CHAPTER VI.
MICA-SCHIST FORMATION.
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py a folding of the layers by which the incumbent youngest

«trata became wedged into a synclinal depression of the older.
The mica-schists of Michigamme Lake, according to this expo-
«ition, have their place in the middle horizon of the aremaceous
glate group, and their consideration as a separate group of beds,
vounger than the others, should have been entirely discarded,
but as the clear conception of the true position of these beds is
4 recently made progress which I made after this whole report
was nearly completely written out, I retained the adopted method
of communicating the recent results of the work of the Survey
under the form of supplementary notes to the preceding volume,
in each place the necessary rectifications instead of
of a radical change in the arrangemeit.
After these explanatory remarks, the further information I have
to give about the mica-schist group, in this and other regions,
might as well be here expounded separately, as to be patched
into the former chapter, comprising the arenaceous slate group,
where it actually would belong.

A very good exposiire of a descending section from the typical
¢ dark green colored

making
undergoing the labor

staurolite-bearing mica-schists down to th
ctinolitic schists analogous to those
superincumbent on the ore-bearing belt of the Magnetic mine
and likewise to those found largely displayed on the north side of
the Keystone mine, of which a description is given in the previous
report, occurs in T. 47, R. 30, Sec. 4. On an island in the south
part of Lake Michigamme, the mica-schists of gray color, with
silvery lustre, full of staurolite crystals, are largely exposed,
dipping under a high angle to the west. A short distance cast
of this island is another smaller one, perfectly denuded of soil,
formed of dark green colored biotite-schists, full of reddish colored
garnets from the size of a pin’s head to that of a hazel nut.
They dip westward in conformity with the beds of the first
island. Not over 200 feet east of this island is the main shore,
on which a conformable series of dark gray colored compact
quartzose mica-schists continues for the distance of about 200
steps transversely to them. The lower part of this series is a
breccia, consisting of a granular micaceo-actinolitic dark colored
in which numerous angular fragments of well
siliceous rock are imbedded.
ecen coarsely scaly

garnetiferous biotitic and a

groundmass,
laminated, banded, lighter colored,
Reneath the breccia follow dark blackish gr
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biotite schists, very much twisted and corrugated; they are
locally .crowded with reddish garnets; other times a Nlaruc
proportion of dark green hornblende prisms helps to comp(:g
them. Interlaminated between these biotite schists are bands of
well lTaminated, fine-grained siliccous substance. Portions of this
rock belt comsist of a crystalline hornblende rock of massiv‘c
appearance, but it is merely a more compact modification of the
t)ther sedimentary beds. A belt of this hornblende rock projecting
in cliffs on the shore line, is in the manner of an zunygdaloidzﬁ
rock, permeated with concretions of calespar, which on the exposed
Surifaces has been washed out and leaves them perforated with
cavities zmastomosing as the holes in the coarser kind of sponge.
' In the described locality a wide dyke of diabase is seen to
intersect the strata tramsversely. The exposures do not continue
further east into lower beds. A striking similarity exists between
the lower portion of the described rock series and the rocks
overlying the ore-bearing strata of the Magnetic mine; and not
less perfect is their resemblance to the rock complex composing
the hillslope on the north side of the Keystone mine. 1 umh—
sider them therefore as the representatives of the same geoloical
horizon. i )

On Devil’s Island, in the S. W. Y of Sec. 27, T. 48, R. 30, not
far off from the north shore of the lake, the mica-schists, which
there have a northern dip, are intersected by a large dyke of
coarsely crystalline diabase, which holds a considerable proportion
of olivine grains in its composition.

The strata exposed north of the island, on the main shore,
are graphite-schists and actinolite-schists, impregnated with a
good proportion of magnetite. These beds likewise dip north
and represent the lower portion of rock complex, which higher
up in the series incloses the limonitic ore deposits; it corresponds
with the strata exposed at the Champion furnace. At the
extreme east end of Michigamme Lake almost vertically erected,
v.ery‘ much corrugated, well laminated rock ledges crop out,
dipping to the mnorth, which, in their lithological character,
correspond with the mica-schists. The strata on the north side
of the railroad track at this place, belong to the lower series of
the Northampton mine rock-complex. The mica-schists in all
probability continue eastward past the Champion mine, occupying
the bottom of the valley, but are not exposed; the underlying series
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of the rock beds of which above a description is given, is traceable
on the southern row of hills, all along unto the Keystone mine,
where the group of beds is extensively exposed. The Jarge rock
bluffs in Sec. 4, T. 47, R. 29, on the south side of the railroad,
which I have previously described as well laminated compact
gritty rocks, consisting of a micaceous quartzose and feldspathic
groundmass, which generally contains also a wvood proportion of
carbonate of lime and in certain seams is crowded with green
hornblende erystals, in many respects resembles certain belts of
the mica~schists exposed on the islands in Michigamme Lake;
their stratigraphical position corresponds with that of the
mica-schists. Tracing these rock belts farther east, their litho-
logical character changes more and more, and the horizon of
the mica-schists is no more recognizable.

If T am correct in placing the slate-rock formation of Huron
Bay and mear I’Anse as the strata next succeeding below the
ore-bearing rock series of the Taylor mine, their position would
correspond  with the relative position of the mica-schists; the
difference in the material of the two groups, one consisting
prevailingly of gritty arenaccous material, the other more of
impalpably fine mud sediments, is not of so great importance as

to preclude their contemporaneous deposition under different local .

circumstances. The mica-schists seem to continue southward
along the course of the Michigamme River, as we find in its
lower course, five or six miles north from its entrance into the
Brule River, and from there down to the mouth, mica-schist to
be the prevailing surface rock. Along the lower course of the
adjoining Paint River the mica-schists likewise are the only
rocks seen in the exposures, and from the Michigamme down-
wards. almost to Badwater village, these same rocks are, except
some eruptive diorite masses, the exclusive surface rock splendidly
exposed in the river bed and in the hillsides bordering the river.
A good many miles northwest from the indicated localities, in
the vicinity of Crystal Falls, this same rock must be somewhere
at the surface, as I found at Crystal Falls in the drift a number of
large angular blocks of the mica-schists full of staurolite crystals.
A description of the rock outcrops, from Badwater village up
to the mouth of Michigamme River, I have given in the previous
report, on pages 204 to 207, likewise of the outcrops for about
a mile above in the Brule River.
11
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At present I will describe the continuation of the cross-section
the river makes through this formation, beginning at the mouth
of Paint River and following the Brule River downward to the
place which formed the end point of the previously described
part of the valley.

At the mouth of the Paint River, the valley is a narrow
gorge; the southern hills are eruptive diorite masses, against
which the strata of the mica-schist formation abut unconformably
with southern dip. Proceeding from here down stream, we
ascend into higher beds of the series, which amount to much
over one thousand feet of strata, until lower down the river a
broad eruptive diorite belt diagonally crosses it. On the other
side of this diorite belt, we have reached the above mentioned
end point of former examinations.

The lowest beds seen at the mouth of Paint River, are an
alternation of silvery shining minutely scaly mica-schists, partly
in smooth fissile beds, partly corrugated into small wrinkles and
also into larger plications with more compact gritty rock ledges,
composed of a fine-grained mixture of quartz granules with
grains of feldspar and with small brownish biotite scales. Most
of these beds are gray colored, but also red seams occur, in
which the feldspar grains (red orthoclase) prevail over the
(uartz grains.

This lower group of beds has a great thickness, as can be
observed by following the Paint River from its mouth upward,
where many hundred feet of strata are intersected by it, without
an essential difference in the character of the ledges in any
position, from one end of the exposures to the other.

The higher series exposed on the Brule River, below its union
with Paint River, consists of comparatively softer schistose layers
than the former; their composition is like that of the former rock,
a mixture of quartz and feldspar granules with biotite scales in
different proportions; if the mica prevails, they have a satin
lustre; by prevalence of the quartz and feldspar sand, they arc
dull gritty. The color of the first 300 or 400 feet of beds is
light grey, shading into greenish or reddish; in most of them

the feldspathic component is more or less completely changed
into kaolinite, and on exposure these beds soon disintegrate into
a shaly heap of rubbish.

Higher up in the series, the schists have a dark greenish steel-
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color, with considerable lustre; their color is due to the green color
of the biotite scales in the rock substance.

Here and there, at this horizon, layers of quartzite are found
interstratified. .

The succession of the dark, greenish colored beds is very large.
Some are cleaving like roofing slates, shining; others are dull,
carthy in appearance, olive-colored. With these are interlamma.ted
intcn;e]v red colored schists, by impregnation with hematite,
sonie of them impalpably fine and homogeneous in their mass,
others composed of coarse mica scales and kiL.()?iﬂiZQd fe]('isl')z}r
grains of white color, mingled with the hematitic and argillitic
fine-grained or gritty quartzose groundmiass. ' .

Farther down stream, greenish colored, less schistose, bulkier
rock beds, formed of a fine-grained mixture of feldspathic quartz-
ose and micaceous composition follow in the succession, and soon
after, this sedimentary series comes in contact with the befor.c
mentioned dioritic rock belt crossing the river. These last sedi-
mentary beds seem to be formed of the detrital material of the
diorite ~W]nich, on its surface, is much decomposed, and friable by
the pressure of the hand into crumbs. ‘

The schists, richly impregnated with hematite, have l?erc
attracted the attention of explorers and on both sides of t‘he river
their abandoned pits are seen. 'The explorations on the Wisconsin
side are known by the name of Ellwood mine, those on the
Michigan side were undertaken under the superintendence of Mr.
Bordman. ‘

No ore seam of any value was discovered in either of the two
localities.  Smaller pockets of compact limonite were foun.d accu-
mulated in the surface of these rotten diorite masses, joir%m.g the
schists, and in crevices of that rock, which evidently originated
from secondary infiltration of iron solutions at the time the- d.ec.'ay
and disintegration of the diorite had already begun. "I‘hc vicinity
of the Ellwood mine is interesting, as we find at this place t?lc
hefore mentioned mica-schist series, succeeded by younger schis-
tose deposits, interlaminated with banded, ferruginous quartz-
rock seams and belts of graphite-schists, which group of beds
corresponds with the lower strata of the Commonwealth mine, or
the Florence mine, and with the large group of rock beds d?nude'd
in the test-pits near Keyes Lake, which have been 'descr%bed in
the previous report. It is one of the rare instances in which the
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superposition of the Commonwealth group on the mica-schists is
clearly observable.

Quite large exposures of the mica-schist group occur in Sec. 27,
T. 42, R. 32, and in the whole southeast quarter of this township;
the greater part of the strata correspond with those exposed at
the mouth of Paint River; certain beds are crowded with stap-
rolite crystals and garnets and in the suceession a large helt of
a coarsely Dbrecciated rock is obser able, which incloses fine-
grained, red colored rock fragments, consisting principally of
orthoclase and quartz grains.

The strata in this locality are very much dislocated and dip in
different directions. North of the exposures, not much over half
a mile apart from them, project isolated hillocks of granite, and
a half a mile west of them, separated by a drift-covered space,
we find high bluffs of nearly vertically erected beds of the ferry-
ginous quartz-schists of the Commonwealth group, which, from
there, is the surface rock, without interruption onward to Chicagon
Lake and Iron River.

Another very large complex of schistose rock beds, resembling
to some extent the mica-schists of Michigamme, though mnot
strikingly, occur in a similar relative position in the Gogebic
district. The fine-grained groundmass of the schists in the Goge-
bic region is more of feldspathic than of quartzose nature, and
the mica in them rarely prevails so as to give them as bright a
lustre as those Michigamme schists have. They approach in
their character almost as near to the Huron Bay slate-rock
formation as to the typical form of schists on Michigamme Lake.

This schist formation which T observed principally near the
south end of Gogebic Lake, had been previously described by me
in connection with the magnetic actinolite-schists in Secs. 12 and
13, of T. 46, R. 42, which they conformably overlie, and needs
therefore no repetition.  The mica-schists in the Penokee region
described by the Wisconsin geologists  as staurolite-bearing, I
have not had occasion to examine; those at the south end of
Gogebic Take, T think, contain nothing of this mineral.

CHAPTER VIL

KEWEENAW GROUDP.
(A) GENERAL CONSIDERATIONS,

Turs immensely large succession of arenaceous zmd‘conglomcj.r-‘
atic sedimentary deposits, interstratified with cry.stalhne dlabz’mm
rock belts and with belts of porphyry, is p?cuhur to trhc I;Lke
Superior region, and as it composes the entire Kev&teendwd‘ enj
insula, this rock formation has been name'd after this 1§n spurj
otherwise it is also known as Copper-bearing 'group, as 1t‘ forms
the repository of an unusually great wealth in metallic L.opphe?.‘

The occurrence of large loose masses ().f copper, found in this
region on the surface, or in the bed .m‘ rwers., was ﬂ‘ll-L'dt? k?(;:-nj
by the earliest travelers who visited it, :md‘ sitice that tlli‘l't tls
r(.éported mineral wealth has a‘ttracted.co.nmderable ut_t(.zmlo?’ (T
this land of promise. Particularly within the last fifty years
the entire district has been searched over by explorers 4nd b};
geologists, and became well known in its general geologtxuxf
features by the descriptions of these men; .agre'at amvmfl% (()1
more special information has been added to it dzu.ly, .1‘)} actua
mining operations undertaken in all szr‘Fs o.f the district. -

Under these circumstances, the report 1 give ()‘f the gcol‘ogma

structure of this country, which I examined during the time of
two summer seasons, does not, and can not p1“etend to be the
result of original observations of myself'excluswely; the grea‘ter
part of it has to be a repetition of prev1ou51}‘r' well known facit:
But as by the miners constantly new discoveries are made, vvhlc1
have a bearing to elucidate points in geology, before mnot fully
understood, the collection of this additional knowledge, together
with the few advances in the conception of the najcural history
of this rock group, which I could make by my own e'h"orts, I hope
will do some good, at least in promoting information.
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At Montreal River,
Superior
vertical.

Aat, increases as we follow it castward.
where the formation comes up to the shore of ILake
and enters Michigan, the ledges of it stand almost
sastern  direction to the morth  part of

MThence, continued in
dip; the

Lake Gogebic, it gradually loses in steepness of its
belt widens here considerably, composing the very broken country
of the Porcupine Mountains. From Gogebic Take an uninter-
rupted belt of the formation. striking in northeast direction,
extends to the end of Keweenaw Point under the form of a
prominent ridge, following the shore at some distance, and after
crossing Portage Canal, occupying  the entire width of the
peninsula.

Another isolated range formed of the Keweenaw rock series,
%nown as the South Copper Range, starts from the southeast end
of Gogebic Lake and extends eastward for thirty miles. Farther
cast, in the valley of Sturgeon River, an outlier of the formation
the so called Silver Mountain. The intermediate

composes
he north and south ranges, drained by

depressed space betweett t
the west branch of Ontonagon River, and farther east by the
Sturgeon River, is superficially covered with drift masses, but
under the drift horizontal layers of Silurian sandstone seem to
The horizontal sandstones are, in many

cover the entire area.
abutting against the foot of the brisk

places, seen unconformably
Jdls of the north range of the Keweenaw group, which

rock we
ves on its south side, all along its extension from

present themsel
(Gogebic Lake to Portage Lake. West of Gogebic Lake the
Copper Range exhibits likewise brisk escarpements on its south
side, but there the different members of the Huronian series are
seen to underlie the Keweenaw group conformably, dipping north-
ward with the same inclinatiom.

The Huronian beds, in contact with the diabase belts of the
Copper series, are not always the same, once lower omnes, another
time higher ones, which proves an erosion of the Huronian layers
before they became covered with the diabasic overflows; but the
conformity of these beds likewise proves that the Huronian rocks
were, at the time, not much dislocated and that the upheaval of
the imcumbent and succumbent series must have occurred simul-
taneously at the end of the Keweenaw period. 'T'he obviously
greater disturbance and corrugation of the Huromian strata,

compared with the Keweenaw group, which latter is lifted in a
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It 1s also generally obsery

dip
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able that in examining cross-sections
through a large succession of strata on Keweenaw Point, the beds
much steeper inclined than those in
and these more than those on top of

in the lowest position are
the middle of the section,
the series,

(1) STRUCTURE OF PHE KIEWEEN AW GROUP - IN GENERAL,
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.\\'CSt from 107 to 12" or less.  The Keweenaw rocks cannot be seen
n contact with them, as a space of several miles is between
them, where no outecrop oceurs; all is deeply covered with drift
b}lt the first exposures we meet land-inward, are szmdst(mc;
dipping under an angle of about 25° or 30° in the same direction
as the sandstones on the shore; farther on, conglomerate beds
follow and finally diabasic belts, all in conformable succession.
.I_ICTC.Zl conformable succession of the strata in gradually diminish-
ing inclination could with propriety be supposed to fill the
interval, but we have no actual proof of it.

The equivalency of the eastern sandstones with the Potsdam
sandstone group of New York is proved by fossils found in the
upper layers of the series, east of Keweenaw, and south of it
in the Menominee region, where at the Breen mines and on th(:
west side of the Quinnesec mines, certain seams of the horizontal
sandrocks, overlying discordantly the iron-bearing series, are full
()f. lingula shells and fragments of dikelocephalus and other
primordial trilobite forms. The occurrence of the same fossils
in the sandstones of St. Croix River, which are the upper beds
of the western sandstone series, proves the identity of the eastern
and western sandstones. The Silurian age of these rocks,
formerly not generally accepted, is at present no more questioned,
also their position above the Keweenaw rocks is by none dis-
puted, except by Dr. M. E. Wadsworth, who asserts to have
observed the superposition of the Keweenaw rock group on the
astern sandstone, which specified localities shall be more espe-
cially considered hereafter. An open question is vet, whether the
Keweenaw group is a rock complex for itself, not comnnected
with the Potsdam group by an uninterrupted continuity in the
deposits, or whether it is only an carlier phase of the Potsdam
period, in which these rock beds formed.

The general character and the succession of strata in this
group in different parts of the T.ake Superior region, is found
described and illustrated by sections and maps in the reports of
Jackson and of Foster and Whitnevy.

Prof. Pumpelly, while engaged by the Michigan Geological
Survey for the examination of the Copper district, devoted his
“:()rk pr;{lmpall;: to' the examination of the Portage ILake and
E,a?gkj River districts, and published in the first volume of
Michigan reports a great many detailed cross-sections and maps,
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hased on the records of the explorations made by the different
mining  companies; partly also such sections, with  accurately
measured distances, were the work of his own and his assistants.
One of the largest of these, claborated by Mr. Marvine, is the
section from Eagle River to the Pheenix mine; it comprises a
succession of about 8,000 feet of strata.

Comparing these scctions made in different parts of Kewee-
naw Peninsula, it becomes obvious that certain beds identifiable
by peculiar lithological characters, were persistent for long
distances, and can serve as excellent landmarks for determination
of the geological horizon of a locality, but as important as this
is for general orientation, the widening and shrinking, and often
total climination of such belts, and the variations in the dip of
the strata, cause so great differences in the relative distances
from ote belt to another, in different, more remote localities, that
no scheme could be constructed guiding the miner reliably in his
calculations to find, by measurement, the approximate position
of certain beds he was looking for. Prof. Pumpelly attempted
to calculate the approximate widening or shrinking of such rock
belts in a certain direction, but, as could be expected, such cal-
culations are extremely uncertain. Within limited precincts,
however, environing a known, accurately measured cross-section,
the miners have, with satisfactory results, used these sections as
guides in their exploratory work.

The different mining companies, by continued exploration of
their property have, in the course of time, considerably increased
our knowledge of the structure of this rock formation, and daily
new additions are made to it.

Of particular interest is the cross-cut made by the Calumet and
Hecla Company. Starting from their productive conglomerate belt
at the ninth level, they drove a horizontal drift at right angles
with the trend of the formation to the boundaries of their
property, a distance of 2,468 feet.

A similar grand enterprise, nearly finished, is the vertical shaft
sunk on the Tamarack property, a half a mile west of the Cal-
umet mine, in the expectation to mect with the conglomerate
belt of the Calumet mine, which, if its dip remains as regular as
it is in the mine, is calculated to be struck in a depth approxi-
mating 2,400 feet from the surface. The depth of this shaft
was, on the 10th of July, 1884, 1,550 feet, and the work is
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vigorously pushed ahead.  After its completion we will have,
adding the drift in the Calumet mine to it, an uninterrupted
section a full mile in width. A special description of the strata
intersected by these two monuments of human mdustry, will 1

subsequently found on another page.
rI\ !

e

he series of rock beds succeeding cach other on Keweenaw
Peninsula, without any indication of a repetition of the strata
by folding, amounts to a surprising thickness, measuring by
miles, and cven single belts of the series, of sedimentary ()ﬁgiﬁ
and little differing in material or molecular structure thr-oughout
their whole thickness, are found to be a mile in width. Moreover
we see on Kewcenaw Peninsula neither the lowest beds of the
series exposed nor the highest; what we can see is not less tham
30,000 feet of strata; in other regions the thickness of the group
has been estimated by some geologists to be much grenter.r

On both sides of Portage Lake the sequeﬁce of strata is observ-
able for the distance of about three miles, transversely to their
strike, partly in natural exposures, partly denuded byvthe work
of miners and explorers. »

The strata on the two sides of the lake do not exactly corre-

spond; according to Prof. Pumpelly, the north side is sh(;\'e(i 720
feet farther west than it had to be to correspond with the south
side.  The dip of the rock beds is to the northwest, under an
angle of about 50° at Houghton; but further west, on Swede
Creek, the sandrock strata of this group dip under an angle as
low as 307, and 25° even.
. Proceeding from east to west, we find the lowest exposed beds
I a ravine on the property of the Isle Royal Mining Company
(T. 54, R. 33, See. 6, N. W. /), where an amygdaloid belt m'm:—
lain by a belt of conglomerate, both steeply upheaved, comes
in direct contact with horizontal ledges of Silurian sandstones,
of which the entire lower part of the hillslope is composed.

The discordant contact of the beds is plainly observable in the
bed of the little creek flowing through the ravine. From this
locality, beginning on the north side of the just mentioned con-
glomerate belt, the Isle Royal Company had, about fifteen years
ago, a row of trenches dug across the strike of the strata, thr:mgh
the whole width of their property, for the distance of almost a
mile. The record of these explorations furnished by Mr. Mabbs
to Prof. Pumpelly, was used by the latter in the construction of
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the cross-section published by him, which, commencing in this
place, was continued to embrace the entire succession of beds to
the Atlantic mine, a distance of over three miles.

At present, most of these trenches are filled with rubbish, so
that no occasion remains for re-examination of the details of the
cross-section in this place.

In the alternation of beds, eight different belts of conglomerate
oceur on the Isle Royale property, none of which is very wide.
The rocks intervening are dark: colored, compact or amygdaloid
diabases, differing some in various horizoms, in grain and shade
of color, but essentially they are only slight modifications formed
of the same material; some of them belong to the lustre-mottled
variety of diabases. ‘

The amygdaloidal belts among the diabasic rocks, which are
considered to be overflows of liquid lava streams, are no defined
particular belts, but represent the foamy, porous portions of such
lava streams, the cavities of which, by subsequent infiltration of
mineral solutions, became replenished, partially or completely.
The infiltrated contents of the amygdules are calcspar, quartz,
laumonite, epidote, prehnite, analcite, datolite, chlorite or delessite
and copper; sometimes only one of these minerals fills the cavity,
but usually two or three of them together, whereby often it can be
scent which of the minerals was first deposited and in which order
the others were deposited. The quartz is sometimes in clear
crystals; other times it forms a banded incrustation under the form
of agate or chalcedony. 'The chlorite, or probably delessite, is
likewise found under the form of an amorphous dark green mass,
with dull fracture like tallow, or in radiated crystal concretions;
this amorphous, soft, chlorite-like mineral is it which principally
fills out the irregular interstitial cavities occurring nearly in all
the compact masses of diabase, described by Pumpelly as pseudo-
amygdules. Tt is often difficult to decide whether these pseudo-
amygdules should be considered as secondary infiltrated substance
or whether they were an original constituent of the rock, per-
haps an alteration product of some other mineral which occupied
the same irregular interstitial space.

The main constituents of all the diabases of the Keweenaw
group are plagioclase and augite crystals, with addition of a
smaller or larger quantity of disseminated magnetite granules
and almost regularly of olivine. The plagioclase has often lost
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its transparency, and also the augite and the olivine are often
zl]jtered into a green turbid substance, or into a blood-red scaly
mlcace%)us, or other times dull earthy material. Other mincru];
ff)und‘ in the combination, of which epidote is very common, ur;*
likewise pzrram(»rphlc products of the original constituents or
secondary infiltrations.  The amygdaloidal seams of the diabase
belts, of which a great number were encountered in this secti(;n
across the Isle Royale property, most all carry some copper, but
<)r?]y a few of them proved rich enough to pay mining t]’wm
Likewise did occur various transverse fissure vei;m. charged witl;
copper. ore in the form of chalcocite and whitneyite; the ganguc
mass is quartz and calcite and siderite, but of these also n(ﬁu;
was worth mining.

(2) SOUTH SIDE OF PORTAGE LAKE.

’ljhe I:s]e Royale Company has at present suspended all work in
their mine. The same belt is running across the Grand Portage
property and the Huron Company property, in both of which
places the ore-bearing belt was mined long after the Iste Royale
had quitted, but lately also the Grand Portage mine stoﬁped
work and only the Huron mine goes omn, ostensibly with success.

On the Grand Portage mine another cupriferous seam, 200 feet
west of the Isle Royale seam, was mined together with the other.
The copper in these mines is not so often found in association
with the brownish red colored amygdaloid, filled with calespar
and laumonite, as in a pale greenish, dull earthy-looking rock
so'metimes compact and quite siliceous, other times i)()1'()us, %riztble’
mingled with calespar and milky quartz seams. The «rreate;
portion of the metal found is in coarser masses, so called bburrel—
work, and also the stamp rock contains it in coarser form, so
as to be washed without great loss. The width of the 1)(>r;i<m
of this amygdaloid belt, or vein, to use the popular expression,
which is taken out as the productive part, averages about
twenty feet, sometimes less, sometimes more.

Examining from the Grand Portage mine westward, the same
alternation of diabase belts, amygdaloidal and compact, with
conglomerate belts or respectively sandrock belts, continues

onward to the Atlantic mine, which is the mine situated farthest
west.
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According to the map of Prof. Pumpelly, between the Grand
Portage mine and the Atlantic fourteen conglomerate belts occur,
some of which are not over two or four feet wide, others twenty
or thirty and two from fifty to one hundred fect.

Within the just described space, between the Grand Portage and
Atlantic mine, a distance of two miles, a great many abandoned
exploring  pits and farther advanced mining enterprises are
observable, and in most of them, examination of the material
shows the presence of metallic copper, but the fact of their
abandonment is sufficient proof that the work did not pay. On
the road leading from Houghton to the Atlantic stamp mills, a
large portion of this rock series is found well exposed naturally,
or by cuts of the road, and by various old mining pits. Several
amygdaloidal belts attract attention there; one on the Montezuma
property, close to the west side of the large diabase belt crop-
ping out at the lime kiln or the bridge, about thirty feet wide,
superficially in decomposing  crumby condition, consists of
rounded and angular fragments of a purplish gray amygdaloid, its
cavities filled with calcspar, with zeolites and in part with epidote,
and of other fragments of pale green epidotic rock miasses, all
cemented into a breccia by an abundant light liver-colored
interstitial mass of silico-feldspathic composition of fine grain,
with smooth conchoidal fracture, which exhibits the lineated
banded structure of a sedimentary rock mass; it enters the super-
ficial cavities of the enclosed amygdaloid, in proof that these
cavities in the rock were not replenished with other minerals
at the time it became embedded in the cement.

On the west side of this brecciated belt follow for about 200
steps, compact, diabase ledges, with irregularly intermingled,
streaky seams of epidotic character, insensibly merging with the
dark colored diabase mass. Within this rock belt occur also
amygdaloidal seams, carrying copper and bright greenish yellow
cpidote crystals as filling-material of the amygdules.

Mr. P. Gottstein’s candle factory is established in the old exca-
vations made by the miners in these amygdaloid seams, which
were not found rich enough to continue the drifts further into
the hillside.

West of this diabase belt occurs another amygdaloid belt about
fifty feet wide. It has a dark, reddish brown color, full of unusu-
ally large, irregularly lobate and anastomosing cavities, filled
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with laumonite or with the amorphous porcelain-like form of

datolite, and is in a soft, crumby, decomposing condition, barren

of copper.

