sec. 27, below bed E, cannot
satisfactorily be correlated off hand with beds in Sec. 26, unless we
assume either that more flows spread over the former area than over
the latter, or that disturbances known to have occurred in the latter
area have obscured the relations between the two. These scoria-
ceous melaphyres and conglomerates were not subjected to a more
critical examination by the Survey.t

# Loe. cit., p. 188.

+ An amygdaloidal bed is generally considered as a part of the underlying trap, but since
the under side of a trap bed may also be amygdaloidal, two amygdaloids of different ages
may thus oceur together, apparently as one bed. Scrope ascribes the fragmentary scoriae
on the lower side of a lava bed to a breaking up and rolling over on itself of the con-
solidated top of the flow. This, he says, is possible only in very liquid (i. e. basic) lavas,
for all liquids of great viscosity move down an inclined plane e¢n masse, *the component
particles retaining almost completely their relative positions, without rolling over one
another in that free and voluble manner which characterises the motion of more perfectly
liguid bodies.” 'This gives rise to the so-called fHow-structure, more often noticed in acid
rocks; ‘“the crystalline particles of lava move against one another rather as a sliding or
slipping of their plane surfaces over each other.” Loc. cit.,, pp. 102, 103. See, also, B. K.
Emerson, Diabase Pitchstone and Mud Enclosures of the Triassic Trap of New England,
Bull. Geol. Snc. Am., 1897, VIIL, p. 64.
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Tmmediately overlying the principal conglomerate bed, M, of the
acid zone in the higher part of our cross-section, a melapbyre, N,
occurs which shows, at several points in Secs. 26 and 27, small
patches of sandstone on its upper side, and in the former section
(1466 paces N., 1786 paces W.) the same bed shows a number of
seams thiat run from the hanging towards the foot, also filled with
sandstone. These phenomena indicate the extrusive nature of this
melaphyre. Marvine has described a similar occurrence at Eagle
River.*

3. Acid rocks. Beginning with bed E, we meet a group of rocks
that deserve more than passing notice, for they constitute a horizon
easily recognized and of great persistence, which ultimately forms
the backbone of the Bohemian Range to the western end of the latter
in T. 57, R. 31. As previously stated, their porthern edge, a con-
glomerate, marks, so far as observed, the upper limit of the original
felsites of this avea. This is evidently the belt represented on the
map of Stevens, Hill and Williams,{ as “Belt of Jasper,” “Highly
metamorphosed sandstone and conglomerate,” and on Irving’s map
as “Quartz-porphyry and Felsite.”{

Bed E, the lowest in this belt, is about 60 paces wide where it
crosses the line of our cross-section, and is traceable to the eastern
limit of the map (Pl 1), and in the other direction is found in fre-
quent outcrops as far as the western limits of the range. In general
this rock is of a dark reddish brown color, weathering to reddish
gray. It shows very minute, almost hairlike, feldspar laths in great
abundance in a very fine groundmass. Its fracture is irregular,
inclining to sub-conchoidal, and so tough and tenacious is the rock
that in many places it is exceedingly hard to break. It is because of
this quality that this bed has so successfully resisted erosion and
now occupies some of the highest elevations on Keweenaw Point.
It and a lustre mottled melaphyre, or ophite, apparently in the same
horizon as bed A, previously mentioned (page 20), appear to have
been the main protecting bulwarks of the Bohemian Range. The
microscope brings out well in the thin section (8.17000; 940 paces N.,
1000 paces W., Sec. 28, T. 58, R. 28) the minute, almost microlitic

# Geol. Sur. Mich., I, Pt. II, p. 119, Cf. Irving, loc. cit., pp. 139, 292.
+ GGeol. Map of the Trap Range of Keweenaw Point, L. S., Phila., 1863.
+ Loc. cit.,, Pl, XVIL
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lath shaped feldspars, among which appear some larger ones not
so idiomorphic. The feldspars are all more or less pierced with
sericite leaflets, and the section is dotted with epidote and iron
oxide. Flow structure is quite noticeable in some sections made
from rocks in the same horizon.

An analysis of this rock (8p. 17033, from near the hanging, 1098
paces N., 1685 paces W., Sec. 26, T. 58, R. 28) by F. P. Burrall, M E,
gave the following resul‘rs —

S0 e e e e, 52.83

AlOg

‘It fused over Bunsen blast lamp (about 900° C.) to a very dark brown glass.
Apparently about as fusible as No. 17039,

This is therefore one of Irving’s diabase-porphyrites.* The hand
specimen analyzed showed one or two feldspar phenoerysts about
% inch long, an occurrence rare in this bed, but common in the felsite
porphyrite soon to be described.

Overlying the preceding is a conglomerate, bed F, easily tArace-
able. It outwardly resembles most of the other fragmental beds in
this area, being composed largely of reddish gray, more or less’
scoriaceous and amygdaloidal, subangualar fragments, in 4 réddish
matrix of fine material. It is the bed represented in Figure 2.

Next in ascending order is a rock, bed G, whose oiltwarrd characl-
ter corresponds to .that of a rock from ﬂns locality -described by
Rominger as a
very fine grained, dark purplish brown ecolored, hard but very brittle royck
which under the microscope shows the structure of the so called Ashbec{

diabase; its irregular splintery cleavage makes it somewhat 1esemble Vely
dark colored specimens of a felsitic rock.f

* Loe. ¢it., p. 7.
t Geol. Suar. Miech., V, Pt. I, p. 137.

4
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This rock differs from the porphyrite of bed E, in having an
exceedingly fine granular texture visible under a pocket lens. It
carries a few scattered feldspar phenocrysts § inch long or more, but
few or none of the minute feldspar laths seen in the former. It is
much more brittle than the diabase porphyrite and while it has an
irregular fracture, under the hammer it breaks readily into smflll
angular blocks. Its principal joint planes are generally parallel with
the local strike and dip of the formation, which in the area under
consideration are about N. 72° W. and 54° N, respectively. These
joint planes are frequently not more than an inch apart. Aside from
its darker color, it differs from the usual felsite of this region in not
showing microscopically on weathered surfaces any flow structure.

Under the microscope (8. 17039) a fine grained groundmass of
andesitic feldspar in patches, in general without definable form, but
sometimes roughly lath shaped, is sprinkled thickly with fine black
patches of iron oxide, and red-stained blotches of epidote. The
ﬁumber of feldspar laths is variable in different sections, though
never as abundant as those that characterize the porphyrite, and this
seems also to differentiate it from the Ashbed diabase, to which
Rominger likened it. TPossibly Rominger’s specimen came from the
next lower bed.

Analyses by Mr. Burrall, of specimens of this rock (Sp. 17039; 1340
paces N., 360 paces W., Sec. 27, T. 58, R. 28; Sp. 17007; 915 paces N,
1060 paces W., Sec. 20, T. 58, R. 28) gave the following results:—

No. 17036.  No. 1700%-

Si0 oo om e emmm —omm ammm e mmmm s o mmoe momm mmmm oo s 59.52 57.45
F N o NSNS SRS SRR EREE LRSS 15.58 15.75
Feg05 oo comm o o mmm e mmmm mmmm amo mmmm —mme moo S 1.24 11.12
11700 TR PP PR E LR 1.86 1.74
GO e e e e e ammm = mmmmmmmmmmm = mmm—mmm oo 1.81 0.12
Y100 SRS PR EEPEELE SRS R 2.11 1.94
KO o e e e mmm e <o m = mmmm e e o 3.48 3.51
NAZO o e et emm mmmm ommm = mmmm = M mmmm = mme s o 6.82 7.84
g0 oo oo e eemm ammmmmmm mmem mmm mmmm mmmm mmm mmme s s oo 2.23 1.23

10065 10070
No. 17039 “at 900° C. fused to a dark brown globule;” No. 17007
“gqt 900° C. melted to a very dark brown glassy globule. Not quite
as fusible as No. 17039.”
In S.17007 the feldspar seems to be near albife and is more por-
phyritic than in 8.17039. [Lane.]
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Chewmically this rock belongs in the porphyrite group, being high
in silica, very high in iron and low in lime and magnesia, but its
structure and fineness of grain are such that it cannot strictly be
classed with the diabase povphyrites. All things considered, it may
be regarded as a middle form between the porphyrites and the felsites
or porphyries, and in the following pages will be referred to as a
felsite porphyrite. It is probably one of Irving’s quartzless por-
phyries.*

Next above the felsite porphyrite is a bed of conglomerate, H,
which towards the hanging changes gradually into a fine breccia, the
latter forming about one-fourth of the total width. The larger frag-
ments in the conglomerate, derived principally from the underlying
felsite porphyrite, are more or less angular and the lower part of the
bed contains a good deal of the red matrix common to the basic
conglomerates heretofore described.

Apparently in contact with the breccia on its north side, 40 paces
from the hanging of the felsite porphyrite, appears a small outecrop
of felsite,J, in the bottom of the ravine on the south bank of the
brook. This rock is of a pinkish gray color, in whose fine grained to
aphanitic groundmass there appears, here and there, a feldspar
phenocryst less than § inch in length.

Under the microscope this rock (8. 17036A) shows a fine mosaic of
feldspar and quartz, with a few small roughly lath shaped pheno-
crysts of feldspar, both orthoclase and plagioclase. Iron oxide is
rather abundant in small dots and apparently also as a stain. The
section also shows irregular patches of a slightly darker color and
finer grain. These patches seem to be largely non-polarizing, and
may represent early cooled and partly devitrified portions of felsite

magina.

The structure of this rock and that of the porphyrite, so far as the
feldspar is concerned, are thus seen to form two extremes, with the
felsite porphyrite between the two, sometimes nearer the felsite, and

sometimes more like the porphyrite, with the addition of free quartz
(C£. 8. 17007).

* The Praysville porphyry described by Irving (loc. cit., p. 176) contains 59.52% of silica,
but is much more porphyritic. )
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An analysis of this rock, (8. 1T036A, 1440 paces N., 430 paces W,
Sec. 27, T. 58, R. 28) by Mr. Burrall, gave the following results:—

S0 e e o e i e e e e mmm mmmm s cem e 75.67
ALy o e o e e e e e e e memeeee 12,43
FE;303 _________________________________________________________________ 2.27
e e o e e e e e e e e e 0.15
CaO - e e e e e e e e i e e e m———————— trace
MO o o e e e e e e —emm e hm i ————_———————— trace
MO o o o e e e e e e e e 0.00
o0 e e e e e e i e e i o ——— e 6.73
Ny e e e oo e e e o — e S e e e e = 2.01
o0 oo o e o e e e e e e e — 0.41

99.67

“At 9007 C. did” (not?) “fuse, but caked and lost its color.”

On the north side of the brook, along the line of our cross-section,
drift covers the surface for 40 or 50 paces, but 100 paces further east
we find outerops of fine breccia like the bed just south of the last
felsite, this breccia, like the other, also forming the hanging of a
conglomerate bed which is well exposed near the river in a ledge, K,
about 70 paces long by 20 paces wide. It is noteworthy, that this
conglomerate, in places quite coarse, shows its finest breccia near its
contact with a tongue of felsite supposed to connect with the large
Iens of the same rock, L, further west. Under the microscope the
breceia (S. 17037) shows very angular and mostly quite small frag-
ments of porphyrite and of felsite or felsite porphyrite material and
one well defined crystal of feldspar in a very fine groundmass, ap-
parently sedimentary. It also encloses some ophitic fragments.

Along the line of eross-section, the felsite lens, I, is over 100 paces
wide; and is overlain by a heavy felsitic ¢onglomerate, M, which in
some places attains a width of 240 paces. This bed and a thinner one,
0, of very similar material north of it, are separated by a belt of
basic rocks, N, nearly 50 paces wide, which in one place appears to
consist of only one bed, and in another of several.

" The three conglomerates just mentioned eventually merge into one
bed (see Tig. 3). For 200 paces north of the uppermost conglomerate,
0, beds of trap and amygdaloid were the only rocks noted.
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The consideration of this zone of acid rocks will be resumed later.
Enough has now been said to enable us to take up more in detail the
felgites in the interior of Secs. 26 and 27, and to discuss the general
relations of the rocks in that arca. For this purpose it will be
more convenient to begin with the higher beds.

C. Structure.

1. Bohemia conglomerate. The triple conglomerate complex,
which I have provisionally ecalled the Bohemia wonglomerate, is
exposed on the ecast side of the Little Montreal River in the same
relationship to other rocks as on the west side—a thin upper bed, 0,
underlain by melaphyre, N, a second thick bed, M, underlain by a
thin tongue of felsite, L, well exposed at the foot of the upper falls,
and a third bed, K, whose contact with its underlying rocks is not
exposed. The conglomerate bed, 0, is exposed here at three points,
on an east and west line, in what appears once to have been a continu-
ous ridge, separated from the main conglomerate on the south by a
narrow valley in which lies the melaphyre N. The latter bed is
not exposed at {he most easterly outerop of conglomerate, but the
topographic conditions here are identical with those in the same
horizon at the other two outcrops and the melaphyre probably lies
buried here under the drift. The strike of the upper conglomerate
at the middle outcrop is N. 80°-85° W, and here and at the western
outcrop there are off-sets along fissures that strike N. W. and 8. E.,
the more easterly parts of the bed being the further north.

The middle or main conglomerate bed, M, near the Little Mon-
treal is seen (Pl II) to rest on a thin bed of felsite which is prob-
ably a continuation of the lens, Lw, on the west side of the river.
This conglomerate and the lowest bed, for aught one can see, may or
may not unite east of the felsite tongue and rest against the sides
of the felsite LE. The main conglomerate bed along its northern
declivity shows several offsets in the same sense as those noted in
the upper bed, and its pebbles are much fractured.

9. TFelsite lens, Little Montreal River. The felsite LE, on which
rests the middle conglomerate bed, is a prominent outcrop well
exposed for half a mile and traceable to the east line of Sec. 26,
beyond which point a thick layer of coarse gray sand, together with
the gradual flattening of the land, effectually conceals it. This mas-
sive outerop, at one point 200 paces wide, consists of three roughly
oval knobs, from 150 to 175 feet above lake level—the highest land
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in the section. It strikes nearly east and west, and its position and
trend are such that it is probably in about the same horizon as one of
the felsite outcrops in Sec. 30, T. 58, R. 27.

This rock is similar in appearance and character to the other fels-
iteg of this area, including the occurrence at Fish Cove, but, unlike
the latter, it does not show a columnar structure. At several points
along its south side it is brecciated and carries inclusions of basic
rocks (Ss. 17225, 17197). It seems to be in contact on the south with
a conglomerate or breccia like those above and beneath the bed J,
on the west side of the river. Some north and south fractures are
noticeable in this lens, and one fact that appears to have some signifi-
cance is the relative trend of the three principal knobs into which the
exposed part of the lens is divided. The axes of the east and west
knobs trend nearly east and west, while that of the middle knob
trends more northwesterly and southeasterly. The western knob
slopes rapidly to the west down to level ground, where for several
hundred paces in the same direction no rock exposures occur. That it
is connected with the thin bed of felsite, J, on the west side of the
river, and not with the lens Lw by means of the tongue of felsite
between the main and lowest conglomerates at the upper falls, at
one time seemed probable, but the occurrence of the felsite JE with
an overlying conglomerate immediately beneath the lens LE, near
the north and south center line of Sec. 26, seems to mark JE and J as
parts of the same bed.

In the last sentence I have taken for granted the extrusive nature
of the felsite. In the absence of evidence to the contrary I must
regard both the west and east felsite lenses as a flow. Their relations
to the surrounding rocks are such as to satisfy this hypothesis; the
mere fact of their being overlain by a heavy bed of felsitic conglom-
erate might alone justify it.

Briefly reviewing the facts above set forth, we find the earliest
flows of the Keweenaw series in this area to consist of a succession
of basie lavas, each of which, possibly with a few exceptions, passes
gradually upwards into, or is capped by, a bed of more or less scoria-
ceous angular fragments of similar material mixed with sand. The
frequency and character of these beds, and the fact made evident by
the Bohemia conglomerate that there was here an ancient basin
filled with water, make it highly probable that the carly lava streams
flowed into or under water. Their surle(:(zs, thus suddenly cooled
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were cracked and broken up, and if they were at some depth below
water level the resulting fragments were less subject to the rounding
action characteristic of those of most shore-formed conglomerates.
That they were at some distance below the surface of the water is
possible, not only from their distance below the Bohemia conglom-
erate, but also from the amount of sand deposited between the frag-
ments, and the general absence from them of foreign material of
greater size, although these features in a sedimentary bed might
point to formation in a shallow protected bay.