A hundred and fifty steps further west, old test-pits are next
to the roadside, in which a belt of similar brecciated rock masses
is denuded, as the belt above described on the Montezuma prop-
erty, but the rock is here fresh, undecayed and much harder; the
color of the cement mass is greenish gray, instead of liver-colored;
the laminated structure of the cement mass is very distinct.

Some distance further, in the bed of a creek which comes down
. from the Huron mine stamp mills, by the late disaster of the
rupture of the dam of the reservoir of the stamp mill, the soil
and rubbish were swept off clean from the hottom of this ravine,
which offers at present a splendid opportunity to observe the
irregular interposition of amygdaloidal breccia seams between
compact masses of diabasc. Both the diabase and the amygda-
loidal seams sometimes intermingle, by interposition of wedgelike
fragmental masses of one kind between the other. 'The amyg-
daloid breccia here has not the appearance of being the upper,
foamy portion of any of the exposed diabase overflows, but is a
shattered mass of a dark iron-colored, indurated mud, inclosing
boulders of amygdaloidal and epidotic rock, and recemented by a
network of seams filled with laumonite, more rarely with calcspar.
The sedimentary origin of these belts of breccia is positively
proved Dy the interlamination of regular sandstone beds between
the brecciated rock seams. Most of the amygdules of the boulders
in the breccia are also replenished by laumonite.

Among the diabase layers some have an amygdaloidal structure
and the rather large cavities in them are replenished with the
green, soft magnesian mineral, amorphous, steatite-like generally,
but sometimes mingled with radiated concretionary nodules of
delessite.

Between the creek and the Atlantic stamp mills, in four or
five different places exploratory work has been done in belts of
amygdaloid, interposed from time to time between rather coarsely
crystalline diabase belts, but they were not high enough in
copper to continue the mining.

Several conglomerate belts are also exposed within this space,
of which the one next to the brewery is the largest. They all
comsist of mostly quartzless, red colored porphyry pebbles, some
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Among the twenty-two conglomerate belts, observed between
the east end of the Isle Royale property and the Atlantic mine,
small impregnation with copper has been

in some of them a
e of any practical value for the

observed, but not enough to b
miner. But loose blocks of conglomerate have been found mingled
with the boulder drift, equally rich in copper with the best rock
of the Calumet mines. Whether these are carried from the north
or whether they are parts of a conglomerate belt hidden under
the drift in the vicinity has not been ascertained.  Southwest
of Houghton, on the cast slope of the so called ¢ Six-Mile™ hill,
by recent explorations, conducted under the supervision of Capt.
Ryan of the Hancock mine, an amygdaloid belt, richly charged
has been discovered and been traced for a

with mass copper,
copper is

of 800 fect in undiminished richness. The
- and epidotic fissure scams
network of branches;

a pound to more than

length
principally inclosed within sparry
intersecting the amygdaloid bhelt in a
besides the small masses of copper, from
nds in weight, the seams contain also a consider-
The amygdaloidal rock itself contains
color, quite hard and
calcspar, prehnite and
en feet in

a hundred pou
able amount of chalcocite.
only little copper; it is of brownish lilac
compact; the contents of its cavities are
datolite. In the upper portion of the belt, about sev

width, the most of the copper occurs, but also lower down,

within a space of 36 feet, enough copper is disseminated to be
worth mining. 'The hanging of the amygdaloid is a reddish
brown, compact diabase. Short distance south of the pits a
The shaft sunk in the mining locality

conglomerate belt occurs.
and on both

was at the time of my visit ninety-five fect deep,
Gides of it drifts are opened for the length of about twenty feet;
then the work was suspended, as it was only calculated to show
the value of the deposit, to bring the property into the market.
The relative position of this ore belt is calculated to be about
1,000 feet east of the Isle Royale belt. From Ryan's mine,
on the southern side of the Copper Range,
onward to Rockland, a great many old mining locations arc
found, many of them since years abandoned, others still working;
these will be considered subsequently in connection with the
ical structure of the Ontonagon district,

which 1s already

description of the geolog
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3. NORTH SIDE OF PORTAGE LAKH.
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mg the east half of the Islec Royale property, nothing di%chl)‘:
owing to the above mentioned heavy drift a;culﬁulati?m% spr:tzl

ove ' h SU f(LL , an [, p b
b i 1 o erlt 1 ex ’)1 ring ltS 1 tl
2 Ori1r 3
! ¢ Sur e 11 (1 1( t 1€ W QO é 1 1(lt

Commencing agai ami
g again, to examine from ecast to west, as we did

, In the supposed continuation of the epidotic amygdaloid belt of
(t)l;eﬂllselenR:{ahf min? we find the first foothold for comparison
ot orth side with the south side of the valley of the lake
The Douglass mine, the Concord mine and the Arcadian mine
h.ave been working in this belt on top of the plateau lands s
distance off from the brow of the hills, but since man \'(*)'mt‘
jche p]ac.cs have been abandoned. The amygdaloid in thtesi 131;1(1”S
is associated with compact and porous epidotic rock masses LL:
{n‘tlle Isle R«)j’zde mine, which are principally the reli()‘si;();;'
f(tl the copper in coarse hackly masses, also considerable anloun“f
of qu.ztrtz and calespar makes part of the metalliferous seams:
peculiar to these mines is the large amount of ﬂc%h—réd ‘ rdtllli157
fIlZLSE‘E, re'plenishing not only fissures in the Vrock\mas%e: b:‘;
it lll.qewme constitutes the filling material of the aﬁ; l’dul“
assoclated with the chlorite or delessite. S
West or northwest of this rock belt for the distance of nearly
a mile, no connected cross-section” is observable. By te%t—drit}‘
the occurrerice of four different conglomerate belts‘, ha; bicr:
ascertained between the Douglass mine and the Pewr'tbic‘ ines
Omne of these conglomerate belts is exposed on the pl;teaun;l];?.
'hundred stcps east of the tramway from the Franklin mine tvi
its stamp mill. A second one, known as the North Star ¢ (
glomerate, is denuded in test-pits of the North Sta£ MinLiOHI:
o
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Company, near the quarter-post, between Sees. 18 and 19, T.
55, R. 33. The third Dbelt is laid open in trenches dug by the
Pewabic Company, about 900 feet cast of the shafts of the mine,
which received the name of Houghton conglomerate, and 400
feet farther west a fourth conglomerate belt occurs, believed to
be a continuation of the belt mined at the Albany and Boston
location. This belt is connected by a drift with the Pewabic
mine, where from the seventy-fathom level of one of the main
shafts a cross-cut has been made to the conglomerate belt.

The strata intersected by this drift arc alternating scams of
compact and amygdaloidal diabasc.

None of the mentioned four conglomerate belts exceeds the
width of from thirty to forty feet; they carry a small amount
of copper, but not enough to be worth mining. The Franklin
mine, Quincy mine and Pewabic mine are all opened in the same
rock belt. Part of the copper is found disseminated through the
mass of a brownish dark colored amygdaloid belt, the upper
portion of which is the richest. Seven or eight feet next to the
massive diabase belt in the hanging are taken out, which, going
through the stamps, furnish about two per cent of washed
metal.

A large additional quantity of copper in these mines is obtained
in heavy masses, often many tons in weight, which are deposited
into crevices of the amygdaloidal belt in association with calc-
spar, epidote, quartz, prehnite, laumonite and sometimes with
porcelain-like datolite masses. The copper rarely occurs in
well formed crystals of its own form; it has gene cally shaped
itself after the interstices left between the other minerals inclos-
ing it, or it moulded itself into the form of one of these, which
happened to be removed by lixiviation. The dip of the strata
in the Quincy mine and the others adjoining it, varies between
fifty and fifty-five degrees to the northwest. The hanging of
these mines is formed by a wide belt of a dark colored compact,
middling coarsely crystalline diabase. Under the microscope its
components are found to be turbid plagioclase crystals, in inter-
mixture with brownish colored augite, and an abundance of

olivine grains in clusters, associated with magnetite, which latter,
by higher oxidation and infiltration into the neighboring parts,
tinges them purplish. Besides there are plenty of pseudo-
amygdules composed of an amorphous grass-green magnesian
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mineral, in ‘hic te 1
which  often  radiated  chlorite concereti
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a short distance fy
rt distance farther west, then succeeds a large belt of
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amygdaloidal  rock with unusvally large irregularly-shaped
anastomosing  cavities filled with chalcedonic and crystalline
quartz with porcelain-like datolite and delessite.  This belt is
much shattered and recemented into a breceia by quartz and
spar scams; 1t contains not enough copper to be of practical
value. 'The three mentioned conglomerate belts are likewise
cupriferous, but the amount contained is small.

The Atlantic mine and the Hancock mine are supposed to be
opened in the continuation of one and the same rock belt, and a
farther current supposition is, the identity of this belt with the
o called Ashbed in the Kagle River district.

There is much similarity in the lithological character of the
compared rock belts, but several other amygdaloids occupying
different horizons resemble them as much; it requires, therefore,
further proof to establish their identity.

On the west side of the above described amygdaloid, well
exposed on the track of the Calumet R. R., a few more
outcrops of diabasic rock belts are mnoticeable, but as in that
direction no mining pits are opened and deep drift deposits are
spread over the surface, 1 am igunorant of the succession of
strata for anm interval of mot quite half a mile, when again
exposures are found on the cast line of Sec. 28, T. 55, R. 34.
The first beds seen are very coarse-grained sandrocks of red
color interstratified with seams of conglomerate; they consist
principally of large grains of red feldspar and of a much
smaller proportion of quartz grains and water-worn granules of
diabase. Strike of the beds north-northeast; their dip northwest
under an angle of thirty degrees. Next succeeding this large
belt are fine-grained, gray colored, micaceous sandstones, splitting
in thin, even flags, which layers are exposed in a belt a quarter
of a mile wide, and retain, with little variation, the same
character from omne end of the section to the other. In the bed
of Swede Creek the upper part of this succession of sandrock beds
is finely exposed; west of this ravine all the land is covered
with drift and nothing is known of the underlying beds between
here and the western Portage Canal entry. This belt of gray,
micaceous sandstomes, is supposed to be an analogon of the
group of arenaceous beds largely displayed in the Omntonagon
district, and known under the name of Nomnesuch mine rock
ceries. It has been traced from Portage Lake northward to the
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v
i width,

mouth of Hill's Creek. Fast of it occur in this part two
. SRS ~ S A1 N 3 ‘ e
targe conglomerate belts, one of them over a mil .
- . . Q
which, if ¢ > 3 (
, 1 continued south to the Portage Take regi
have very much attenuate 3 . rerte ot
e attenuated, as the largest conglomerate belt
see are S IS ) - ( ‘
1 there 1s not much over one hundred feet in width

4. NORTHERN PART OF KEWEENAW POINT

Proceeding to describe
! T) to' describe the structure of more northern parts of
weenaw  Peninsula, I tal i \
sula, ake as starting pois i
K 1t the west s
of ore e o 1 ° ’ oL e
; Il ch Take, following the courses of Hungarian Creek and
Douglass Houghton ¢ 1 k "
5 reek, in both of i
which creek-beds
ascend over a large successi f i e
o er a large succession of horizontal Silurian sandstones
until near the summit of i \ » o
¢ of the ravines we s
s we see them unconforms:
pnnl mear | N onformably
i ; : gainst the upheaved strata of the Keweenaw rock seri X
’1 ‘< PV o ~ N \ o’ CS‘
[his fact has been contradicted by Dr. M. E. Wadsworth, wh
pretends to have observed in t ocaliti confor . .
served in these loc: ¢S A ¢ 1
Siturtan seny el i localities a conformity of the
\ s wi e Keweenaw r
w rocks, whereby
latter wo cupy 1 { ( ’ o e
(t ] uld occupy the highest position and the Silurian sand
stones be the underlyi marrow
ying older strata. Ascendi
: ying st . scending the narr
ravine thr ic i . illsite,
f( ! rough which Hungarian Creck comes down the hillsid
orming on its way sever il
I S way several cascades
~ HE 8, we step over horis
N . , 1 er horizontal
S a red sandrock identic: i
, entical with the hori
¢ horizontal s;
o of wred sand contal sand-
'(, ledges exposed along the shore of [ Anse Bay, ctc til
vertical roc alls nearlv ; ‘ e i
o al rock walls nearly 100 feet high obstruct our progres
1e creek leaps over tl i e
: 1em anto the abyss. T i
’ ‘ : abyss. 1ese high walls
are forme Fa large successi i andstore
. .ld of a large succession of horizontal heds of sandstone
very sumilar to the ledoes f i \ creel ‘
3 > ledges forming the by
I € bottom of the ¢
pen o g e creek-bed
W, mbing to the to
: P of the walls by a circui
e mbing S by a circuit and
o wing ;hc creek upward, we see the horizontal beds continte
or some stance ¢ i ‘
e distance and find them to form several other abrupt
olfsets ~ x1 Qe e T 3 ‘
) » causing cascades from fifteen to twenty feet in hej ht
- o - b - (rl .
finally, near the summit of the hill w cade
)
about twenty-five fee i
y-five feet high,

e observe another cascade
comglomonnte e et czt%lsed by the projection of a
ponston : d an underlying belt of amygdaloidal rock
f)(())rt; ;;1: Wh;Ch are dipping northwest under zmvungle of 'Lbou‘;
mhive degrees, and right under the fallg 7 i
ledges of sand-rock, which constantly had been Lfﬁc(ierll(;))r;j()?t(l‘l
up to thls' place, are secen in direct contiguity with the uphes eel
amygdaloid ledges. The sides of the creek-f)ed are coveridL:\;i;(l
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loose rubbish and the contact is not visible there, but in the
bottom of the shallow stream the unconformity of the sandrock
ledges with the trappean rock belt is so fairly exposed that no
misapprehension is possible. The sandstones, instead of dipping
under the amygaloid, as Dr. Wadsworth thinks, have, if they
rather a slight inclination in an
the hill, and not toward it. The
contact differ from Keweenawan

are not altogether horizontal,
opposite direction, away from
sandrock ledges forming the
sandrocks by an almost purely quartzose composition and a
light color, white and red blotched.

At Douglass Houghton Falls the same relations between the
Silurian and Kewecenawan rocks exist.

Coming from the plateau on top of the hills, we see on it a
large succession of compact and amygdaloid diabase belts inter-
sected by the bed of the creek, which then at once tumbles over
a precipice formed of an additional series of diabasic rocks near
100 feet in height; the dip of these beds is about forty degrees
to the northwest.

Beneath this escarpment, a large body of
in a much shattered condition, recemented into a breccia by
sedimentary material, forms the bed of the creck. At the base
of the rock bluffs forming the falls, a fissure vein is exposed
which is filled with calespar, prehnite, quartz, datolite, and
A small drift following the vein for about

amygdaloidal rocks

carries some copper.
thirty feet informs us that ycars ago miners tested their good
fortune here and found themsclves disappointed.

The brecciated soft and disintegrating amygdaloid mass forms
the river bed for a short distance below the falls, then succeeds
a large series of alternating beds of sandstones and conglomerates,
which dip in the same northwest direction as the trap rock at
the falls, and about under the samec angle. These sandstones
and conglomerates are in part very soft and friable; they are in
part light whitish colored, composed almost: exclusively of quartz
grains and resemble the eastern horizontal sandstones.  Other
sandstone beds in the alternation are hard, dark reddish brown

colored, and contain besides quartz granules also feldspathic
grains and trappean detritus. The conglomerate seams are in
part formed of densely crowded trappean, amygdaloidal, and
porphyritic pebbles with sparingly interposed arenaceous cement;
other times the main mass of such conglomerate is formed of a

14
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quartzose  s: "OCK 1 initi V
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are quite distantly scattered. pebhles

.

e e distane : The narrow belt of diabase, which

g to Dr. Wadsworth's statements, is found .

nated with this group of sandst l

ot ‘ g sandstone and

was unable to discover
and it.

mnterlami-
conglomerate  heds
although T took special pains to
Descending the cree i
L ng the creck, this very large succession of northwest
dipping arenaceous ¢ : i o
s and conglomer: i
g ate beds is seen f i
s ‘ h S or >

long space, well exposed in the steep sides of th 'qmtk .
g space, we : S S S 0 ¢ ravine, but

o e layers begin to he broken up into an irregul ’
o . Bbhles

1. 1sh, pebbles, sandstone blocks and loose
mingled without stratified arrangement

After short interruption of the exposures of an

ar mass of
sand masses, inter-

e sho ) ‘ ' orderly succes-
o b(()itl(j;zls(,)fvx;;eoléz;czr;':3, (‘1escendmg with the strﬁam,}ﬁrst, in
horizontal sundstoné (iced’(rej:glz:]1ic:2()re(1 re'd a]l;d e st
noriro: ‘ ledges, .’ °h soon, 1 the further desce

ttlzz &Icoevl;e;col;f;;p ;);tt;ln th‘e S'ldCS ‘of the ravine, and thenZ?lzlLllci
vere it n()te hl}lildc 1s f.ormcd of these horizontal
pvers, W th(,) Lt 1jfr ectly 'horlzontal, instead of dipping

side, gently dip away from it
A _gruduu] ‘dccroaso of the dip as we descend .thc reek fr

;iicnftlls, wh]ch1 occurs according to Dr. Wadsworth’s (;i;(crt:)::sn
s not perceptible.  The inclinati f vostd .
sandrock strata remains th:til;lzuzi:l t:i Ji]: tg(e)rth'wCSt_diPping
:}[1re’11t.;()1nes the girdle of loose rubbish, and the {K;::ed;;(f(;r\;nd;
Chzani.Le(iiSrZiil;Lllffg?resl zu;e at‘ once ]'1.] a horizontal position; thi
h()rizznmﬁty ij 1:)12( 1.t 10;1)1;;11"[ dcv.mtion of the beds below from
e unﬁdiné] t“n thc;mdncctmn of the beds above, hut
lel?jlj’;ngf t(;]: the northwest dip of the strata below the falls, 1
checnea(w g(rf)uwelfl d]owym: sedimentzn:y beds, belonging to t>hc
a short distance i;“:e:" dowv(:; :{i:?;?;ti mt}:his o ) ning
o shot e lowe §1 e, the horizontal sandstones
Chamcter:i?litt} d1splayed.. C(h)n31dering only the lithological
parcter o ’e northwest-dipping strata at the falls, I would
Caster(ﬂ éanzbstl(’:;’;id \z:rhl?i‘(;ment to 'identify them with the Silurian
Pt Sandston ;, ‘ ?c , according to recent investigations of
o ' g, they actually are. The special explanation of this
a no'rm‘al position of the eastern sandstones in the in d"115
proximity of the older Keweenaw rocks, and the un(;i?‘;rlt;:;
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condition of the beds some distance off from the contact, will

found in his own forthcoming report.

be
position of the Silurian sandstone

Similar irregularitics in the
peds in the immediate vicinity of older
cecorded in the third volume of the Wisconsin reports.

This seems to prove that in the Lake Superior region, after
the general disturbing forces had subsided, still in circumscribed
Tler arcas dislocations of the strata occurred.  An instance
observation on

upheaved rocks are

sma
of this kind presents itself fairly displayed for
the north shore of Bete Grise Bay, where we can see in various
upheaved, northward-dipping rocks of the
Keweenaw group in discordant contact with Silurian sandrocks,
which latter in some places abut against the former in horizontal
position, but more frequently we find them dipping southward,
away from the trappcan rocks, under an angle from thirty to
forty degrees, while off from the contact line, on the shallow
bottom of the lake, the dip of the strata pecomes much flatter,
and on the south shore of the bay their position has become
perfectly horizontal. A detailed account of the rock outcrops
ng the shore of Béte Grise Bay will be given below in
connection with the deseription of the Bohemian Range.

The horizontal Silurian sandstones are well exposed in a quarry
on top of the incline of the railroad to the Calumet stamp mills;
on is not perfectly horizontal, but undisturbed sedi-
mentary beds very frequently are not completely horizontal.
Their contact with Keweenawan rocks is not visible. The first
about one-half a mile west of the

spots  the steeply

alo

their positi

outcrops of these are noticeable
where a Targe belt of quartz-porphyry is exposed by a
it dips in steep inclination to the northwest.
Iy similar to the quartz-porphyry

quarry,
cut of the railroad;
This quartz-porphyry is perfect
pebbles which compose the Calumet conglomerate. It is the only
locality known to me on Keweenaw Point, where such a rock
helt occurs; the porphyries of the Bohemian range are not of
the quartziferous kind. Judging from its topographical position
with regard to the Douglass Houghton Falls, this porphyry belt
must belong to a lower horizon than the beds there.

Following the Calumet road from this place northwestward
across the strike of the formation, we have, excepting the rock
exposures in the creek above the Douglass Houghton Falls, no

occasion to observe a larger connected cross-cut, until approach-
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g the Osceola mine, which is working an  amvedaloid
about 800 feet cast of the Calumet cmlgl(‘»mcrutc bd;
fHer, b3y th.e work of thc‘ different mines, we are well informed
of the order in the succession of rock beds; the Calumet mines
made, as above stated, a cross-cut 2,468 feet lone, showine tlct
rock series south of the Calumet conglomerate b:lf and b%‘ tllL
T.amerchk shaft other 2,000 fect of strata mnorth ’<)f thi‘u | }C
will be disclosed within a short time. T
This ~belt, about a mile in width, is the horizon within whicl
n‘mst of the productive copper mines of Keweenaw point ’“1‘
slltuated. Several of the rock belts are recognizable by ’ce t'd}‘(
11j£h()l<)gica1 characters and are found to be persistentJ for r] o
.dlstances, therefore can serve as excellent guides \of the nor
in his calculations where to meet with a rock se \
to find. ‘
One of the most persistent beds is the so called Allowes con-
glomerate, which is traceable almost without interruption 4f1; 1
Portage Lake to the north end of the Keweenaw Peni’n‘:l)'n
Its calculated vertical distance above the C e

miner
am he is desirous

' alumet conglomerate
is betwee 300 < i nine
tween 1,300 and 1,400 feet, measured from the Allouez mine
S SRR v . { ~ 3 3 )
outheastward; which distance of course is liable to vary consid
crably in different localities, as some beds shrink or widen

‘ ‘ . : and
others become entirely eliminated or (

new seams are int 3¢
pthe me : g erposed.
.FhL Allouez conglomerate is never a very wide belt: forty feet
1S . . . . . . - . ’ ’
about its maximum thickness; often it is contracted to
narrow seam not one foot wide; locally

a
' it is richly i g
with metallic copper, but in the greater part of it}% lltl)]lfctj;:hltm}
extension the belt is barren of the metal. or \ . o
poor to be profitably mined. ’
‘Thc conglomerate belt about 500 feet east of the Pewabic
mine amygdaloid is considered to represent the Allouex conorl‘
'erute; frf)m the Pewabic mine this belt is truceab{e w;zh(:g‘;
Interruption through the Franklin, Mesnard, Dorchester and ét
Mary’s mining properties to the Albany and B;)gton( mi\ '
presently named Peninsula mine. On all these‘men‘i)n‘ei
places, long time abandoned except the Peninéulu\ mine xten
’

at any rate, too

s1ve. cross-cuts had once laid open the succession of el};gl]:
pflrtlcular]y on the St. Mary’s property. At present all the:i
d1tc}%es and pits have caved in and are filled ;zvith (soil '11::
debris; for the detailed descriptions of these cross—se‘ction; (T

bhelt
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(herefore have to refer the reader to Prof. Pumpelly’s report

and maps, who had a chance to examine the exploring trenches
when they were freshly opened, and could make use of the notes
of the parties who did the work.

The first mining on the Albany and Boston location was done
in the amygdaloid belt about 100 feet above the presently
worked conglomerate belt.  This amygdaloid is much broken up
and recemented into a breccia by seams of calespar, laumonite,
prehnite and quartz; the same minerals are also the filling-
material of the amygdaloidal cavities, besides epidote, delessite,
analcite, orthoclase and copper. In the upper levels it was
found to be very rich in the metal, but going deeper the copper
fosseried so much that work had to be abandoned.

The conglomerate belt mined at present has a width from
fifteen to twenty feet; its pebbles are rather coarse; they consist
principally of quartz-free porphyry of dark, reddish brown color,
cither with a compact, crypto-crystalline groundmass, or have
a granite-like structure consisting of agglomerated red feldspar
crystals with sparingly interspersed clusters of chlorite scales,
associated with epidote. The copper is somewhat unequally
distributed in the rock belt; the mined rock is therefore picked
over before going to the stamp mills; still the amount rejected
is not very large.

Four hundred and seventy-five feet northwest of this conglom-
crate a shaft has been sunk into an amygdaloid belt which is
supposed to be the continuation of the copper-bearing rock seam
of the Pewabic mine or Franklin and Quincy mines. It is
locally well impregnated with copper, but for some reasons the
mining of this belt has been suspended for several years.

In association with this amygdaloid occurs a very peculiar
rock seam of porphyritic structure, which is impregnated with
copper. There are two modifications: one is well laminated
banded rock, resembling at a distance a coarse-grained sand-
rock intensely red colored, with alternating lighter and darker
seams, the ledge amounting to about two feet in thickness; the
other is massive, deceivingly similar to a compact brown
amygdaloid with densely crowded amygdules, but upon closer
inspection the supposed amygdules are clusters of crystals with

sharp ends, to which the inclosing groundmass has adapted
itself; often also a granular mixture of quartz, epidote, copper
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has partially or entirely replaced and moulded itself into the
spaces formerly occupied by these crystals.

The dark, liver-colored, fine-grained groundmass of the rock,
exhibiting a resinous lustre on fractures, consists mainly of ;/1
colorless quartz mass with copiously imbedded, Iaterally coherent,
more or less minute crystalline molecules, intensely ;‘6(1 colored
by hematite, which seem to be feldspar. The laminated variety
of this rock consists of the same dark, liver-colored gmundnms;
disposed in layers of various thickness with interposed sheets of
lighter red color, and the layers themselves are full of small
crystals, originally feldspar but changed by paramorphosis into
laumonite.  The analogy of this porphyritic rock with the
porphyries of the Bohemian Range is obvious, as the matrix
of both is identical in material and many of their structural
features perfectly agree. The strata exposed on the south shore
of Keweenaw Point, in T. 58, R. 27, Sec. 30, especially deserve
to be mentioned as similar in structure to the laminated form
of the rock at the Albany and Boston locality.

On the Albany and Boston property is, 400 feet cast of the
productive conglomerate belt, another conglomerate denuded by
trenches, which corresponds with the Houghton conglomerate
found in the Pewabic mine location; it does not carry enough
copper to be of value to the miner.

The next locality north of the Albany and Boston mine where
actual work is done, is the Osceola mine in T, 56, R. 33, Sec. 26,
N.. W. I{, which, as I have above stated, is opened in an zn*nyg(la;
loid belt about 800 feet cast of the Calumet conglomerate, and,
as the supposition is, over 2,000 feet stratigraphically below the
Albany and Boston conglomerate belt, which is believed to be
the same as the Allouez mine conglomerate, although a continuity
has not been actually traced. )

The Osceola amygdaloid belt is about thirty-five feet wide; it
dips in conformity with the other strata under an angle of forty
degrees to the northwest; its color is reddish brown, dull, carthx:;
part of it is soft, porous, other parts hard, compact; its zum‘é{—
du']es are principally filled with calespar, delessite, prehnite and
epidote; sometimes also with quartz, datolite, etc, The copper
in the rock is most found in a network of fissure seams travers-
ing the amygdaloid belt in association with calespar, prehnite,
datolite, quartz and epidote, filling the interstices between these
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minerals in hackly masses of smaller or larger size; sometimes
the copper is found in druse cavities in very perfect, but rather
small crystals; the spar crystals of such druses usually are
bright red colored, being penetrated with an abundance of
minute scales of copper.

The datolite, which in the Portage Lake mines occurs only in
amorphous porcelain-like concretionary masses, is here found in
large crystals of pale greenish milky color, but rarely obtainable
with free ends, as the crystals are densely agglomerated and
enveloped with calespar and prehnite.

The hanging of the Osceola is a dark blackish colored, fine-
grained diabase, which incloses in its linear fissures sheets of
copper, and is locally throughout its entire mass impregnated
with minute scales of copper. Thin sections exhibit a large
proportion of olivine grains in its composition, besides the ordinary
constituents, plagioclase, augite, magnetite and interstitial
masses of the green chlorite or serpentine-like mineral, which
likewise fills distant globular amygdules.

Some years ago, on the Osceola location, also the Calumet
conglomerate belt was successfully mined, but the mine caved in
and had to be abandoned. The work in this belt was not
resumed, because the conglomerate in its southwestern extension
on the property contracted and became almost barren of copper.
On the adjoining Tecumseh location, where also a few shafts
were sunk on the continuation of this belt, it was still found
more contracted and contained little or no copper. TFarther to
the southwest this belt seems to be missing altogether.

In the hanging of the conglomerate belt at the Osceola
location, a dark, fine-grained compact diabase belt occurs, which
incloses irregular amygdaloidal rock masses rich in copper, most
of it in coarser lumps,—so called barrel work. They use the
old shaft in the conglomerate belt to come to this rock belt and
work it to advantage.

The compact and the amygdaloidal rock are both olivine-
bearing; the copper 1is principally found in fissure seams,
associated with calespar, prehnite and dark red orthoclase.

Under the superintendence of Capt. Daniell of the Osceola
mine, the above mentioned deep shaft of the Tamarack location
has been commenced in 1882 and has in the remarkably short
time, up to July, 1884, reached a vertical depth of 1,550 feet.
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A mapped record of the different strata sunk throush in the
shaft, which T received by the kindness of Capt. f)zmiu]l 1'L~
appended to this report,” to which T will add some descri Mii\TT
Tcmzu‘ks, concerning the lithological characters of the 1111() k
;1‘111)(>rt:mt beds of this series.  The shaft is located near the ;L
5. corner of the 5. WL ! of the S i of See 3 2
it first went through ﬁ;r‘t\(')i'filtk Sf \V st oo 1. 35

‘ ' g A of drift masses, then comes a helt
;)i blackish colored compact diabase, fifty feet in thickness

. - . . . . : o
’ . , y-five feet wide, and again an
amygdaloidal belt follows, and so alternately to a vertical depth
of 460 feet, at which six belts of diabasc :m(i five of zunytfdulloid
l‘md been sunk through. Several of these amygdaloid 1)(;129 were
found well impregnated with copper. » )
‘ At 4‘6() feet from the surface a thin belt, only two or three
feet W1de,'<)f a brownish red, very fine-grained jaspery rock
occurs, which likewise carries copper. It resembles in its sub-
stance the homogeneous fine-grained pebbles of the cunglomcr‘utc%
of th.c K?chnaw group. The very brittle rock is permeated m
all directions by linear fissure seams filled with lagmonite and
culcsl.)ur or copper. Immediately Dbeneath this belt succeeds a
brecciated rock belt, forty feet thick, composed of dark bro\vv1‘1
colored, half decomposed earthy looking fragmental masses of
partly compact diabase, cemented by an abundance of calcépar
fmd laumonite seams, which are remarkably rich in copper
mterwoven with the sparry crystal aggregate, or also in heavy
mAsses, many pounds in weight, imbedded between them. Thvo
foot \.vull of this cupriferous rock stratum is formed by a dark
bla‘ckmh. colored fine-grained diabase belt, 170 feet thick, in its
oblique intersection, which by its jointed structure, on exposure
or by t}%e stroke of a hammer, falls into small irregular sharp-
edge.d pieces, the surfaces of which are covered \V?th a smooth
shining - slickenside coating, consisting of a dark green, semi-
transparent, soft, lubricous, delessite-like mineral and intern’lediutc
between these slickenside rock joints most generally a thin sheet
of copper ‘is found deposited, varying in thicknes; from that of
the artificial leaf gold to sheets one-eighth of an inch and morc

*
shag;J Iliflace;f the above record T have substituted geological columns of the North Tamarack
Daniel,l :S;i i“(;’l’fcogl)i&te to Jan. 1st, 1834. These records are due to the courtesy of Capt
» and of Prof. R. M. Ed ; ini . g e
HubpARD. ] wards, the Mining Engineer of the Tamarack company.—L. L.
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‘n thickness.  The amount of copper found in this rock is larger
than I have seen it in any other compact diabase rock. Under
dmilar circumstances sheets of copper occur in the diabasc
forming the hanging of the Osceola amygdaloid, and in that in
the hanging of the Calumet conglomerate belt. At the vertical
depth of 670 feet, the shaft strikes a conglomerate belt from
three to four feet in thickness, which is supposed to be the
cquivalent of the Alloucz conglomerate; it is well impregnated
with copper in coarse hackly masses, its porphyritic pebbles are
soft, decomposing, and the interstitial cement is calcspar, in
intermixture with chloritic mineral and laumonite; parts of the
belt are also formed of a fine-grained, laminated sedimentary
mud mass of deep reddish brown color, varicgated by intermingled
greenish colored streaks. The next lower 200 feet are almost
entirely of amygdaloidal character, with a few interposed narrow
seams of compact diabase. They are comparatively poor in cop-
per. A portion of the amygdaloidal rocks is very hard, with a
sort of vitreous fracture; another portion is soft and in progress
of decomposition. The amygdules are mainly replenished with
calespar, laumonite, delessite and some quartz.

From the depth of 900 feet to 1,330, four rather large, compact
belts of diabase alternate with three narrower amygdaloidal
belts, the Towest of which is of a brecciated structure. At the
depth of 1,341 to 1,357 follows an amygdaloid belt, from there
amygdaloid to 1,424, which latter

to 1,409 compact diabase, then
a dark purplish colored earthy-

carries copper and is partly
Jooking conglomeratic mass, intersected by spar and laumonite
seams, partly a very compact dark gray colored rock, with
calespar and cpidote amygdules, some of it shattered and firmly
recemented into a breccia by epidotic scams.  From 1,424 to
1,495 compact diabase, then 15 feet of amygdaloid and from 1,510
to 1,550 a fine-grained reddish brown colored compact diabase,
which was the bottom rock of the shaft on the 10th of July, 1834.

Nearly all the different compact diabase belts occurring in the
shaft, in thin sections exhibit a lustre-mottled structure; the
light colored areas are almost exclusively composed of transpar-
ent plagioclase crystals, intermingled with pale yellowish brown
very fresh augite; in the surrounding dark colored, interstitial
arca, very little augite is found associated with the plagioclase,
but instead of it abundant clusters of a red colored, micaceous

15
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mineral ¢ rubellan?) associated with agglomerations of magnet;
granules and with grains of olivine, of which latter t(hb'mi \lt'o
cately laminated, micaceous mineral seems to be a ardr o L]'I—
])md.Uct. The red color does not seem to be essentli"d (Lt]m'rt])h'w
1)<>rtl(>n§ showing the same laminated structure zx‘re zd;no%(t) 1 ’I .
lc.ss.. Scen vertical to the cleavage, they are not dichrL()i ‘wl()r-
distinctly so if the light enters parallelvto it. in all of Ltl \)m
numerous pseudo-amygdaloidal interstitial spaces ztre( reple 'T}L]nf’
with the often before mentioned amorphous or radiated f g ‘1:1; 'u]
steatite-like mineral of pale or darker green color o radiine
/:Xnothcr similarly interesting exploring work hn‘s been sl
finished by the Calumet and Hecla Company. In ‘m‘derithll()r'ﬂy
the succession of rock beds on their location, S()u’thczw‘[()<)ijcL1rIT
cimg]mncru.tc belt, they ran a drift from the ninth Iovc]‘ of st ';(
No. 4, of the Hecla mine, beginning at the f()()f-;V'LH fS e
conglomerate, and carried it at a right angle to the‘ st (?]”the
Fhe formation to the lmits of their propert; a distanc "ot a4
o , & distance of 2,463
Mr. 'Wright, the agent of the mine, had the kindness to furnisl
me with a copy of the mapped record of this drif; Wh 151
appended below.* ’ o
We ob:serve on it the intersection of ten different amyedaloid
belts, Wlt'h intervening much wider belts of compact )d%ag'(tlj
At the distance of 1,571 feet from the Calumet conglome d:L
another conglomerate belt, 44 feet wide, is inter%ec’id r}f ;,
has been identified as the prolongation of the conrghlmrner:uttv blfl‘z
o the Kearsarge mining property, which, on the AﬁmeékLl &
tion has been mined for copper, but has been abandoned a in,
the copper being too unequally distributed throughv it. T gzﬁn’
the belt was found to be quite rich. B
. Several of the amygdaloid belts, intersected by the drift
found sufficiently cupriferous to be worth mining, but f’ Wte]:O
present no effort was made to do any work in vthen; as thor‘ .
glomerate belt gives sufficient employment for all ‘ch;ir\]ube um‘_
Among these the fourth belt fr()n; the conglomerate ‘t}(l)fer:S -
called Osceola amygdaloid, is the most pro;isin ( ’,,Fh C‘ .
glomerate belt of the Calumet and Hecla mine averilre% a iv'tc(l):l—
from 12 to 25 feet; its dip varies from 36 to 39 degieés to lth;

*Throug y
i irough the courtesy of the present management, 1 am able to append a new c that
opy tha

shows several sections in different parts of 8 miner opened up at the time the above was
&) P P
written. - L, L. Husgar: | ’ ’ ¢ ' ‘ ¢
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northwest.  Fully two miles of the length of the belt are on
{his mining property; the deepest shafts following the incli-
nation of the belt are 2,700 feet long, which makes a vertical
depth of about 2,068 feet below the surface. On the entire
extension of the property, the conglomerate belt has very few
barren spots, and the rock is, without selection, seut to the
stamp mills where it yields about five per cent of washed
metal; portions of the rock are much richer, as high as thirty
per cent in metal. The product of the mines during the
last three or four years was about 16,000 tons of ingot copper
annually.

The conglomerate of this belt is reddish brown colored, hard
and compact; locally composed of rather large, rounded pebbles,
but the main mass consists of smaller pebbles with many little-

worn, angular rock fragments among them. The interstitial

material consists of smaller arenaceous particles held together
by siliceous and calcareous cement; the copper in the rock occu-
pies mainly these interstitial spaces between the pebbles, and is
sometimes replacing the cement altogether.

The union of these fragmental masses is very firm, a stroke
of a hammer does not sever their conmection, but breaks the
mass straight across the pebbles, which, with the exception of a
small proportion of diabasic and amygdaloidal boulders are all
of porphyritic nature but quite variable in molecular structure.
A large portion of them consists of a reddish brown, compact,
homogeneous, silico-feldspathic substance, with smooth, conchoidal
fracture. Others inclose within the same aphanitic groundmass
well formed, larger crystals of feldspar, of red or whitish color;
in still others, which are often more abundant than the others,
the dark reddish colored, compact groundmass incloses, besides
feldspar crystals, a great number of rounded transparent, color-
less grains of quartz which, on fractures, give a blackish reflex.
Other pebbles have none of the amorphous groundmass; they
consist of a granite-like agglomeration of interwoven red feldspar
crystals, with scarcely any other component, or else this same
crystalline, feldspathic rock mass contains copiously interspersed
quartz grains, besides scattered blackish colored molecules which
sometimes are recogmizable as altered hornblende crystals or as
biotite scales, but often are a shapeless, earthy-looking remnant
of a decomposed mineral, not to be determined. These rocks
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paper to that of a knife blade and some-
patches in
abundance

the thickness of tissue
eight inches square; likewise are cloudy
of the diabase disseminated with an
r, bhut the miner considers the amount
attention to its collection.  In
diabase in the hanging, amyg-
yadules formed of calcspar,
contain @ considerable

times six or
the solid mass
of scaly molecules of coppe
of metal too small to pay any
association with the compact
daloidal rock masses 0Cour, whose am
laumonite, quartz and delessite, often
amount of copper.

I have previously mention
thins out and is almost destitute of copper
of the Osceola mine, and soon after entirely disappears. The
<ame is the case in its extension northeast of the Calumet mine,
on the Schooleraft mining property, where extensive work has
peen done in this belt, put the large burrows of waste rock, il
can be detected, show that the Calumet mine
and that locally this belt is
& in this conglomerate omn
d, but on the Osceola

ed that the Calumet conglomerate
in its extension south

which no coppet
struck an extraordinary rich spot
almost barren of the metal. The wor
the Schoolcraft mine is long time suspende
amygdaloid belt, which likewise intersects the property, mining
has been continued until late. Farther to the northeast the
continuation of the Calumet conglomerate pelt has been traced
only for a short distance; it was found to he much narrower
and poor in copper.

In the mines on the south side of the so called Greenstone
Range, a cupriferous conglomerate belt, holding approximately
the relative stratigraphical position of the Calumet conglomerate,
has been identified with it, but it is mot positively ascertained
e same belt or not. A half

whether this is a continuation of th
a new mine, called the

mile northeast of the Qchoolcraft mine
Wolverine mine, has recently been opened in an amygdaloid
belt, 2,865 feet cast of the Calumet conglomerate, OT 1,250 feet
cast of the Kearsarge conglomerate.” The location is on the
v of the N. E. i§ of Sec. 17, T, 36, R. 32.

e I,
[*1nasmuchas several changes of Dr. Rominger’s figures had been made in the type-written copy

of his manuscript, before the latter came into my hands, I take the Yiberty of inserting here sev-
eral ineasurements made a number of years ago by Mr. James Crawford, and kindly furnished me
by Fred Smith, Esq., agent of the Allouez mine, who vouches for their substantial accuracy.

They are as follows, to wit :

On the Kearsarge location,—
Allouez conglomerate to (Calumet and Hecla conglomerate, 2,050 ft.

(Calumet and Hecla conglomerate to Kearsarge conglomerate, 1,500 £t.
Kearsarge conglomerate to Kearsarge amygdaloid, 1,250 ft. }
_ T, L. HCBRBARD.]
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This belt is NIE ich i

o ns bd}t{ Is unusually rich in copper. It is a dark purplish

| o : h ¢ arkK D118

wn rock, with dull earthy fracture, harder or softer in?l
b B ch

b ( d b
) g
Shdttel((] Ulf h 1 Hl(,llt%, W’hl(, & (&
11 Are  recennic t(d Ht() sed
a41Ms ()f

le’ld deleSSitC y o 1 1 t( ; )i( o
. ] he amy U‘d LI]CS are hlled \%% 1‘ t11 ]aul] 101 ] > Cpid( 1t
=) ’ Q,

delessite and calcsp:
calcspar, usually several of them associated
S8 ated;
bl

Ce b p d 111 AsSsoC (ltl( W1 11 (] artz
11( Spar (J.lld ()1 01 tll()( 1 1S5¢ SS0CL m t u t/
’

sonie pdl tS [ ”l(' IO lx “l(’ an 50(1L11(’S 01 l\' nee l d I
) 8] C 2 Cons e ) ] f
: ’ > Sl O 4
g « O p 0] b l,) me- " L] -'\A/Iu(/h ()T t]l(’
i('j[k reemn amot i us sermpe e k(? 1 eral.

amygdaloidal belt is i
Lpigét 1( belt 1s transformed into a light ereen 1
e daloids It fran: ‘ g g OTOUS
o y which principally carries the copper in ponder
masses, so called b e
- 3 masses, so called barrel-copper. Near the surf tl
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: azurite. he same - i ' oo,
The same amygdaloid helt is lai
ane amn Fhe sam belt 18 laid open by numerous
st-pits in the adjoining Kearsarge property ’ .
The foot-wall of the : @i 1 conre
, ¢ amygdaloid is a coarsely crystalline
ystalline, d

colored diabase belt, about 100 feet wide ark

of bluffs, 4 s T . . It projects in a r
glomera; ll(ti the base of which a belt of sandstone and c:));V
rests on th'b‘ ges crops out. The foundation of the stamp nﬂn
st 1s sandrock, which is probably the equivalent of the
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c 2 et - ade, by
o ..e1 farther succession of underlying beds could be gtudiezi
o nlilichno]rth of the Wolverine mine is the Allouc‘*/ mi .
which the often before mentione R TG,
received its mame. > mentioned Alloucz conglomerate
Meas s m:
formma;urements made from the mine across the trend of th
ation s sastward s - ' ¢
P Cosotithadstw(ud show the horizontal distance from the
feet o; reélug O:; irate ¥ the Kearsarge conglomerate to be 3,810%
> ced to vertical thickness ; . ’
2,647 feet. iclmesss of the intervening ledges
At the Allouez mi
27z mine the strata di ;
degrees tc . p under an angle of 37
belg; o f;z) the northxivest. The thickness of the conglomerate
erate with‘ m 20 to 25 feet; it resembles the Calumet con‘rlom—‘
e regard to the nature of the pebbles compoqinb it
aneat 1?7 are ge.nerally of larger sizes. The copper in thc: ro%k is,‘
av efa; Y .dllztrﬂ;uted, and much of it has to be rejected Th‘g
av e yield of the rock sent t . X
: o the sta ills is
over ore per cent of washed metal amp mills is not much

[ * See foot-note on preceding page.~L. L. H.] T
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Peneath the conglomerate various coarser and finer-grained
compact diabase belts are well exposed on the mining property.
The hanging of the belt is a blackish colored, very fine-grained
rock; part of it is lustre-mottled ; it cousists of a mixture of
prismatic crystals of plagioclase with about an equal

clear,
a good

quantity of pale brownish transparent augite, besides
grains which superficially are altered into
4 turbid crypto-crystalline, greenish substance; the magnuetite in
{he tock is partially altered into red oxide. 'This rock is the
cquivalent of the lustre-mottled rocks forming the base of the
bluffs at the Cliff mine and along the entire extent of the
Greenstone Range.

The succeeding higher strata at the Allouez mine do not project
in so steep escarpements as at the Cliff mine, and further to the
northeast they are also mot exactly alike with them in litholo-
but in the conglomerate belt, which from here

proportion of olivine

gical character,
can be traced almost without interruption to the northeast end of

Keweenaw Point, we have a sure index of the geological horizot.

The rock belts on the north side of the conglomerate are very
well exposed. Above the dark, fine-grained, partly lustre-mottled
rock in the hanging, which amounts to about 100 feet in thick-
ness, an alternation of amygdaloidal seams with compact and
pseudo-amygdaloidal diabase belts stcceeds in a Dbelt a half mile
wide, almost without amn interruption of the outcrops. The
relation of the amygdaloidal portions to the compact portions of
4 belt is here finely disclosed; we observe here that the amygda-
loidal belts are not separate overflows, but constitute merely the
compact belts; often also the amygdaloidal
h the compact rock in Barrow bands
s; these bands

upper portion of the
masses are intermingled wit
and in lenticular masses wedging out at both end
and secluded lenses of amygdaloid are generally very hard, fine-
grained, with a flinty fracture.

The northern strata have the fine-grained porphyritic structure
of the so called Ashbed diabase; the Ashbed itself is not observ-
able, as on the place where it should be expected the surface
begins to be covered with drift. Short distance beyond this
drift-covered space, at the location of the stamp mill, the large
conglomerate belt is seen exposed, whose continuation at Kagle
River is a mile in width, and probably would also here not be

found narrower if it was better denuded.
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A mile northeast of the Allouez mine the Kearsarge
crate has been worked for copper
belt has here o thickness of 60 feet, cousisting in part of well
laminated fine-grained sandrock ledges, in part of conglonerate
layers.  These latter differ from othe
group by the dark, blackish color
prevalence of sharp angul

conglom-
at the Ahmeek mine, The

r conglomerates of thig
of their cement and by the
ar, rather small fragments, over the
rounded water-worn pebbles, most of w
red colored quartz-porphyry. Some portions of the rock are very
rich in copper, hut only in patches; the remainder of the belt iy
pooror contains no cop
been discontinued.
The hanging of the
fine-grained diabase

hich are a dark brownish,

per at all; the mining has therefore

conglomerate is a black colored, middling
» consisting  of transparent plag
augite crystals, hesides numerous clusters
or less altered and associated
granules.

The foot-wall of the conglomerate i

pseudo-amygdaloidal rock of reddish
turbid plagioclase

ioclase and
ot olivine grains more
with an aggregation of magnetite

a coarsely crystalline
gray color, consisting of
crystals, of reddish brown,
augite and of disseminated clusters
pseudo-amygdules are fil
serpentine-like mineral
of delessite,

North of the Ahmeek mine, on the road to the Cliff mine, a
number of abandoned mines are found at the base of the Green-
stone Range, which from here to the e
forms a conspicuous chain of high moun
ments on the south side,

All the before described mines w
the stratification ;

non-transparent
of magnetite; the interstitial
led with calespar and with the greemn,

inclosing radiated, concretionary masses

ud of Keweenaw Point
tains with brisk escarp-

ere opened in beds parallel to.
from here northward we find, with fe
tions, only transverse fissure veins
such transverse seams, filled with
different from the surrounding wall

W excep-
mined. The discovery of
a rock material obviously
-rock could readily be made
in the mural rock escarpements, and the large amount of copper
found in many of them directed the attention of the miner in
this part of the country principally to them, although many of
the amygdaloid belts were cupriferous, some sufficiently rich to
be successfully mined.

As a rule, these fissure veins were found to contain little
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. . ~ompact masses of the diabas?,
wppcr’“Whﬂ‘e i:;tcr:egir:ﬁ( ‘;lfne:? n];ll,lt became particularly rii}:dm_
catted gre‘“? o thei£ intersection of the softer PO.TOuS am)ti :r
th'e metel (%url;‘?e uently, from the tr;xnsx*erse‘\'e}n the mui1Ch
1101(: 1(1 12:;&7&}"8 i(ito such amygdaloidal beds, finding them r
drirtea s ' e
enough to remu‘neri‘;eiio‘:hzhfe&zﬂi: found in large maS‘Ses, S‘OlT‘l,e

Much of t.he L()Ii)pht' quite often also silver is found 1in assoc:
many to.ns o W? : CI" 7 The Cliff mine is the olqest and mosv
ation with the L,Opp.n. this part of Kewcenaw point, once very
known nn.ne)l a wood while very little worked, and at
e Sm’?he‘l ﬁiéure vein which it followed was natu-

widely
successful,

resent left idle. ) e the valley
ple‘s?nt iged in the bluffs and is yet observable frolmffS i, e
rdly exps “the portion in the higher part of the blufs

S er
below, In this outcrop we see niot a single larg:

ched by the miner. . . ub-parallel
g)ud;z ﬁlied with vein matter, but a great many sub-p
sst

i i segments
ller fissures, in reticulated conection with ;ar,gf;rn : }i s
M]:la all-rock between, or in the wider part.s of tbe. \Of e ot
:V'L:V evidently first loosely replenishedlvvlts dem Zli of the vl
o i i ich subsequently bheca :
v led into it, which su ‘ became : e
m(‘;k tu?nbbey inﬁltra’;ion of the different mineral solutions w
a breccia

ited the so called vein matter. The minerals Con-itel.tl;:lot;i
fltep(;:;(:Cipally are quartz, prehnite, calespar anl(ii 11131::1?221 ‘:arioug
sabordi is oC nce of analcite, apophy ite ¢ .
Sl‘xordl/neziiil; f:ieng;;usfrebesides orthoclase, dz;ciohte,ns;c;ral;l‘hii
comper i s associated with these S
eviden N 'I;an:}?;n Il;ZiZZit:ZSOle;ln a solution o'f copper, r{x;os:
e g e' 'sm’ It penetrates the other minerals in nelf
Hk?ly o gainm r .in delicate leaflets, or it has adapted 1'{5?
e e s to the interstices left between the other n}xlm-
e maS'Sesl it formed in druse cavities a'nd could tﬁ en
- n'loref rftreif% own crystalline form in manifold modi c;:
d'evelop lt's'e e hi hly esteemed by naturalists and more so1 )S
et 'Whlbh a‘re ios?t hunters which sometimes offer fabu oud
th? e e Thz Jarge masses of copper are generall)'r ’found
. t'hem-' lespar associated with laumonite, prehnite tann
em'bedded " t}cld \;e};n of the Cliff mine was fognd not to con ilr
N 'ihin the massive rock belts which form "che }f1g zr
ot e :11 ffs, it was followed into the underlying aeeI:h_
P{‘ rtt Ofvxt}tliih 1(;ip,umder an angle of 30 degrees to the nor
strata w e

16
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west.  The strike of the vein is ¢ st ¢ i
I;eendv of‘ the formation and its }:oslilt?:)(:ti:tlizihtdm'l'gl?s to‘ .
it eviating from
From aps of i
e ‘.);hzlj[l;:f;t;)i thf mine we learn that about thirty different
e ng ;ox'npact ar.1d amygdaloidal diabase belts
from the ‘buse <)fr0ut§iio 1?}rt;]jl:r;1ng t}h]e ;Ssurc o d‘)wnw‘ird;
o he b > eistone  bluffs, where a ng ’
ol ;t:;i?t;;‘:? t]’lre so called ‘‘slide,”’ represents the X}Llr(;;):/
e G “ h\e deepest levels are about 1,600 feet belovs:
Aty o SOrctclilstone bluffs; the farthest shaft, No. 2. is
o the; 1]1 l’()f. the bluffs, its depth is 400 feet, a’nd
e dzt qu c%tl()n of the dip of the strata, the northerr;
o ;OO ot eep, 1s about on the same stratum as shaft
Var’ious ofethm o 1
~ . e amygdaloidal belts met with i ini
o : with in mini
Sideways\illfiv evlvlerietfound SO r%ch in copper, that driftsn gwte}rlz
sdewas ﬂle minngvthefn at different levels, and the last work
N, Bri) ‘k) tributors was in these side-drifts. T'hree
exploratio,n X S;)uth C faway, the agent of the mine, made extensive
plorat drﬂi uh 0 .t?e o'ld sha.ft of the Cliff mine, using the
o inrl.ng 1t a. direction so as to intersect the
ratn vertc gty’ -Oh 1?1r bedding. The drill holes are not all
peated In straig t line, but their relative distances SOUthVV’( d
. f'tnnn.ed by 111fezxsurement. "
i fel"; d'rliﬁeholekls 750 .feet south of shaft No. 2; its depth
s amygd;lom bel:o‘(f bfzds intersected were as follows: First
compact diabase, :tr rﬁig Zzilz(e)ncoplf)ert’hthen S C()lore(i
compact @ ' 1 o0 e hole a thin seam of
ety ;Ziloer:ti g}?spery rock was struck, which is 1,290 er’t
rertatly peneat e base of the Greenstone bluffs. The miners
consider | t‘ Jasper belt as the equivalent of the Calume‘t
g ate.
A second drill hole, 365 fe i (
‘rtormer; it ‘intersects five belt:tofdeaelpt’erljaéio f'eet South' o
u);lﬁact ilabase layers. § smgdaiontad and
ree
o s ;fr;d;e:i ;md twenty-five feet south of the latter drill
e & it een sunk to the depth of 65 feet, which is
i beltersfect the second diabase belt and the third
riChcin - of the former drill hole. The amygdaloid is
small masses of copper, its vertical distance from th;*

jaspery seami,
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believed to be the Calumet conglomerate, is 532
feet, and the identity of this belt with the Osceola amygdaloid
is suggested.

A second shaft, 125 feet deep,
700 feet east of the northwest section
posed to penectrate the fourth diabase

is sunk 300 feet south of the

other, cornier of  Sec.

6, T. 57, R. 31, which is sup
belt and the fifth amygdaloid belt of the last diamond drill hole.
At the same time it is sunk on a fissure vein, six feet wide,
which carries a fair amount of copper in small masses, associated
with calcspar, prehnite and quartz.

Omne thousand feet south of this deeper shaft, another drill
4 massive diabase belt, then succeeded an
4 altermation to a depth of 260
t two feet wide, occurred, which
The vertical

hole commenced in
amygdaloid, and so four times 1
feet, where a conglomerate, abou
is thought to represent the Kearsarge conglomerate.
distance of this conglomerate from the above mentioned supposed

Osceola amygdaloid, is 810 feet.
Two hundred feet farther south a
penetrated below the conglomerate, first

drill hole, 361 feet deep,
, an amygdaloidal belt,

then compact diabase. )

Three hundred and twenty-five feet south of this, another
drill hole, 328 feet deep, commenced in the diabase belt next
nd intersects, besides the amygdaloid

above the conglomerate a
former drill hole, another

and diabase belt penetrated by the

and underlying diabase belt.

amygdaloid
th, another drill hole, 266 feet deep, went

Six hundred feet sou
through various modifications of diabase.
Three hundred feet south of this, by boring to a depth of
296 feet, several alternations of compact and amygdaloidal diabase

were struck beneath a thick cover of drift deposits.