As we ascend in the series a change appears in the chemical na-
ture of the beds. They are seen to be progressively more acid until
we find near the top a rhyolite—the felsite—occupying prominent
positions near the center of the basin and filling a large part of it.
With the upbuilding of the series and the attendant increasing shal-
lowness of the water the formation of a 'pebble conglomerate became
possible and continued, perhaps, until the level of the basin was
raised to that of adjacent areas. Just how widespread was this
marked sequence from basic to acid rocks is not yet determinable.
That it extended some distance west of the area in question is posi-
tively known. That it may not be common to the whole Lake Supe-
rior region should not surprise us, when we reflect that the lavas of
the series probably came from widely separated vents, and were to
some extent guided in their course towards the lower part of the
Lake Superior basin by the contours of the surface over which they
flowed; that probably not many of the beds, if, indeed, any one of
them, spread out over the entire Keweenawan area, and that many
of them probably solidified without even reaching the bottom of the
basin. The sequence of beds at any one point might not therefore
be an exact index of all the chemical changes that had taken place
even in one voleanic focus during the period in which the beds in a
small area were being extravasated. Any argument based on se-
quence of beds in the Kewecnaw series, either for or against the
theory of Von Richthoven, onght, therefore, to be made with reserve.

3. West Pond felsite. Between 300 and 400 paces south of the
felsite LE, a broken ridge runs about 300 paces casterly from the
southeast edge of West Pond. It is made up principally of a coarse
gfained ophite, much altered [serpentine? Lane] and peculiarly
banded in the direetion of its strike.
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This rock very closely resembles that of bed A, previously
noted, and that the two belong together appears probable from the
following considerations. The horizontal width of the former bed
is markedly greater than that of any other melaphyre (the width of
the other bed was not measured) in the area under discussion. Its
dip, measured on the planes of its bandings, is 80° N., which makes
its actual thickness even greater in proportion, the prevailing dip
west and northwest being but 54°. Except bed A, no other rock
has been observed in the area covercd by the map (P1. 1I) that corre-
sponds to this ophite. That this belt within the limits just stated
cannot be regarded as an isolated occurrence, is evident from its
great comparative thickness and short lateral extent, such occur-
rences not having been noted among the basic rocks of the Ke-
weenaw series. That it should be out of line of the similar bed on
the south side of the river is probably due to faulting, by which it
and the beds north of it have apparently been crowded into a space
narrower by one-third than the corresponding zone further west.

Outcrops of felsite flank this ophite belt both on the east and on
the west, apparently uniting south of it. On the east side the felsite,
P, outcrops a few paces west of East Pond, there underlying a
melaphyre and partially filling an embayment that runs north along
the cast side of the ophite. On the west the felsite, P, extends 200
paces north along the cast shore of West Pond, almost if not quite
to the north end of the latter where in a low valley that runs north
the rocks are covered. On each side of the valley, however, the
structure is well enough exposed to mark the presence of a fault that
strikes nearly north and south, or in continuation of the general
trend of the felsite mass last mentioned. The porphyrite, E, its’
overlying conglomerate and the felsite porphyrite, G, on the east
side of the fault are thrown north some 60 paces or more. This
appears to be the maximum measure of faulting in this particalar
zone and is the only case observed excepting at the upper falls,
where the direction of the faulting is nearly north and south. In-
deed. the fault here may be of a compound nature, the bed F appear-
ing to have been thrust northeast past a part of its overlying bed G.
In Sec. 26 at least a dozen faults were noted, the majority of
which run east of north and the others west of north. The irregular
course of the bed F, in the western part of the section, points to

5
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several faults of the former nature. a conclusion that seems to be
verified by an examination of the lower beds. It was east of the
principal fault, however, that the evidences of disturbance were
strongest and most frequent. In an area about 500 paces square
immediately south of the great felsite lens L, at least eight faults
were distinetly traceable, and although outcrops were located only
by pacing, it is believed that the different beds were correlated with
sufficient approximation to render the work correct as a whole, if
not altogether in detail. Some difficulty was experienced from the
occurrence of patches of basic conglomerate within what was sup-
posed to be one bed of compact melaphyre. In other cases the thin-
ner interbedded sheet was a compact melaphyre, those on each side
of it, conglomerate. Bed E belongs under the former head, bed F
under the latter. A detailed description of these beds is decmed
unpecessary. They can be followed by reference to the map, Plate
II.

The most noticeable feature of this area is the broken condition
of the higher beds. The more basic rocks, except where faulted or
jointed, appear in general quite compact. As we go up in the series,
however, and reach the more acid rocks, we find the latter in many
places so broken by shearing as often to be almost indistinguishable
from conglomerates. The angularity of the fragments and their
close resemblance to the material of the seams serves, however, 10
determine their brecciated nature. In places this breeciation seems
o have affected only the lower, or only the upper parts of a bed; in
others the entire bed is shattered. Again the brecciation is most
noticeable along the fault lines.

The marked disturbance of the beds in the immediate area of the
West Pond felsite, ¥, their apparent greater regularity as they re-
cede from that area, and the relation of this felsite to the adjoining
beds find their most rational interpretation in the intrusive nature
of the felsite. The latter appears to have lifted the former, broken
them into segments, and during the process to have converted the
more brittle of them into typical breccias. This lifting of the over-
lying beds has also tilted them, so that their dips are steeper there
than elsewhere. On the west side of the river and at the upper falls
{he dip, as previously noted, is 54° to the north. The ophite, A, dips
80° and at several points, further north, vertical dips were observed.
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In fact the bed F shows overturned dips of 80° (to the south). This
increase of dips thus accounts for the horizontal narrowing of the
disturbed zone and the northerly position of the bed A.

The relative age of the intrusion seems also to be apparent. Tt
will be seen by reference to the map, Plate II, that a small embay-
ment in low ground south of the felsite, Lk, affords space for the
westward extension of the bed G to the line of the principal fault.
This fact and the phenomena already noted in the felsite and overly-
ing beds to the northi—direction of axis of middle felsite knob, frac-
ture of conglomerate pebbles, offsets in the conglomerate beds, east-
erly strike of upper conglomerate—are in harmony, not with the
hypothesis that the felsite, Lg, was laid down unconformably on the
upturned edges of the underlying beds, but that the felsite and
overlying conglomerates shared the disturbance caused by the in-
trusion of the West Pond felsite, and that the age of the latter was
later than that of the Bohemia conglomerate. How much later this
disturbance occurred no facts are at hand to determine.

The West Pond felsite, P, on a fresh fracture surface is of a terra
cotta color, very compact and aphanitie. It resembles in all import-
ant respects the felsites previously noted. In the burnt area they
all weather white and their debris is abundantly scattered over the
surface in small sharply angular fragments. Spherulites occur near
West Pond to the size of an inch in diameter. At several points the
margin of this mass is lined with a band of rather fine breccia, like
that of beds H and X previously noted.

What appears to be significant of the origin of this felsite, is the
direction of the joint planes along the margins of several of the out-
crops. In the acid and intermediate rocks of this area, in general,
where they are conformable with adjacent beds, the joint planes,
when present, usually show a parallelism more or less strictly in
accord with the strike and dip of the adjacent beds, as well as with
the direction of the flow planes. Whether these joints are in general
due to contraction on cooling or to subsequent pressure or shearing,
or to both, we may not be able to determine, but in the case imme-
diately before us we see them near the margins, following the con-
tact and turning with the latter at an angle of 90° or less. Two
such occurrences can be seen, respectively at 950 paces N., 1,420
paces W. and at 810 paces N., 1,440 paces W., Sec. 26, T. 58, R. 28.
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Pressure might produce joints on each side of a sharp wedge, but it
would hardly make these joints unite in a curve around its edge.
This phenomenon then. of which we have already noted an example
in Ree. 30, 1. 38, R. 27, (p. 14), is more likely due to cooling as we

sometimes see it exemplified in basic rocks, near contacts and paral-

lel to them. Tt thus forms another link in the chain of evidence that
points to the intrusive nature of this felsite.

On the west side of the bed A there are two occurrences of what
might be called a conglomer ate dike or vein, running northerly to
northeasterly nearly at right angles to the strike of the bed. They
are irregular in width, ranging from a mere seam to 4 feet, and are
filled with fragments, largely of basie rock, with a few pieces of fel-
gite among them—in a fincr orained matrix. I*or such occurrences
Wadsworth has proposed the name “elagolite.”’™ They were probably
originally fissures filled with fragments trom above, like the sand-
stone seams mentioned on page 24. They strike in the direction of
the prevailing fanlts in this arve: and like these are probably a pro-
duct of the intrusion of the felsite. Other similar occurrences, or
possibly apophyses fromw the intrusive felsite, are found at points
northeast of the pnnup.ll felgite outcrop, P.

* Report of Bond of (Jeolovch ‘%ut vey of ’thh 1892, p. 130,
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CHAPTER III

BARE HILL AREA

§ 1. Acid zone from Little Montreal River to Mt. Houghton.

The acid zone in Sec. 26, T. 58, R. 28, as described in the preceding
pages, comprises the following beds. beginning with the lowest; (1)
porphyrite and conglomerate, (2) felsite porphyrite and conglomer-
ate-breccia, (3) felsite and conglomerate-breccia, (4) felsite and con-
glomerate, (5) melaphyre, and (6) acid conglomerate. (See cross-
section, 1 TIT). This horizon was examined carefully and the con-
tacts of the several beds were located by pacing.* The rvegular re-
currence of the above beds was noted in a belt trending northwest-
erly from Sec. 26. Inasmuch as the altitudes, toward the west, rise to
upwards of 300 feet above Lake Superior, the actual strike of the
beds there is slightly more to the north than as indicated on the
map (Pl IV) and it thus appears that immediately west of the
Little Montreal this zone—probably also the beds under it—begins
to curve slightly more to the north, passing through the southwest
quarter of Sec. 22 (T. 58, R. 28). From the west line of this section,
however, the strike is west to the center of Sec. 21, thence succes-
sively northwesterly, west and southwesterly, to the felsite mass of
Mt. Houghton. It thus describes a curve, interrupted by one flexure
of rather wide extent, and, as appears by reference to Plate TV and
to Figure 3, by several flexures of only local extent.

The two beds of the Bohemia conglomerate, K and M. unite at
the west end of the felsite lens Lw, their combined thickness thence
westward for three-fourths of a mile being upwards of 200 paces
(nearly 550 feet). This is the maximum thickness of the felsite lens
Le (Pl 11), and measures, as well, the distance between the bed J,
and the top of the other lens, L, so that it is plain that the conglom-
erate filled a basin in which these two felsite masses had towered

#To the accurate pacing of Mr. D. C. Forbes much ¢f the value of our maps is due.
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above the other surface rocks, and into which their material was
eventually washed.

In Sec. 21, T. 538, R. 28, about 500 paces west, the combined lower
conglomerate beds appear to unite (Fig. 3) with the third or upper-
most bed. From this point west to Mt. Houghton and beyond it,
we find evidence of only one, rather thin bed, which from near the
west line of Sec. 22 westward is underlain by a doleritic melaphyre
which thereafter constitutes a persistent and characteristic bed of
the series, developing further west into a typical coarse ophite.

The Bohemia conglomerate outcrops west of the center of Sec. 21
at intervals only, until it reaches Secs. 20 and 19, where it is ex-
posed frequently for 1,300 paces, striking east and west, immediately
underlain by the doleritic melaplyre above noted. On the west line
of Seec. 19 it is again exposed in several broken outcrops, with the
melaphyre 75 paces and the porphyrite (8. 16967) 150 paces south of
it. Tifty paces south of the latter is a fine grained ophite (S. 16964).
From here westward the porphyrite is well exposed for 300 paces,
striking south of west. Since this same bed is in almost immediate
contact with the south edge of the felsite of Mt. Houghton at the
west line of Sec. 24, and the Mt. Houghton lens can be traced east-
ward to a point 50 paces N, and 200 paces W. of the porphyrite, it is
evident that the former occupies a position between the dolerite on
the north and the porphyrite on the south, equivalent to that of the
felsite porphyrite and its overlying felsites further east.

Ve have here, then, a very interesting illustration of the progress
of geological events during the early part of the Keweenawan his-
tory. The lowest of the lava sheets appear to have flowed into a
trough in the Lake Superior basin, wunder water. Successive
flows, after a time, increased in acidity. The accumulation of
lava sheets together with the products of erosive agencies ren-
dered the trough or basin gradually more shallow. until its
upper parts were filled with acid fragmental material and a
thin interbedded zone of basic lava. From this point no fur-
ther accessions of very acid lavas occurred in the Keweenaw
series in this area, and up to the horizon of the Greenstone there
are only four known well marked conglomerate horizons, which ex-
tend with almost unbroken continuity as far sonthwest as Portage
Lake and are essentially acid. Their material was evidently derived
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from the earlier acid rocks of the series or perhaps from other simi-
lar rocks south and southeast, that belonged to an earlier series.

§ 2. Mt. Houghton.

Foster and Whitney say of Mt. Houghton:

Its summit is jasper for the distance of 150 feet, and it is difficult to trace
any well-characterized lines of stratification in the mass. On the southern
flank the mass apparently dips to the SSW. On the northern slope a per-
pendicular ledge, 20 feet in height, is observed, dipping slightly to the east;
to the northeast two low ridges of jasper are seen bearing nearly east and
west, and connecting with the Bare Hills by the lake shore [!] * * *
In tracing it west, it gradually passes into a compact trap, with here and
there an almond-shaped cavity, filled with quartz or calcspar.®

Irving describes the mountain and notes—
abundant irregular parallel bandings in the rock of the top of the mountain.
The appearance of lamination is produced by waving bands of lighter and
darker shading, which are often emphasized by minute quartz seams fol-
lowing their direction.t

Rominger also noted the banded, laminated structure of the Mt. .
Houghton rock, and described it microscopically.

Mt. Honghton, 877% feet above Lake Superior, is a forest-covered
mass of felsite of lenticular form lying east and west in Secs. 23 and
24, T. 58, R. 29, the line between which runs about 50 paces east of
its summit. Along this line it is about 400 paces wide, and tapers off
rapidly toward each end. (Fig. 4.) The north side, for 300 feet below
the summit, has an average slope of about 30°, the south side, 200
feet below the summit, at the contact is vertical, the cliff beginning
125 paces west of the section line and extending some distance east
of it. The east side of the mountain, 300 paces from the summit, is
also steep, but from that point runs off in a low spur. The west side,
more or less drift-covered, slopes more gradually to the middle of
Sec. 23. The summit of the mountain thus forms a dome, slightly
oblong, surmounting a steep east and west ridge. The immediate
contact with the surrounding beds, although not often uncovered,
is well enough defined to determine accurately the shape of the lens,
which at 1,000 paces east of the summit appears to have narrowed
from 400 paces to 50 paces or less in width. A similar decrease in
width takes place towards the west, at about 200 paces west of the

*F. & W., p. 65
+ Copper-Bearing Rocks of L. 8., p. 181 ¢f seq.
+ Map of J. R. Mayer. See footnote. p. 4.
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center line of Sec. 23, or 1,200 paces west of the summit. At 518
paces N., 768 paces W., Sec. 23, T. 58, R. 29, in the line of extension
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of the mountain westwardly, occurs an outerop of felsite that
merges on the south gradually into a breccia of the same material.
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From this point west for nearly 200 paces this breccia is well ex-
posed but no more of the compact felsite. The south side of the
mountain is brecciated and shattered also further east. Forty paces
west of the westernmost breccia an ophitic melaphyre comes in, and
fifty paces south of it is the porphyrite, so that the Mt. Houghton
mass probably ends near here as above stated.