The last of the drill holes, 300 feet south of the former, went
all through drift, barely touching the solid rock at the bottom.

The total of the explored ground south of the bluffs of the
Cliff mine comprises 2,632 feet of strata, measured vertically
across their bedding. A continuation of this cross-section
northward, from the base of the Cliff mine bluffs to the lake
shore at Fagle River, a distance of over two miles, is given by
the accurately measured cross-section from the Pheenix mine to
Fagle River, prepared by Mr. Marvine and published in Prof.
Pumpelly’s report, to which the reader is referred. We learn
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from 1’; the thickness of the rock complex
ffonu Range proper, to amount to
The lower beds are dark blackish
most of

composing the Green-
about 1,500 feet of strats
colored, rather | Tl .
T an | . y Tather fine-grained
o o em have the peculiar structure deser] .
Sumpelly as “lustre-mottled,”  which

observed in a great

bed by Prof.
structure, however
many other Kew i \
servec : A Aeweenawan  diabase belts
higher and in lower horizons e e
the bluffs and

s

in

I )

The strata formine the top of

a number of other i ) e
other succeeding diabase

coarsely crystalline, belts are

s tallin t.,\ftm% darker, <‘>thvrs lighter colored, but in
- ¢ entirc complex of beds composing the Gre

s e Range differs very little; they all ’ P
plagioclase and  augite (Tl‘)‘Stl:]S i
sections a pale yellowish

consist of transparent
I (which latter have in  their
variable proportion of <>li\'i1;rcm't71]11d (1(1)1](:;1)1 fc]'lt e v
yarablc proportion of > agnetite grains, which both
e m:ll:mzzll)t:]u?tuicd togeth.er. The plagioclase is in some of
belt: partially turbid, the augite has r
much alteration, but the oliv o -

a4

it arely suffered
iyl tion, but ! vine i <L]11](}St. regularly peripheri-
' ' a green, minutely crystalline substance. or

a purplish, brown colored areca surrounds  the e ot

. . olivi PN
Not uncommon in the coarsely er vine grains,

ystalline variety of
e mon § ‘ 3 > variety of the roc
: l.seudo.&m)gdu]cs replenished with the soft "
tme-like mineral which enters into the
evervy 1+ aqe oF
: cr? diabase of the Keweenaw group.
1e just described complex of rocks, nex
| S, 110
worked by the o/d Phoenix mine, a ve
and black speckle iabe ’
o t ;pukkd diabase belt occurs, in which red orthocl
seems to have take ] [ ’ -
seme ave taken the place of the Plagioclase, but on
d 4 [ thi sectl ’ ‘
; ation of thin sections these turbid crystals ;r tl
show yet a dimly mx: L anc ot Hicel,
3 marked polysynthetic striati 5
01y ctie striation, : 1
o et 8 dimly marked ation, and most likely
ool the are plagioclase crystals altered by a cloudy infilt '
of ferruginous pig ! o
S ment. The augite i i
‘ : augite is partially ¢
e 1 Lug s partially altered
oo eblor ,Tll)ut some of the crystals are perfectly fresh and
anslucid. i : “los ) Jlorless
e ' his j];mk encloses also a large number of colorless
% prisms. very simi 7 ’
similar rock occurs
: ; A K ooceurs at the Me i
(1111';19 near Lac La Belle, which evident] o
ifferent horizon i > seri
Crent B on in the series. North of this group of coars
h]( ned diabases, the so called greenstones follow | '1/ (] it
grained duabases, \ ‘ a wide he
. most exclusively formed of diabasic rocks ’ .
L " EY b4 1 ' \’
u. aggregate to a thickness of 2,000 fect
quite fine .

green, serpen-
composition of almost
In the upper horizon of
t to a fissure vein once

Ty coarsely crystalline red

Y occupies an entirely

which amounts in
: Most of thes
s » hese are
grained, rat ark ¢ g

» rather dark colored, and often porphyritic by

19
(11
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cegregation ol larger feldspar erystals within the finc-grained
groundmass;  the compact belts  alternate with amygdaloidal
seams, of which one is particularly to be mentioned as being
cupriferous, the so cailed Ashbed of the miners. This belt is
quite large, locally from 30 to 130 feet wide; in many places
along the west shore north and south of Eagle River we find
ines opened on it, but with the exception of the Copper Falls

m
are presently abandoned; the old Phoenix mine

mine, all others
in former times worked in it extensively.

North of the Ashbed, which is overlain by a thick Dbelt of
compact, fine-grained diabase, speckled by segregated larger
crystals disseminated through the dark gray ground-

plagioclase
of rocks, amounting to about

mass, stcceeds another complex
1,200 feet of strata.

In the previously described serie
3,500 feet, sedimentary layers were excluded, with exception
cted with the Ashbed, while in the group
ation, numecrous sedimentary rock seams

s, amounting to a thickness of

over
of some scams conne
presently under consider
found to alternate with the diabasic rock belts. In Mr.
n sandrock and con-
of the

are
Marvine’s section we see not less than te
glomerate belts interstratified within the space morth
Ashbed and south of the large conglomerate, almost a mile in
thickness, which forms the shore part of the land near Kagle
River village. The diabasic rock belts intervening have nearly
all an amygdaloidal structure; most of them are middling fine-
erained, but also coarser crystalline seanis oceur, as for instance,
the uppermost bed underlying the great conglomerate at the
Various of these amygda-

cascade near Fagle River village.
ng, but so far the miner has

loidal rock scams are copper-beari
paid little attention to them.

The lowest beds of the great conglomerate belt which termi-
nates the Eagle River cross-section, are fine-grained sandrock
beds inclosing distantly scattered pebbles; 60 or 70 feet above
{he base coarse conglomeratic strata  succeed which in the
presented in the river-bed are frequently

ascending cross-section
colored sandrock. The

interposed again with scams of red
the conglomerate are in the majority formed

pebbles composing
art is homo-

of different varicties of red colored porphyry; a p
without imbedded larger crystals; others

geneous, fine-grained,
Jarge crystals of feldspar, alone or

inclose in this groundmass
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assoclate ith large al
: ated with large grains of glassy quartz; still others |
¢ 2 A3 sthers have

a completely crystalline, granite-like structure

AX < l [ l b ol I <
Sm ll DrOPOriton o pen CC S DacC L1 (] )‘
. t 1 f the QI es S1STS O compact {

amvgdaloid: labases; iti
amyg (I ndal diabases; the cavities of the amyedaloid pebbl
are replenished with th i e -
‘ e usual variety of mi i
A minerals, and i
pemisied with U . als, and 1t 1s
" tly fobscr\ able that these minerals were already filling tI
cavities of the rock bef i 1 m »
ore 1ts waterworn fre
ragments bec: art
of the conglomerate hed. ¢ e e
At Fagle River > wil i
i agle River the width of this conglomerate belt is not
1sible, as it conti ‘ i ‘E, '
y as 1t comntinues far out into the lal 5
Harbor it is found to 1 1 w ot o e
S lo be about a mile wide
: c de and on the
por 1t 1 Tound : . ¢ north
f H; ceeded again by diabasic rocks which project in
of cliffs al > shore 1 ' the
o along the shore line and form the foundation of th
. o ‘
ighthouse at the entrance to the harbor )
The above menti i .
e (flb()\( mentioned Ashbed, in the vicinity of Fagle River
a be rom  8( feet | 1 s | | o
obelt 1.1 80 to 100 feet in width, consists of dark 1)rown’
¢ ~look . . Ry 1 V
fmgn) t mg rock masses, readily decomposing into smali
rents  on exposure i ,
XPOs , which are a brecciz i
pgmens 0 ' ‘ ecclated mixture of
ll - . e 1
ig <1 I;LIH) gdaloid masses partially worn and rounded
with a dark brow ai interstitial :
e b;('wzn, fine-grained, interstitial cement-mass of
acture, which is evidently i 3
. S y of sedimentary nat
o ature, ary nature. Some-
S $ sedimentary materiz i
ar) rial prevails and the i
rock is distantly i in i et e o
( \ y imbedded in it; i
‘ 3 other times the 1
e B ' ; ; s the amygdaloid
o greater bulk, and narrow seams of the sedimentar
ock mass unite the it 1 d
Lo nite them. At the North Cliff mine well laminated
rown, compact s: ed
't sandrock 28 are i
o, con . k ledges are found interposed
o ¢ amygdaloidal portions of the belt
¢ amygdaloid: k ies 1 i '
o : ylgd oidal rock varies in quality; most of it has th
1ne-gratned  structure ) ‘ . .
S e of the so callec i
S ed Ashbed diab ]
mesr | ure S abase and
i’ dI Zhuf porphyritically segregated feldspar crystals are scat
ere rouo sy NN . b b scat-
red ¢ ugh it; the color is usually reddish brown, sometime
rayisi; par 1t is e . " )
g yisii; part of 1t is compact, hard, other portions :
porous. The amygdules consi monite, doteit
: . amygdules consist of calespar, laumonite, delessit
and quartz; in some ( P , -
Z some parts of the old Phoeni i
and : ‘ enix mine nearly al
amygdules are filled wi wdr) dl
\ d with transpa i
sparent, glassy datolit ich i
e e hied v ! s S8y olite, which is
L : l)red by intermingled fine scales of copper; some of th
amygdules are : ¢t enti s ; . :
“ vg f ﬂs are almost entirely filled with copper, but the main
1ass of the metal occurs 1 int 2
ta curs 1n hackly masses in interstiti 1
s ; sses 1n interstitial fissure

In the Nor IifE mi
> North Cliff mine, old Phenix mine, Garden City mine
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and Copper Falls mine, all of which are opened in the Ashibed,
{ransverse fissure veins intersect this belt, which contribute a
Jarge share to the product of the mines.

Some of these veins resemble in rock character the fissure
vein of the Cliff mine, being of quartzose and prehnitic nature;
olhers are prevalently composed of calcspar, laumonite and
datolite, which minerals form the cement of angular fragments
of the wall rock which fell into the crevices, and constitute with
them a breccia.
wdaloidal rock adjoining these brecciated veins is at

The amyg
the Copper Falls mine and the Garden City mine often much
vities and

altered into a dark green rock mass, full of irregular ca
crevices which are replenished with intensely red colored analcite
crystals associated with prisms of natrolite and with calcspar.
The green mother-rock consists to great extent of an amorphous,
serpentine-like mass, mingled with radiated delessite concretions,
which rock miass is by gradations linked together with the less
altered amygdaloidal rock, and betrays its being an alteration
product of the latter.

At the Copper Falls mine a tunnel 4,525
been driven into the hillside horizontally across the strata
dipping under an angle of 27 degrees to the morth. Two
thousand eight hundred feet of this length from the entrance
of the tunnel are made up by an alternation of amygdaloidal
and compact diabasic belts with five different belts of sandrock
or respectively conglomerates; then comes the Ashbed which in
is 150 feet wide; beyond this the tunmel is
distance of 1,560 feet, intersecting an alterna-
and compact diabase belts. I omitted to
all the intersected beds recorded in
as not of sufficient interest for the

feet in length has

its intersection
continued for the
tion of amygdaloidal
give the measurements of
the journals of the mine

generality of the readers.
North of the adit of this tunnel the great conglomerate belt

mentioned before in the Eagle River sectiomn, is near by exposed,
and fills the entire interval from here to the lake shore, a mile
in width. Outside, in the lake, a row of cliffs of diabasic rock
which are the same belt which at Eagle Harbor forms
This outer amyg-
veins from

projects,
part of the mainland at the lighthouse point.
daloidal diabase belt is intersected by copper-bearing
which, by superficial trenching, large masses of copper tad been
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extracted by miners many v
A S many years ago; tl nings are : :
all Blfod wagh s g0, the openings are at present
T . .
bluﬁh‘e (new) Pheenix mine, located in front of the Greenstone
o ts, neztt’;o the gap through which Eagle River finds its out
't towar e lake, works in a simi i the ‘
; , g a similar fissure vein as the if
mine. The geological struc e intn
gical structure of the succession of i
sected by the mine is ab e I st o
S about the same as in th i i
> nin : as e Cliff mine; als
11e.*z‘1e the Allouez conglomerate is merely indicated by the so ¢ 1110(1)
: Allo . A 3 so called
sli e31 while intermediate between the two mines, not much over
a > apa a N V
mile apart, a narrow conglomerate seam is found in this
pozilog, naturally exposed at the base of the vertical cliffs h
o the hundred-fathom level of the Pheonix mine zxnother; ‘sedi
ary seam occurs, which, in lower 1 i and
, er levels, widens to six ¢
! ‘ y s to six and
r;;n t‘zen feet, and then shows the nature of a conglomerate
1 1s belt, supposed to be the equivalent of the Houghton con-
. - o ]
glomerate, hfws not been met with in the Cliff mine but it is
g:li)res‘entedh'lr; the Central mine, four miles northeu’st of thé
eenix, which mine likewise follows i i ‘
Phoen S s a fissure vein and has its
shafts at the base of the greenstone bluffs. A
.Betw.een the two mines is another working mine, the St. Clair
mine; 5 a fiss i 7 haract
' ne; it follows a fissure vein of the same lithological charact
as the other mentioned fissure veins o
A : i .
) edt t.he Cent.rdl mine, the Allouez conglomerate is well devel-
If , in 4 thickness of 135 to 20 feet; it contains no apprecia
hle qu: 7 of ¢ \ "
o b(iucttlnﬁty 0% copper there. The other conglomerate, believed
o Sh fle fqmvalent of the Houghton conglomerate, is struck
: 14 t No. 2, at a distance of 665 feet below the Ailouéy
L.(f)ngl.omcrate exposed at the base of the bluffs The thicknesl
;;s 12b11)e1t ;: about eight feet; its cement, and partially also
S pebbles, have been much altered o
ble ' ¢ cd and transformed into a
i;(;rous, light yellowish green epidote mass, which i richly
oo . . N . )
Witp}teb?d;e-df with copper, but the miners simply passed through ivt
out drifting sideways into the |
’ ay: edge. T.ower d i
e N : g «ower down, in the
i; i tfrth;m llc'\reli of the same shaft, another conglomerate seam
S struck, which is only three or four f i i (
! eet in thickness, b
s wiich s ‘ ss, but
W;;l;l}l;kdb]i .r;(h i copper. Here side-drifts are opened into it
contribute a good share to the | ,
vhich . d : product of the mine. The
vertical distance of this belt from the Allouez conglomerate is

1,100 feet; it is thoucht
s to 1 d of
oo g 0 be the analogon of the Calumet
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The fissure rock of the Central mine has the same nature as
hat of the Cliff and Pheenix mines; it was very rich in its
upper levels, but going down on it a general decrease in its
productiveness was observed, and it was feared for a while it
might grow poorer in the same rate by sinking deeper on it, but
Jater work opening deeper levels disclosed again a wealth of the
vein equal to that of the richest portions of it in the higher
levels.

Much of the copper in the Central mine occurs in larger masses,
some a good many tons in weight, which are surrounded by
calespar, prehnite, laumonite, and quartz, and have usually not
their own crystalline form, but are adapted to the interstices
left between the other minerals; sometimes, however, the copper
formed in free cavities and then is found in most beautiful
crystals associated with similarly perfect crystals of calcspar,
apophyllite, analcite, natrolite, datolite, and quartz; likewise is
silver a frequent associate of the copper.

These mineral specimens rarely come into the hands of the
mining officials, and are an article of trade to which the labor-
ors of the mine think themselves privileged. The number of
travelers visiting the copper region, all desirous to gather some
of these curiosities, have in the course of time caused the venders
to raise their prices to fabulous height. Specimens of crystal-
lized copper bring from five to twenty-five dollars and more,
and an instance is known to me where a crystal of calcspar of
the size of a hen’s egg was, from the first hand, sold for eighty
dollars, and the second purchaser paid ninety-five dollars for it.

Fast of the Central mine, along the base of the Greenstone
range, a great number of old mining locations are met with
which have been for a good while abandoned. All followed
transverse fissure veins, and from some of them a considerable
amount of copper was gained.

The next place where work is done is the Delaware mine,
which formerly mined a fissure vein, but now, in the hands of new
owners, is called the Conglomerate mine, as the Allouez conglom-
erate belt is the stratum which is mined for copper. Outcrops
of this rock belt are moticeable all along the base of the bluffs
from the Central mine to the Delaware mine. In some of
these localities the belt is not over three or four feet wide; in

others it has a thickness from 20 to 30 feet, which is the case-

17
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at the Delaware mine.  The dip of the strata at the mine is
23 degrees to the north.  The copper is very unequally distributed
in this rock; large stretches of the belt are almost barren of the
metal, then again patches are met with which are very rich; a
good portion of the mined rock has therefore to be rejected.
The average yield of the rock sent to the stamps 1s fnot over
one and one-fifth per cent, but it is expected to make even this
low percentage profitable by operating on a large scale. For
this purpose the company erected a new stamp mill at Lac La
Belle, and connected it with the mine by a railroad seven miles
long.  The mill has three large Ball stamps, of which two are
in constant use; they are capable of stamping two hundred tons
of rock daily.

The succession of rock beds underlying the conglomerate belt
of the mine is to the extent of 400 or 500 feet of strata naturally
exposed on the lower part of the hillslope. Tt is an alternation
of amygdaloid belts, some of which are cupriferous, with compact
diabasic belts. Farther south, most of the surface is covered
with drift deposits, and the few rock projections seen at intervals
are too far apart to learn by them much of the details in the
stceession, but we observe a conformity in strike and dip of the
beds from the Delaware mine down to Lac La Belle, can there-
fore, with propriety, suggest that in going to the lake we meet
constantly with lower strata.

By explorations with the diamond drill the occurrence of the
two conglomerate belts intersected by the shafts of the Central
mine has also at the Delaware mine been ascertained. The first,
thought to be the Houghton conglomerate, is found not far from
the old stamp mills in the sole of the valley. The second, identi-
fied with the Calumet conglomerate, has been struck 400 feet
beneath the surface, southeast of the location, not far from the
bridge across Montreal River. A third belt of conglomerate, 150
feet wide, is intersected by a railroad-cut two miles south of the
former place, near the center of Sec. 30, T\ 58, R.29. A large
proportion of the pebbles of this belt is amygdaloidal and com-
pact diabase; the balance is made up by porphyry pebbles; the
cementing interstitial seams are much impregnated with epidote,
but no copper seems to occur in it. Not many steps off from
this place conglomerate boulders are mingled with the drift
masses, which are richly impregnated with copper iu the form
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of malachite. T'hey seem not to belong to this belt and are
probably tramsported from a northern belt. _—

South of this conglomerate belt unto the sl‘lore of Lac LaBe a‘
a great number of diabasic and amygdaloidal rock belts erLt
found exposed along the railroad track an('1 the wa'gon road, ’uk
several intersecting rock seams which I will describe below are
not seen in these routes denuded. .

Next to the conglomerate succeeds a fine-grained L:()ITIPZLC'C
diabase of black color, which cleaves in even slabs an inch or
two in thickmess: the same rock is largely exposed on top of
Bohemian Mountain at the Mendota locatiomn. ‘ .

Farther south several amygdaloidal belts of purplish brown
color with epidote, calcspar, and delessite amygdules'occur; orfe
of them is on the cleavage faces coated with malac}'nte. These‘
alternate with belts of compact diabase which contain numerous
epidotic seams recementing the shattered ro%‘k masses. ’

The lowest rock belt in this large succession is a congloTnerate
80 or 90 feet thick which projects in high bluffs sh(‘)rt distance
off from the lake shore. The stamp mills are built (‘IIOSQ to
their front, whereby the advantage is gained of dumping the
rock from the railroad cars into the building, a story above

all stamps.

th;‘h]?: Hco;glorﬁ)lerate is much darker colored than the cor.1g101n—
erates north of it; the cement comsists of trappean debris .anfl
is locally impregnated with epidote; the pebblt.es are also 1{\1}:
great measure formed of diabase and amygdfllmdal rock. c
porphyry pebbles are nearly all of t.he fine-grained, 1.101110geTlte‘oflJ:Ci
jaspery kind, which rock occurs in a lar.ge belt interstrati )
with the diabasic rtocks of the Bohemian .Range. at Moun

Houghton, and from there extending six or eight miles far‘fheiC
to the east without interruption. Not only rou.nded pebbles o

this porphyry enter into the composition of t?ns conglo'meralt'e,
but a great quantity of such rock is enclosed in Shafl)‘, dngiltl ‘tr
fragments, sometimes even in large blocks. The rock‘b‘e 18
much decayed on the surface. An efﬂorescer}ce of malachite o‘n
the rock faces is frequently noticeable, but it does not contain
any larger quantity of copper. . ‘
mislcel:dins from the lake shore to the Mendota rTnne on top of

Bohemian Mountain, we see first, near the dwelling houses at

the base of the mountain, the before mentioned conglomerate

i
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cx'pusc(l in the road bed.  Above it an alternation of anve
toidal scams with epidotic diabase belts succeeds 'unoul;t']‘\%dn-
about 120 or 130 feet. Next higher follows a I e m‘*’ N
bout 130 ‘ s a large belt of fine-
%;mmcd, dark blackish, gray colored, glistening diabase, exhibit
ng the sn. called Tustre-mottled structure. ’fhc plzuri(’w]‘mwn'-
1?5 composition is turbid, rarely exhibiting polysyntﬁctic(z ‘%”
tion; .the augite is in part unaltered, transparént VVith‘ )“]“
brownish c§>lor; another part is green colored and of ﬁbi \ (‘
stru.cFure, indicating its transformation into hornblende : ()L’h
udd}tmn to these, numerous olivine grains are diwmnin"t)lln
besides magnetite, which two latter minerals are 'Ll\;\f" 'S i
closely associated. s fomd
In the 1’;Lrthe‘r ascent we find about midways of the mountair
slop.e a \'e'ry wide belt of coarsely crystalline rock dcscrib‘ltb?
czu‘?mr writers under the name of syenite, and roc:\nt} ‘r' by Ql() 1‘\
I'rvlng as orthoclase gabbro. It comsists of about ¢ 1::11 ~' s r(‘i"
ties of red feldspar, probably all orthoclase, zmdq()(f 1(111;[111111
hornblende crystals, which under the microscope very fre u;ntll%
enclosaj remnants of unaltered augite, of which thcyw are ql a '}’
n'lorpl?m product.  Clusters of magnetite crystzds»or m(wﬁjt-rl;t
t1jczm—1ron are copiously disseminated, besides translucid :'I"Li11%;
of (‘JUZLI‘tZ zm‘d epidote crystals; in some but not in all :f (tl .
scctmnf apatite prisms occur. The red color of the feldspar K
not u1.11f0r1?1, and is due to a seamy or cloudy inﬁltra‘éi{'; (t}
hematite p1gment into the originally colorless mass. The rock
;Lb‘oveldescrlbed as wall rock of a fissure vein at the‘old Phoen?x
1111’116 13 very similar to this rock. The red feldspar crystals in
ﬂll:S 1fxtter arc not all orthoclase, as some cexhibit pu]yzwin(tl:etlin‘
striation; a part of the augite in that rock is porfec;ddf' fresli
und‘ transparent and the altered crystals of it have 13()’( tl :
perfect cleavage of the hornblende as in the rock of I'u‘
;u Belle; often‘cr the transformation appears to have re%ul;:}(:
1n\tvhc production of chlorite. Intimately associated witl; tlﬁs
r(,)d‘ belt are seams of a red colored crystalline rock which
resembles the granitoid pebbles in the Calumet and other con-
glomerate l?elts. It consists of an aggregation of red ()rthoclfme
crystals X'Vlth distantly interspersed altered crystals of au ‘ihte
cl?anged 11'1t<> a whitish, soft, steatite-like mineral iﬁternﬁnied
with chlorite scales. Between the interstices of the orthoc?ase

(‘r\‘St'ilS OCCUrs - 5 » 5
yste ceurs a good proportion of transparent quartz grains of
g {
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very irregular shape; also magnetite granules are sparingly
scattered.

This rock is merely a modification of the orthoclase gabbro,
| segregation the feldspathic constituent largely

in which by loct
Its scams are rarely sharply defined

prevails over the augitic.
from the adjoining gabbro; they merge with cach other by
gradations.

This red rock must not be confounded with the red porphyry
forming the summit of the neighboring Mount Houghton; there
is 1o analogy between them.

A very good opportunity to sce exposures of the gabbro and
the associated red rock is offered by the lower adit of the
Mendota mine and in the ravine above it. On the burrows in
front of the adit a large amount of a dark green, coarsely
crystalline rock is thrown out, which microscopically shows the
distinct outlines of the former feldspar crystals and intermediate
augite crystals originally composing it, but the entirc mass is
changed into a soft, steatite-like substance, which in thin sections
under the microscope shows a minutely crystalline aggregate
polarization; the former augite crystals appear more turbid and
darker than the pseudomorph of the feldspar crystals, and the
interstices between these are filled with quartz. Magnetite is
disseminated in clusters as in the orthoclase gabbro, of which
I suppose this rock is a pseudomorphous product.

In the same horizon occurs a belt of coarsely crystalline
olivine gabbro, which in hand specimens is not distinguishable
from the same rock found in the Penokee region or at Duluth.
[ts components arc transparent crystals of plagioclase, pale
augite, and yellowish green olivine, besides some

brownish
or titan-iron. Large, freshly quarried blocks of this

magnetite
rock were piled up on the roadside, together with blocks of the
orthoclase gabbro, to be used as building material for the Lac

I.aBelle stamp mills. I did not succeed to find this rock belt
in the quarry, some distance above, on the hillside, but the rock
unquestionably came from there. Above the orthoclase gabbro
belt, which is not much less than 200 feet thick, succeeds an
almost equally large belt of a gray, lustre-mottled diabase,
projecting in vertical cliffs on the summit part of the hillslope.
It is middling fine-grained; the augite is almost completely
changed into hornblende. Considerable similarity exists between
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this rock and the other diabase next below the thoc
gab.bro. Farther back on the plateau of the hill, a (\)r 'Od'ase
grained, compact, black colored diabase belt succe;d(s vt*rl}' ‘l;m?—
th'edfz.une as the before mentioned rock found cxpo;;d :; ltllf
ir:diss:ile aant] t(}:(; })dzlc of the nurtl} slope of the hill. Next abml'z
bl z: 011.11 b;)?lt, and this is overlain by a conglomerate
e tmc\k 1; ;: tamgt t:]?t;zune as thfe one intersected by the
ad A L, coming from the Delaware mine.
M(’)I;I;;;::tiie:;zi)‘e?lxsicces'snm of rock beds composing Bohemilzl*;
poty Witl,l L:'llcs )’5\ e.rS(’ly 1n.ter'sected' by numerous fissure veins,
N number( fl(l;r n dssncmtmn' with chalcocite.
g <') ' )‘LdI‘S ago extensive preparations were made to
mne ;e veins, but after a few years trial the work was
;Or th(;nsxi)eajszhcfam‘ou-nt of copper ore obtained would not repzl&
The lower di 0 nof o T
ot o Of‘ 1};1(());;})11‘1 :rllleMKewtee'naw group composes the range
Grise Bay and the valley of ;\)/E?n:rlzl’tl blgzvceren :[I{l}feShore Of’ i
: nd ¢ @ er. shore line is
Zil‘;}i Slle te;((:evpvti(jn (‘)ft a few sand bez}ches, bordered with rocgli
fore, therefore(in(;iceﬁo, tthc end p(.>111t of the Peninsula, and
the mrom ) ellent opportunity to examine this part of
Ca?:e rsj :;i::ﬁ:f;j;)geﬂ; shore the discordant contact of the
ads s with the eweentaw rock series is observable.
S(n(l);;e l?jesz;hqio‘uﬂ(lhes 1: situated near the quarter-post on the
e e \f (,.'2‘), T 38, R 29, aboufc a half a mile northeast
o fe of Lac L'(L Belle into Béte Grise bay. We see there
;toz;rege ’s;ucesmf)n of .hght colored, whitish and red blotched sand-
reddizil a}terna‘clng W}th several narrow seams of a dark colored
frZLgl;ient;rgf\avgi’t;r'efc‘u’i, consiét'ing of small, little water-worn:
e 0 ad% asic and felsitic rocks like those largely exposed
e diJOl.nlng the shore. 'This group of sandrock and
o iIfl>p'1ng un'der an angle of about 35 degrees south-
T Seen i 1‘mmed1ate 'Contact with a belt of lustre-mottled
bt s o mfshunsie:tjehl(fll ar:igle to the north. 'The diabase
e , S re an recemented by a network of
C(mglpomez;:fic lstlztr:lw‘n;te seams; 1t alternates with intermediate
e 1; ?rmed of 'rounded and of angular fragments
ot <d' 0 <Ln.1ygda101dal diabase, and of an abundant
a dark reddish brown colored, fine-grained, sedimen-
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tary material, which generally has a dull carthy fracture, but
often also is quite compact and has a smooth, conchoidal, almost
flinty fracture. It resembles in this latter case most strikingly
the red felsites of which I will have subsequently to describe
large exposures.