At 697 paces N., 1076 paces W., Sec. 23, the first exposure of the
Bohemia conglomerate west of the east line of Sec. 24 was noted.
Large blocks of conglomerate, possibly from this bed, were found
at several points on the north side of Mt. Houghton, but diligent
search and some digging failed to disclose the bed in place. The
melaphyre immediately north of the mountain is a doleritic ophite (8.
16947, 950 paces N., 150 paces W} like the bed that underlies the con-
glomerate both to the east and to the west, but since the conglomer-
ate is also overlain by a very similar bed, indistinguishable from the
former, no positive evidence could be secured to determine the rela-
tive ages of the conglomerate and felsite. All that can be said on
this point with any degree of positiveness is that the Mt. Houghton
felsite immediately overlies the porphyrite, E, and is itself probably
overlain, in part at least, by the melaphyre immediately under the
Bohemia conglomerate. The conglomerate, then, may have been
tormed above the melaphyre on the higher exposed flanks of the Mt.
Houghton felsite, in like manner as the lower part of the same con-
glomerate was laid down against the sides of the felsite lenses at the
Tittle Montreal River. Mt. Houghton may thus be, like these, ex-
frusive. and may have furnished part of the material found in the
Bohemia conglomerate.

A question of rather greater difficulty is the relation of the AMt.
Houghton felsite to the felsite porphyrite of Seecs. 26 and 27, T. 58,
R. 28. Approaching the mountain from the east we last find the fel-
site porphyrite (Ss. 17007, 17013, 17163) in Sce. 20, T. 58, R. 28, a
mile and a quarter east of the nearest known outcrop of the Mt.
Houghton lens. Further west, near the east end of the lens, in Sec.
24, T. 58, R. 29, we find the porphyrite, E, (Ss. 16967, 17194), just |
below the felsite and the melaphyre just above it, so that the Mt
Houghton felsite is in the horizon occupied further east both by the
felsite porphyrite and by the felsites. The felsite porphyrite, like
the more acid felsite, thus appears to be of limited lateral extent.

6
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The felsite of Mt. Houghton, in the thin section, differs in no notice-

able respect from the felsites already described.

On the north side of the mountain large spherulites* were found
a.nd on this side the banded structure is plainer than on the south
side. Joints, nearly vertical, were also visible at different points
striking east and west, ’

An analysis of the Mt. Houghton rock (S. 16951), by F. P. Burrall
M. E., gave the following results:

No. 16951. ( Felsite, south side of Mt Houghton.)

SiOg o 69,76
T —— I S
€00y __ o, LT 1
Iﬂe()j e TTTTToTTTormommm oo . TTTTTTTT TS 1'44‘
CRO T T T e e e 0.66
MgO o I I 0ae
Na,G I
e
____________________________________________________ 0.42

100.38

The rock “at 900° C. was infusible.” The specimen analyzed was
homogeneous and came from 50 paces north of the south C(;ntact or
525 paces N., 55 paces W., Sec. 23, T. 58, R. 29. ’

The silica present is in excess of that required for a non-quartzif-
erous porphyry. Irving gives the silica of this rock as 76.94+ and
appears to infer the presence in the latter of free quartz. B

An analysis by Mr. Burrall, of a specimen from 655 paces N., 635
paces W., Sec. 24, T\ 58 R. 28, near the east end of the Mt. Houw,hton
lens, gave the following results: i

No. 17193 A. ( Felsite, east end of Mt. Houghton.)

SiOy o 5

CaO o T )
MO T T T T e e s s e s
S — T T e
QO________________________ _________________________________________ : -
WO T e 1
100.16

. “A:. a temperature of about 900° C. this rock caked, but did not
use.

* Irving remarks on the apparent absence iti
L of spherulitiec structure in the L i
felsites. Copper-Bearing Rocks of L. S., 1883, p. 100. whe Superior
+ Loe. cit., p. 182,
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The small amount of potash, compared with that shown in the
previous analysis, together with the large amount of quartz, in-
dicates a relatively smaller amount of feldspar, and the probable
presence of infiltrated quartz. The latter hypothesis is confirmed by
the thin-section. If we consider 10¢ of the silica to be in the form of

free quartz, we get the following figures:

T MR T R 70.00
N e Y IR LSRR L L 14.59
e MRS PP PR ETEEELE RS S 2.58
FOO - oo e e e e eee e fm mmme mmmm mmm mmmm e —m-—mms oo 1.31
GO e e e e e mee fmmmmmmmmmn mmme e mm— s s .24
200 DU PR R SR St gi.(iat
T L T PSP P SRR R 3.:?8
= ISR E PSP L PR 1.54

100.14

Except for the slight difference in soda and potash these corre-
spond fairly well with those of the preceding analysis, but not with
the composition of the felsite porphyrite. From the above analyses
and those of the felsite porphyrite (p. 26) it should seem likely
that the two rocks would not grade into each other, and in the ab-
sence of further evidence they may be considered as independent

masses.

$ 3. The felgite of Bare Hill.

Several of the felsitic masses described in the preceding pages
have been seen to be of greater lateral extent than thickness, and
may properly be classed as sheets and regarded as interbedded with
the more basic eruptives and their associated fragmental beds.
Several other masses, however, appear, on many grounds, to be in
all probability intrusive. They are not, however, very extensive,
and the disturbance caused by them in the neighboring rocks, in
the form of faults and shearing, does not seem to have been very
violent or very far reaching.

We now come to a felsite complex, whose dimensions at the sur-
face appear to be nearly equal in all directions. This felsite out-
crops in Sec. 29, T. 58, R. 28, on and near the lake shore, and is
known as Bare Hill. The first reference to it that I have been able
to find in geological works is one by J. W. Foster in his report to Dr.
Jackson,* in the laconic form “Bare rock—dJasper above, trap at the
water’s edge.” Foster and Whitney say of this locality:

* Ann. Mess. and Acec. Docs., 31st Congress, 1849-50, Pt. III, p. 67,
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In section 30 [297] township 58, range 27 [28?] west of the Little Montreal
River, * * * The Bare Hills here approach the coast and rise up in overhang-
ing cliffs to the height of 80 feet, and jasper appears to be the prevailing rock.
I'rom this point it can be traced [?] inland in a westerly direction, through
sections 29 and 30, in the same township and range, to the west line of section
24, township 58, range 29, expanding to a width of about half a mile.*

Irving, after having spoken of Mt. Houghton, says:

The same felsite shows in the Bare Tills, in Sec. 29, T. 58, R. 28 W..
and beyond on the lake shore in section 28. Similar rocks appear on the east
point of the bayt into which the Little Montreal River empties [!], * * =
and it would appear probable that the Mount Houghton rock, along with
some smaller elevations leading off from it in an easterly direction. belong
with the more easterly of the exposures on the coast, while the Bare Hills
belong to another belt.

Irving maps the Mt. Houghton belt as extending some distance
east and west from Mt. Houghton, and a second belt of quartz-
porphyry and felsite as running through the southern part of Bare
Hill castwardly in such a direction as probably to include the Fish
Cove felsite in Sec. 35, T. 58, R. 28. TRominger does not appear to
have examined Bare Hill except from the shore.f

The rounded mass of this mountain rises rather rapidly from the
shore of Béte Grise Bay to a height of 584 feet.§ It is flanked on the
south by a shore cliff about 180 feet in height, which extends, prob-
ably with a varying altitude, more or less regularly along the south
face of the Bohemian Range, within a hundred paces of the water’s
edge, from the middle of Sec. 26, T. 58, R. 29, to Sec. 26 of the range
next east. This shore cliff, vertical in Sec. 29, here marks the edge of
a fairly well defined terrace which runs back until it meets the main
cliff which on the southeast side rises thence vertically almost to the
sumuiit of the mountain. The rounded mass of the latter at this
point is less covered with vegetation than further north, and stands
out as one of the prominent landmarks on this part of the coast.
The annexed illustration (Fig. 5), from a photograph taken from the

shore just east of the mouth of Little Montreal River, brings out the

# B & W., p. 65

1 Copper-Bearing Rocks of L. S., p. 182. Irving evidently refers to the felsites of Fish
Cove which is half a mile east of the river.

1 Geol. Sur. Mieh., V, Pt. I, p. 136,

§ According to map of J. R. Mayer, 1865. ‘“Survey of the North and Northwestern Lakes."’
This map is on file in the War Department, Washington.
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relation between the shore cliff and the main mass, and the relation
of the latter to other parts of the range. In the background, down
the range, Mt. Bohemia also rises into prominence.

F16. 5. 3are Hill, from mouth of Little Montreal River.

Under the mieroscope this rock (8. 17017) shows a mosaic of closely
interlocking quartz and feldspar, stained red and dotted with iron
oxide. Interspersed in the groundmass ave roughly shaped feldspar
laths with small extinction angles. Grains of fresh quartz, in part
if not wholly secondary, are scattered over the section.

The steep sides and much of the eastern summit of Barve Hill are
well exposed, and the frequency of outcrops fortunately makes the
geology of this hitherto neglected and interesting mass quite plain.
The felsite prominent in the principal cliff appears in a belt 275
paces wide, forming the western summit of the mountain along the
west line of Sec. 29. It is bordered by melaphyre both north and
south. Cross-section, Figure 6,adapfed from the contour sheets of the
U. 8. Lake Survey, is drawn through the monntain north and south
about 500 paces east of the west line of Sec. 29. An inspection of
this eross-section might seem to contirm the conclusions drawn by
Irving from a similar phenomenon on the Minnesota coast,” where a
band of quartz porphyry was found between two beds of diabase, as
if interbedded, i. e., extrusive. If we imagine the rocks in the abeve
section dipping at a small angle instead of a large one, we have a

# Loc. cit., p. 814 et seq.



46 KEWEENAW POINT
striking eounterpart of Irving's example, and
in fact seem to have a much more convineing
illustration of the extrusive character of the
felgite, for we not only have five bands of felsite
alternating with melaphyre, but we have also
interstratified with these a conglomerate-—an
undoubtedly bedded rock.

An Inspection of a plan of Bare Hill, however
(Pl V). throws quite a different light on the
relations of the felsites to the other rocks. The
broad belt of felsite is seen to sweep around to
the southeast and to eut off
coarse ophite, running into the latter in the
form of three scparate tongues. One of these
tongues, the most southerly of the three, well
exposed on the south rim of the main cliff,
rises on its north side above the level of the
adjacent ophite, and may possibly be geneti-
cally independent of the overlying felsite.
Near the edge of the eliff this tongue of felsite
extends around and below a conglomerate, leav-
ing on the south side of the latter an isolated
pyramid of felsite some rods distant from the
main body.
melaphyre north of it are thus cut off obliquely
on the east, the contacts being well exposed
and the relations of the rocks-—the felsite intru-
sive in the others—unmistakable. This con-
glomerate strikes about N. 75° E., and dips
north 80°, On the east side of the mountain
nearly in the line of this strike a bed of con-
glomerate is found near the felsite, but striking
apparently about 8. 64° E. The true strike is
somewhat less to the east. Here the con-
glomerate is underlain by a coarse grained
melaphyre and overlain by a porphyrite.
The conglomerate was not traced to contact
with the felsite.* In some places on the

# This bed was located in 1897 from the west end of the sand-
stone outcrop on the shore and its distance from the felsite
may not be exactly as appears on PL V.
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east side of the mountain, the melaphyre in contact with the felsite
is much shattered. The felsite thus for 2000 feet is flanked by the
melaphyres and conglomerates, and has cut across them at right
angles to their strike and lifted the beds on the east side. These
melaphyres, as far as observed, ar¢ mostly of the ophitic variety,
and in places are very coarse grained. They evidently belong to the
broad belt of this rock heretofore noted, which is prominent at many
points along the south side of the Bohemian Range.

No connection was seen between the lake shore felsite and that
of the higher parts of the mountain. The former is seldom exposed
except on the south edge of the cliff, and elsewhere in huge blocks
near the water, under which, for some 200 feet from shore, its east-
ern end extends. Here it shows a good contact under water, with
basic rocks on the east, nearly at right angles with the shore line.
At this point, in a small cove, we find the felsite on one side brec-
ciated, and between it and the felsite on the other side there is a
small outerop of melaphyre, which appears to extend northeast
through a small cleft to the melaphyre on the other (northeast) side.
These large blocks of felsite were thought by Rominger* to Dbe
“loosened masses, slid down,” which is possibly true also of the
principal shore cliff.

The contour lines in the above plat (PL V) are adapted from the
Lake Survey map,t with some modifications sketched from memory
to indicate a few minor details not shown on that map.

3

§ 4. Evidences of disturbance along the shore.

The main masses of the Bare Hill felsite being thus evidently
intrusive, a few observations made along the adjacent shore and
elsewhere may be not without interest.

The north shore of Béte Grise Bay as far east as Fish Cove is in
general difficult of access—from the land side on account of thick
underbrush and lack of trails, and from the water side on account
of scarcity of landing places and because of the heavy surf that
dashes against the rock-bound margin in any but the calmest of
weather, It is evidently for these reasons that this part of the
Keweenaw series has perforce received so little attention, the ob-

* Geol. Sur. Mich., V, Pt. I, p. 136
+J. R. Mayer. Survey of the North and Northwestern Lakes, War Department,
‘Washington.
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servations there having been in most cases made from row boats
skirting the shore at a safe distance from the breakers. This is par-
ticularly true of that part of the shore immediately south of Bare
Hill.

In general the basic rocks that line the bay show signs of disturb-
ance and of weathering. They are much broken and fissured, carry-
ing veins of laumonite and calcite, and sometimes of prehnite and
copper. No regularity is apparent in these fissures. They strike in
mauny different divections. The trap rocks exhibit no uniform bed-
ding, sometimes none at all. Sometimes one can easily make out
such a bedding as one’s theories may require. There are, however,
frequent and positive signs of slipping of the rocks lakeward at
angles of 45° or steeper. One such occurrence is especially notice-
able, west of the sandstone and east of the felsite, near the center
line of Rec. 29, T. 58, R. 28, along a melaphyre conglomerate, which
shows a lakeward slipping of both foot and hanging walls, there
being several inches of fluccan on the foot. Near the same locality
a block of trap apparently in place projects into the water. On its
west side is seen a band of amygdaloid between two bands of more
compact trap, all striking about N. 90° E. and dipping 45° 8. E.

On the west side of Bare Hill no evidences of unusual disturbance
were noted along the contact with the felsite. On the east side evi-
dence already noted indicates that the beds there have a northwest-
erly-southeasterly strike. This and the cases just noted along the
shore, together with the fallen masses of felgite near by, should seem
to indicate that these phenomena, otherwise rare in the Keweenaw
series, are due, in part, to the protrusion of the felsite, and in part
to undercutting by wave action, and subsequent sliding into the
lake of immense rock masses. At a center of disturbance like Bare
Hill, the adjacent rocks would be particularly susceptible to move-
ments of this nature. To such movements also is attributed the pre-
sence of the conglomerate outcrops on the shore west of the above
point, or about 150 paces cast of the west line of Sec. 29. TFurther
reference will be made to them on a subsequent page.

§ 5. Flexure of beds north of Bare Hill.
We have already seen (P IV) that the Bohemia conglomerate in
its westward course from the Little Montreal River, in Sec. 27, T.

58, R. 28, begins to swing more to the north, and when within a mile
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of Bare Hill it and its immediately underlying beds—the acid zone—
curve around the mountain in a direction parallel with the north and
east faces of the latter, as outlined along the felsite outcrops. So far
as the observations of the Survey go, there is no reason to doubt that,
excepting the conglomerate above noted. the melaphyres and frag-
mental rocks beneath this acid zone practically are conformable with
the latter, except that the dip increases as we approach the older
beds of the formation on the south. Dips of 72° were noted in the
melaphyre on the east side of Bare Hill, and of about 80°, in the con-
glomerate on the west side, ag already stated. The northern side of
the Bohemian Range is rather more drift-covered than the southern,
and falls away gradually into the Little Montreal River valley, thé
opposite or northern side of which is shut in by the (}1‘(zeliét01le
Range. It was along the southern face of the latter that exploration
was dominant in the early days of mining on Keweenaw Point.
From Mosquito Lake eastward, the Wyoming, Empire, Blaff, Iron
City, Etna, Hanover, Z\antrezi], Star, Copper Harbor, Philadelphia
and Boston, and Keweenaw Companies worked upon or explored for
fissure veins that in general crossed the formation in a direction
slightly west of north, frequently if not always disclosing their
whereabouts by topographical breaks in the range. The Allouez
conglomerate lies immediately under the Greenstone, and its ex-
posures on the surface and in the works of the mines serve to mark
the south boundary of the lustre mottled “greenstone” or ophite,
whose coarsely warty weathered surface is well seen in ledges, and in
detached blocks that are strewn along the sides of the 1-idgé. (See
Part I, PL. VII).