The line of contact between the sandrock and the diabasic
rocks is seen in part above the water-level, but much of it sub-
ater, and is plainly visible for the distance

merged in shallow w
the succession of sand-

of about a quarter of a mile eastward;
is observable far out into the lake; many of them

rock ledges
About a mile northeast of this

exhibit ripple-marked surfaces.
locality is the summit of Mount Houghton, 847 feet high; its
ds the lake is formed by various modifications of fine-

slope towar
with interposed amygdaloidal seams; the top

grained diabase
of a red, fine-grained felsite belt, amounting to
great thickness; the north slope of the mountain is formed again
of a succession of diabasic rock belts. This felsitic rock exhibits
very frequently a distinctly banded, laminated structure; it is
hard, very brittle, and breaks under the stroke of the hammer into
that only with

part comnsists

aumerous sharp-edged, irregular fragments, so
difficulty hand specimens of a desired shape can be procured. A
close relationship exists between this rock and the quartz por-
form the majority of the pebbles in the Calumet

phyries which
s is concerned, but it

conglomerate, as far as the ground mas
rarely incloses porphyritically segregated, larger single feldspar
crystals or quartz grains.

Thin sections of the felsite of Mount Houghton appear under
the miscroscope as an aggregate of turbid feldspar crystals, with
dimly defined prismatic outlines, in intermixture with very irreg-
ularly shaped, indented or ramose masses of transparent quartz,
both minerals constituting a network of which one fills the
meshes of the other. Very often we find also the longitudinal
axis of the two minerals directed in conformity with the lamina-
tion in the banded portions of the rock. As an additional compo-
disseminated black molecules

nent have to be mentioned copiously
Some

which, in part at least, are magnetite or martite granules.
of the darker grains show a degree of transparency with brownish
green color, which might be augite.

In polarized light, under crossed mnicols, we observe
ams inclosing luminous dots recognizable as feldspar

a network

of dark se




136 UPPER PENINSULA

or patches o artz; i
tiois X f quartz; on revolution of the object the darl
$ become, in some s1td i art oo
o e » 1 some position, luminous, once thig part ! 1
2T time ¢ ;i actu: 1 i the .
e another; actually isotropic portions of the mass |
ot observe 1scove i o
e tveor discover. Identical felsites with the M
Houghton rock, composed the <t hi 1 i et
g St tock next high hill, one mile and a half
as atter and a half mi 2
alf mile south, very close 1
wto close to the shore; i
oceupies 3 alf of ’ . e
t.p ) ;thc north half of Sec. 29, T 58, R. 28 presenting 1 ; 1t
vertical cliffs w i Ll  the st
. hy ifls. The lower outlines of the belt, close to the Nt
:dge, which most lik » w x
: ely are loosenc i
: < d masses, slid d
on the lustre- : i with locul &
o the titru mottled diabase rock, which, with Jocal il,lttr‘
s by the before ; : ’ ( T
d,d()id,i before mentioned brecciated or conglomeratic am <1r
: T sor 1 - ‘ e
" al rock seams formed the shore-cliffs from the pl -
he eas sands i i tig i
tern sandstone is seen in contiguity with

water’s
repose

ace where
here. e them, up t
breccilT'ltm felsite of these shore-cliffs has the structure (];f .
'CC1a; 1ts cementing seams are often infi ‘ ¢
. scams ¢ en ate : .
or with red oxide of copper. fnfiltrated with malachite
Not quite a h . .
e Ceu?erltcf LSlmlf mile east of the shore-cliffs of felsite, near
Is seen in 0~ o 29,‘ztnothcr large patch of the castern szmd,s‘cor;e
tio;l o contact with the lustre-mottled diabase. The iné]inq
o 1(1 sandrock beds in this place is not quite as steep s
as ) o ' as steep as
o in Ctllc first described Tocality; still they have a distlin t';
b 1¢ s - o v d s ~
] ;11 1{)1, .steepest off shore, and diminishing toward t}l
shore, near their contact line with the di ) ’
have an ¢ it o ) e diabase, where the strat:
makesn \Imost completely horizontal position, which circumstan :
s me suggest as el ’ stance
of the gtr'?’lgg?est as the possible cause of the inclined position
o the\. ;L)d. an underwashmg of the beds in the lake botton
< s Sequel’lt bre'l . N < - 1
Their discordance wi axing df)wn of the more superficial strata.
plainly ob ce with the diabasic rock belt is here just as
'Lr( fy observable as in the former place; crevices in the (‘lli'»l : (*S
: io t?n found replenished with sandrock e
eaving thi . )
River COZ SHS place, we find eastward to the mouth of Montreal
m*w%e’s fe St exposures of conglomeratic and brecciated rock
by 1n ab)urni]_ed of dl.a basic and amygdaloidal fragments cementcc;
et 1n (m"‘cc.sedlmentury interstitial mass, which entered the
! -1al cavities of the amygdaloi . '
gdaloidal rock, in
were . . : ; proof that they
Y not jilready replenished with other minerals at the time tI{
:&gtmf'nts became embedded in the conglomerate "
1mes > p '
underly ines lthet conglomerate rock recedes from the shore and the
ing lustre-mottled diabase forn l )
e . : s the borders .
its presenc » . 15 ers of the lake;
presence 1s recognizable from a distance by the conspicnit
Sk [ _)'
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of the network of spar and laumonite seams intersecting it in all
the exposures on the whole length of the shore.

The cementing seams of the amygdaloid conglomerates consist
usually of a fine-grained, dark purplish brown colored, not very
hard mass, with a dull earthy fracture, but locally it is found
to be very hard and compact, with a smooth, almost flinty
fracture, in which condition its resemblance to the before men-
Honed felsitic rock masses is so great as to make it difficult to
distinguish one from the other.

Montreal River runs over a stairlike succession of cliffs into
the lake, which cliffs consist of the often before mentioned lustre-
mottled diabase, whose thickness here is scen to be quite large;
the strata dip under a high angle northward, like all the remain-
der of succeeding rock beds. North of this belt follows a repeated
alternation of amygdaloidal seams, with others of compact dia-
base. At the first great bend of the river a little more than a
quarter of a mile from the shore is an amygdaloidal conglomerate
belt exposed in the bed of the stream; interstratified and alter-
nating with these layers are several seams of compact diabase
from six to eight feet wide. Iarther north, compact diabase
rocks are inmcumbent, which amount to greater thickness. Next
wide belt of a very fine-grained, dark purplish
brown colored, hard but very brittle rock, which, under the
microscope, shows the structure of the so called Ashbed diabase;
its irregular splintery cleavage makes it somewhat resemble very
dark colored specimens of a felsitic rock. It forms the foot-wall
of a large belt of felsite in brecciated condition, and above this
breccia follows a still larger belt of a coarse conglomerate,
formed of rounded and angular felsite pebbles, besides a good
proportion of amygdaloidal and diabasic pebbies.

The brecciated rock comsists of small, angular fragments of
brick-red felsite, firmly cemented together by interstitial seams
of somewhat different shade of color, but of almost the same
quality as the enclosed pebbles. Within these seams are numer-
ous well formed feldspar crystals seggregated, and with them
small morsels of diabase are found plentifully disseminated.
The position of this breccia belt is in the line of strike with large
felsite outcrops on the east and west sides; its relation to the
t conglomerate, which essentially is composed of the
as not able to ascertain, as the interval

above follows a

incumben
same rock material, I w
18
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het e P 3 b b
he € eXpo b ¢ [¢] b < d V
etw e’(‘ 1t 1¢ 2 sures )t [ h(} t W ¢ t\ 18 overe v

ith drift

t()]:;;ztléﬁir;h; 'co?g;lomemte belt the trail along the river up
e 11an ’ ea'ds across several disconnected outcrops of
Surfaceti;m, jun) gdd.lmda] ‘rock belts, but for long stretches the
u leuméd L:f\ et;eed ‘w?‘f}?ﬂ(.irlft masses ; therefore not much could
P carmed of U Vs‘uucsmon of strata in this part. Proceedine
¢ ffund Snmge cdts}‘lc of the mouth of Montreal River, the o
s fo cd wit high bluffs of the lustre-mott]’el
intersec i (
“r:}‘i:z;ec:z(cikv;ﬁl}:‘rét;ctflatecl seams of calespar and laumonite
ek di:g; oc‘aIIy change .into a conglomerate mass:
e al;‘erdnd amygdado%d fragments, rounded and
e min;led o ’j[‘oh a ‘good ?roportlon of epidotic rock masses
e bb , . e' cementm'g mass as before described iy ¢
rown, fine-grained, sedimentary mud )
cloudy blotches has the nature of
clearly being the result of

shore
diabase,

mass, which in
uture of a pale green epidote rock,
ing a secondary paramorphosis.
y Igez‘h;(;snr?ﬂs;ayﬁ us;d as a ﬁsl-ﬁng station, on the south line
o See pr’ojeéts ;n hZ , a ?arge 1solated outcrop of felsitic rock
e projects & th1gh cliffs at the shore; a quarter of a mile
e by, o e promontory ‘forming the opposite side of
DIt At Teast 500 feet 1n thickness e syl T B 4
et ‘ : 8. e rock mass is the same
hiuthilr’i (glethzojsﬁln;lzclfof lcMgunt Houghton and of the 1;::2;
Is) S ~ (] ~
;L brecciated structure, but th:zl.griz)t.t bﬁfl:’a](]g tt;l: bmlhtk o
;:ix:;)_grfzzeous solid‘ mass, full of cleavage cracks; its ecolor is
e b(e)g iu?;i;s}i brown; a laminated, seamy structure o;°
e roct Momit‘ o e 1r;l1es observable, but not in a degree as the
o oug ton. and other more eastern outcrops
. n the north side of this belt a belt of porphyritic

diabase is verlie it, w

: e S S‘een ‘to overlie it, which consists of a minutely

crystalline diabasic groundmass fessit
'y

is a

enclosing numerous .
amved sl rous delessite
ygdules, besides a large amount of red feldspar crystals

llzj;}ift ?f theK51ze a half an' inch in length. 'This is the only
Occurrzd ?tn eweerllaw- Peninsula where this kind of a diaba;c
pocurre Ve: nlz,mwhlle in the Gogebic Range this variety of di;l—
pase fddgy ! fnon. .Of the same rock disseminated with very

g spar crystals, in clusters, consists also the greatest part

of the diabase pebbles inclosed within the large conglomerat
2 crate
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belt on Siskowit Bay at Isle Royale. The promontorial point on
the line between Secs. 35 and 36 consists of the same porphyritic
diabase which forms the hanging of the felsite belts from here

r east, to the old location of the New England mine in

furthe
s of felsitic rock,

Sec. 30, T\ 38, R. 27; we find four different belt
interstratified with diabase belts and amygdaloidal conglomerate

The first felsitic belt is found near the center of the

seams.
it has a brecciated

south line of the S. W. Y4 of Sec 25;
structure and differs from the ordinary felsite by a peculiar
state of decomposition, being porous, gritty, resembling a sand-
rock; otherwise it perfectly corresponds with the brecciated
felsite masses of which several other belts occur some distance
further east. The thickness of this belt is only about five feet,

and it dips under a high angle north.
On the east side of this narrow be
follow compact beds of diabase in alternation with seams of the
often before encountered amygdaloid conglomerate. Near the
cast line of T. 58, R. 28, occurs another belt of brecciated
compact diabase beds and amygdaloid

it of brecciated felsite

felsite, then again,
conglomerate east of it.

In Sec. 30 of the adjoining town, R. 27, the shore is almost
through the entire width of the section bordered with outcrops

of a very large felsite belt which trends parallel with it, dipping

under an angle of about 70 degrees to the north.

The felsite has in this locality a remarkably well laminated,
egular alternation of differently colored,
which banded structure is particu-
A succession of such

pbanded structure by r
narrow, almost linear seams,

larly obvious on weathered surfaces.
amounting to near a hundred feet, is

regularly laminated beds,
liffs projecting into the lake,

exposed on a peninsular spur of ¢
and traceable far out beneath the water-level.

The incumbent higher beds of the felsite belt, cropping out
on the beach, differ some from the very compact strata. Certain
layers have a concretionary, spherulitic structure, which deceiv-
ingly resembles the concretionary structure mnot rarely seen in
These concretionary beds exhibit like
the superimposed laminae
by transverse bars likewise
some
The

sedimentary rock beds.
the others a laminated structure;
connect among themselves vertically
consisting of aggregated, warty globules of different size;

of them exhibit a fibrous radiation from the center.
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1‘11ter.mcdmtc space  between  these  lavers of
Li)l?&lSFCHC)’ are filled with a lighter C(;]()T“l )
stlico-feldspathic mass in progress of d’ .

Another variety of the rzck 18

VOTY  compact
somewhat porouys
ccomposition to kaolinite
it o ety of the x composed  of @ reticulated
e S concretionary nodules with a soft 1
arthy-looking, red subs hi X e, wh
. - ng, red substance, which incloses lare ’ .UH»
colored, much shattered feldspar crystal R,
colored, m ; spar crystals, ti
are infiltrated with the red materiz /
» material.
Still another form
amygdaloidal cavities
S,

1 clefts of which

of the rock is f 1
i 1<.)(,L 15 full of irregular, lobate
‘ med with a coating of arts ,
or of chalcedony 1 Gt
e e Y, or completely filled with them "
caflets of metallic ¢ i o
¢ copper inclosed
le losed Dy the ¢ /
cavities are repleni i L o
: ¢s are replenished with prehnite and
- oy l4 1 1 ‘
erals.  Thin sections :
examined show the
spaces to be formed

of felsite subs
: substance, s s .
others. sean (due, some of which are homogencous compact
s seamy and ce X . s 8, © ac
also on the }‘ i lulose.  Amygdaloidal felsite masses oce :
' submerged reef of Stannard Rock lig o oeeH

the Porcupine M ; :
- ountains . he
River, 1ns in the bhed of the

als
Often are
.\
Some other
other zeolitic mi
e i prefit . ; ¢ min-
s amygdaloidal felsite microscopically
grou ass surr i » al
bf, ‘mdmdss surrounding the amygdaloidal
of intimately i o :
1timately reunited fragmental portions

hthouse and in
headwaters of Carp

[)[) o ay g b b < -
S ) € D S 1(, 3 DE € CO 5

l ]le L; CI'111( t ] Lyer S/ ( i tlll ]\1tt l' “]t tre a Qdrse precceia
()1 dat tl (]]lguldl , par tl y l()u]lded, %% (lt(] ~Wormn fd%‘lt( 1] (lg ien t_s
< g colore p() h > |
W]Lll 1 ]l lt ]1 1 (1, rous ceme \h ()]” [& 1 y
X i emern ‘,, g eenisn C Ted )y
LIT1PT (,g 11 (Ltl 1 Y, ltll nl(L] ac hlt(’, W 111(_,11 mos t llkﬁl ¥ l

product of a small amount of me 8 @ secondary

e g ol sumous .talhc copper and of its red
: are recognizable i
pride, b gnizable in the ceme Thi
. \ T ! nt.  This
e altogether different from the compact, 1 -
< ) TRQ 3 3 ‘ ( A
‘ masses, previously described as occurri ,
line of T. 58, R. | he
River,

reectated
o near the cast
28 le’ld . IR . R S ¢ cast
The cemen’ti a mile north of the mouth of Montreal
ous, fluidal struct ngbsubstance of these has the wavy, tortu
7 al structure, bending r " -
. ) round the encle
which is w X enclosed fragment
Irvine ell represented on Plate 13, Figs. 9 to 12 © t
T}gs work on Lake Superior rocks T % am M.
e brecciated | -

Suppose thei; form of these rock belts first induced me t
8 S a . s - L > to

miection of (f?ueous origin, as 1t is hard to imagine tl
3 O a fire- : . . < ¢ 1C
amall fragn (t re-fluid mass into the accumulated bm 1ss - of
$ 1e1ts, s - ;. . ass o
causing a fusi » some of which are diabase fragments, without

SiE < S1C o . ¢ '
S n of them, at least partially, but as th’g "
! > cemen

Cre < < (324 <
] t 1(, Tom 1 d & f(,l% 2 1
11 >TSS 1 > ] ¢ mate O ( : 2 1!.( ‘ (,) ne lt\ ’llld

incloses sharply defined fcldspz&

The felsites of the Bohemian
respects  qualities
aqueous  interference

felsites are so

represented in an exposurc
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crystals like they do, we must

also admit that both formed in the same way.

Range show 1 many other

as well compatible with a rock formed by
as with an eruptive rock, but as the
closely allied with the quartz-porphyries  cont-
posing the south belt in the Porcupine Mountains, and also
on the railroad above the Calumet

stamps which bear indisputable marks of their eruptive origin,

we
! felsites.

The occurrence of isotropic gl
microscopists in  thin sections
positive proof of their eruptiv
positiveness.
under crossed nicols, but as far
aggregate can be observed, ¢
transmits light on revolution of
small, interstitial seams of glass
but as a rule these felsites are

crystalline material.

nating,
themselves in their succession b
the cast, toward Union Bay.
with globular ¢

A great many fissure veins in
able on the shore; they consist

copper, which induced, years
establish locations on the shore,
was not continued long; the vei
to encourage the continuation
Union Bay to
not examine the shore outere
northeast part of the bay appe
sedimentary rock beds.
Striking here from the shore
condition of the country offers

cannot otherwise than presume the same origin

for the

assy portions observed by some
of felsite, which would be a

¢ nature, I did never observe with

A large proportion of the rock mass becomes dark

as in such minutely granular

very omne of the dark molecules

the stage in a certain position ;
substance might be overlooked,
totally formed of individualized

The beds incumbent on the Jast described felsite belt are alter-
compact and amygdaloidal diabase belts, which present

y following the shore farther to

One of the diabase belts is crowded
oncretions of radiated thomsonite masses, rose-

colored by intermixture of delicate leaflets of metallic copper.

tersecting the diabase are observ-
principally of calespar, faumonite

and quartz; some of them are filled with prehnite charged with

ago, some mining companies to
but, as the burrows show, mining
ns were found too poor in copper
of the exploratory work. From

the extreme end of Keweenaw Peninsula, I did

ps.  Seen from a distance, the
ared to be lined with arenaceous

northward, the densely timbered
no opportunity to see connected
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X S aQ - '

R\(f:;:llr:l (;illit%f rock beds until we approach the Greenstone
L bth,e Keweu ' num?rou's abandoned mines are met with. We
hud e e ‘]endw mine in the S. E. i of Sec. 13, T. 58, R. 23
o b\eltg slope of the Greenstone Range. Different a;nyg(‘ldjli
ol be {h:re u‘nvc;()\'ered here by the miner, and at the base :)f
e areecg: dlznt of the Allouez conglomerate crops out.
ity resembles then;;bii th?e coar:sely crystalline diabase, which
i e abase composing the top of the bluffs at the

On the north side of C T

Michion ot ai: S;)fl‘u:t};;.mnge, the Vulcan, New York, and
Soi(]);r;i;\erei’fc, tv}vl: h{]d the Philadelphia and Boston mines on the
S stope o range, and farther west the Star mine. Oppo-
e he atter, on t‘hQ north slope, is the Clark mine. On the
;Habasé (;plledoi]flhe (gwrle?nstone Rflnge a great number of different
(abuse @ anc 1Cyg ;l‘(?ld beds follow each other in alternate
i fr(,)m tho GVY,ILh c,z'm be seen well exposed on the road
e tron Ri:e 1r'<1rd mine to the Star mine. At the crossing
e ereat ! feell'c, hL wide beljc of.diabase causes falls in th;:
ooy 30 fee klgh; ()Verl}"lllg 1s a belt of amygdaloid, then
et @ v gil (11; bcolore(.i dl.abase, and so on. Six or seven
Charent gio;eolc J elts, with intermediate diabase belts, present
e thé elore we Teach the base of the Greenstone bluffs, at
it fbo etrm:t Allouez conglomerate belt is seen in a
s ot noli ’ o ‘f‘eet; some mining has been done in
eI al;o mina{;}luéSS. . Several .of the amygdaloid belts
it s dm o 1e'da’t ‘the Star h")catwn. One very hard, pur-
e ;Ch : Cyoipzrmb;;mtth prehnite and datolite amygdules, is
uite © copP , '2L pre,'sent no work is done in it. Sevy-
amonite, had been Tt e e o S and

: ) ,: : ed on the Star location, but they
]\Zrl]{‘z}ivlticdelzg;p]tlwzl ‘(:f, some lf)(:al ftcculnulati<)ns, ,poor in egoz)vpeerre;
o) \*’hiCh Seen(;e;u,t: I])rehmtlc fissure \.zein operted on the loca-
places are altogether <Lb<)t(1}1dz]1;)krde Profuctive, put e present the
in;)\flc(?sa;>;]‘]ul1eOztatrhl?n\ne are three or four other abandoned min-
e oo COH‘(;] o w‘:lsouth slopej which did some work in the
onen « glomerate bclt. and in an underlying amygdaloid
S S ml‘nlng fissure veins. Crossing the range at the S ,
mine, we find at the foot of the north slope th’e Z()uth sha(ft:tfl);
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the Clark mine, which followed a prehnitic fissure vein intersect-
ing the very coarsely crystalline diabase characteristic for the
upper strata of the Greenstone Range.

The feldspar in a great portion of the wall rock of the vein is
red colored, the augite is bright, translucid, with yellowish brown
and the large proportion of olivine in the rocks is almost

color,
a dull green, serpentine-like mass and

completely changed' into
partially into radiated clusters of chlorite or delessite. Pseudo-

amygdaloidal spaces in this rock are sometimes filled with

prehnite which incloses scales of copper.
About 500 steps north of the shafts at the Clark mine, right
the dwelling houses of the location, a wide brecciated amyg-

by
it resembles the

daloid belt, with brown, gritty cement crops out;
Ashbed of Eagle River. It is traceable quite a distance east and
westward and can also, at the Aetna mine dwellings, be seen well
denuded, holding a similar distance north of the Greenstone.
North of this belt occurs, on the west side of the Clark mine,
close to the road, a large belt of ripple-marked, brown sandstone,
overlain on the morth side by another amygdaloid belt. The
sandstone has been quarried for building purposes at the mine.
Three-fourths of a mile north of the Clark mine dwellings,
another fissure vein has been mined, known by the name of Fast
vein. It intersects a large belt of fine-grained, black diabase, an
overlying amygdaloid belt, and then the large conglomerate belt

continued up to here from Kagle River.
An adit is driven horizontally across the diabase, within which

the vein was not very rich; in the amygdaloid belt the vein

became very productive in small masses, s0 called Dbarrel-copper.
The vein rock there, comsisting of prehnite, calespar, quartz,
contains a great many druse cavities, lined with fine crystals of
calespar, prehnite, analcite, feldspar, epidote, quartz, and partic-

datolite in brilliant, transparent form, often aventurine-like,

ularly
al-

glistening from intermixture with most delicate leaflets of met
lic copper. The copper in the vein occurs frequently in solid,
large crystals, but the angles between the crystal facets are
obtusely rounded, never sharp. Entering the conglomerate belt,
the vein loses its prehnitic character and becomes very poor in

copper; it is there mainly composed of calespar and laumonite.
The drift into the conglomerate has only been driven for -about

40 feet, and then abandoned. On the strip of land intervening
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betwee S INgs & i
Li)\l/vu'n the dwellings and the adit of the east vein, considerahl
cxploring t has 1 ’ ‘ ich
Se‘l,eml g v‘vorl has been d.one i amygdaloid belts, of which
;( ] present themselves in alternation with compact diabasi
ek masses : ‘ ! pits,
e ’m wsses, but although copper was found in all of these pits
1¢ amount was too small to be profitably mined o
I -‘ v-‘. - . . - ’
thcn }thfm \1L.1n1t)' a belt of manganese ore occurs at the base of
e )delor.e mentioned large conglomerate belt, and below an
;C yg la (f)ld next succumbent beneath the conglomerate. The o(r(
s€am 18 from two to four feet wid i ! cal ‘
e . €, associated with calcspar:
) ] two ' calcspar;
t: :::Ot wall is a compact diabase; dip of the strata 350 degfees
o ef(north. A small percentage of copper in the ore makes i\t
it )r‘some purpos?s, and the copious intermixture of calcspar
{h 1ce\mse depreciating its value; the mining of the ore has
OIire1 ore been suspended since a good while. North of the ]ar(;z
¢ i .
¢ biton1;3r(211'tebbelt;c which extends to the shore of Copper Harboér
a beit of diabase full of agate nodules i - ’
. ‘ . aga s and delessite nodules
jects in reefs in the harbor, ¢ i ore of tie
¢ » and north of it, on the sh
Jects 0 the h , shore of the
df ‘ lake, suueed:s another conglomerate and sandrock belt
pping northward in conformity with the other strata. A ci
(pping northward in : & . A goo
m Ltkyb sllidr‘xm}x:s are seen to intersect these three last mcnti?mcd
-X belts 1n the harbor, and in the bluf
. S uffs at the shor
o b : shore. On the
(;cdtwn of Fort Wilkins, in former years, a vein of black oxide
of ¢ as mi }
drifgtoppeil \Vd; mined, but at present all the pits are filled with
sand, which covers the surfac ‘
and ity font ce there to a depth of twenty
On returni 4 ¢
Delaw’lreurrr;‘ng by thﬁe wagon road from Copper Harbor to the
g e, my first starting point, I di
clawar ' R 1d not observe any
i);rtmuldr geological features exhibited by natural outcrops or b)
¢ numerous abandoned minin | : .
: g places encountered b 51
of the Greenstone Ran i et o
s ge, which had not been see (
) : seent before on the
more eastern part of it, and ;
y i not been already described. N
) - - « 2 L . e' 1 y
aHT(})lf these mines were openied in transverse fissure veins o
s Defastern c.ontmuution of the cupriferous conglome;rate of
e eidwarf mllne or the so called Allouez conglomerate shows
1 natural outcrops in man te o »
' : s any places on the side of the
road, tz;lfter 1t had crossed over to the south side of the ran :
road sed . s e range
eng i e outlet 'of Mosquito Lake, which touches with its sou?h
o e nf)rth side of the Greenstone Range, and is bordered on
¢ ) \
form;zp?)sflt; northern, end by a range of very conspicuous hills
> ¢ great conglomerate belt continued from Copper
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Harbor almost without any interruption to Fagle River and
farther south, retaining a width of almost a mile. This same

belt is found in great width vet at the stamp mills of the

Allouez mine, but farther south towards Portage Lake it 1s not

exposed on account of deep drift deposits covering this part of

the peninsula, and from the position of another belt of sandrock

beds supposed to be identical with the rocks of the Nonesuch

mine of the Ontonagon district and thereforc positively younger

than the great conglomerate, we must suppose that in the

vicinity of Houghton this belt, immensely large, has shrunk to

4 thickness of scarcely a few hundred feet, if it is represented
at all.

{5) ONTONAGOXN DISTRICT.

The general character of the Keweenaw rock series is found
in the Ontonagon district, and in the region of Gogebic Lake,
to be about the same as on Keweenaw Peninsula, but it would
be an umsatisfactory labor to make an attempt of an indentifi-
cation of the subordinate strata of the series with those of the
Portage Lake country, as in remote localities a correspondence
of the single beds in a succession never can be expected.

Examining the succession of rock beds from the shore of
Ontonagon, backwards to the Minnesota mine, a distance of
about twelve miles, we find on the shore, three miles cast of
Ontonagon village, cliffs of red colored or white and red mottled
sandstones which are nearly horizontal; they correspond in
quality with the sandrock beds exposed farther ecast, near the
entrance into Portage Lake Canal and on a great portion of

Fatirely similar sandrocks
15 degrees northward are
in the different creek beds

the intermediate part of the shore.
with a dip mnot exceeding 10 or
found exposed west of Ontonagon
this side of Iron River; their dip is not due north, but some-
what inclined castward. Back from the shore the surface is
covered with deep drift deposits of a stiff red clay and only
rarely a deep ravine gives a chance to see a few ledges of
sandrock on its bottom. The deepest cut made by the Ontona-
gon River has only in a few places denuded these beds, so that
we have very imperfect knowledge of the succession of strata
for an interval of eight miles south of Ontonagon.

About two miles north of Rockland we find in the head

19
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bran.ches of the IFlint Steel River the first rock exposures which
consist of a very large successi i ) so .
y large succession of grayish col 3
psist of : grajy ored, somewha
micaceous, fine-grained sandstones, cleaving into thin, even fl .
‘ - X s > aors
xx;1thh1nterstrat1ﬁed, more argillitic slate beds. In the lower déi
) Ferstratified, 5. e par
1t e serlés several beds of coarse conglomerate of bl‘()\Vll’lish
ce . . DS S
boljzr are found .mt(flposed. Still lTower a large conglomerate
Et sl;cceeds which is not less than 600 or 800 feet :’Vid@' thc
C S . . . . ~ ’ :
X S 0 'thc lately built railroad from Rockland to Ontonason
five fairly exposed this belt; its strata dip under an : 7 1b f
45 degrees to the north. e o
T R - 3 .

}'le gray colored, flaggy sandstones with argillitic seams are
co'nudered to be the equivalent of the strata of the Nonésu h
mine 20 miles farther west; .
! : . st; we see exposures of them all
;éon? 121 the intermediate space, and also eastward south of

dli(_ Grove th'e same series of rock beds is found deliuded in
mfoih all the ravines of the branches of Flint Steel River. South
; i N N
° e 1&1;1gebgonglomemte belt follow various amygdaloidal and
“ompact diabase belts, then comes :

liabz s es a large belt of quartz-por-
i){hyiy which is well exposed in the N. W. 1 of Secq 9 T P?(r)
R ) P . Sec. . 50,
abouz, ncx“c1 to the wagon road from Rockland to Ont,on'ignn
a mile north of the first menti i rail
> firs oned village. On tt i
road half a mile farther i i - e oo
F r west this belt is not well
road fall a x far west ‘ s ell exposed; onl
ae kedges .of a compact, fine-grained, somewhat banded: roclz

T;r purplish brown color seem to represent it there /
) e porphyry of this belt varies in different shades of purplish
frl(;Lwn, some portions are full of larger segregated crystals ‘of
eldspar and glassy grains of i ¥ dy any

: ains quartz; in others scarcely a
' ‘ > : S scarc an
quatr‘tz gr‘cuns occur, while feldspar is abundant: %ti]lyothe};
0 - - ~ o ’ )
gnr 1ons' inclose no larger crystals and are a homogencous
mie-gramed ;nass, with dull, conchoidal fracture U:der thé
croscope the groundmass is co inu

. ass 1s composed of a minutely gr:
mixture of turbid molecules i S

>s which seem to be feldspe
transparent, interstitial i bty e
S stbstance which is :

ausparent, 1 ‘ probably quartz;
really isotropic matter is between, but within this fnz?s% a 1’ rn()
i ) ¢ matt $ ss a large
d}lmbcr of irregular, dark colored, impellucid granules zis
i TS RN . PP & ) ¢
thspc;se}(lit, v&'hlch on the edges exhibit a slight permeability for

e . . .. ~ . ¢
blend;gp 5 in addition, we find inclosed green dichroic horn-

risms, most of them fractured
or rounded on the edges
and the before mentioned 1 " quarts

. arger feldspar crystals a
o ore. TYS and quartz
g s. A specimen of the homogeneous, fine-grained kind of
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ritic segregation of feldspar crystals

the rock, with no porphy
isting of small, sub-

exhibits a truly fragmental structure, const
angular fragments of turbid and irom-colored feldspar, of grains
of hornblende fragments cemented together.
gdaloid belt is exposed on
intermixture of
abundant

of quartz and
South of the porphyry belt an amy
the railroad, which consists of a brecciated
fragmental, amygdaloid masses cemented by

irregular,
gritty and somewhat

sedimentary interstitial seams of drab color,
porous, absorbent; it has some resemblance with the Ashbed of
Eagle River. Farther south a large belt of dark colored,
compact diabase follows; part of it is very fine-grained like the
Ashbed diabase, another part has the coarser grain of the
ordinary diabases and carries olivine.

The interval from this belt to the hills of the National and
ines, about a mile in width, is filled with an alter-
of compact diabase belts, amygdaloid and
seams, of which conglomeratic seams
of which are 50 feet wide, others

Minnesota m
nating succession
conglomerate or sandstone
six are known to occur, some
only 12 or 15 feet.

The amygdaloids carry some copper 1
down to the Ontonagon River, but
one of the belts next above the hanging wall of the
mine has been found rich enough to be profitably
belt the north vein of the National
vetl

n their exposures in the

numerous ravines running

only
National
mined. The miners call this
Tt is purplish brown colored, quite hard, sometimes e
flinty in its fracture, its amygdules are filled with calcspar,
prehnite, epidote, quartz, associated with copper, but the largest
portion of copper in bulkier masses occurs in epidotic portions
of the rock belt which intersect it in all directions. 'The under-
lying diabase belt, about 120 fect in thickmness, is dark colored,
middling fine-grained, or also coarser-grained, olivine-bearing,
which latter mineral is partially changed into a purplish, iron-
colored, micaceous mineral like rubellan.  Numerous irregular,
al spaces in the rock masses are filled with

mineral resembling

mine.

pseudo-amygdaloid
the often before mentioned green aphanitic
serpentine.

Beneath this belt and an underlying coarse conglomerate belt,
4 seam sometimes only a few inches wide, other times expanding
to the width of three feet, and locally into much larger pocket-

like dilatations, is composed of fragmental diabase masses, often
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covered with a s 11 i
with a smooth, slickenside coating, wedged in he

seamy conip - dark gre i 8 trw il
> Y ¢ Il()und ot dark green serpentines and fibrous chrys til :
ke mineral in intermixtur i n . Tatmonite
mixture with calespe i

! : cspar, prehnite, 1
ind S re r i ’ i
‘ epidote and red feldspar, besides quartz, in
called the south vein of the mine ;
Y

aumonite
which seam,
ot vein o the copper is intermingled in
t., Y, laminate masses, and often in larger ponder
concretions, many s in wei 1 &
e , mtm_\; tons in weight; the largest of these found i
¢ Minnesota mine weighed 300 tons o
In the Nati i
(ltl . - 2 Q M
o o 1orml and Minnesota mines transverse fissure vein
met wi i > f ‘ i the
were . th, during the progress of the work, which at the
rossin > T ¢ 1 ! )
o g with the other copper-bearing belts were found
ri : S ol : ’
CT i copper and have been followed by drifts
he conglomerate i »
. nglomerate belt underlying the south vei
Nagi somglom g south vein of the
al nune 1s about 20 or 30 feet thick:
b

ery

15 a fine-grained, brown sandrock. ‘The co;:;ei()wrfli *pm:tlon'

thle .abov(i mentioned larger size often are partially 1idb‘zeti o

(\:71111:11}111; ;hli conglomerate, as most of the metal has iccuriluiai:(?
oot-wall si i i i h

on e th,e x;ml{l Td-e (‘n‘ the vein, and its pocket-like expansions

nderiying rock belt.  Many of the blocks of com-

glOlll rate ) 1 { 11 l & Urrows ()l”d n g O11S 1 C ]1)] > amou ]1
OUTlc > D ) 3y COT 1 C aers € O
(&) i‘ > t u b < d

01 mata < I S t (1(1
‘.I Ll]lt( l]“[ I (.,d ()deL 01 ¢ Op DCT W th 11 th() 1 t(l 1
b 18 ("t tllC ement, e h rat t y VL-
cem 1. ];(“(, lth t ¢ Cor gl()]llQ ite htl 1 am g
seamn ar ¢

daloid belt fc ‘ ty f
follows next; farther south a succession of compact

(Ll]d dn]s g da]()l(ui] (11(11)({5( )(,d S, dn]()unt]n g t() over
o /

thickness, follows, which COMPOSes I,

of the hills of the National and ; Sccjmd m‘}'jge " e
ope ot this sone N ‘(m Minnesota mines. The south
sope of ¢ i sec range stnks down to a drift plateau which
s the channel of Ontonagan River, and no more of tl
coppe.r-bcarmg rocks is visible at the surface. All th "k() .
seen 1n the valley, if an erosion has laid them b e

7o . B . p are, are -
zontal Silurian sandstone ledges Sy

raq - .
i sandsto . This belt of Keweenawan rocks
o the nesota mine has, to some extent, been explored
i e dia i ; i ? : bette
e fm'ond drill by this company, but a much better
e ¢ e ai
now vé ') it we obtain by a great number of mines opened
118 series east of the Minnesota mine S
We learn 1t 1 . .
by th : e Co i
e e min} ’61311] that five copper-bearing, amygdaloid belts
ers’ language, veins, occur south of the Minnesot':

belt, which a ave i
) all have received names from the places where such

ab .. .
Minelt h;ts been principally mined. The first belt south of th
nesota mi i \ .
sota mine is the so called Knowlton vein, worked by the
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Knowlton mine and by the adjoining AMass mine. I could not

act distance between the two belts, but guessing

ascertain the ex
at it from the distance of the old shafts opened in the Minnesota
2,500 feet. The

north of the Mass mine, it must he about 2,3
other veins south of this has been accurately
s the range

veln,
distance of the
measured in a tunnel of the Mass mine driven acrc
enclosing all of them; the length of the tunmnel is 1,400 feet.
One handred and twenty feet south of the Knowlton vein occurs
the Mass vein; 290 feet further the Champion vein is intersected;
ninety feet further is the Ogema vein, and 260 feet south of it
is the Evergreen vein. All these copper-bearing belts are parallel
with the stratification of the range, not sharply defined from the
surrounding rock masses by a demarkating line like a fissure vein
and also the copper is not confined to the space
as the vein, but occurs often in the adjoin-
The vein-rock of the Mass mine
interwoven with seams
The cop-

is from its walls,
practically considered
ing tock masses less copiously.
i« a rather hard, dark brown amygdaloid,
pidote, quartz, prehnite, and red feldspar.
amygdules, but more of it occurs
calespar, epidote and quartz, in

of calespar, e
per is partly inclosed within the
in heavier masses surrounded by
seams intersecting the amygdaloid. Not rarely also porcelain-
like datolite masses inclose the copper in well formed, perfect
crystals.  The Mass mine, like the adjoining Ridge mine and
Adventure mine, is renowned for the occurrence of fine specimens
of silver associated with copper. "The Ridge mine, formerly the
most important on the range, is at present almost abandoned.
Tts first shafts were opened in the Champion belt; later the Fver-
green belt was principally mined on the Jocation. The vein-rock
of the Ridge mine is partly an epidotic mass, partly 1s composed
of calespar, quartz and red feldspar, which form a network of
ceams intersecting a hard amygdaloid; the interstices between the
agglomerated spar and quartz crystals are often filled with snow-
white, porcelain-like datolite; also the copper fills the interstitial
spaces hetween thesc minerals, often in heavy

The Adventure mine, next east of the Ridge mine, is for a
the work done there is scattered over

1asses.

good while abandoned;
different places, indicating that the copper was found in limited,
pocket-like accumulations.  The vein-rock in some of the open-
ings is full of druse cavities, lined with fine crystals of calcspar,

quartz, epidote, and red feldspar, in rhombical, salmon-colored
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crystals, whic < i i1bi
X 3 ) f/ .\x hich look more like stilbite than feldspar, but thei
rlr us b . . N a1 "G ot - ’ 1C1r
1.( ] .511)11113 and resistance to the action of acids readj]
distinguishes them from this mineral h o
Fast of the e ¢ i .
Bt ¢ Adventure mine, on the same range, the old Bohe
an mine has lately been ¢ 5
(1 ; nce has lately been opened under the name of Belt min
and a large stamp mi : i i m‘ »
ge stamp mill was built a
rge s mile from the mine i
valley of Fire Steel River. e e
The couspi 3 s
. insplcuous bluffs on the location inclose the five copper
pearinge SET R o 3 ‘ -
A fnc belts intersected in the tunnel of the Mass mine ’?‘h
shaft presently opened ¢ Dluf . )
26 ed on the south si g i
3 . side of the bluffs is
it presen : ufts 1s sunk on
‘ nplon vein, a purplish gray colored amvedaloi f
crystalline grain with amygdules of cal &
[ ¢ es of calcspar and epidc
ote,

intersected and

by 1 erous  epidoti
ersected b numerous epidotic seams, porous or compact, in
. . 1 o
e re with spar, quartz, prehnite, feldspar, etc.; the inter
mgled copper occurs stly 1 asses. of it
> s mostly in coarse, hac
mit 3 ars wckly masses; less i
o ed copper s mo , nackly masses; less of it
o persed in grains and leaflets. On the north side of tl
uffs new shafts hav ee 1 w ‘ .
ol e _s‘h ufts have been opened in the Knowlton vein fol
wing the inclination of 7 .
of the seam ich di
r S , which dips ur an ¢
of 35 degrees north. I er s angle
he belt is w 1 .
; S > ed f i
,mdl o ber b not well defined from the diabase in the hanging
k on the foot-wall; the mi i w n
; the mined portion of th i i
‘ : e seam, in whicl
most of the ¢ 5 ¢ i w 7 ot
€ copper 1s concentrated, is between three and four
- «

feet wi -ally w
et wide, but locally becomes much wider. The vein matter i
« S

an  am aloide
.ﬂt 1ygdaloidal, brown and green mottled, brecciated r k
with cementing seams 3 : ( o
iy : mting seams of spar, quartz, epidote, and much of
> aphe 1 g 1 g 1 1
the <]I (11;1tu,, soft, green, serpentine-like mineral
18 1nclosed 1 savier sheets { i fets
o . 1 heavier sheets and in delicate leaflets coating over
i V o ‘. ’ Iy « g - 3
e slickensided surface of the innumerable .
d'\r. - N . . V
viding the rock mass into small segments, r:
S, Te
on expostre. ,

The copper

capillary fissures
1pidly disintegrating

T o o .
ot 1e othlor tropper-bedrmg belts in the bluff are at present not
yet opened. he old Bohemian mi : 7
) ne had done some little worl
1n’;ie most southern Kvergreen belt and in the Ogema belt o
e i ‘ » ) o i i - C .
rock sent to the stamps, inclusive of the coarse mass-cop-

or pic ] . .
per picked out at the mine, yields from three to three and three-

fourths per ce ’
s per cent of copper. At the time of my visit, one Ball

ot . o S

: z;mg,' elgiltcen inches in diameter, was in operation, capable of
ounding 200 tons of rock daily : imi tamp

: y; a second similar stamp is ing

pu‘; up, and will soon be put in operation P beng

On the north side of the Belt location, at the distance of about
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one half a mile, old shafts and large burrows show that in previous
vears much work had been done in the belt corresponding with
that of the Minnesota mine. The continuation of the Copper

4st of the Belt mine, in direct connection with the Portage

Range ¢
a large number of

Take range, 1 have not specially examined;
abandoned mining locations are encountered on this part of the
of which are reported to me as at one time very
promising. Also the part of the Copper Range west of Rockland,
on to Lake Gogebic, is, on its south side, one continuous string of
all of which are presently abandoned. These
hile the eastern

range, some

mining locations,
western mines worked nearly all in fissure veins, w
almost exclusively followed seams parallel to the bedding of the
range. 'The Forest or Victoria mine, occupying a very conspic-
wous position on the top of a hill, on the west side of Ontonagon
River, three miles west of Rockland, is not opened in a fissure
vein, but follows a belt supposed to be the equivalent of the
an epidotic, amygdaloid rock on the burrows,
able amount of copper, and it is said that in the
copper were

Fvergreen belt;
contains consider
days the mine was worked some large masses of

taken out of it.
Short distance west of the shafts, on the location, a conglom-
erate belt, underlying the amygdaloid of the mine, crops out omn

the roadside. The dip of the strata at the mine is under an

angle of from 60 to 70 degrees northwestward.

South of the location, towards the west branch of the Onton-
agon River, a succession of alternating, compact diabase belts
and amygdaloid beds, amounting to over 1,200 feet, is well
exposed; the lowest beds of the series project in high vertical
bluffs along the narrow river valley, the base of which is sur-
a4 terrace of drift deposits or by talus of the decom-
The river bed is carved into a large stccession of
over which the water flows

as is visible in time of low

rounded by
posing cliffs.
horizontal Silurian sandrock beds,
in stairlike, small cascades, which,
water, have excavated in the beds a great number of large and
The drift masses and the talus prevent

small round pot holes.
1t contact of the sandstones with the

the expostre of the discordas
trappean rocks, but the intervening covered space is often so
narrow that it would require not a great amount of digging to
West of the Victoria mine, I mention, among the

lay it open.
t of others, the Windsor, Trap, and Norwich mines,

great numbe

—
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joining together, whic 1 idoti
}Zl g 'bcthu, which mined epidotic fissure veins intersecti
1e very high bluffs of trappean rocks facing the vall ’ f }TLL o
branch of O i ‘ . o Bt s
ntonagon Rive ' o
g r. At the base s :
crumby amygdaloid crops out, and 1 ‘L‘;l( (?f ot
A ; O ¢ eneath it '
the thickness of ic ’

e ss of which T could not see, as the lower part of ti
ed disappears : i ' i i | om of the
. appears under drift deposits which cover the bottom of t1
¥ e &d - 1. ] ~ M 1
,; ¥ in which, in certain places, the horizontal )
S (;1@5 have become denuded by erosions of the
Tarther west on all the numerous minine

o

a conglomerate belt,

Silurian sand-

river.

pher A 1 locations formerly

ablished there thick underbrush has grown up ;
b

chance is left to g so that no

athe “h infor i
ather much information by running over the

[n one [)1 1CC ()nl} o 1“11(“ s t O t]l(f ‘ et (
< sy O L S
( owehic ’ S f ou 1 [0} I4(L]<C

places.

Sec. 35, ¢ i
. . 35, a peculiar rock «
width is seen interstratified | . ) peculiar rock seam of great
stre d between diabase b F
: : . se Dbelts of the ordi
nary kind c¢ S “re S0 he ordi-
- lz 1 composing the range. This is a fine-grained. comp t
C ale e ] . =3 , ac
¢k, pale red and greenish vellow speckled ) pac

consists of a turbid, g Macroscopically it

1 - C 21y 141
o urhid, tanuldr, feldspathic mass, greenish colored
o) gied epidote, in which ‘ 7
; ; ch globular concreti
o e ngled ! : gle oncretionary masses
o kl“ with fibrous concentrically radiated structure
y embedded; also distinct crystals of quarty e
I « ’4

inclosed. were  seen

o IJ 1(](,] t}l(, micr ()Sﬁ.ope [IluLh more ()i lllt(,l S‘tltld,l qud.] t/4
nasses 18 11‘?; > and l -
(/I 188¢ C cern I)IQ lll“g]ed Wlt]l t]le g]()u}l(h]l 188 tlle re
2rce some d0na D b ) X
1 >0 Ome > 11 (e bh()WS 11.@6]1 ‘1
. (/1\ ) 7 S DY S lght e ‘er\ escence (){
ll ]()d t](xlt(fd Wl[]l (l(ld, thC‘ IL(I Jlbl ous ]“1)](31('{] 15 1 L
3 . C ) dCI1C d b . 4
1 ‘ 1 k(’ 1C1 1\\, a1l IUS]b]C W]Hl (11
] ¥ =
X p . “l(u t 0n t}lC ((1(’05 ]”
s )< Y oI8 thC 1()(1’\ d 4
I To l} 1 1t' 81 1])011 bs 1 oste
o : > 1 L& \Vl l“l(zﬁ/ S
[ y l « h(\ / l, thﬁ_ Same. ] 1](.11 S PCLIlllClls were 1 un B : .
(: YO1 t )LU N ( d 11 »ec
1 (& < ald > b < [
]
. I (& g ’l{lel 1 Lh LT l(,tL} ()i thl% 1()L1\ belt 18 1n L]()SL Iel Ltl()ll%hl b
c [¢] t ]l()‘ qud /'b & [ p \ '
4 n ery 1
l ll 1 t)( } e 1 t eart g DOT h} Iy ) ()l W llLll &4 very IL]. ge
())e“ s l( (l]] { I a Illllﬁ 111 W ld th, 1()1 ms in thlS t()VVllh}llp 1101 tll
ap ra % 1 Separ lt [ 2l TOW 1 1 1 l b Ilt'
e t 1 e a ¢ : ate )d.rd.ll(_l OW ()f ] 5
) 1 g 1 ll 115 rese
11 g LOW AT (.1\ tllf, '(L] IC) ()f C( y e a
[Skrldﬁ [Ql\ 1 1 []] thi] ()f t]l(f
() O g D ) ’ b( (‘ g <
t I(Jb()ﬂ, lllgh VCrtlL,d,l LbL(lrplﬂent\ I ll(, L] L Tarn 11 £h
er d d O X O 1 o p b é(J :
I ere a wi th j dl )Ll[ miles 1 110 t 1( S
& ’ f ur )S, t\S Ot ll S]dﬁl Slo S eIl t]
] w1 t()W(LI(l t]l( )Ci()IL nlent]()n(,d \ d.l]C\ .

under The strata dip

an angle of about 50 de
[ ; grees to the northwes
The porphyry belt composing the o
the valley of Cascade River
the diab

range on the north side of
e b sade apparently reposes conformably on
S ming the range on the south side. I traced
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this porphyry belt without interruption of the exposures across
the north half of T. 49, R. 423 Qees, 7 to 12 are almost
cxclusively underlain by this rock. In the adjoining castern
township the belt is continued, trending in
direction than before when its course was almost due east
In the line of strike of this porphyry belt we find farther
R. 41, four miles north of the Norwich mine on

the road to Ontonagon, a series of rock beds exposed which
differ in character from the just described porphyritic  belt,
with dull fracture, devoid

a more northeastern
and

west.
sast in T 30,

being of a sub-porous, gritty nature,
of disseminated quartz grains and only sparingly inclosing small
feldspar crystals.

Under the microscope this rock consists of @ minutely granular
mass of red colored turbid feldspar sparingly intermingled with
lobate interstitial masses of quartz and crowded with dark
colored, ferruginous granules, dustlike disseminated, and
aggregated into small clusters; likewise distant grains of augite
Most likely also the previously described out-
a mile morth of Rockland, is

also

are observable.

crop of typical quartz-porphyry,
similar - horizon with these western porphyries.

occupying a
are composed of

The porphyry bluffs in T. 49, R’s 42 and 41,
bulky rock masses showing mno stratification, but being inter-
sected by innumerable irregular cleavage cracks, making the
hard rock very brittle. The color raries in different shades

gray to brick-red and to dark liver-browr.

from
groundmass with flinty frac-

The very fine crypto-erystalline
ture is thickly studded with large reddish or also whitish colored
feldspar crystals, besides obtusely angular crystals of glassy
quartz which appear black im reflected 1light. The quartz
frequently incloses besides 4ir bubbles and small microlites, also
detached lumps of the surrounding groundmass, and is intruded
by club-shaped prolongations of the same which are in connec-
tion yet with the main mass. The feldspar crystals are usually

intersected by a metwork of linear seams infiltrated with rusty,

ferruginous matter; not rarely also irregular, hackly masses of

transparent quartz occupy the interior of the feldspar crystals,

sccondary depositions replacing the feldspathic sub-

stance. The groundmass itscll appears under the microscope as

a curdled, reticulated intermixture of turbid, reddish colored

aggregations of feldspar granules with an interstitial network
20

probably
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;)'f quz.xrt'/,;. a fluidal structure indicated by d
neation is often ohservable. T,ocall :
belt have a completely crystalline, o

J L=

arker colored, wavy
¥ portions of this porphyry
! 7 ranite-like structure st
mg of an agglomeration of larger sized 1 e omsist

) sized red fe

in intermixture i Separ crystals
mixture with colorless, transparent Tty
bl

o enmive i irregularly-shape
1 sses, which frequently inclose delicate ':p et

and with dark, e prisms

o -\ e

e .breemsh black colored crystalline
sisting of augite or paramorphic products~ fiti /

o : ‘ T s of 1

with magnetite granules. o

molecules,
: . association
b ennete granu T.hls granite-like structure is peculiar
v o 1\, 1e eruptive nature of granitoid porphyry i
we ; ¢ 7 o

e forll ¢ b the occurrence of analogous rock mass:e‘u o
o M cutting  across the lower beds of the K oo
oup, as we fi i . A

‘ P, find them for instance in the vicinitv o
o, o cimity of Duluth,
The inclos |

closure 1112 i

eromd re of small isolated lumps of the porphyriti
7 aclosare s hyritic
groun ¢ 'Vvlthlll the quartz crystals segregated i p') p
heir intrusion by club-sh ) ot the sumom
felsitic mass is

‘ and
3 i ;
N aped prolongations of the surrounding
) ‘ e F i V
o ( er argument for the igneous origin of ﬂts
¥, as this fact is only reasonably expl .

the j()]]lld t]()” )i t]le udl‘,& ) y%tdl% Wl”l a ass o
. " 8 q C ﬂl()] €11 ma f
W 1” ll d (,‘d(, I[(l”.\ pOI tl(‘)lll\ be(,dn]e Lﬂ(,l()bed W hll(, th ‘

were liquid.

ainable by assuming

. ' ¢ plasses
Mo T ’If‘he f)lmda] lines so often observed ¢ oo
phyries a farther proof of their once
| onsidering the great resemblance of the'f>
for'm another uorthern belt in the P .
this southern belt, we cannot

in the por-
molten condition.
Isitic rocks which
orcupine Mountains, with
igneous origin of that, although (;:h:;:il;;ts tha: ey

s 10

marks of an eruptive rock as clearly the

’I;he felsites of the Bohemian Range
‘ pertfectly identical wi ' i of
oo v : cal with the felsites of
o q(.)ulth}irzdt of tthe Porcupine Mountains, whose ident;‘clyoxjvit(:
$ Tl quartz-porphyry belt is fa in
out] s farther evinced a di
. v ced 1 C
nection of the two belts in a horseshoe curv Y d'lre(:t
re;;;?sented on the map of Prof. Irving’s work e
o 3:‘(1)“'),:1) Ty helt Frendmg across the north part of T, 49, R
beit;,’ th 1;. nort: side, succeeded by diabase and am‘yéd i d
Deits s they dip under a steep an , y orpliyis
he stee gle northwest, 1 >
So:dl exposures of these rock beds are found in gj: fhe P
ast branc ¢ i o
e ;ngrﬁ of ;ron R1x*er, next to the southeast corner of Sec. 12
COlore,d . .thz. ' he dla‘f)ase 1s middling fine-grained, dark bk]ac‘id%};
; amygdaloids have their cavities filled with cal \pa
s calcspar,

) 5Y 2 YeY - 3
on Kewecenaw Point are

ines of an
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laumonite, delessite, prehnite, and quartz; an impregnation with
copper I did not observe.

A mile north of the mentioned place, near the quarter-post on
the south line of Sec. 1, projects an isolated knob of diabase,
which is the last rock exposure scen on the trail from there to
the Nomesuch mine. The rock is very fine-grained, with dull,
carthy fracture; its color is dark purplish brown; dip northwest.