§ 6. Strike and dip of beds above the Bohemia conglomerate.

A. Strikes.

For some miles west of Mosquito Lake the Greenstone Range runs
east and west. At the east end of the lake, however, in the north-
west corner of Sec. 14, T. 58, R. 29, a mile and a half north and a
little west of Mt. Houghton, it trends more northerly, then swings
east again, and then mere southerly (PL IV). In Sec. 13, T. 58, R.
28, on the property of the Keweenaw Mining Company, the course
of the Allouez conglomerate as taken from an old map of the loca-

tion by H. F. Quarré d’Aligny, and by Wm. H. Stevens, one of the
1
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Keweenaw pioneers, is from about 1650 paces north, on the west line
of the section, to 120 paces west of the southeast corner on the south

line of the section—an apparent strike of about 8. 49° E. From -

below the latter point in the north part of Sec. 24, immediately
south, the above map shows the conglomerate swinging more to the
cast around the east flank of the range and falling rapidly away
with the latter.*

The range sinks to the general level of the country, which is com-
paratively low from here to the end of Keweenaw Point. Former
geologistst and old geological maps,i because of this decided east-
ward curve in the course of the conglomerate outerop or for other
reasons, mark the Greenstone bed as running to the east part of Sec.
21, T. 58, R. 27, but the flat northeast dip of the conglomerate (35°
according to the above map of the Keweenaw location§) and the
rapid decrrease in altitude of its outecrop, and possibly some faulting.{
have a good deal to do with its apparent eastward trend at the point
indicated. A careful examination of the shore in Sec. 21, where the
old maps indicate the emergence of the Greenstone, failed to shqw
any rock that corresponds in character with it. Furthermore, the
oniy rock on the beach there that might be taken for a conglomerate
is an amygdaloid more or less scoriaceous, whose top in places ap-
pears to be slightly conglomeratic, but without evidence of sandy
matrix, such as is common in melaphyre conglomerates in this dis-
trict. r(Ehis bed strikes N. 65° to 67° W. Noteworthy is the fact that
very few fragments of lustre mottled melaphyre are to be seen along
this shore east to the end of the Peint and no beds of that rock until
we reach a spot 600 or 700 paces north of the extreme southeast
point. If the Greenstone does take the course laid down on the old
maps, it must have wedged out and disappeared west of here.

% Of. contour map of J. R. Mayer, 1865. Surveyof the North and Northwestern Lakes, War

Department, Washington. . ‘

+F & W., loc cit., p. 62, say: “A few yards south of the extremity o'f 'the p01.nt, and
néar the north line of Seec. 27, a band of conglomerate is observed, gttalmng a. t:,hmkness
of sixty feet, bearing N. 70° W. and dipping NE. 16°. The‘ underlying t.ra.p differs frf)m
that which overlies the detrital rocks, being more amygdal(.)ldal, and offering less aqnemon
between the particles. This is supposed to be a continuation of .‘ohe ’g-Iieat metalliferous
belt, as developed at the Cliff, North American, and Northwest mines,” i. e, the belt next
below the Allouez conglomerate. '

+ Map of Stevens, Hill and Williams, also Pl XVII, Copper-Bearing Ro.cks of L. S.

§ F. & W. give the dip of the conglomerate in range 28 as 40°. Loc. cit., p. 62

« See p. 17.

STRIKE AND DIP 51

On the other hand, an examination of the shore immediately soutly
of the north line of Sec. 29, T. 58, R. 27, showed a bed of coarsely
lustre mottled melaphyre or ophite, 150 paces wide, capped by an
amygdaloid with another ophite and amygdaloid over it, the whole
being 225 paces wide. This may not be the full measure of the
ophite belt, which may ha‘ve suffered from erosion on the north.
Under the lower of these two ophites is a well characterized amygda-
loidal conglomerate, which, it is true, does not resemble the Allouez
conglomerate as we usuvally find it elsewhere, but conglomerate beds
change from point to point. This ophite complex runs back from the
shore in a well marked ridge crossing the north line of Sec. 29,
about 300 paces west of the center, and disappears in low ground
southeast of a grassy meadow in the 8. E.  of the northwest adjoin-
ing Sec. 19, thus leaving a gap of less than a mile to the end of the
Greenstone ridge in Sec. 24. What is very significant, however, is
the occurrence along the southwest side of this ophite ridge of large,
smoothly waterworn boulders of ophite, very coarse grained, and in
all respects like the blocks that line the south face of the Greenstone
further west. No such coarse grained ophite beds are known at
greater distances than two hundred or three hundred feet south of
the Greenstone, until we reach the Bohemian Range, and even here
they are hardly as coarse grained. These circumstances might not
be conclusive evidence of the identity of the shore outcrops with the
Greenstone, but the trend of both ridges and the short gap between
them are circumstances that cannot be overlooked. They should
seem to outweigh former inferences grounded not even on lithologi-
cal resemblances, and I have no hesitation in marking the course of
the Greenstone in accordance therewith.

The curves of the Bolhemia conglomerate and of the Greenstone,
east of Mt. Houghton and Mosquito Lake respectively, are thus
seen to be in close correspondence. These curves will be slightly
more accentuated if projected to lake level. That the general sym-
metry of these curves has not been disturbed to any great extent
is positively known of the Bohemia conglomerate and is made prob-
able of the Greenstone by the best attainable evidence on record.
Old mine location and other maps indicate faults in the Greenstone,
generally striking west of north, but they also indicate only slight
disturbances. If we select as a center of disturbance a point at Bare
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Hill or further south, the curves above noted would be the natural
result of an uplifting force acting at that point, or of an obstruction
around which the overlving strata were bowed. The lines of frac-
ture caused by such flexing, not as radii from the center of upheaval
but more or less inclined to thesc mdi%, are also in accord with
similar phenomena observed elsewhere.*

The Bare Hill massif may be only a part of a greater mass not now
exposed to view. We find west of it in Sec. 30 at the foot of the
shore cliff, about 100 paces back from the lake, another smaller out-
crop of acid rock just under a pebble conglomerate that is undoubt-
edly the same bed as the cut-off conglomerate at Bare Hill. This
rock contains some phenocrysts of feldspar and corroded quartz, in a
groundmass in which the feldspar does not interlock with the quartz
as intimately as in the Bare Hill felsite, and the feldspar laths here
are vather more abundant and better defined. It is a quartz
porphyry.

The relations of the rocks here are confused, but an acid porphy-
rite also occurs above the conglomerates. Whether the porphyry
(compare page 45) is intrusive or not could not be determined. Itis,
at all events, another indication that we are here in a zone of acid
rocks that may be laceolitic sheets, offshoots from a parent mass
that once may have existed further south.

B. Dips.

As already noted, the prevailing dip of the Bohemia conglomerate
is 54°. North of that horizon we have no records of the dip of over-
Iying beds until we reach the Allouez conglomerate immediately
under the Greenstone. Foster and Whitney, as previously stated,
give the dip of the Allouez conglomerate as 40°.5  This evidently
refers to the area here under consideration, but is greater by about
9° than the dip measuved by the writer on the Allouez conglomer-
ate and on the foot wall of the Greenstone in an adit on the Star lo-
cation in Sec. 9, T. 58, R. 28. Further west, at the old Pennsylvania
locationi (Rec. 15, T. 58, I. 31)}, and possibly at Mosquito Lake also,
the dip is 23°.

* See Woodworth, On the Fracture System of Joints, B. 8. Nat. His., 1807, pp. 163-184,
and authorities cited.

+ Loc. cit., p. 62.
+ Geol. Sur. Mich.,, V, Pt. I, p. 130.
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The dip of the Great conglomerate opposite the last two points ac-
cords nearly with that of the Allouez. At Manganese Lake, how-
ever, according to Foster and Whitnexy*® it is 25°, which may be a
misprint for 35°, for on the old road that runs from there east to the
manganese deposit in the northeast quarter of Sec. 4, next adjoining,
1t is 33°-36° in the same horizon as at Manganese Lake, and at
several points west of the latter dips of 27°-30° were noted. Dips of
34°-36° were also measured on a sandstone of the group above the
Greenstone, west of the Clarke location, near the south line of Sec.
4, and almost equally steep dips in the Outer conglomerate on the
lake shore west of Copper Harbor.

There appears, therefore, to be a belt of which the Greenstone
forms a part, in which the dips are flatter than those of the over-
lying beds.. Similar relations appear to hold good in the same zone
opposite the Central mine,} and at Eagle River gap where the in-
creased dip, going northwest from the Greenstone, amounts to at
least 6°.1 (See Chap. IV.)

"At the extreme end of the Point, beginning on the lake shore in
Sec. 10, T. 58, R. 27 at the hanging of the Lake Shore trap group
of Irving, which is exposed for one mile north and south, we find
the strike about N. 60° W, and the dip 23° N. E. Near the hanging
of the conglomerate ledge that forms the north side of High Rock
Bay, the dip is 22°-23°. A conglomerate 60 paces wide, south of
the center line of Sec. 22, gave dips of 23° and 24°, and another
conglomerate 13 paces wide, about 250 paces north of the south line
of Sec. 22, gave a dip of 23°. This is the lowest pebble conglomerate
observed by the Survey in this seciion and appears to be the one of
which Foster and Whitney recerd an observed dip of only 16°, and a
strike N. 70° W. Foster and Whitney evidently considered this the
Allouez conglomerate.§ The hanging is a chloritic melaphyre (Sp.
17619}, in no wise like the Greenstone.

It thus appears that the average dip across the extreme end of the
Point is not greater than about 23°.

On the lake shore in Sec. 29 of the same township, between the
most easterly felsite and the conglomerate immediately under the

* Loc, cit., p, 103.

+ Copper-Bearing Rocks of L. S., PL. XVIL

i Cf, Marvine, Geol. Sur. Mich., L, Pt. I, p. 96.
§ See foot note, page 50.
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ophite that we have assumed as the east end of the Greenstone, no
conglomerates were seen. The joint planes in the melaphyres and
the contacts between melaphyre and conglomerate gave no very
satisfactory dips, but approximate dips of 51° to 57° were noted,
the steeper dips being the further south, i. e. nearer the felsite
horizon. The average strike of the beds was N. 65° to 70° W.

§ 7. Significance of strike and dip.

It may be remembered that the dip of the contact at the hanging
of the felsite in Sec. 30, T. 58, R. 27, first described, was 80° N. The
overlying beds along the lake shore appear, then, to decrease in dip,
in a distance equivalent to one mile at right angles to the strike of
the formation, i. e, as far as the Greenstone, from some indetermin-
able figure (80° or less) to something like 31°. From the Greenstone
east for another mile no outcrops appear, but at a mile and a quarter
above the Greenstone, still at right angles to the strike, we reach a
horizon in which further east on the lake shore the dips have de-
creased to 23°, an inclination they steadily maintain for an ad-
ditional two miles, up to the Outer conglomerate. Whether the
change of dip from the Greenstone north (from 31° or more to 23°)
is gradual, as at other points further west, or whether it takes place
immediately above that bed, in the nature of an unconformity, may
never be known, for the area in question is flat with few or no out-
crops. If it does, however, the unconformity is purely local and may
be due to the intrusion of a small mass like that in Sec. 30, T. 58, R.
27, whose age would thus be murked as just subsequent to that of
the Greenstone.

It is evident, however, that whatever may have been the force
that tilted the beds in this immediate area (Secs. 19, 20, 29 and 30,
T. 58, R. 27}, the visible effect of that force—excepting the steeper
zone above the Greenstone—decreases in intensity from south to
north. The uncertainty of the exact nature of the felsite in Sec. 30,
whether intrusive or extrusive, the absence of other positive data,
and the probability that, owing to topographical conditions, no more
positive and convincing evidence can be gathered here, render un-
satisfactory any inferences we might draw as to what the tilting
force at this point may have been.

From the Bare Hill massif, however, dips decreasing towards the
northwest, north and northeast, and, so far as known, steeper to-
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wards the north than in corresponding horizons further west and
further east; beds swinging out of their previously regular course
to curve symmetrically and in approximate conformity around the
northern flank of a mass of felsite known to be intrusive—these are
phenomena that may be readily and naturally explained, in great
part, at least, as those of ettect and cause—the flexure of beds above
and around an intruding mass.

That all of the known beds of the copper-bearing series on
Keweenaw Point above the Bare Hill horizon were affected by this
agency, if any of them were, also seems probable from their appar-
ent close conformity. This is well shown immediately east of Mos-
gquito Lake (PI. IV) where the courses of the beds are easily fol-
lowed. The age of the Bare Hill intrusives, if these be connected
with the above phenomena, may then be later than that of all the
rocks that overlie them in the series on Keweenaw Point. But this
conclusion may not be aceepted as firal until we know that the later,
flatter-dipping part of the series, does not now occupy a position
approximately the same as that in which it was laid down.

§ 8. Relation of lava flows to contemporaneous conglomerates.

In order better to understand the chain of events that may bhave
led to the establishment of the beds of the Keweenaw series in the
positions in which we now find them, and to explain, if possible,
some apparent anomalies that we shall meet on subsequent pages,
a few considerations of a general nature may properly here claim
our attention. The components of that series are, (1) lava sheets,
which are the so called original product of velcanic action and were
extravasated from the interior of the earth, either with or without
violence, from craters or more probably from fissures, and spread
over parts of its surface as flows (we are not here considering dikes),
and—(2) conglomerates or sandstones, secondary products, which
are made up of the more or less rounded débris of the volcanic, and
to a less extent of the other, rocks. These two classes of rocks, the
eruptives and the fragmentals, while in some respects they both
belong in the domain of fluvial and of sedimentary geology, such, for
example, as in their attainment of, and distribution over, the lower
parts of a basin, and in the tendency of their upper surfaces, under
favorable conditions to preserve or to assume a position approaching
horizontality, appear to have some divergent tendencies that can
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not be overlooked. An overflow of lava, if sufficiently liquid, will,
like an overflow of water, seek the nearest depression or channel and
" will discharge itself through this if the latter be of sufficient width
and depth, without rising over its sides. Such a lava stream is
called aconlée. Lava issning simultaneously from different parts of a
fissure on a mountain side might find several such channels and
build several distinct coulées, or, if the discharge were sufficiently
copious the result might be one broad sheet, of varying fhicknesus
according to the furrows in the slope over which it flowed.

A lava flow, however, unlike a flow of water, may find its fluidity
impeded if not altogether checked by its rapid loss of heat and cor;-
sequent increasing viscidity and may finally come to rest on a down-
ward slope without having reached the lowest level. If such a lava
stream were quite acid, its lateral flow like its downward flow might
proceed but a short distance and it might solidify in a mass thick at
the center and tapering out at the sides—lens-shaped. Such seem to
have been the forms of some of the felsite extrusions. The slope of a
consolidated lava stream may be of almost any angle up to 40°
and even 45°, and Geikie says that, “Even when it consolidates on a
steep slope, a stream of lava forms a sheet with paraliel upper and
under surfaces, a general uniformity of thickness, and often greater
evenness of surface than where the angle of descent is low.”* In
trying to account for the structure of the Keweenaw series we can
therefore agree with Irving that the lava beds may have had their
source in the rim of the Lake Superior basin—a trough of pre-
Keweenawan originf—and aside from the probability that the
less basic flows, by more rapid cooling, contributed to raise the
rim of the basin relatively to its center, and thus gave a steeper
gradient to some of the subsequent flows, there must even in earlier
Keweenawan times have been a difference of altitude between the
basin rim and its center, and we cannot therefore follow Irving and
Chamberlin in their conclusion that the Keweenawan beds were
originally laid down in a position of almost absolute horizontality,i
if these writers mean this to apply equally to all parts of the beds,uor,
especially, to those beds that may not have reached the lowest part
of the basin. The “rim of the basin” is a somewhat indefinite term,

* Geik%e’s Geok.)gy, 1885, p. 211; 1893, p. 226. This is evidently not meant to apply to the
most acid extrusions. See also Dana, Characteristics of Volecanoes, 1890, pp. 13, 148

+ Copper-Bearing Rocks of L. S., p. 418. '

i Bull. 23, U. 8. G. S., p. 10L.
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but we know that many dikes of similar character to the melaphyres
of the Keweenaw series cut the Archean in the high land of the
Gogebic Range and northeasterly as far as the vicinity of Marquette.
The presence of dikes in those aveas is as marked as is their absence
on Keweenaw Point, and while the sources of some of the earlier
Keweenawan flows may possibly now be puried under Keweenaw
Point, the assamption that the Gogebic and other known dikes are
the sonrees of at least a part of the flows, can certainly not be re-
garded as improbable.

It ix admitted by more than one writer {hat the basin now occu-
pied by the Keweenaw series was formed in pre-Keweenawan time,
but in order to account for the dips of the Keweenaw series from
all parts of the basin rim towards its center, a further gradual
subsidence of the basin center is assumed to have gone hand in
hand with the upbuilding of the series, and this, too, in face of the
fact that the basin lies in what is characterized as the “stable
Azoic.™*  If such a subsidence has taken place, we have no-satis-
Factory measure for it, because we do not know how deep the basin
was in pre-Kewecnawan time, and, moreover, the admitted pre-
vious existence of such a basin weakens, ipso facto, the argument
that a great subsidence must have taken place in its central parts
during the accumulation of the Keweenaw series—in consequence
of that accumulation. If the extravasation of the lavas was from
the rim, there should seem to be no conclusive reason for placing
the source of the extravasated material immediately under the mid-
dle parts of the present hydrographic basin rather than without the
area of extravasation and immediately contiguous to it, and if the
greatest accumulations of voleanic material were in the rim of the
basin on the underlying Archean, there should seem to be more
reason to suppose a regional subsidence involving the rim of the
basin and known areas of the Archean, than a local subsidence of
the center of the basin where these accumulations should seem to
have been of less magnitude.f The differential subsidence, there-
fore, can at most be regarded as a relative change of level of different

* Dana’s Manual of Geol., 1869, p. 199. Irving supposes the granite-gneiss eomplex of the
Huron mountains to run across Lake Superior to the Canadian shore. Geol. Sur. Wis.,
11, p. 458

+ Compare the difference of thickness of the series on opposite sides of Lake Superior
(this volume, Part I, p. 101). See also infra, Chapter IV.

8
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portions of the beds. due te plication or folding of the beds in the

general process of mountain building, a process that had already

begun in pre-Keweenawan time.

Whether we believe in a subsidence of the middle parts of the

basin, due to the accumulation of Keweenawan material in them
or to the emergence of the Archean on either side of them. due tc;
folding or otherwise, we must consider the Keweenawan lavas in
great part as issuing from sources situated at some distance above
their ultimate level, for the degradation of the original vents of the
lava flows in post-Keweenawan times, which amounts to several
thousand feet, must also be taken into account. The lavas, then. in
or'de}‘ to reach the bottom of the basin must have had a’verv ’ap-
preciable gradient and could therefore not show throughout évery
part of their course even a close approximation to horizontality.
The higher the elevation of their source, ceteris paribus, the steeper
their gradient was likely to be. In studying the lower beds of the
'K.ewommw series near Portage Lake we shall find many irregular-
Ities that point to this area as being a part of the basin 1‘i1117 over
whose slopes the early lavas poured with different degrees of steep-
ness, rather than as belonging to that part of the basin over which
the earliest lavas and conglomerates were spread in a nearly horizon-
tal position. If this conclusion be well founded, its importance is
great, for if the edges of the Keweenawan beds now exposed along
the contact with the Eastern sandstone are but the eroded margins

of these beds where they rested on the slopes of the basin rim, we are

here near the eastern limits of the lower levels of the pr‘e~Keween—

awan basin, and whatever parts of the Keweenaw series lay still to

the eastward must have been at higher levels and theref:)re were

involved in the post-Keweenawan erosion that cut out Keweenaw

Bay. In short, by accepting some such theory we shall not have to
expand the thickness of the series indefinitely to the east beyond its
visible limits, or to suppose the presence of a great reverse fault
t}.lat caused the depression—not of the basin center, but of its mar-
gin.

That the surface of the earth in the Lake Superior region showed
in pre-Keweenawan times the usual diversities of an eroded land-
scape may well be assumed when we reflect that some 14,000 feet of
Huronian rocks had been carried away and that some folding of the
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strata had taken place, before the lava flows began.* Whether
the area now covered by the waters of Lake Superior was then one
great trough, or formed two distinct basins, into each of which
flowed lava streams from their several sources, north, south, east
and west, is a matter that can never perhaps be determined. With
the exception of a few marginal remains on the eastern shore and
on Michipicoten Island, we now find the Keweenawan lavas of Lake
Superior confined to the western part of the basin whose axis lies
nearly northeast and southwest, in general terms parallel with the
axes of Isle Royale and Keweenaw Point, and also with a geries of
troughst northwest of the lake in Canada, in which appear remnants
of folded Huronian rocks. That Keweenaw Point formed the south-
east margin of the western basin at an early period of Keweenawan
time, is made probable by the irregularities and apparent uncon-
formities observed between strata in the lower part of the series,
and by the character of some of the older conglomerates, whose
angular fragments indicate proximity to the shore line on which
they were laid down.i This inference should also seem to be
strengthened by the immense thickness of the Great conglomerate
on Keweenaw Point and its marked and rapid decrease in thickness§
where it diverges from the Greenstone Range at the end of the Point,
and the indication that this bed is therefore following a course that
would make its section at lake-level parallel with the outline of the
Archean terrane of the Huron Mts. on the south.

Lava streams issuing from fissures in the margin of the basin
flowed down the valleys toward the bottom of the basin, consolidat-
ing in their channels or finally spreading over the bottom in wider
sheets, until having filled the valleys with beds of varying thickness
and finally covered the highest projections of the older formations
they built up a series of strata that show an almost ever decreasing
divergence of dip and strike, that is, a more widespread uniformity
towards the end of the period, when the latest beds were practically
conformable over wide areas. Some such hypothesis should seem
to be in accord with facts observed in other volcanic regions and

* Irving and Van Hise, The Penokee Iron-Bearing Series of Michigan and Wisconsin,
Mon. XIX, U. 8. G. 8., 1890, p. 460.

+ See 5th Annual Report, T. 8. G. 8., P1. XXIL.

+ See Chapter V.

§ See wfra., §9.
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seems to offer an explanation of phenomena that in the light of these
facts presents no inherent difficulties.

It thus appears that there is no reason to believe, from the present
position of the Keweenaw lava beds, that they must originally have
been everywlere horizontal, and that the dips now observed in the
later beds are due wholly to a subsequent tilting. Let us see if the
testimony of the conglomerates militates against the above conclu-
sions. The lavas and interbedded conglomerates of the Keweenaw
series are closely parallel, if we except some cases of discordance,
already alluded to, that will be taken up later. Therefore the
original positions of these two classes of strata must have been
similarly parallel. If the lavas were horizontal, the conglomerates
must have been almost equally horizontal, or both may have been
originally laid down at an angle to horjzontality. It is well known
that conglomerates, made up of rocks that occur along a shore line,
are built up, within the limits of wave and current action, on the
shelving sea bottom sometinies at an angle receding from the shore,
an angle that may be as high as 24°* if not higher, and it should not
seem to need proof that as distance from the shore—the source of
the pebbles—increases, these beds (as contradistinguished from
sandstones) must grow thinner,j and probably do then become
more nearly horizontal, conforming to some extent, perhaps, to the
irregularities of the bottom. The possible angle of deposition of the
conglomerates near their margins thus falls within the gradient
limit of the lava flows and there is therefore no reason why a lava
stream flowing into a sea and spreading over its bottom may not be
approximately conformable with a conglomerate formed either
below or above it, and yet neither of them at the shore may originally
have been horizontal.

From the above it follows that a conglomerate may be laid down
on the margin of a sea bottom whose shore line ‘may describe a
curve with a short radius, the dip of the conglomerate remaining
the same at all parts of the curve, its strike, however, changing con-
stantly, so that from being north and south at one point, it may be
east and west at another. A lava sheet flowing over this bed might
spread laterally over a considerable segment of it, but might not
and probably would not be co-extensive with it, especially if the

* Gilbert, Geol. of the Henry Mountains, p. 52.
t Cf. Russell, Bull. T. 8. G. S., No. 108, p. 33.
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convexity of the shore line were great. Several flows of lava 'of
similar character might, however, overlap and together cover adja-
cent segments of the conglomerate for a great distance 1;1‘.L‘era]1y, and
it these several sheets could not be differentiated, we might be left
in doubt whether to ascribe the tilted position of the several beds
to an origin similar to that just described, or to a sub.sequent‘ earth
movement. This is perhaps the greatest difficulty against W.lnch we
have to contend on Keweenaw Point, and we cannot hope in eveliy
case to reach a conclusion that will be free from uncertainty. We
mav also note here the effect that a subsequent tilting of the forma-

Fla. 7

Tdeal sketeh, to show difference of strike in beds of the same series.

tion would have on the dip at different points. In Fig. 7, suppose
the dips in the conglomerate at € and D and at all points betw.een
them were originally equal, and that the strikes at those two pm.nt's
ditfer by 90°. If the beds are filted towards C around the axis
A DB, 1‘i1ey must turn at least 90° before the dip plane at D
becomes %ertical, but less than 90° to make,the dip plane at C
vertical. In other words a certain amount of tilting has its maxi-
mum effect at C and on all planes parallel to C, the effect being less
for every point of the curve from C© to D. '
Again, a shore line might consist of two adjacent eon.vex portions,
Cand T, and a lava sheet or sheets might be deposited in the trough
formed by these curves, (, and covered by a later conglomerate.
These b(z(is would then be apparently unconformable, laterally, with
an underlying conglomerate, although belonging in the same series.
There seems to be nothing in the foregoing discussion that would
militate against the conclusion reached on a former page, that the
Bare Hill intrusion may be connected with intrusive phenomena
later than the Outer conglomerate of Keweenaw Point. If, however,
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this and the Great conglomerate were laid down against the sides of
the older formations after the fiexure of the latter, we might, per-
haps, in the absence of marked disturbances, expect a greater uni-
formity of dip in these conglomerates between Eagle River and the
end of Kewecenaw Point than we now find there. But if thi¢ differ-

_ ence in dip be due toirregularities in the surfaces of underlying beds.
or if another phenomenon, slide-faulting,* should be found to have
prevailed to a great extent in the area west of Copper Harbor, by
which the dips of the beds there have been reduced subsequently. the
questions of the relative ages of the Bare Hill felsite and the Great
conglomerate, and of the conformity of the Great conglomerate with
lower members of the series, must still be left open. This phen-
omenon will be taken up in the next chapter.

§ 9. Thickness of the Great conglomerate and underlying forma-
tions.

In order to compare the higher beds of the series in the Schlatter
Lake arca at the extremity of Keweenaw Point with corresponding
beds at Eagle River, as measured and described by Marvine, sonie
figures may be of service. They are based on the following facts
and assumptions. The strata between the Outer conglomerate (PL
IV) and the lowest observed conglomerate in See. 22, T. 58, R. 27,
as already stated, have a very uniform dip, averaging not over 23°.
The strike observed uniformly throughout the Lake Shore trap
here was N. 60° W. Lower in the formation the strike, based on
less satisfactory observations, was thought to be nearly the same,
although Foster and Whitney give it as N. 70° W. We have seen
that the probable strike of the beds under the Greenstone in Sec.
29, T. 58, R. 27, is about N. 65°-67° W. We may therefore safely
assume for the Greenstone itself a strike of N. 67° W. What dips
prevail in the beds between the lowest conglomerate in Sec. 22 and
the Greenstone, is not known, but if we take the average (27°)
between the extreme observations (23° and 31°; see preceding pages)
and multiply the horizontal distance, 7200 feet (including that
across the Greenstone), by the sine of the dip (0.454), we find the
hypothetical thickness for the beds next above the Greenstone to
be 3270 feet. The thickness of the beds between these and the
Great conglomerate can be measured with a near ‘approach to

* See Chap. IV.
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accuracy. Scaled from the map (Pl. IV) they are 3353 feet wide or
(x £in 23° = 0.39) 1308 feet thick. The thickness of the Great con-
glomerate (Pl IV; Great and Middle conglomerates and Lower
Lake Shore trap), computed in like manner, is (4594 x sin 23° ==0.39)
1792 feet; that of the (Upper) Lake Shore trap. (2724 x sin 23° == 0.39)
1062 feet. '

In the preceding paragraph I have included within the Great
conglomerate formation a number of melaphyre beds grouped by
Irvihg with the Lake Shore trap, together with a thick bed of con-
glomerate that overlies them and separates them from the higher
beds of the same group.® This was temporarily necessary for
comparison’s sake, for between the end of Keweenaw Point and
Eagle River no distinction has ever been made between the Great
conglomerate and the bed just mentioned, which I take to be the
same bed that lies between Copper Harbor and Lake Fanny Hooe.
Both have been regarded and mapped by previous geologists as the
Great conglomerate, and Marvine's measurements at Eagle River,
were made on this assumption. This higher conglomerate bed I
have called the Middie conglomerate, as will be explained later.

At Copper Harbor the Lake Shore trap, within the limits and
with the dip (35°) usually ascribed to it, is about 1100 feet thick.
and the Great conglomerate (embracing the limits heretofore as-
signed to it at that point), with the same dip, must be upwards of
2500 feet thick—mnot far from its calculated thickness at Eagle
River and other intervening points.

Tabulating the above figures on the basis of the foregoing corre-
lation, we have the following:

. |
End of Keweenaw Point. Copper Harbor. | Hagle River.
Dip. Thickness. Dip. Thickness. Thickness.
L.ake Shore trap. .
(Upper) 23° 1062 85° +1100 Not exposed.
Great congl (in- ‘
cluding Middie 230 1792 35° 2500+ +2200%
congl. and L.
S. trap.)
Beds between 290 ]
foot of Great 23 180 4120
congl. and foot o0 32709
of Greenstone.
Totals. 6370 ’ 46320 °

* Loc. c¢il., map, PL. XVIL
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From these figures we thus find the total thickness of that part
of our column at the end of Keweenaw Point, between the top of
the Great conglomerate as above determined, and the bottom of
the Greenstone, to be 6370 feet, which is practically the same as
the thickness of the same zone at Eagle River, as determined by
Marvine,  But, inasmuch as the Great conglomerate, as above
delimited.® is  Dbetween 400 and 700 feet thinner at the
end of Keweenaw TPoint than at either of the other points
mentioned, the zone below it to the bottom of the Green-
stone, on our assumed dip of 27°, must therefore be almost as
many hundred feet thicker there than elsewhere. We are thus
assured that unless the latter zone is in reality much thicker

at the end of Keweenaw Point than further west, for which there

is no evidence, the assamed dip of 27° for that zone is if anything
too steep, and that the flat dips noticed at the end of the Point
probably extend nearly if not quite as far down as the Greenstone.
Thus we are enabled to assume, with a strong degree of probability,
that the dips are similarly disposed in the overlying beds both
east and west of the Bare Hill core, and that if the average dip for
the zome under the Great conglomerate be in reality less than
assunmed (27°) the thickness of that zone is in fact less than as
above computed.