In the bed of Iron River, at the crossing in Sec. 25, T. 30, R.
43, a large amount of angular slabs of the sandrock of the
Nomnesuch group is found, indicating the intersection of this belt
by the river at no great distance up the stream. On Little Iron
River at the Nomesuch locatiot, this sandrock formation named
after the mine, is cut through by the river in a deep ravine, in
which about 400 feet of strata are denuded, dipping southeast
under an angle of 30 degrees. This rock series continues west-
ward along the valley of Little Iron River, retaining its south-
castern dip. The high hills bordering the north side of the
river are composed at the base of diabase and amygdaloid belts
their top part is formed by felsitic rocks

dipping northward;
mian Range on Keweenaw

identical with the felsites of the Bohe
Point. This felsite dipping north in conformity with the trap-
pean beds forms an immensely large belt extending eight miles
westward from the mine in a width of more than two miles.
Thence the rock belt makes a curve towards the south, in which
direction I have not yet examined it. The northern extension
of the felsite belt can be most advantageously examined by fol-
lowing the north line of the township from the top of the hill
at the Nonesuch mine westward, as it corresponds pretty mnear
with the south margin of the crest of the mountain chain on
which the strata are almost without an interruption exposed in
vertical bluffs. 'The northern part of this felsitic rock belt is
best examined in the main head pranch of Carp River, which
drains the north slope of this range of hills and has carved a
deep ravine into this belt and the succeeding higher strata.
Ascending the hill northwest of the Nonesuch, we find this
terminal part of the range entirely composed of stratified layers
of diabase amounting to great thickness, which dip under a
moderate angle northeast. The larger portion of this series of
beds of diabase has a reddish brown color, as the abundantly
intermingled magnetite granules have almost completely changed
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into red oxide; all of the beds are fine-grained, some Very com-
pact, others sub-porous, which Jatter

arc lighter colored, often
dotted with rounded specks of pink col

or, which give the rock the
appearance of an amygdaloid, but have

portions of the mass in the same mode
stortes of the Sault Ste. Mary’s Canal
round specks.

actually discolored only
as we see the red sand-
-ariegated by discolored

Under the microscope is found in all the
olivine quite freely disseminated, partial
into a purplish colored substance. T
the rock is likewise altered
parency. A porphyritic
in the fine-grained
observed.

examined specimens
Iy altered peripherally
he augitic constituent of
and has partially lost its clear trans-
segregation of larger feldspar crystals
groundmass of the diabase is frequently

The felsitic rocks which are incumbent
are first met with a mile west of this promontorial point in the
north part of Sec. 3, and thence uninterruptedly through Secs.
4, 5, and 6 of T. 50, R. 43,  As before stated, the rock is the
same brittle, compact, reddish colored, silico-feldspathic mass
which composes the felsite belts of the Bohemian Range on
Kewcenaw Peninsula; portions of the belt have the structure of

a breccia; a banded laminated structure is rarely observable in
these eastern outcrops.

on this diabase belt

Thin sections of the rock appear under the microscope as a
uniform microcrystalline curdled intermixture of re
somewhat turbid feldspar with interstitial qu
always, d

ddish colored,
artz masses. Nearly
ark impellucid ferruginous molecules of irregul
are found more or less copiously disseminated. Tn some portions
of the rock, irregular dots composed exclusive
clustered together, interrupt the

ar form

ly of quartz grains
homogeneity of the crystalline
magma. The quartz usually incloses

many microlites and air
bubbles with a libelle,™

capillary fissures of the quartz are some-
times infiltrated with purplish color, and here and there trans.
parent grains clustered together are found scattered, which seem
to be augite. No isotropic parts arc observable except basal
sections of quartz. In Sec. 4, at the base of the felsite bluffs, a
fine~-grained blackish colored compact  diabase crops out in

association with a coarse conglomeratic or brecciated mass of

[* Dr. Rominger means that the quartz. beside

inclosing ajr
in which there is & v libelle,

-spaces. also incloses liqnid
- e a bubble of ajr or gas.

L. L. H.

St

{931
~T
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amygdaloid blocks cemented by abundant :%edmml\lta)ré“'Lf;llijtell‘i;icl
;f upurpliSh brown color with dull earthy imc;?f“;ht;‘c of Béte
the amygdaloid breccias s0 fre('luently secln ‘(’>r‘1 di,:bz;gic ks e
Grise Bay. Also further westin many D ,C.WCS as for» instance on
e seen exposed beneath the bluffs of felsite, is e, where
the north line of Sec. 7, in the fork b?tween .“(i X Ar%é& large
a porphyritic diabase occurs with copmusl): 1111?11;;%‘11 urountl—
red feldspar crystals in the minutely Crystalhne' .)‘dl,-'dx)’wz e
mass. This rock is very similar to the Porp}‘lyrltlL .( 1€ ‘t‘he orth
forn\l»‘% the hanging of the felsite of Béte Grise Bay on

ine of Sec. 33, T. 38, R. 2 ‘ o
hni " the west line of T. 30, R. 43, at the southwest -u)r'ner
fl\Sear 7, the \S'mdrock strata of the Nonesuch group, 1d'1pptcr}1i
 ader & N ’ ‘ 1y exposed 10
! astward, are largely P :
a steep angle southeas , ‘
s ot creik and by an exploratory shaft sunk there 1n

branches of a which was discovered here

f : sr-bearing seam,
search of the copper b ;
equally rich in copper as at the Nonestch 11‘11ne.thA e mext

Ascending higher on the hillslope we find e fels P
“ by 3 Qg 'Y a n

cumbent to the sandrock formation, but the mas\swi co e
o ine the nature ¢

felsite t allow one to determine
of the felsite does no : e of
er it is discordant or conform le, o
o the dip of the felsite 1s clearly seen

cont
rthe rth
o range and further nor [ ‘ i 1y seer
zhebm'ng a northern direction. High knobs of felsite t(;uuruth
he Tin ‘ 5 4, and on the so
i .. 1and 2, of T. 50, R. 44, ¢
ne between Secs. 1 and 2, . ‘ and e south
:'he hf SQec. 2. The rock is here reddish brown colored, \er}. uj[ y
"ot int ¢ aminate
met of flinty fracture, but locally a contorted well lami
pact,

\t 1eTV Q t . 1 ‘] th >
C he ine bet een 11 anc 5
Str uCture 18 ()b\, ery Cd. v ()Uth, on wee . 2 €

rock has a purplish gray, almost whitish c\olor', ‘L gritty, r
: 3 d encloses a great number of disseminate sme
POTO‘??Z 2? iron oxide of black color with great‘ lustre ; ‘;hlb r:r@tz
z))nbtadil;s also numerous small d'rusc.cawtles flnid ﬂ::)‘; ipiu v
~erystals; rarely also violet colored little cubes o ,
Fhe 1 5( 1% [ a
en’%iztiorthwest corner of Sec. 11, T. 39, R. 4)4,7'1:1:;{1 (’)t;)pL(i)tfﬂe
ioh knob of compact red felsite. Crossing the valley e
o River on the line between Secs. 10 and 3,'we 1ri e
Carp"te high knob composed of very coarse crystalline f:h\ milz
zli)pé):;e re%fmbling the coarsest varieties of greenstone Irom i
ab ) .o “
e e vie blufff SLdtk th;fugilrl;t()rlnlffl;f;nq on the summit of this
A fine view o ake Supe g
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hill.‘ West of it no more felsite exposures are obsery
f\elmte 1?611: bends here southward, following the va‘lleer"’ abfle;'thC
(,.arp River in which direction I did not follow it :1‘11 .
side of the described felsite belt and a series of inct.mﬂ > y ‘north
are well exposed in the main head branch of Carp Ri )Qnt' Str‘ma
30, T. 51, R. 43, per in Sec
Ascending from the Carp River road the ravine-like bed of
creek we see first a large conglomerate belt exposed d'o 'the
north; the lower strata of this belt are a com z;cIt) Nﬁ 1p1')mg
df{rk brown colored sandrock. Beneath it foII)IOW% fle';g‘?de_
diabase about 200 feet wide; part of the belt is in é()qu ')Q e
ers; tlhe ]greater portion has an amygdaloidzﬁ Structtll)::t\j?t};
prevailingly epidotic amygdules; certain amy ; ar.
brecciated, recemented bzx’ a ﬁ’n;z;:ie;mgoii;;(;daje(‘:?ams 'are
:ass.‘ ’11:}1;[ next lower stratum is another cong]omera\te lolfintt;:;
reccia belt, consisting of the sz T 5 ‘
the fragments are angular, \*Ler:'uili]:ml]n: tzei:;nﬁgdthe ormer, bt
Then comes another series of dia{)ase rock I;edg the u
ones gray'colored, the lower ones of reddish browr;,color gi:r
{g;]izeti;legde v(s)z;tlraeddlil] earthyf fracture; some amygdaloidal S,eams,
S color are found interstratified between the com-
pact beds, the amygdules filled with epidote and que lon
this‘ quite large series of red colored diabase beg?d;(ifl. e
i(;l;fte 11n fZOl}'lp%LCt ﬂumty‘brick—red colored, tolerably well 1a(j1‘1i:1(1i}el§
S .wnch are with difficulty distinguished from the overlvi
red diabase; on microscopical examination, however. th fl'ymg
ence between the two rocks is quite obviou’s. | the e
The feléite beds give occasion for a cascade about 25 feet hi
;L}‘rl);)ve W};cl:) dconstant exposures of the same roéks 'treeieenlgihi;
cree ed for half a mile fu as far ( \
Returning to the road and descendillj,;j e‘:o (()DIZrI;mLiakre dIS fI Wde o
fﬁ; norttl:i.si](je of the first mentioned conglomerate bzzlt l(;:jr% (:)1;
compact diabase and interstratifie rgdaloi 3 dippi
north‘ under an angle of about 35d(j”:nz(?i‘zz);ge;eaIZ?t:jlig)fs);ng
;[11;:} rlwvzraerz ';111;6 ‘:gza?oi off tl}lle o;d stamp mill, now destroyéd f:)f:
& ' oot of high vertical bluffs formed of fine-
grained thinly bedded brown sandstomes amounti ot
several hundred feet in thickness. The top of 1?]’?6 t%ljff:)e'lt
i(;:lne(;l Ia}fda? F)x'erl?flng large belt of diabase interstratified witl}?
ygdaloidal seams. The upper strata of the sandstone belt on
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the line of contact with the incumbent diabase are locally richly
impregnated with copper, which strata were mined in connection
with a transverse fissure vein intersecting the strata in this
The vein rock is calespar in brecciated intermixture

locality.
The results of

with fragments of the sandrock and diabase.
this mining were never satisfactory, and since more than 15
years, work has been abandoned there. Several other abandoned

mining locations are four and five miles further west in the

continuation of these high bluffs.
followed epidotic fissure veins charged with copper.
was done by driving horizontal drifts into the base of the
diabase bluffs, which there sink down to a lower level in the
valley than they do up at the Carp Lake mine.

A mile east of the Carp Lake mine the Cuyahoga mine worked
one of the amygdaloidal belts interposed between the series of
diabase rocks composing the summit portion of the shore range.
The north slope of these hills is formed by a very large sedi-
eral hundred feet in width, whose lower portion is
ts of brown colored sand-

These latter mining companies
The mining

mentary belt sev
a coarse conglomerate; the upper consis
rock beds with occasionally interlaminated narrower
the dip of these beds northward
grees; the entire shore line

seams of

coarse conglomeratic nature;
has an inclination from 30 to 35 de
from Union Bay to the mouth of Presque Isle River is formed
by this belt. Numerous spar veins are seen to intersect it, but
none of these was found to be copper-bearing or otherwise

metalliferous. Many of these sandrock beds are plainly ripple-

marked on the surface.
At the Union mine this sandrock belt forms the hanging of

the amygdaloid belt mined in that locality. The amygdaloid
makes part of a belt of diabasic rock ledges amounting to a
thickness of from 300 to 400 feet, beneath which again a large
belt of sandrock several hundred feet in thickness occurs, sup-
posed to be the equivalent of the sandrock in the bluffs of the
Carp mine. The bed of Union River presents an uninterrupted
cross-section through the mentioned series of rocks. Of the suc-
ceeding strata southward, between Union mine and the Nomnesuch
location, the densely forest-covered condition of the country
allows not often an exposure to be seen. A large belt of a red
colored speckled amygdaloid, dipping only slightly inclined north-

ward, is observable in the bed of a creek on the roadside between
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the two mines; the denmsely crowded amygdules are filled with
laumonite and calespar.  Parts of the belt are solid, another por-
tion is a breccia with an abundance of sedimentary cement. The
very frequent occurrence of such brecciated amygdaloid belts iu
all horizons of the group, suggests the sub-marine overflow of
lava masses and the recementation of their vesiculous bhursted

and shattered superficial crust by sediments, after sufficient .

refrigeration and subsidence of cbullition.

The Nonesuch group next incumbent on the before described
wide belt of brown sandrock and conglomerate beds which forms
the north slope of the shore range between Union Bay and the
mouth of Presque Isle River, locally reposes conformably on
these strata, but in other places it is found in evident discord-
ance with them and the other older members of the group. At
the Nomesuch location this series of beds, as far as exposed,
amounts to 400 or 500 feet of strata, dipping southeast wunder
an angle of 30 degrees, while the closely adjoining trappean
rock beds dip to the morth; the immediate contact is not
visible,

The group of strata seen there comsists most of thinly bed-
ded gray or bluish colored micaceo-argillitic sandrock ledges
interstratified with slaty argillitic scams and with some thicker,
more compact seams of sandstone, or also of a coarse conglom-
erate rock principally composed of porphyry pebbles. Single
pebbles of porphyry are found scattered through all the beds.

Within this succession a seam of arenaceous rock about three
or four feet wide is found richly impregnated with fine particles
of metallic copper; more rarely heavier sheets of copper fill
fissures in the ledges.

The percentage of copper in this seam is amply large enough
to compare favorably with other profitably mined rock seams,
but the fine comminution of the metal causes in the washing
process a great loss, as the scaly particles float away with the
sand, and several experiments to save this fine copper by chemi-
cal treatment of the stamped rock proved so far to be failures
in economical respect.

North of the Nonesuch location, following the Little Iron
River downward, the strata soon disappear under heavy drift
masses, but reappear again about two miles from the shore on
this creek and on Big Iron River. East of the Nonesuch mine
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the belt continues to be exposed for about three mil'es and there
in another mine, the White Pine location, the c.uprlferm'ls se:u'n
is found to be equally rich in copper; also on Mlneral. I'Rwer this
cupriferous seam has been discovered in severzil 1<)Ca11t1es.'

Following the bed of Iron River from the l\-onesuc.h mine, as
before stated, the strata soon disappear under drift masses;
about three miles down stream a belt of b'rown sand'sto'ne,
trending east and west, is found crossing the river bed, .dlppmg
north under an angle of 50 degrees. The exl?osures continue for
100 steps, then at once without an interruption of the outcrops
the sandrock beds apparently the same as the former trend
northeast and southwest, dipping southeast under a much flatter
angle, not over 25 degrees.

Two hundred steps further down, the same sort of brown sand-
stone beds has again an east and west trend an.d steep northern
dip. After a short distance the outcrops d1sap.pear for the
space of 145 steps along the river bed, them again the 'brO‘VVﬂ
sandstones are largely exposed, trending mnortheast and dipping
southeast under an angle of about 30 degrees. Several conglom-
erate seams are in this place imterstratified with the sandrocks,
amounting to 400 or 500 feet of strata. The lowest beds s'een
there resemble the cupriferous stratum of the Non?s'uch mine.
Further on, an abrupt change in the quality and p.os1t1on of the
rock beds occurs, they trend east and west and c.hp nortp, ﬁrst
in very steep inclination, then gradually flattening th.e1r d}p.
The color of the very even-bedded arenaceous flagstones is bl'ulsh
gray; onward the same beds continue, becoming almost horizon-
tal with slight dip to the southeast; low falls about five feet
high occur in this place, in the N. W. ¥ of Sec. 24, T\ 51, R.
42, Some distance below, the strata dip under an angle of'15 or
20 degrees east, trend north and south, close to the north.hne of
the section; the beds here are blue slate-rocks; t.he.y continue to
be exposed for a long distance downwar(.i, retaining the same
dip and strike, and amounting to a stuiccession (.>f several hundre'd
feet of beds. Near the so called Scranton mine the strata dip
southeast under low angle; lower down near the lake §hore the
same beds dip northwest very flat, locally almost ho?lzontally.
Underlying these beds we observe near the shore reddish brown
colored sandstones, which are evidently the same as those
exposed on the shore of Union Bay.

21
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As my observations of this group along the valley of Big Iron
River and Mineral River have been described previously in the
third volume of the report, on pages 152 to 139, I refer the
reader to them in order to avoid repetition.

On the east side of Iron River we find incumbent on the
Nonesuch series a group of brown colored sandstones much more
quartzose in composition than the darker tinged sandrocks of
Union Bay, and not near as steeply inclined as they are; their
dip is usually not over 15 degrees northward, and often less.
This group of sandrocks borders the shore part of the country
in a wide belt from Iron River to Portage Canal entry and
farther north. They are the youngest deposits of the Keweenaw
group, and their almost perfect resemblance to the so called
eastern sandstones almost irresistibly impresses ome with the
idea of the uninterrupted succession of the Silurian sandrocks to
the latest, considered to be Keweenawan. The probability of
this is somewhat shaken by the structural features observed near
the mouth of Montreal River and westward. The very large
series of sandrocks exposed near the mouth of Montreal River in
almost vertical position is found land-inward to be succeeded by
a belt of gray sandrocks and slaty beds traceable from the mouth
of Black River to the place where it intersects Montreal River,
which is the analogon of the rock series of the Nomnesuch mine.

The group of beds between this Nomesuch belt and the shore
occupies the same relative position as the almost horizontal beds
constituting the shore belt between the mouth of Iron River and
Portage Canal entry, their analogy should therefore be expected,
but by their flat dip and by their lithological character they
approach much nearer to the horizontal sandstones of the
Apostle Islands, which abut in great discordance against the
sandstones of Moutreal River, must therefore be younger, and
great disturbances must have occurred between the deposition of
the two.

But this unconformity is not necessarily a proof of a general
break in the events and of a great lapse of time between the
deposition of the Montreal River beds and those of the Apostle
Islands. It proves only for this locality an excessive disturbance
which caused discordance between the already formed strata and
those later deposited, while not a great ways off towards the
east the disturbance was more gentle and the deposits in these
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places without suffering an abrupt break continued to form
there without interruption, gradually lessening their inclination
in the same measure as the upheaval subsided.

Taking in consideration the topographical position of the
Nonesuch strata in the Portage Lake country and om the
Ontonagon River and their distance from the shore where the
nearly horizontal beds crop out, we find ample space left not
only for the Montreal River sandstone series in its greatest dis-
play but also for an intermediate succession of strata linking
these by gradual decrease in the dip with the horizontal sand-
stonies on the shore.

The deeply drift-covered condition of this intervening space
prevents the actual observation of this suggested uninterrupted
succession, but no facts are known positively contradicting such
suggestion of an uninterrupted formation of sediments in the
same ocean basin from the time of the deposition of the Montreal
River sandstomes to the deposition of the so called western
sandstones.

The similarity of the sandstones between Iron River and
Portage Canal entry with the rocks composing the Apostle
Islands is so great that I think it quite improbable to suppose a
radical change in the conditions and a great lapse of time
intervening between their deposition.

The proximate age of the upheaved upper Keweenawan rocks
with the horizontal Silurian might also be inferred from the
circumstance of the occurrence of small quantities of bitumin-
ous oil in the Nonesuch beds, as the first sign of organic life
which henceforth developed itself more prolifically in the Silurian
rocks. T'he sometimes steeply inclined position of the Nomnesuch
beds and their other times almost horizontal position observed
in the Iron River district, shows clearly that local disturbances
occurred at that time which could effect a discordance of con-
temporaneous strata, as we find it near Montreal River.

(6) GOGEBIC LAKE.

It remains yet for me to give a description of the copper-
bearing rocks west of Gogebic Lake, but I have so far examined
that formation only occasionally on its line of contact with the
iron-bearing rock series.
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The apparently conformable superposition of these diabasic
overflows on the Huronian strata has been previously mentioned
with the remark that different, higher or lower, beds of the latter
group are found in contiguity with the diabases, which proves
that an erosion of their surface must have occurred before they
were covered with these overflows.

The majority of the diabasic rocks in contact with the iron-
bearing strata have a porphyritic structure, consisting of a
minutely crystalline groundmass in which large plagioclase crys-
tals are abundantly dispersed in clusters. Copper is rarely found
associated with these rocks, and then only in small quantities.

The very interesting Isle Royale likewise could not be described
in this report, as I have not far enough advanced in its exam-
ination during the past season to be prepared for publication of
the results.

CROSS - SECTIONS.

On pages 112 and 113 of the foregoing report I have stated
in foot notes that sections of Tamarack shafts, Nos. 3 and 4,
and of the Calumet and Hecla mine would be substituted for
the record mentioned by Dr. Rominger, which at the time the
foot notes were inserted was not in my hands. 'The Tamarack
record is complete to the latter part of March, 1894, and with
the Calumet and Hecla record gives a cross-section of 8,400 feet
horizontally, which represents 5,100 feet measured at right angles
to the original surface of the beds. The distance between the °
Red Jacket shaft of the Calumet and Hecla mine and Tamarack
No. 3, is about 1,300 feet. 'The observations in the two mines
having been made by different persons, it is not strange that
trap and amygdaloid beds do not show a closer correspondence
in the two vertical shafts, even if allowance be made for local
irregularities. Omn the other hand, the same beds in different
shafts or cross-cuts  of the same mine show a mnoticeable
persistence.

A comparison of the conglomerate beds shown in these cross-
cuts with those figured by Marvine, in Volume I of these reports,
makes it probable that we have here, next above the Calumet
conglomerate, the Allouez conglomerate, Marvine’s No. 15, as
well as his Nos. 16 and 17, all of which, at Calumet, are thicker
than at Eagle River. Marvine’s bed No. 14, the Houghton
conglomerate, is wanting in both mines, and his No. 12, the
North Star conglomerate, which would occur next below the Cal-
umet conglomerate, is not found in the Calumet and Hecla Mine.
The conglomerate beds being mnearer together than at Fagle
River, show a convergence towards the southwest, 7 e., a thin-
ning of the intermediate eruptives, which confirms Marvine’s
observations.

L. I. HUBBARD.
Houghion, May, 1894.
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schist ... . ______._____ 41
enclosing iron ore deposits. . 37
Eruptive. ... __ ...19, 24, 82
intruded by granite, con-
temporaneously with up-
heaval of latter ... .. = 3
intrusive in granite. ... 5,12, 73

intrusive in granite, litho-
logically identical with
diorites of Huronian

Group ... ... .. 5
intrusiveiniron-bearing for-
mation____ ______ ________ 56
Massive . ____.__ 3,5,10, 38, 42
Microscopical characterof.12, 13
of Quinnesec Falls__._____. 15

Schistose 3,4, 5,9, 38, 42, 44

underlying iron formation _ 10,
19, 32, 50

Uralitic, intersecting ordina-

vy diorite .. ___. .. ____._. 12
uralitic, Microscopical char-
acterof ... _________ 17, 18
Dip, of Allouez conglomerate at
Allowez Mine. .. ___.______ 118

of Calumet conglomerate at
Calumet and Hecla Mine_. 114
of conglomerate between

of Fragle River cross-section. 125
Eopidotic_.___. ____ ... ____ 132
west of Hancock Mine. ... __. 103
in Huron Creek._ . ________ 96
at Kearsarge Mine . . __ 118
of Keweenaw Mine_ _______ 142

Rockland and Ontonagon_ 146
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Dip, of eastern sandstoune. S. 29,
T8, R.28 ... 136
of felsite. S. 30, T. 38, R.
2 e e 139
of graphitic slates of the
TaylorMine.. ... 62
of iron-bearing series, 'T. 41,
R.30. . o e 36
of iron-bearing series, T. 46,
R.30. o e 22
of iron-bearing series, 8. 33,
T 42, R.28. .. 8
of iron-bearing series, Felch
Mountain Range .. ... 32
of iron-bearing series at Go-
gogashung River_._. ... 53
of iron-bearing series east of
Michigamme__. ... 67
of iron-bearing series near
Sunday Lake_ ... ... 49
ofiron-bearing seriesat Ver-
million Lake, Minnesota. 57
of Keweenaw series at At-
lantic Mine_ .. _.._..__... 97
of Keweenaw series at Béte
Grise Bay . ocovoooooo 107
of Keweenaw series at Calu-
met Mine __ ... ... - 88
of Keweenaw series on Cas-
cadeRiver ... ... 152
of Keweenaw series at Carp
Take o oo oo 158
of Keweenaw series at Cliff
Mine. . oo e e 121
of Keweenaw series at Cop-
per FallsMine_ .. _._..__. 127
of Keweenaw series at Dela-
ware Mine. . ... ... 130
of Keweenaw series at Doug-
lass Houghton Creek.. . ._ 105
of Keweenaw series at Goge-
bicliake .o oo .. 88
of Keweenaw series at
Houghton.. ... .. ... 92
of Keweenaw series at Hun-
garian Creek. . ... 104
of Keweenaw seriesnear end
of Keweenaw Point_ ... _. 88
of Keweenaw series at Min-
nesota Mine._ ... ______ _._- 88
of Keweenaw series near
Montreal River_._____.___. 88

Dip, of Keweenaw series mnear

Portage Lake ... ... ... 88
of Keweenaw series in the
Quincy Mine_.__ ... 101
of Keweenaw seriesat Swede
Creek. .. v oo 92
of Knowlton yvein at Mass
Mine. . oo e 150

of magneticschistin contact
with Keweenawan diabase,

S.10, T.47, R. 45 .. .. 48
of manganese ore belt at
Copper Harbor__..._._ .. 144
of mica-schist at mouth of
Paint River.___. ... 82
of Osceola amygdaloid at
Osceola Mine.____._ ... 110
of sandstone west of Atlan-
tic Stamp Mill_ ... 98
of sandstone at Béte Grise
Bay .o i 134
of sandstone in Douglass
Houghton Creek. . ... 106

of sandstone, on Iron River,
three miles below None-
such Mine_____..___....__. 161
of sandstone between Iron
River and Portage Canal. 162
of sandstone on S. 28, T. 55,

of sandstone (western) near

Portage Lake Canal ..89, . 90
of strata at Cuyahoga Mine_ 159
of strata at Forest Mine .. 151
of strata at Magnetic Mine. 26
of strata between Mesaba

Heights and Lake Supe’r. 60
of strata on islands in Michi-

gamme Lake ... .- 79
of strata westof I,ake Mich-
igamme. oo ..oooo-- 66

of strata at Nonesuch Mine_. 160

of strata in S. 33, T. 44, R.
Jc 3 38
Disloeation of strata at Frie Mine 24
Disturbance of Huronian strata .87, 88