On reference to the map, Plate IV, it will be seen that in the
Schlatter Lake area at the extremity of Keweenaw Point, within
the zone hitherto known as the Lake Shore trap, there is a con-
glomerate which I have designated as the Middle conglomerate.
On old maps this bed is represented as rapidly wedging out on the
west, but the same mapsj mark a conglomerate in similar position
south of Eaglev River. The interval between this bed and the Great
conglomerate at points still further south is indicated by a well
marked depression. Beginning near the end of Keweenaw Point
one ean follow westward a similar depression, even more marked,
between conglomerate ridges that, as above stated, have heretofore
been considered parts of the Great conglomerate. This is the valley
down into which the county road to Copper Harbor descends just
before reaching the viliage of that name, and is the same depression

* 1, e., including the Lower Lake Shore trap and the Middle conglomerate.
1 Stevens, Hill and Williams’s, and Irving’s.
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in which lie lakes Fanny Hooe, Upson and Bailey. Were not this
topographic feature so striking, the relations of the conglomerate
and trap beds at the end of the Point might alone suggest a trap
horizon along this depression, but the inference becomes a certainty
by the observation by Messrs. R. T. Mason and C. F. Moore of a bed
or beds of melaphyre in the deep valley just west of Copper Harbor.
The outcrops of melaphyre seen here at distances a mile apart, east
and west, are near the southern base of the north conglomerate
ridge—“Brockway’s Nose”’—and undoubtedly mark the continu-
ation of similarly placed beds observed at the end of the Point.
The “Middle” conglomerate is then the same as the bed mnorth of
Lake Fanny Hooe, and the Lower Lake Shore trap under this lake,
from its more feeble resistance to erosicn, has been degraded more
rapidly than the overlying and underlying conglomerates.

Under the waters of Lake Superior opposite Eagle River there
is a reef which by general consent is held to be trap. I have met
with no statement by any one that has actually seen a sample from
this reef, and if the latter should prove not to be trap, it would in
that case probably be the continuation of the Middle conglomerate.

For the apparent rapid decrease in thickness of the Great con-
glomerate castward from Copper Hurbor—some 400 to 700 feet in 7
miles—two explanations are possible, either (1) that when the con-
glomerate first began to form, the land where the end of Keweenaw
Point now is was not submerged, or, (2) that the conglomerate as
it goes east recedes frowm the old shore line against which it was
laid down, and from which it has since been eroded. It is only
necessary to bear in mind, as already pointed out, that in general
a conglomerate is thicker near the shore (but not of necessity imme-
diately next to it) from which it derives its material, and grows
thinner towards deeper water, where it may also gradually change
into sediment of a finer character. If, therefore, we find a heavy
conglomerate outcrop preserving the same thickness for miles, we
may assume that the line of outcrop is substantially parallel to the
original shore line on which the conglomerate was formed, but if
the outecrop over long distances shows a regular and progressive
decrease in thickness, we may assume that in following it we may

possibly be going from the original shore line towards the deeper
9




66 KEWEENAW IPOINT

parts of the original basin. Under this assumption, were the
eroded edges of the Great conglomerate and its underlying beds
restored, we should probably see the former increased to its normal
thickness, and much nearer the east flank of the Greenstone range,
thus restoring also, in a measure, the eroded symmetry of the Bare
Hill complex. Such a thickening of the conglomerate might be
assumed without increasing the total thickness of the combined
formations, for we have seen that the calculated thickness of the

underlying zone may have been too great by the assumption of too -

steep a dip.

Trom the above considerations we have an alternative hypothesis.
(1) that an intrusion near DBare Hill may have lifted the later
of the Keweenawan strata and bowed them, or, (2) that some of these
strata may have been laid down more or less symmetrically around
a pre-existing eminence at that point.

§ 10. Bohemia conglomerate west of Mt, Houghton.

West of Mt. Houghton the Dohemia conglomerate, as previ-
ously noted, is first seen in an outcrop at about 697 paces
N.. 1076 paces W. See. 23, T. 58, R. 29, about 190 paces
north of the brecciated zone that marks the boundary between
the Mt. Houghton felsite and the underlying porphyrite. Im-
mediately underlying the conglomerate here is the coarse grained
melaphyre belt, which is thus seen to have increased in thick-
ness from the cast.  Along the west line of Sees. 22 and 27,
north of Paddy pond in the same township, both the conglomerate
and the underlying doleritic rock are still thicker, the former being
apparently 80 paces wide, and the latter about 200 paces wide, but
consisting of two beds; the upper coarse grained, and the Iower a
basic porphyrite resembling fragments in the breccia further east.
Under the latter porphyrite and separated from it by a thin layer of
conglomeratic material, is the porphyrite that we have followed
from the Little Montreal River. This bed here is about 100 paces
wide. A north and south fault may run along the stream that
empties into Paddy pond from the north, throwing the west side
slightly north. The felsite porphyrite does not appear to occur
here. In fact, from here westward this felsife porphyrite, or a
similar rock, is seen only in the neighborhood of Gratiot bluff.
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The doleritic belt under the Bohemia conglomerate continues to
increase in width westward, being 300 paces wide in Secs. 27 and
34, T. 58, R. 30, north of Gratiot bluff. In the next section west,
Sec. 33, the conglomerate is seen in low ground at 738 paces N.,
925 paces W. The underlying doleritic belt is here about 330 paces
wide, underlain by the porphyrite, and at 580 paces N., 1925 paces
W., in Sec. 31, T. 58, R. 30, seems to have developed into or to be
replaced by a coarse ophite. Careful search along the limits of
this bed failed to disclose further outerops of the conglomerate,
and the fact that the latter was growing narrower where last seen
and the underlying doleritic belt wider, makes the conclusion prob-
able or at least plausible, that the conglomerate has wedged out
along the flanks of the massive ophite, which in this area probably
rose above the sea in which the conglomerate was laid down, turn-
ing the course of the conglomerate northward, where its edge prob-
ably lies concealed below the surface under overlapping beds. That
this explanation probably accounts for the disappearance of the
conglomerate at the surface is strengthened by the analogy of the
Kearsarge conglomerate, as will appear more fully when we come
to speak of the Central mine, two miles to the northwest.

The beds of the Bohemia belt immediately under the last named
ophite are easily traceable southwest into Sec. 9, T. 57, R. 31, where
they still form the crest of the Bohemian Range, which here appears
to reach its highest elevation, some 900 feet above Lake Superior.
The ridge falls away rapidly from here southwest and merges into
a more or less drift-covered plateau. Between the above point and
Sec. 30, T. 56, R. 32, nine miles south and eight miles west, probably
on account of the heavy drift-covering, no beds other than a con-
glomerate have been noticed by the Survey that appear to be the
continuation of the great Bohemia belt. In Sec. 30, T. 56, R. 32, there
come to the surface acid rocks which if not the counterpart of those
of the Bohemian Range, seem at least to mark the same horizon.
These rocks will be referred to later.

§ 11. Lac la Belle conglomerate.

In the diagram of Bare Hill (P1. V) the conglomerate cut off by
the felsite at the southwest is only about 8 paces wide and is
made up largely of rounded pebbles of medium acid and of basic
rocks. As already noted, it dips about 80° to the north and strikes




68 KEWEENAW DPOLNT

about N. 757 E. About half a mile west. in the adjoining See. 30,
two similar conglomerates are exposed in the face of the vertical
shore cliff, the npper one being here only about 24 feet thick and
separated from the lower, which is thicker, by a bed 10 to 12 paces
wide (about 25 feet thick) of melaphyre so chloritic and slickensided
as to be almost unrecognizable as such. The latter also contains
numerons seams of epidote. These beds dip at 697 to 71 * N. and
strike N. 84° K., i. e., directly towards the conglomerate at Bare
Hill, last above mentioned. Further west in the bed of the brook
that flows through the west part of the same section, the same beds
are again exposed, the upper conglomerate bheing from 3 to 5 feet
wide, the melaphyre below it 20 feet wide, and containing seams
of epidote nearly a foot wide. The foot of the lower conglomerate
is not exposed. In the eliff on the west line of the same section
the same beds oceur again.  These conglomerate beds are cut out
aboul T0 paces west of the point last above mentioned, by acid
rocks.* but seem to appear again 250 paces further west. The
several conglomerate outerops above traced are all in the line of
strike with two similar conglomerates further west in Sce. 25, T. 58,
R. 29, where they form the face of a clifi at least 120 feet high, that
almost overhangs the water of Béte Grise Bay. Going west from
the bay, towards Lac la Belle, on the road that skirts the terrace
(110 (?) feethigh), we find traces of conglomerates in the same general
horizon in several streams that flow south. They are well exposed
along the south side of M{. Bohemia, on the terrace 110 feet above
lake level. At the Lac la Belle stamp mill two conglomerate beds
occur, here thicker than those further cast, with an interbedded
melaphyre, their character and mode of occurrence being such as to
leave little doubl in one’s mind that they are identical with the
conglomerate horizon just traced from Bare Iill. Betwcen these
extreme points the conglomerates are everywhere overlain by the
ophite, which is known to be quite thick. being on the west line
of Sec. 30, T. 58& R. 29, probably not less than 350 paces wide.
From Lac la Belle westward no outcrops of conglomerate were
found, until in Rec. 20, T. 57, R. 31, where at 650 paces N., 350 paces
W. and at 290 paces N., 990 paces W., ill exposed conglomerates
- occur, which may be a continuation of one or both of the Lac la

* See p. B2
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Belle beds. TUnless cut out, these beds probably run under the
waters of Gratiot Lake.

On the cast side of Bare Hill we have scen what may be the lower
of these two beds, in a fanlted position. Further cast, near the Little
Montreal River, a conglomerate near the top of the low cliff back of
the shore may also be the eastward continuation of this belt, but
in this case, since this bed is horizontally much nearer the Bohemia
conglomerate than at Bare Hill, the dips north of the latter wonld
have to be flatter than those at the Little Montreal River. Another
thin bed of pebble conglomerate is also exposed on the east end of
the small bay between the mouth of the river and Fish Cove. (See
Pl IV /

§ 12. Other conglomerates south of the Bohemia conglomerate.

The map of Stevens, Hill and Williams and other old maps mark
a higher or younger conglomerate that runs west from DBare Hill,
through the centers of Secs. 30, 25, 26, 27 and 28, and wedging out
east of Mt. Bohemia. No such bed was noticed by the Survey. A
large block of conglomerate near the bed of the brook about 1075
paces N., 400 paces W. in Sec. 27, . 58. R. 29, may have been taken
to indicate the positien of a conglomerate bed here, but this block
is not in place.

On the point on the lake shore southwest of Bare Hill, Sec. 29, T.
58, R. 28, there is rather a wide bed or rather group of immense
fragments of a rather basic conglomerate carrying very few dis-
tinctly rounded pebbles, but looking like a shattered and sheared
melaphyre, much like a part of the Lac la Belle conglomerate north
of the Lac la Belle stammp mill. It dips north. Below it on the
east side of the point are several large blocks of a regular pebble
conglomerate lying in the water. They dip steeply to the north. They
may have been disturbed somewhat or detached, but are approxi-
mately in line southwest and northeast. The line runs on the east
into the wall of rock on the shore behind some melaphyres that
show a S]ippiﬁg nearly vertical towards the lake. It probably doces
not reappear immediately east of this point, for broken masses of
the shore felsite (p. 47) come down to the water’s edge at the east
end of the shore c¢liff and appear to rest on melaphyre upon which
they have fallen. Going west from this line of conglomerate masses,
on the south side of the ledge 30 or 40 paces out in the lake some
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conglomerate appears, like the melaphyre portion of the conglom-
erate bed above mentioned. The evidence seems to favor the con-
clusion either that these conglomerates belong to a different horizon
from the pair of conglomerates that run west along the shore cliff,
or, what seems more probable and has already been suggested, that
they are parts of the Lac la Belle conglomerate broken off and
faulted from the line of those beds nearer the top of the cliff.

It thus appears that in the areas heretofore considered we find
two horizons of well defined pebble conglomerates—from half a
mile to a mile apart on the surface,—between which a large number
of basic conglomerates occur. Associated with the lower horizon—
the Lac la Belle conglomerate—one small outcrop of quartz por-
phyry has been found, that may or may not be a flow interbedded
with the traps. Above this horizon the only acid rocks noted are
intrusive, until we come near the horizon of the Bohemia con-
glomerate, where the successive beds show greater acidity and
culminate in several outflows of felsite that furnished the material
for the thickest conglomerate known on Keweenaw Point below
the Great conglomerate.

§ 13. Stannard Rock.

That there is thus low down in the Keweenaw series a well char-
acterized horizon of acid rocks, original and secondary, in which the
former are extrusive, and that this horizon has a considerable
lateral extent is beyond question. That there is a similar horizon
near the top of the series in the Rockland district is also well known.
The occurrence of original acid rocks elsewhere in the series, rocks
that are now recognized as intrusive, leaves open the classification
of other acid rocks as extrusive or intrusive, according to the evi-
dence that may govern each case. When, therefore, Irving places
the felsite of Stannard Rock (a submerged reef in Lake Superior
about 29 miles southeast of Keweenaw Point) in the same “belt”
as Mt. Houghton, “or rather as belonging near the same general
horizon,”* this cannot be taken as conclusive evidence of the inter-
bedded nature of this rock. A contour sheet (Pl. VI), constructed
from Chart No. 2, Survey of the North and Northwestern Lakes,t
shows the configuration of the lake bottom southeast from the end

# Copper-bearing Rocks of L. S., p. 198
1 Issued by the War Department, Washington.
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of Keweenaw Point to Stannard Rock. The reef of which the latter
is the highest part appears as a steep north and south ridge about
eight miles long and from one to three miles wide, sharply separated
from Keweenaw Point by a valley some 400 feet deep and eight
miles broad. That this reef may represent an indepeﬁdent focus
of eruption, or perhaps the remains of a mountain around and over
which the Keewenaw lavas flowed, thus seems quite as probable
as that it once formed an integral part of the Mt. Houghton “belt”
or that it “‘marks for us the course of the Keweenaw Point Range,’’
with all that this statement implies.

§ 14. Rocks of Mt. Bohemia.

On the south face of Mt. Bohemia, above the Lac la Belle con-
glomerate, occur rocks described by Irving as syenite and gabbro
and which, so far as observed, are like no other rocks on Keweenaw
Point, but resemble many rocks found in place on the Minnesota
shore of Lake Superior. The relations of these rocks to the basic
flows of the Keweenaw series never have been fully determined;
even Irving leaves the matter in deubt, for he says of the augitic
syenites and orthoclase-gabbro:

The former of these two is seen on the upper part of the mountain and
its relation to the adjoining rocks was not satisfactorily made out, though
it seems more probable that it is intersecting. The other rock shows lower
down on the southeast side of the mountain and seems to constitute an
interstratified belt (not impossibly an intersecting mass).t

In company with Messrs. A. E. Seaman and W. T. Sutton, the
writer, in 1895, spent a day on Mt. Bohemia, tracing on the summit
and south face of the mountain the contact of Irving’s gabbro-syenite
aggregate, the perception of whose relations to the adjoining mela-
phyres was due to the keenness of Mr. Seaman. The strike of the
traps in this vicinity is probably conformable with that of the con-
glomerate at the south base of the mountain, i. e., slightly north
of east, although we had no opportunity to determine the former.
The combined gabbro and syenite are thus seen to cut the traps

# Irving, loc. ¢it., pp. 198, 414.
tLoc. cil., p. 184,
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nearly at right angles (Fig. 8). The relations of the two former
rocks to each other were not investigated. The augite syenite occurs
at the lowest part of the narrow neck, and possibly elsewhere. The
rocks at several places on each side of the contact are much altered,
and some of them contain a good deal of fibrous hornblende. The
conclusion might be drawn that the gabbro has been altered by con-
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Fic. 8.—Sketch map of the Mt. Bohemia area. Keweenaw Point.

tact with the massive ophite. The latter then would be the younger
rock, and if so, the gabbro-syenite complex would have formed a
peak around which the later flows of the Keweenaw series were laid
down. Examination of the contact rocks at different points, how-
ever, and a study of several thin sections under the microscope by
Dr. Lane, lead to the belief that it is the Keweenawan rocks that
have undergone the greatest alteration and that the so called
gabbro-syenite complex is a deep-seated intrusive in them. ™This, too,
may in turn have been intruded and altered.*

*Cf. Bayley, The Basic Massive Rocks of the L« 5 i ai "N p gy
Vol L 2o & p Fia 3 3 uke Superior Region. Journal of Geology
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The following notes by Dr. Lane are on the specimens from Mt.
Bohemia, Sec. 29, T. 38, R. 29.

S. 16920 from the Keweenawah outside the gabbro. 650 paces N.. 900 puces W., is an
illustration of a slightly altered melaphyre. The eye cannot recognize the feldspars any
more, and instead of the Hashing patches of ophitic augite are patches with a satin sheen.
The rock has become more uniform in color. Under the microscope the feldspar is seen
to be largely changed to sericite. probably mixed with carbonates, epidote and chlorite,
though enough is left to show that it was labradorite. The olivine is all gone, and a ten-
dency for idiomorphic magnetites to develop from it e¢an be traced. The augite proves to
be still largely present in patches 4 to 8 mm. across and more, but is changing to Dblue-
green hornblende and chlorite. This uralitic alteration of the ophite appears to be due to
the gabbro contact. (Rosenbusch iii, pp. 121, 265.)

In S. 16925, close to the consact with the gabbro, 18) paces N.. 700 paces W., the change
of the augite is complete but the original areas can be distinguished more or less, partly
by common orientation of the uralitic hornblende, ang--especially when the secondary
nornblende fibres sre sl random—by the relative scarcity and finer grain of the magnetite
within these patcehes—corresponding to the original scarcity and absence of olivine.

S. 17408, from near the north end of the gabbro tongue, and sections like it, are as much
altered as the above, bug lack the traces of ophitie texture. They have areas with no
hornblende and with finer magnetite, which appear to replace feldspar phenocrysts, and
are probably from melaphyres of the contact zone which were more decomposed or less
characteristic originally.

S. 16923, 450 paces N., 700 paces W.. differs from the foregoing in composition and in
texture. It is coarser. The texture is that of a plutonic rock. the interstices being filled
with clear quartz which occasionally shows traces of granophyric intergrowth with the
red-margined feldspar. The feldspar has lower refraction than the quartz. generally
it shows low extinction angles, oceurs in laths 1 to 2 mm. broad and 4 to 5 loug, and
is distinetly oligoclase. The hornblende is about equal in quantisy to the feldspar and in
equally large areas, generally with a uniform orientation, but more or less intermingled
with calcite and chlorite. Some of the hornblende is undoubtedly secondary, but waiving
the question whether vhere may not have been some primary hornblende the nature of
the feldspar and the character of the texture and relative proportions of the constituents
would lead me to class it with Rosenbuseh’'s diorites according to his third edition, pp.
241, 244. 1t is a type of Irving's orthoclase gabbro. It has nos at all the texture of an
effusive, but is plutonic in texture with a leaning toward dike texture, and is closely akin to
the salite diorite desecribed in the footnote to p. 257, of Part L

S. 16924, 160 paces N., 800 paces W., whichis a brick-red granular rock with a few green
specks, is an aplitic facies of 16923, that is, the ferro-magnesian constituents are almost
gone. The beavily red clouded idiomorphic oligoclase laths (5% + Ab) are smaller, 0.1--0.3
mm., and shorter. The quartz is in even smaller granules but shows the aplitic tendency
to idiomorphi~m. Rectangular sections with diagonal extinctions are abundant, but we
have also traces of granophyriec intergrowth with guartz There are rare altered
phenocrysts which may have been pyroxene, This is a dioritic aplite. It is the same type
of rock as the red rock of the Duluth gabbro, i e, U. 8. Grant's soda granite, Irving's
augite syenite and grauitell, and by increase in granophyric character (micro-pegmatite)
would become the granophyrite which occurs so abundantly in the Keweenawan con-
glomerates, e. g., 1n S. 16933, from the base of Mt. Bohemia.

10




CHAPTER 1V.

OTHER OCCURRENCES OF ACID ROCKS.

§ 1. Curvature of the Greenstone at Eagle River gap.

From the area north of Bare Hill, last under consideration, the
course of the Greenstone lies about 8. 80° W. for upwards of 15
miles, to a point near Eagle River gap, where it curves rapidly to
the south, and after describing to the west another slight curve
whose crest is near the Allouez location, it runs, no one knows how
far, in a direction varying little from 8. 33° W.

The Greenstone belt at Eagle River is upwards of a thousand
feet thick. At Allouez gap it is very much thinner and eroded
down to within about 225 feet of lake level. Between Allouez (Sec.
31, T. 57, R. 32) and Calumet (Sec. 13, T. 56, R. 33) it is again marked
by a ridge, less in contrast, however, with the adjoining areas than
further north, and in the shafts of the Tamarack, and Calumet and
Hecla mines it appears to be from 190 to 277 feet thick. At the
Franklin Junior mine, Sec. 8, T. 55, R. 33, there is no belt above the
Allouez conglomerate recognizable by its thickness as the Green-
stone, the ophite next under that conglomerate there having, on
the contrary, attained to a thickness of about 134 feet.* On Isle
Royale it appears to be thicker at the east end than at the west end
of the island. Whether regarded as a single bed} or as a group of
gseveral beds, it thus evidently filled a north and south depression
between a point or points near Eagle River and the North Shore,
overflowing on the southwest into another narrower and shallower

*See Plate IX.

+Dr. Lane, after personal examination of the Greenstone at Eagle River gap, believes
that it consists of a series of flows that followed one another in such rapid succession as to
constitute practically & single bed—a point on which at present I have no opinion to offer.

See this volume, Part I, p. 75
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channel. The crest in the Allouez curve was therefore apparently
in existence prior to the Greenstone flow, for the bed at the Allouez
resembles the hanging of the Greenstone further north.

The course of the Greenstone from the Bare Hill area west and
southwest as far as Eagle River gap is in accord although not
strictly parallel with that of the Bohemian Range, which we have
previously traced through Sec. 9, T. 57, R. 31. No intrusive rock
masses have been noticed that would account for the curvature of
the two ranges at and opposite Eagle River gap, and the structure
here may, perhaps, be explained by some other hypothesis—a sub-
ject that may best be taken up later.

§ 2. The Allouez curve.

In a reference previously made to the gap near the Allouez mine
I have said that the gap marks the souttern termination of the
Greenstone and Bohemian ranges, and their separation from the
broad plateau-like area that extends south to Portage Lake and
beyond. This gap also marks the crest of a mass of quartz porphyry,
at the bottom of the Keweenaw series as exposed here, near the junc-
tion of the latter with the Eastern sandstone. The porphyry, first
observed in a small outcrop by Messrs. Seaman and Lane of the
Michigan Survey in 1889, was laid bare by the clearing of the land
in subsequent years, and is now seen to extend from near the south-
west corner of Sec. 4, T. 56, R. 32, diagonally half way across the
section, and to be at least 300 paces wide (P’l. VII). The rock is
light gray, and where weathered, white. It contains small scattered
phenochrysts of light colored feldspar and corroded grains and
dihexahedra of quartz in a fine grained groundmass dotted with
minute dark colored inclusions (S. 17525).

For some distance south of the Allouez mine the positions and
curves of the principal beds between the Allouez conglomerate and
the Kearsarge amygdaloid have been accurately determined from
surface outerops and by pits and mine shafts. At Calumet, in Secs.
13 and 23.T. 56, R. 33, these beds maintain an almost parallel course,
about N. 33° K., and a northwesterly dip which at the surface varies
from about 38° on the Calumet conglomerate at the north end of the
Calumet and Hecla mine to 39° on the Allouez conglomerate at the
Allouez mine. (See note, page 117.) Taking up these beds in order
we see, what has already been stated, that the highest conglomerate,
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the Allouez, describes a curve convex towards the west, across the
Allouez gap (Sec. 31, T. 57, R. 32). As marked on the map (P1. VII)
this curve appears slightly more accentuated than it really is, owing
to the lower altitude of the gap.* In See. 29, T. 57, R. 32, the strike is
about N. 39° E., the dip not measurable with certainty but probably
flatter than at the Allouez mine, from which point it probably
decreases as we gonorth. At Eagle River gap it is probably between
26° and 27°.%

Omitting the Calumet and the Houghton conglomerates, which are
supposed to be in almost strict conformity with the Allouez con-
glomerate but which have not been found immediately north of the
area nnder discussion, unless it be on the Seneca location, we come to
the Kearsarge conglomerate. This bed is exposed at the surface on
the Kearsarge location, north of the latter in several pits east of the
railroad, and at the Ahmeek location, near the east quarter-post of
Sec. 32, T. 57, R. 82, At the last named point the strike is about
N. 45°-50° L. Thc'dip measured on the shaft stringers is 444° NOWWV,,
these figures being only one-half degree less than the dip as de-
termined by the relation of width (75 ft.) to thickness (32 ft)i In
any event the convexity of the curve of this conglomerate appears
to be greater than that of the higher lving Allouez conglomerate.
On the banging of the former bed at the Ahmeek there is a layver of
flucean, which, according to Capt. J.7C. Hodgson is two feet thick,
with the next three feet cupriferous.

The Kearsarge amygdaloid, the bed worked at the Kearsarge and
Wolverine mines in Sees. 6 and 7, T. 585, R. 32, is at these mines about
1250 feet horizontally southeasterly from the Kearsarge conglomer-
ate, measured at vight angles to the strike. In the Kearsarge mine,
according to R. M. Kdwards, Mining Engineer of the Tamarack Min-
ing Company, the strike of this bed as the latter is tollowed north
curves 5° to the east in the drifts of the mine. Outerops of the foot-
wall of this bed are well exposed in Sec. 27, T. 57, R. 32, on the
Fultonlocation, where the Kearsarge amygdaloid has been uncovered
by several pits near the southwest corner of the section (P1. VII),

- and hag been shown to be enpriferous§. The footwall rock is a thick

#Probably more than 200 feet.

+The dip of the *slide’” or Allouez conglomerate at the Cliff mine according to Hulbert
and Lum (1857) is 24°, according to P. H. Updegraff (1870) between 24° and 25°. The CIliff
mine is about two miles south of Eagle River gap.

fCapt. J. C. Hodgson. This dip seems abnormally steep for this point.

§ This property is now known as the Mohawk mine,
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bed of ophite characterized by large phenocrysts of labradorite.
According to the location of these outcrops the bed is found here to
be curving rapidly to the west as it is followed south.

Underlying the Wolverine ophite is a bed of Sandstone mapped
by Marvine and Ladd,* and also mentioned by Rominger.y Accord-
ing to Capt. Hodgson this bed, 265 feet east of the Kearsarge amyg-
daloid, is an altered conglomerate, chiefly of dark colored sandstone,
40 feet wide, with 2 feet of fluccan on the footwall. So far as known
to the writer. no outcrops of this sandstone have been noted else-
where in this immediate area. Tt may correspond to Marvine’s con-
elomerate No. 9 exposed (?) near Portage Lake. It may at other
points be an amygdaloid conglomerate. A large boulder of such a
conglomerate lies by the roadside in the hollow east of the line of
the bed in See. 7, T. 56, R. 32.

East of the Wolverine mine (about 950 paces, measured cast on
the north lne of Secs. 7 and 8, 1. 56, R. 32), there is exposed for
several hundred paces in a low ridge an outcrop of a rather light
colored melaphyre containing nnmerous apparent inclusions, of
amvgdaloidal character, that carry caleite. This bed strongly resem-
bles the footwall of the Isle Royale cupriferous bed back of Hough-
ton, as well as another bed about 400 paces above it on the old
Huron locationd (Sec. 2, T. 54, . 34). With an average dip of 46°
for the intervening strata (which I am inclined to believe is too
steep), it is 1521 feet vertically below the Kearsarge amygdaloid—
a measurement that is some 700 feet less than the vertical distance
between the position of the supposed Keuarsarge amygdaloid at the
Franklin Junior and the Douglass-Arcadian (Isle Royale) bed east
of it.§  The same bed outcrops in two places about 15 paces apart on
the Fulton location, at about 375 paces north, 490 paces west, Sec.
27,T. 57, R. 32, (See ’l, VIL.) .Just beneath it here is a dark brown
crumbly ophite the lower part of which, or the next lower bed,
carries large amygdules of stellar quartz. Next above the bed with
inclusions is another dark brown decompos'od ophite. At the point
first indicated, east of the Wolverine mine, the light colored, “incin-
sion” bed strikes N. 38°-40° K. and dips N. W. about 50°—possibly

#Geol. Sur. Mieh., I. Atlas, PL XIX. No. 9. Gray slaty saudstone and fine red sandstone-
+1bid., V., Pt I, p. 118

+Other similar beds have been noted lower in the series, south of Portage Lake.

§See Chapter VI and Plate 1X
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less— and here, as at the Fulton location, is overlain and underlain
respectively by darker, brown colored ophites, that are crumbly
towards their hanging walls. The course of this bed as indicated by
the two sets of outcrops, shows a close conformity with the higher
beds previously described and must run very near—possibly to the
west of—the old workings of the Forsyth mine, near the south
quarter-post of Sec. 33, T. 57, R. 32. Benecath the “inclusion” bed
occur alternations of amygdaloids and very coarse grained or
doleritic melaphyres, well exposed on Sec. 4, T. 56, R. 32. They carry
more or less quartz in amygdules and show considerable epidote,

points of resemblance with beds above and beds below the Arcadian-

Isle Royale horizon at Portage Lake.

Atthe base of these beds we find a rather wide bed of a very tough
and very coarse grained basic rock that merges on the southeast
or footwall side into a coarse ophite, immediately beneath which—
between it and the quartz porphyry—is a conglomerate, exposed at
short intervals between the southeast corner of Sec. 5, T. 56, R. 32,
in Jow ground, and a point in Sec. 4, about 1125 paces north, 525
paces west, of the southeast corner. This bed strikes uniformly
about N.55° E. and dips N. W. 58°. At its most southerly exposure
in Sec. 5, however, the strike appears to be N. 50° E., and the dip
about N. W. 70°. In Sec. 35 in the next township north, a similar
conglomerate is exposed at 1425 paces north 1235 paces west in a
prominent knob, here underlain by a coarse grained melaphyre like
that under the Bohemia conglomerate further east. This outecrop,
it will be observed, is only slightly east of the direet line of apparent
strike of the conglomerate in Sec. 4, which is some 200 feet lower.
The latter bed is about 24 paces wide at its greatest exposure and
may be still wider, for there is a covered space of 100 to 150 paces
between it and the underlying porphyry. It carries rounded to
angular fragments—some as large as a man’s head—predominat-
ingly of acid rocks of felsitic or of porphyritic structure, quite dark
colored, containing phenocrysts of red feldspar and much like the
Praysville porphyry. There is very little matrix present at some
points, other than calcite; at other points the matrix is coarse. One
fragment of the felsitic kind showed spherulites.
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A. Identity of the St. Louis conglomerate with the conglomerate
of Sec. 4, T. 56, R. 32.

In the next section southwest, Sec. 8 T. 56, R. 32, the land
rises rather rapidly some 200 feet from the valley of the Trap
Rock River, whose west branch here flows southeast through the
northeast quarter of the section. Massive outerops, often in rounded
knobs, of rocks similar to the belt noticed in Sec. 4 above the
conglomerate, appear in a broad plateau which falls off to the
east abruptly in places, for three-fourths of the way south
through Sec. 8. On the edge of this plateau at about 750
paces N, 865 paces W. is a knob of very coarse grained rock,
which over small areas shows a distinetly ophitic structure.
This rock very closely resembles that of the nearest exposed
bed above the conglomerate in Sec. 4. Careful search failed
to find rock east of it where it is exposed in Sec. 8, except in a
line of pits that extend a hundred paces to the east, a heavy deposit
of drift material lying over them. Basic rocks had probably been
found in some of these pits. There are also indications that the
Eastern sandstone is probably in place near here, under the drift.
In Sec. 17, next south, however, at 1600 paces north, 1025 paces
west, in a ravine, a conglomerate bed is in place that closely resems-
bles the so called St. Louis conglomerate which has been traced
through Secs. 20, 19 and 30, southwesterly. An extensive group of
large fragments of the same conglomerate was found in Sec. 17,
about 900 paces N., 1325 paces W., which occurrence makes it fairly
-presumable that the course of the St. Louis conglomerate in this
section is slightly east of north, and that the St. Louis conglomerate
and the bed in Sec. 4 are one and the same bed. This conclusion is
rendered still more probable by the occurrence at 874 paces N., 134
paces W., Sec. 19, T. 56, R. 32, of a very coarse grained and ophitic
rock (Sp. 17538), like the bed immediately above the horizon of the
latter conglomerate, already twice described, once from Sec. 4 and
again from Sec. 8, T. 56, R. 32. Here this bed is exposed about 140
paces horizontally above the conglomerate; the dip is growing flat-
ter as we go south. Although the St. Louis conglomerate in Sec.
20 (Wall Ravine) and further south contains some pebbles that are
fairly large, most of its fragments are small and many are sub-
angular to very angular, much resembling a tuff, this being a very
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characteristic feature of this bed along bere and indicaling proxim-

ity to the bed or beds from which its material was derived. The
matrix is vather coarse and fairly abundant, and many of the peb-
bles resemble the porphyrite ui the Bohemian Range, being less
porphyritic than the Praysville porphyry. The rock, so far as peb-
bles and matrix are concerned. is firimly coberent, but is much

HLHON 9SS dIHSNMOL

jointed.

o In the appended diagram, Figure 8, are given the resuits of treneh-
E ing done under the superinfendence of Capt. J. C. Hodgson, o whose
IR kindness I am indebted for the sketeh from which the dingram was
o copied as well as for much other information. It shows the course
g:: of the beds at this point, and the ocenirence of sundstone and con-
L= glomerate higher in the series, but what is the nature of these beds,

I am not informed.
On Plate X1X, published with Vel 1, Geological Survey of Michi-
gan, a cross-section at the Wearsarge mine, by Marvine and Fadd,

vof

= shows three conglomerale beds and a bed of “jasper”’ east of the
Wolverine sandstone which are stated to have been scaled from a
= small map made by Capt. William Newcombe, The position of the
7 most easterly of these beds on the cross-section and itg identity
= are queried. The other beds (Nos. 4, 5 and ¢ of Marvine's Portage
< Lake conglomerates) are hovizontally 3508, 3208 and 2930 feet, re.
- gpectively, from the Wolverine sandstone and would fall within the
zone cccupied by the belt of coarse grained rocks above the horizon
= of the 5t. Louis conglomerate, but none of them has been seen by
S the present members of the Survey, and they do not appear, from the
W measurements above given, to correspond to the beds located by
oS Capt. Hodg‘son,
NS B, Relations of beds.
. . gf: Plate VII shows a horizontal seelion, approximately correct, of
o e on ‘5 = the beds above described. We gee at the bage of ihe section, arching
— E ° ° Z @ i over a mass of quartz porphyry, a conglomerate which dips 70°-58°
. B s s 5 and strikes from about due north on the south side of the arch to N.
<5 2 z 2 : 2 z i % 55° E. on the north side. Up to the hiorizon of the Greenstone each
= o g8 <7 successive bed on which observations were made shows a gradually
: A £ decreasing dip and perhaps less divergence in its sirikes, on the two
~ O sides of the arch. This divergence, however, is still quite marked
[~=%
11
@
&
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as far up as the Kearsarge conglomerate. That the dip of each
individual bed also flattens—to the north, at least—is probably
also true; the amount of decrease—if any—sonth for the higher beds
is comparatively small.

The above relations of the several beds make difficult any very
positive conclusion as 1o the canse of the rapid change of strike.
The porphyry may be introsive.  Pebbles from ihe overlying con-
glomerate resemble it, but (hey are not thought to be abundant
enough or scarce enough 1o serve as an argument either way. If
the porphyry is intrusive, it is probably older than the Greenstone,
if, as should scem natural, it was the cause of the ridge in the lower
strata that separates the {wo lateral extensions of the Greenstone
north and south of Allouez gap (p. 74). In this case we should ex-
pect to find in the immediate vicinity of the porphyry evidences of
disturbance in a faulting of the overlying beds. Only one such
fault® is known in the vicinity—the Sencea fauli—between the
Seneca location (Sec. 29, T. 57, R. 32) and Forsyth Hill and possibly
extending southeast of the latier. This fault, however, is supposed
also to cross the Greenstone, but cannoi have caused any marked
dislocation there. Little is known about it, but if it does cross the
formation and was caused by the intrusion of the porphyry, the
latter would then be younger than the Greenstone.

At the Allovez mine two fissures cross the formation, one of which
shows two or three feet of fluccan, but neither seems to be accom-
panied by any heave in the adjoining beds.

On the other hand, the curvature of the overlying beds is sueh that
they might have been laid down over the sloping sides of the
porphyry, and subsequently tilted, as discussed in the preceding
chapter. If reduced to lake level the curves of the different beds
would not appear as marked as in Plate V11, so that it is not in-
conceivable that the same or similar lava sheets may have flowed
over a flat conical projection of porphyry and arranged themselves
as we now sece these beds. There is apparently no flexure of the
overlying beds immediately south of the porphyry. As.above re-
marked, no contact is visible between the porphyry and the under-
lying conglomerate, but at Wall Ravine the St. Louis conglomerate,

#This fault—*vein "—is said to strike N. 22° W.
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near its kanging, is found in contact with a mass of decomposed
porphyry, and Capi. Hodgson found in the next section southwest of
Wall Ravine, 50 feet or more below the conglomerate, a bed of “white
clay,” evidently the Lkaolinized decomposition product of a por-
phyry.® If this is a product of slide-faulting, like much of the fine
material we find along the contact of the traps and Eastern sand-
stone, we may be right in refusing to assign to this porphyry an in-
trusive character. If it is older than the overlying beds, it may even
belong to an older series.

§ 3. Identity of the Bohemia and St. Louis conglomerates.

The beds from the Greenstone to the 8t. Louis conglomerate, as
we have just seen, disclose a more or less increasingly easterly
gtrike, towards the north across the Allonez gap. The Greenstone
and the Kearsarge amygdaloid on the Fulton location soon begin
to swing back, more towards the north. In an unpublished cross-
section of beds at the CHff mine, by F. Klepetko, we find three con-
glomerates approximately at the same distance from one another,
in which the Allouez, Calumet and Kearsarge conglomerates occur
between Calumet and the Allouez minet In other words, they
have followed the Greenstone in its curving back towards the north.
The same relative position of the above conglomerate beds is also
found to be true in the Central mine. It is thus a matter of fairly
strong inference, that the St. Louis conglomerate, in like manner
with the higher conglomerates, must swing to the north from its
last observed outcrop in Sec. 35, T. 57, R. 32, and that its course
must curve in harmony with theirs, passing west of the ophite that
caps the Bohemia belt, where the latter appears along the crest of the
Bohemian Range in Sec. 9 of the township next east. This conglomerate
bed may here wedge out or be overlapped by higher beds, as was
supposed to be the case with the DBohemia conglomerate further
northeast. It is thus apparent that the St. Louis conglomerate and
the Bohemia conglomerate must eventually approach the same
horizon. Their characters, their position with reference to other
horizong, and the absence of other conglomerates near each of them

*Between these two points there are trap rocks 200 paces in width below the conglom-
erate, but the porphyry may intervene.

+The Houghton conglomerate is not positively known to occur in the Calumet and
Tamarack mine shafts.
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in arcas where they ave separately exposed may justify us in the
conclusion that they are in all probability one and the same bed.

$ 4. Conglomerates exposcd in the Central mine.

The Central mine, in the south half of Fec. 23, T. 58, R. 51, close
under the Greenstone, is in a fissure vein that strikes N, 13° 077 W,
and hades vertically from the surface to the 8h level—uearly 700
feet. From the latter point the apparent bade® of the vein averages
about 7° 427 east, to the conglomerate bed found vear the bottom
of the mine, or including the vertical part of 1he vein its average ap-
parent hade from the svrface is 5° 274 .

TFour conglomerate beds are encountered in this mine at vertical
distances that correspond with the four conglomerntes next below
the Greenstone near the Allouer gayp.

it thus appears that the Jowest conglomerate is the Kearsarge,
with whose character at Calumet, on (he Kearsarge location and
at the Ahmeek location it here also agrees, except that its pebbles
show less porphyvritic feldspar. It is composed largely of pebbles
of varving size, of a bard brownish rock, in whose aphanitic ground-
mass there is much quartz in large graing or crystats. These peb-
bles lie in a cement of similar maferial, and near its footwall in
soveral places the texture of the rock is so fine as hardly to be vee
oenizable to the naked eve as conglomerate, but resembles rather
that of a bed of compact quartz porphyry. This may be due to a
crushing of large masses of the enclosed rock.  Similar phenomena
occur in conglomerate bed No. 7 (Marvine, Geell Bur, Mich, I, Atlag,
Tl XIVa) on the south side of Portage Lake, which, according fo
Capt. 4. €. odgson runs info a bed of “Jagper” on the novth side
of the lake.

§ 5. Tiattening of dips vertically.

On Pumpelly’s cross-section of the Central mine ([bid, P1. XXI1I)
the beds show a general decrease of dip from south fo north. Meas-
urements by the writer in the lowest levels of the mine, near the
Kearsarge conglomerate, show that the dip along the top of this
bed decreases, in a distance of 500 to 600 feel, from about 27° at the

ﬁ?l(f,fﬁurgd in a plane t,'nu_t cuts the p‘.':me of the vein at an angle of 8° 42', The hade
ggi e}'l‘lgli\(\ne?,?;??ﬂ;wom a vein, is i{s inclination from the vertical-—-the complement of tb o
X s ¢planation may seem superfluous, hut the two terms ade and di have
recently been used as synonymous, ’ ms. hade and dip, hiave

+See paper on “'The Relation of the Vein ¢ ) i e
B 2 > slat at the Centra 2 veenaw i
Kearsarge Conglomerate ", Proe, 1. S, Min, Inst. [£95, pralmine. Keweenuw Point. to the

KINGSTON CONGLOMERATE S5

sonth or higher end of the bed, to about 21° at the lowest part of
the bed exposed in the mine. It also appears that this conglomerate
bed is a mere seam of sandstone in the mine near the 27th level,
its thickness increasing gradually from that point downwards until
in the 32nd level—about 1300 feet on the slope—it is 57 feet. A
similar wedging out, it will be remembered, was suspected to occur
in the Bohemia conglomerate, southeast of this place. This differ-
ence of 6° in eurvature of the top of the conglomerate may be due to
the fact that we are here at therim of the basin in which the con-
glomerate was laid down. In those parts of such a basin that are
nearer its center, or farther from its rim, the dip of the conglomerate
probably represents its true niveau or relationship to other conglom-
erate horizons in the same series, more nearly than do parts of the
conglomerate near its margin, and in the present case the dip of 21°
eslablishes a flatter niveau for the lower beds of the serieg than for
overlying horizons which near the surface, in this area, both south
of the Greenstone and for a mile or more north of it, have a well
established dip of between 26° and 27°. This observation, so far as
it goes, is important. If it shonld be found to be generally ap-
plicable throughout the Keweenaw series, it would tend to negative
the assumption of a gradual differential subsidence of these parts of
the beds nearest the central parts of the Lake Superior basin, during
the formation of later overlying beds, for in the jatter case the lower
beds would dip more steeply than those parts of the higher ones,
that were originally vertically above the former, or if the sub-
sidence ook place by the simultanecus and cqual sinking of large
areas, the successive conglomerate beds, other things being equal,
would be perallel.  The velations actually observed ave, on the
contrary, quite in harmony (1) with the general effect of an uplifting ‘
agency acting on the south side of eweenaw Point, or (2) with the
deposition of beds on a gradually decreasing slope.

& 6. So ealled Kingston conglomerate.

‘Marvine records an outerop of a conglomerate 45 feet wide, 500
feet south of the center of Sec. 83, 1. 58, R. 31.% He recognized
the similarity of this bed in character to the Kearsarge conglomer-

=(teol, Sur. Mich . I, Pt IL p. 14 In Marvine's description the township is erroneously
printed as T. 57, and in Trving's the locasion is piven ax 3J0 paces south of the center
Of Sec 37, T 57, (Copper-Bearing Rocks of L. S.. p. 176},
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ate, further south, but on an assumed average dip of 28° between the
Greenstone and the point of exposure, 5870* feet horizontally, he
figured that this bed must lie 600-700 feet cast of the Kearsal‘gej He
says that if the dip were about 25° it would be the same bed as the
Kearsarge. Now, with a dip of 26°, the vertical distance between
the Greenstone and the “Kingston” is only 2373 feet, as against
2599 feet between the Greenstone and the Kearsarge in the Cén’rral
mine. At the Cliff mine, about 2% miles southwest, the Kearsarge
conglomerate is according to Klepetko 40 feet thick, and horizon’rél
and vertical measurements between beds there, made on Klepetko’s
cross-gsection, show that the assumed dip of the formation there is
less than 26°. As I have already noted, the dip of the “slide” under
the Greenstone at the Clff mine is about 24°.f Marvine says that
along a line between Eagle River village and the Phoenix mine,
near the Greenstone, the dips deerease, coming sonth,i i. e., towards
the Jower beds of the formation.

We have just seen that in the Central mine, less than three miles
northeast from the “Kingston” conglomerate, we find the Kearsarge
conglomerate showing, where thickest, a dip of 21°. From the fore-
going indications it is probable that Marvine, and Irving after him,
assumed too steep a dip for the strata opposile and east of Eagle
River gap, which resulted in making the estimates there too thick
and in confounding the Kearsarge conglomerate with a bed which
Marvine supposed lay east of it. I seems, therefore, no longer a
question of doubt, that the so called Kingston conglomerate is not
an independent bed, and as such must henceforth be dropped from
the list of conglomerates.

§ 7. TFaultin the Central mine.

The top of the Kearsarge conglomerate in the Central mine marks
the bottom of the so called east vein, where the latter has evidently
been faunlted to the east above the conglomerate. What was
formerly the downward continuation of this vein is found penetra-
ting upwards to the hanging of the conglomerate at a point farther
west which would make the amount of heave of the vein 284 feet.

*1rving makes the distance 4650 feet, but this must surely b o i
2 3 2 N s B e another typogra 3 3
tor he would have no motive to remeasure the distance. v ypographical error
+See foot note, p. 76,
T Loc. cit., p. 96
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The upper part of the formation west of the vein is also thrown
about 35 feet north.*

The top of the Kearsarge conglomerate is in places for three or
four feet down much decomposed, and altered to epidote, calcite and
prehnite—an alteration that seems to be more general at points
where there are numerous indications of fissuring and brecciation of
the conglomerate. Above this bed is generally found a layer of flue-
can, reddish clayey material, sometimes hard and compact, but
usually moist and soft, and in places containing small ellipsoidalf
forms as of pebbles, which also seem to be of similar decomposed
character to the clay that encloses them. Above this clayey ma-
terial is a bed of blacker breceiated material, very fine and chloritie
near the fluccan, but growing coarser towards its upper side where
it merges gradually into a bed of compact ophite. This breccia bed
is in many places 10 to 15 feet thick, and together with the faulting
of the vein is evidence that there has been a ‘shearing movement or
slide-faulting along the upper surface of the conglomerate. The
strike and dip of the conglomerate and the strike of the vein being
known, it is possible to compute the amount of sliding down the
conglomerate in the direction of greatest dip, necessary to produce
the given amount of heave of the vein. This is one of only two
cases,T so far as known to the writer, where the posssible amount of
sliding along beds of the Keweenaw series can be established, and in
view of the probable prevalence of this phenomenon throughout the
series, and ils intimate connection with the structure of Keweenaw
Point, a somewhat detailed discussion may not be out of place,
although it might more properly belong in a later chapter.

§ 8. Slide-faulting on the Kearsarge conglomerate.

#In the articie above referred to (p. 102). 1 thought from an inspection of the west level
that the ground west of the west vein had been faulted downwards, but later work by the
miners showed the rock west of the vein in the 30th level to be a porphyrite, like the bed
under the conglomerate. This would make the throw on this side up instead of down.

+This phenomenon is very common along slide-faults on Keweenaw Point, especially be-
tween the traps and the eastern sandstone. See discussion by N. H. Winchell, Geol. and
Nat. Hist, Sur., Minn., 23rd Ann. Rep,, p. 15

+The other case is that of the Armstrong vein at Kagle River, where Marvine computed
a fault of 150 feet. Geol. Sur. Mich., I, Pt. I[, p. 128 He does not give the data on which
his computation is based. .
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