Dolerite .. - . - 6,21, 22
Dolomite, near Champion Mine._.. 69
Dorchester Mine ... - 108
Douglass Mine_ . ...~ 100
Douglass Houghton Cr'k_.104, 105, 107
Prift . - 87
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Drill-holes in Keweenawan, south Feldspar (orthoclase), in amygda- Gabbre, orthoclase, Decomposi- Hancock Amygdaloid ... - 102
of Cliff Mime. ... __________ 122 loid. . 109 ; tion product of .. __... 133 Mine. oo aoan 102, 103
Duluth, Minnesota, Gabbro cut by in Ashbed rock_____.______ 126 younger than Huronian.... 4 Hematite Deposits, in arenaceous
diabase dykes, at_._.____. 6 in breccia. ... ... _. 84,118, 137 , Galena. . .. - 9,19, 44, 45 slate group. .- - - -- 61, 62
Gabbro cut by granitic dykes in chloritoid rock.__________ 31 Garden City Mine ... 126, 127 of Gogebic region__. - 48,50, 51,
at 4, 154 in diabase. . ____ 97, 102, 124, 143 Garnets. ..o oo 26, 29, 84 52, 56
Keweenawan, at...._...__. 86 in porphyritic diabase.._.__ 138 » Geological reports of Wisconsin. . 53 of Marquette region..3, 21, 22,
Olivine-gabbro,at.._.._____ 133 in diorite, altered.___ ___.__._ 38 Geologists of Wisconsin. ... 10 23, 62
Dykes, Diabasic. .5, 6, 38, 52, 60, 62, 63, in felsite. ... ___ . 140, 141 Gillis, Mr. o 19, 44, 47, 56 of Menomineeregion. .. 36, 38,
65, 66, 70, 80 in fissures. _.._______.. 111, 121 Giral"d Mifte . o oo 138, 142 75, 83
Dioritic._______.__..______ 5, 24 in gabbro..____ . ______ 132, 133 eSS, . o e e 5 in roofing-slates . ... --- 63
Dioritic, older thandiabasic. 3 in gneissoid rock . _____ 28 Gneissoid rocks . .. - 1,2,25, 28 with slate and quartzite. - 7(_)
Doleritic. ... . _____ 6, 21 in recomposed granite. . ___ 9 ' in drifte e 40 | Hematite, Soft.._. ... .- 36, 63, 74, 77
Granitic.... .. __ 7,10, 23 in melaphyr_ .. . _________ 17 Goethite .. ..o - - .- 68, 71,72, 75 Manganiferous, of Jackson
Porphyritic...__..._...._. 7, 154 in mica-schist . _______. 63, 82 ‘ Gogebic Iron range, Granites of . 8 mine. oo eooeo- 22
cutting iron series__________ 7 in pebbles of conglomerate. 97, ' Gogebic Lake 9,39, 40, 44,56, 84, 87, Psendomorphs of, after sid-
cutting slate  ____ e 65 118, 116 ‘ 88, 145, 151, 163 erite_ ..o 65
of serpentine . _._._....___. 15 in porphyry. ... _____ 110, 125 | Gogehie region oo 39, 53 Hill’s Creek.. . . .- ---- 104
Eagle Harbor. ... .._______..._. 126 in sandstone . . _________ 98 Analogy of, with Marquette Hornblende, Alteration of, to viri-
Eagle River District. 90, 103, 119, 125, (plagioclase), in amygda- j and Menominee regions._ 19 dite. ... B 13
126, 128, 145 loid.. .- ... 102 Schists 0F o om oo 84 in breccia. ..o .o oo-ooooo- 24
“East” Vein______ .. . 143 in diabase.__6, 21, 38, 52, 65, 93, ‘ Porphyritic diabase of ...~ 138 in diorite . .....- 5,12, 13, 14, 15,
Edwards Mine..._......._.__. 30, 31 101, 111, 113, 119, 120, 124,125, rogogashung River ... 10, 53, 54 17, 18
Edwards, R. M. __________________ 112 132 Gottstein, Poo. .. oo 95 Fibrous structure of, in dio-
Ellwood Mine_ ... _. 37, 83 in diorite____ .. __ 12,13,14, 19 ] Grand Portage Mine. .- 94, 95 rite ... S 13
Eozoie........._.............___ 1, 2 in gabbro._...._._.__.... 15, 133 Granite. . .- 1-10, 25, 38, 44, 49, 50, 52, in gneissoid rock ... 8 28
Epidote, Amygdules of .93, 95, 97,109, | Felsite.._97, 136, 137, 138, 139, 141, 153, 63, 64 in granitic rock .. ... 5
110, 113, 118, 131 156, 157, 158 in contact with Huronian. 4, 23, rock, Garnetiferous .- ... 26
associated withamygdaloids Amygdaloidal. .. __________ 140 32 in schist of Michigamme
99, 100, 101, 109, 110, 118, 138, 149 breccia .. . ____________ 136, 137 ‘ in contact with limestone.__ 34 Lake - oo oo 80
ascement . ... 130 Eruptive origin of._________ 141 ‘, Decomposition of ... . 73| Hornblende Schist, See ScHIST.
a decomposition product in Microscopical character of .. 135 ‘ intruded by diorite_.5,9,12, 73| Houghton Conglomerate. .- - 101, 110,
diabase.. .. ... . 94 of Mount Houghton ___ 135, 136 - intrusive in diorite .. .. 3 128, 130
a decomposition product in Ferro-Dolomite ... . _._____. 52 E intrusive in Huronian. .- 8 | Hungarian Creek. .. ... ...-. 104
diorite. .. ... _ 13| Fire Steel River. . .. ___.__._____ 150 See also DYKES. Huron Bay.. . .- ----- 60, 65, 81, 84
a decomposition product in Fissure Vein__94,120, 127, 129, 134, 141, i intrusive in rocks younger Huron Mine__ .. ..oooonoon - 94
porphyry. ... 116 142, 143, 144, 148, 151, 152, 159 » than iron-bearing group . 4 | Hurom Creek .. ... 96
ingabbro...... ... ... 132 Minerals of._.__________ 108, 143 ’ of Mesaba Heights, Minne- Huronian.. ... .- 1-6, 19, 21, 40, 54,
as vein-matter . . __ 121, 143 | Flagstones_ ... ____._____ 47,52, 77 ; st o 60 55, 60, 61, 65, 73, 78,
Erie Mine......__ 23, 24, 25, 26, 27, 28| Flint Steel River_ . ______________ 146 Proximity of, to iron-forma- 86, 87, 88, 89, 164
Escanaba River. .. ___ 69, 70, 71, 72| Florence Mine. . ____ __.__________ 83 ; BOM e 10 Conformity of, with Kewee-
Evergreen Belt_._____________ 150, 151 | Flow-Structure_ . ... ... 19 ‘ Recomposed . - —oe-o- 9, 63 nAWAN. . oo 45, 49, 87
Evergreen Vein_ __ ... ____ 149 | Folds in strata_.______________ 62, 79 ] underlying diotite. ... .- 19 cutbydykes ... ... - ----- 6
Execelsior Mine_.___._..... . 21| Forest Mine. ... ________. 151 underlying graphite-schist. 73 Disturbance of —...-_------ 88
Exploring Pits between Grand Fort Wilkins. . _._________ 144 GrapeOre .- .- 50, 51, 54, 74 Disturbance of, in contact
Portage & Atlantic Mines. 95 Foster and Whitney._.________. 1, 90 Graphite. .. - oo e e 45 with granite ... ... 4
west of Houghton bridge 95, 96| Franklin Mine . __ 100, 101, 108, 109 Graphite-Slate. See SLATE. Erosionof _. ... - 87
west of Michigamme Lake ~ 66 Gabbro._______ 4, 6,14, 15, 97, 132, 133 Greenstone. . ... —--- 6, 121, 124 principally diorite. ... 12
Felch Mountain........ . ____ 35 contemporaneous with dio- : Greenstone Range . 117,119, 120,122, Subdivision of ... ... 1
Feleh Mountain district. ________ 7 rite. .o .. 14, 15 , 129, 142, 143, 144 Upheaval of .. ... ... 87
Tange. ..o o 32, 35 of Sturgeon Falls________.. 15 E Composition of _.__. ... 124 | Hydro-Mica (Sericite), abundant
ore formation.._._.___. 34, 36, 44 of Minnesota_ _______ . ______ 60 . Thickness of oo oo oowmaman 124 in dioritic schists_ ... ... 14
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Hydro-Mica (Sericite), an altera- Irving, R.D... ______ 88, 106, 132, 140
tion product of hornblende 13|TIsle Royale____._______ _ ’, 86’ 139, 164
associated with chloritoid.. 31)Isle Royale Mining Company, 9”7 93
See M1ca, ScHIST, ete. 9% 997i08, 10£
Hydro-micaceous. See Scmisr. Jackson, C. T. _ L , 90
Iron-bearing Formation, of Goge- Jackson Mine . ____ 22
jt)l(} region, Sla}te constitut- Jasper-banded Ore. 23, 35, 48; 49 5:;
) t](r;g upper hOl‘lZOl’} of ... 36 52,56, 57, 58, 62, 63, 64, 67, 71’
a 0g“pgashung River, Wis- Jaspery Rock, at Tamarack shaft. 112
cons.m ____________________ 53 in drill hole at South CIliff
Intrusion of, by granite.__. 8 Mine _ 122
of I\/iesaba Heights, Minne- Joint Planes in diabase .__.__ 11—2, 115
;}()) P S --- ?9 Kaolinite_ . . .. 10, 21, 38, 73, 82, 140
of Penokee Gap, Wisconsin_ 55 | Kearsarge Amygdaloid .. 117, 118
of ‘Fhe P‘enoke'e—Gogebxc re- Distance of, from Calumet
gion, Littledisturbanceof. 88 conglomerate____ 117
Probable age of .. _________ 36 Distance of, from Kearsarge
Strata above the, at Cham- conglomerate__ 117
_ pion Mine, very thick. 69| Kearsarge Conglomerate  _ 117,118
Synclinal trough of, west 120’ 12:;
of Excelsior Mine_._.__.. 21 Foot-wall of ’ 120
Unconformity of, with Pots- Hanging-wall o%_ iiiiiiiiii 120
dam sandstone in Menomi- Kearsarge Mine .. ______ 114
neeregion. ... 90 | Keweenaw Group_. . ______. 1, 85-88
underlain by diorite 10, 19, 32, 50 Abnormal position of Fast-
underlain by kaoliniticrock. 10 ern sandstone near 106
of Vermillion Liake, Minne- Absence of, east of l;(ie_v;rieﬂe:
. ] sota______ ... ___ [, 60 naw Point__.____ _________ 86
ron Ore, Analyses of _ 28, 43, 48, 51, on Bayfield Peninsula 86
54, 77 of Canadian Geolo mtb -
. . ’ 3 . 88
Secondary infiltration of.37, 50 Conformability of g;vith Hu-
Iron Ore Deposits, of arenaceous ronian_.____ 7 45,49, 87
Ofslcate %r??i ,,,,,,,,,,,,, 61 Diabase of. .20, 40, 45, 48: 55’ 60
rystal Falls. . _____ ____ 74 . 154
. alls- 85, 93, 103, 154
of Gogebic District, younger at Duluth, Minneso,ta ______ 154
than Marquette and Felch Gabbro at base of__ 6
fMl\z.untam deposits . ____ 44 General structureof .. ______ 88
of > 1¥1nesolta ,,,,,,,,,,,,, 56-60 Loower divisionof _________ 134
(}; 1 a‘;t.mt River..____ I 75 Unconformability of, with
fe ; 1::@ agesof ... __ 28 sandstone .. 87, 89, 104, 134
zf . . 463, R. 35 ,,,,,,,,,,,,, 77 Upper limits of ... _________ 89
. - 46, R.42 . 42 Width of, at Portage Lake. 92
ransition from slate to Width of, on Keweenaw
mica-schist _____.___ . ____ 24 Point_ ’ 92
1rf1 Upper Huronian. . 73| Keweenaw Mine.. ... 14;
of Wisconsin . ____ 53, 54| K insula, Cross-sec L
o....53, eweenaw Peninsula, Cross-sec-
Iron-ore Group, Lower __.__.___ 21-60 tionof ___ P 91
of (.}Qge.bm District . ____ 39-53 Sandstones and conggl;y;;lé:
Iron Pyrites in diorite. ___.__.___ 13 rates of 89, 98, 112
Lo 111. sla:te__ R L 74 Thickness of strata of._ 91: 92
ron River. _ _75 76, 77, 84, 145, 154, | Keweenaw Period.___ . 87
155, 161, 162, 163 Keweenawan, Age of.______ . 163
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Keweenawan, Disturbance of ... 83| Magnetite, associated with augite

Position of, on Keweenaw inamygdaloid ... .. ... 102
Point. ... ... I 87 associated with olivine in dia-

Keyes Lake ... ... 37, 83 base. ... .- 120, 124, 132

Keystone Mine ____. . ...79,80, 81 a component of schists .43, 56,

Kingston Conglomerate. ... - 118 80

Kloman Mine . ___ ... ... 22 in felsite ... . ... 135
Knowlton Mine._____._.__ . .. 149 Granules of, in chloritoid-

Knowlton Vein_._ ... . 148,149, 150 rock. oo 31
Lac La Belle_..._.__ _124, 130, 131, 134 Occurrence of, in the Goge-

Lake Mary._ ... .- 37 bic region. ... ... .- 47
Lake Superior, described by Jack- Occurrence of, in the Mar-

sonandothers .. ... 90 quette region. ... 21

Lake Superior Basin .. _.__ B - 86 in orthoclase-gabbro.. 132, 133
L’Anse, Slate formation of .60, 64, 81 replacing titan-iron in dio-

I’Anse Bay, Sandstones of .. _ 104 rite L. 13

Laumonite, Amygdules of 93,94, 96, inslate. .. .. ... - 61
97, 102, 109, 113, 118, 126 in thin sections under micro-

associated with amygda- scope _.....6,28, 101, 111, 114

loids. oo oo 101, 102, 109 | Magnetie Mine 26, 27,28, 29, 43,79, 80

as cement ... . ... 96, 113 | Malachite_ . _._. 118,131, 136, 140, 148

in fissure veins . ...121,127,129, | Mamainse Peoint_. ... ... .- . 86

141, 142, 143
rock of Albany and Boston

Mine .. ... .. ... _.. 110
Seams of, in diabase ._..137, 138
Laurentian . .. SO .....1-10
Lighthouse Point, Marquette .. 7
Lingula Shells in sandstone at the
Breen Mine __.____... . 90
Limestone. ... 10, 34,38, 39,44, 46, 70
Drift massesof ... . 34
of iron-formation of Felch
Mountain district. _.__. 32, 33
of Marquette region. ..__- 3
of Menominee region....36, 73
of Michigamme River ... 39
of Penokee Gap.... .- -- 55

Limenite. .10, 29, 37, 50, 56, 62, 63, 64,
66, 70, 71, 73, T4, 75, 77,78, 83
Limonite, in arenaceous slate

GrOUP._ . oo 61
Little Carp River ... .. ... 158
Little Iron River. . __._._..155, 160
Little Lake, Marquette region. . 71
Little Montreal River_ 134, 136,137, 142
Little Presque Isle River . ... 46
Lonsdorf, Mr..__.. .. ... .72
Mabbs Vein_ ... ... - . 102

Magnetic Sehist. See ScHIST.

Manganese, associated with iron,
22,51, 52, 62

Magnetite, associated with actino-
lite . ..o .o._......26, 80l

Deposit of, at Copper Harbor 144
Maple Grove. - e eoo.... 146
Marble. ... . . ... 32
Marquette, Geological structure of

environsof __..____.. 3, 7
Marquette Region, Ore deposits
of ... [ 21-31
Disturbance of Huronian
formation in______._ __... 88
Relative age of ore deposits
of . 44
Martite. - ... ... ... 55, 588, 71, 135
Marvine, A. R._. ... 91, 123
Marvine’s cross-section at Eagle
River ..ooo - ..... 125
MassMine ... oo .- 149
Mass Vein. .. ... .- 149
McKennan, Mr. ... . 77
Mendota Mine ... .. ... 124, 131, 133
Menominee Region._ ... ... 31-39
Staurolitiferous mica-schist
of the ... ... .- 84

Fastern sandstone of the... 90
Menominee River____._ . . 16, 36, 37
Mesaba Heights, Minnesota 59, 60
Mesnard Mine. .. ... ... _. _.. 108
Melaphyr Microscopical character

of ... ... ... 16, 17
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Metropolitan Mine_ ... ____ 7, 34 Ore-deposits, Penokec - Gogebic,
Miea, derivation product of horn- Marquette, Felch Mt., Rel-
blende__..._ . __. ___ 13 ative agesof . ________ 44
replacing iron-ore . ____. ___ 24| Orthoelase, Amygdules of._. 100, 109
Michigamme .. . . _ 30, 31 in gabbro. .. ____ _ 102

Michigamme Lake .21, 66, 78, 79,80, 84
Islands in..____ I 79

Osceola Amygdaloid .-110, 114, 123
Character and composition

Michigamme Mine . 28, 29, 30, 43, 78 of ____. R b N 5 5
Succession of strata at. . 29 Widthof ____ _____ . __ 110
Michigamme River. .. 36, 38, 39, 81 Distance of, east of Calumet
Michigan Geological Reports . 39 conglomerate_ _.__..___ 108, 110
Michigan Mine. . ___ C ... 142 Hanging-wallof _____ . . 113
Michipicoten Island. .. _ ceee-.- 80 Osceola Mine. _ - 108, 110, 111, 112
Mineral River .. ___ - ----.--161, 162 | Overturn of strata in 'L, 41, R.30_ 36
Minnesota Mine _ 145, 147, 148, 151 | Paint River .36, 37, 74, 75, 81, 82, 84
Mitchell, P. .. . _. e .- 42|Pease, Captain______ Cee-....50, 51
Montezuma Mine  ___.____ . o5 Pebbles in conglomerate._ 96, 105, 109,

Montreal River._ 10, 40, 50, 32, 53, 53,

115, 120, 125, 126, 138

56, 87, 88, 89, 162, 163 penetrated by copper. . _. 116
Moove, Captain.__. .. _______50, 51 Pemenee Falls. ... ... 7, 16
Mosquito Lake. . . _._____ . - 1441 Peninsula Mine. ... 108

Mount Houghton, Formations of. 131,
133, 135, 138

National Mine ____. . ____ ---147, 148 Penokee Range

See also ALBANY and Bos-
TON MINE.

Natrolite. . _______ _ IO -127, 129 | Penokee Gap. ... __ 10, 44, 54, 55, 356

Negaunee, Augite-diorite of _ ___

Mining district of .. ______ . 211
Negaunee Furnaee.. ... ______ 22
New England Mine____ _____ Lo 139
New York Mine _._________ _____ 142

NipigonBay . .. _____ -
Nonesuch Group._103,157, 160, 162, 163
Nonesueh Mine 145, 146, 155, 159, 161,

162

Northampton Belt_ ... ___ .69
Northampton Mine ____36, 61, 67, 80
Quartzite beds of .______ . 68
North CLiff Mine____._._ ______ __ 126
North Star Conglomerate . ____ 100
North Star Mining Company._100, 101
Norwieh Mine ______________ 151
Novaeulite ... __________ 38
Ochre ... . 70
Ogema Vein_ 149, 150

0ld Phenix Mine 124, 125, 126, 132
Olivine, Alteration of _. 119, 124, 143

in diabase_____ 6, 52, 80, 112, 132
gabbro.____. . ________ __ 133
inclosed by augite.___. _____ 17
Ontonagon Region_ . . __ ________ 145
Nonesuch series in the __

Ontonagon River.. __ .. .87,145, 163

14| Penokee-Gogebic Region, Ore for-

mationof . _ . ________ 44, 88
Olivine-gabbro of ____ . ____ 133

Wisconsin. ___.____. . 53
Pewabic Mine.._ 100, 101, 108, 109, 110
Pewabie-If‘ranklin-()uincy Mines,

Amygdaloid of. . 101, 108, 109

Philadelphia Mine_ ._____ 142
Phenix Mine_ ... _ 91, 128, 129
See also OL,D PHGNIX Mine.
Pigeon River ... . ____ 86
Plumbagoe Creek. ... __ 63, 64
Porcupine Mountains..__________ 87
Amygdaloidal felsite of . _ 140
Felsite of _________ . 154
Quartz-porphyry of .. ___. 141

Porphyries of Bohemian Range _ 110

Porphyrite_._.___________ 16
Porphyritic Rock__.. . .. 109
Porphyry . .. ____ —..... 85 116, 133
Boulders of, in drift_ . ____ 40
Igneous origin of .. _______ _ 154

pebbles, Composition of ___ 116
Quartz-__ . 107, 135, 141, 146, 152,
153, 154

- 103| Portage Lake.__90, 98, 100, 103, 108, 143

canal._ .. _____ 87, 145

INDEX 177
¥ ¢ 3 S at..103,162, | Quiver Falls_.__.._ . ... . 14
Fortage Luke, Sandstone I 163 ?{epublic Mine._. _....22, 25, 26, 2§
Portage Lake fault._ ... .._.__. 92 Ripple Marks ,,,,,,,,,,,,,,,, 116, ii;
Olivine-free diabases of . __ 102| Ridge Mine .. .. ... .. ... - ¥
Potsdam Sandstone... ... . ... 90 | Roofing-Slates__.___ EEREEEE _63% g
Prehnite, Amygdules of ... 93, 97, 99, Rubellan,’ pf'lramorphxc prodict o »
109, 110, 142 olivine. ... .. ... B
Associated with amygda- Ryan, E..... ... ... 92
loids. 101, 102, 109, 110, 111, 149 | Sahlite. . . ... ... ... Co...--18) 32
in fissure veins_105, 110,111, 121, | 8t. Clair Mine. ... .. ... 128
123, 127, 129, 141, 143 | 8t. Croix River . R 86, 90
Pseudo-amygdules of . ___ 143 | St. Louis l{ivt}lx B lgg
Presque Isle River. ... 45, 56, 159, 160 S‘t. Mary’s Mine. e R d ,,,,,, e
Protogine ... . ... ... ... 38 Sands.tonei; Cll(iz?:;imme ...... e
- 3 id ... . 109, 119, 120 in conglomerate__ . ... . ..
gizﬁgﬁ.im«ﬁiﬁf ,,,,,,, 93, 124: 143 Fastern. 89,90, 105, 106, 136, 162

Pumpelly, R.__15,39,90, 91, 92, 95, 109,
116, 123, 124

Pyrolusite.. ... ... ...51,52, 62
Quarry, Gabbro..___._.. ... 60
Sandstone. - ... ... ... _ 107

Quartz, Amygdulesof. 93,1‘;';', 1(2)2’ 111;)(;
associated with amygda-
loids_..._ 101, 103, 110, 118, 140
associated with copper-mas-

€8 e e 129
in felsite of Mt. Houghton = 136
in fissure veins.. ... . 94, 143
Gold-bearing ... ... ____ 42
in orthoclase gabbro ... 132
porphyry. . 107,135, 141, 146,152,

153, 154

Seams of, in limestone.____ 36
Quartzite. .. _.._._._.. 32, 35,45, 49
beds of Northampton Mine. 68
breccia. .. oeoooo_.. 9, 44, 47
formation, T. 47, R.25._... 9
Galena-bearing . ... .. 44,45, 46
Granular__ . __.__ 58, 65, 60, 71

of iron-ore formation_ 10,22, 33,
38,49, 52, 53, 54, 55, 65,67,70, 83

Contact of, with diabase

at Béte Grise Bay. .. 135
Dipof.. . __ . 134, 136
filling crevices in diabase _ 136
Fine-grained .. ... ... 158
of Keweenaw Point. 98, 143, 145,
146

Micaceons - - - —.o-- 103
Ontonagon, Dipof. ... _. 145
Potsdam__ _.._ _________. .. 90

Silurian, 34, 35, 39, 86, 87, 90, 92,
104, 107, 148, 151, 156, 162, 163

Western_. .. _..__. 89, 90, 98, 163
Sault Ste. Mary’s canal. .. ... 156
Schist, Argillitic._ ... ... .. 72, 73

of Menominee region_._... 37

Biotite, Garnetiferous.._ ... 79

Chlorite ... .o ... ... 37

Dioritic. .- __ 3,4,5,9,38, 42, 44

Eruptive originof_.__._._.__. 5

Folded ... ... 3

Graphitic, of Gogebic region 47
Graphitic, of Marquette re-

gion...29, 62,63, 66, 67, 68, 69,

72,73, 78

of Menominee region._ 37,

73, 74,76, 83

Hornblende- .. .______._._ 5,8, 24
Hydro-micaceous (sericitic),
associated with massive

diorites. . ... ... 13, 14

Marquette region_3, 31, 38, 39

Menominee region. ... 36,

south of Tower, Minnesota

of Vermillion range, Min-

U =T
[

=)

Micaceous._.._._.__.. 25,36, 73

resting on granite.______. 9, 27

in Standard Mine__._._____ 23

Quinnesee Falls ... __._..___. 7, 15
Quinnesec Mines, Fossils in sand-

stone of .. ________________ 90

Quinnese¢ Range........._ 34, 38, 44
Unbroken continuity of

strata of .. .. . 73

Quiney Mine..__........... 101, 102, 109
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nesota_ . . ... ... 5759
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Schist, Magnetic. .. 48, 49,56, 58, 59

Contactof, withdiabase_ 48
Magnetic-actinolitic, of Go-

gebic region.. .. _. 43,355, 84

of Marquette region. _24, 26,

28, 29, 67, 68, 69, 79, 80

of Menominee region.____ 37
merging with granite__.___ 38
Micaceots . .. ...ooou o 78 - 84

Difference in character of,
in Gogebic region and
Michigamme district... 84
at Ellwood Mine, corres-
ponding to lower strata
of Commonwealth Group 83
Garnetiferous .8, 22, 23, 25, 29,
42, 43, 78,79, 84
of Gogebic region. ____ 42, 43
of Gogebic region, identi-
cal with actinolite-schist
of Michigamme Mine.__. 43
of Marquette region. . 23, 24,

26, 28, 29, 30, 79, 81

of Menominee region..36, 37,
82, 83

of Penokee region___._.._ 44

of Penokee-Gogebicregion 53
Staurolitiferous 27, 39, 78, 79,
81, 84
Sericitic. See Schist, Hy-
DRO-MICACKEOUS.
Sehist, Quartz- of Commonwealth
Qroup. ..o . 84

of Marquette region. 23, 27, 28
of Menominee region_ 32,39, 75
near Tower, Minnesota. _ . __ 59
Seranton Mine . 161
S. €. Smith Mine. .. ... ... __ 61, 71
Schooleraft (Centennial) Mine 117

Sericite. See Hyvbpro-Mica, Ktc.
Serpentine in S. 26, T. 39, R. 29.. 15
Serpentine-like mineral in dia-

base. ... ... ... 111, 118
Siderite... . ... _.___. 9, 65, 69, 70, 94
Shale, pyritous_ ... _...________. 75

Silurian.. 34, 35, 39, 86, 87, 90, 92, 104,

107, 148, 151, 162, 163
Silver.._.....___ e 43,129, 149
Silver Mountain . ... . ._._______ 87
Siskowit Bay_ .. _._.._____ _______ 139
“S8ix Mile” Hitt. ... . .. ... 99

Slate, Arenaceous. ..._...... _...61-77

Slate, arenaceous, Mica-schists of
Michigamme Lake, in mid-
dle horizon of______.__.__

Argitlitic..__. .. ______..32,
Contemporaneous with mi-
caceous schist_ ... ... __
of Gogebic region.______ 42,
Graphitic.. 45, 46, 52, 36, 62,
66, 69, 71, 73,

Graphitic, Thickness of, at
Gogebic Lake__.___ ._.___
of Marquette region._64, 63,
70, 81,

of Menoiinee region._....._.
of Mesaba Heights, Minne-
sota. ... .. .. ... . ..
Micaceous. ... .. .. 41, 43, 59,
of Ontonagon region.. .. __ ,
of Penokee Gap..... .. __

of Penokee-Gogebic region..

50, 54,

Slate-quarry_ . . ... ___ ... ______
“Slide” The. . ..____..__._.. 122,
Smith, ¥. ..
Soapstone__ ... .. . ... . . ___

South Copper Range. See SOUTH
TRAP RANGE.

South Trap Range_. ... __... 20, 49,
Southside Mine . . ... ... __..
Spurr Mine ... .__.___ 28, 29, 30,

Standard Mining Company .. ____
Stannard’s Rock, Amygdaloidal

felsite of ... ... 86,
Star Mine. ... _._.__._....___...
Staurolite. . ... ___ ... __ 78,79, 81
Steatite, Pseudomorphs of, after
feldspar ... ... ... _..___

Strike, of Keweenaw series, be-
tween Mesaba Heights
and Liake Superior.__.__

of sandstone, S, 28, T. 55,

Sturgeon Falls.._________________
Sturgeon River . _.._ . _______

Sunday Lake__.__.. . 40, 49, 55,
Swede Creek. ... ... .. ______ 98,
Syenite ... _________________ 6,
Tamarack Mine_______________ 91,
Tamarack Shaft No.1 = _111-113,
Taylor Mine____.___._._____ 61, 62,

Tecumseh Mine_ .. ... ___ ...
Terraces of Boulder Drift . o

79
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55
65
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117
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Thickness of Keweenawan Belts_

Thomsonite . ... ... ___._.
Thunder Bay. .......... _._.86, 88,
Titan-Iron.. . ... ... . 13, 65,
Titanate of Lime (Leucoxene) ___
Toreh Lake. ... . . ... ...
Tourmaline - ... ... ___ ... _____.
Tower, Minnesta_ . . _.___ ...
Town 45, R. 25 . ._.__.71,
47, R.25 . .
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435, R. 26. R -
46, R.26___._ .. _...__. 71,
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47, R.28 . .
43, R.28. .. _____.
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39, R.29. ... . .____
42, R. 29 R o233,
47, R29. . 70,
48, R. 29 ... ...
58, R.20. .. . _______. 130,
39, R.30. ... ..
40, R.30 ...
41, R.30.. ... 36,
42, R.30._.. ..
46, R3O . ...
47, R. 30.22,23,25,26,27,28,
48, R.30_ ... ___ . ___ 67,
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44, R.31. .. 38,
57, R. 31. -
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43, R.32. ... ...
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INDEX 179
91| Town 33, R. 34 ... ... ... .. 983, 103
141 42, R3S .. 14
89 43, R.35. ... ... 77
132 30. R.39 ... 146
13 46, R.4Y_ ... _...__ .19
104 47, Ro41_ ... 20
30 49, R.41_ .o ___... 153
39 50, R.41. .. ... _ 1533
72 46, R.42_ ... ___ 19,41, 42, 84
9 47, R.42. .. _ 44
4 49, R. 42 .. 152, 133, 154
71 51, R.42 . ... 161
72 46, R.43__ ... ... o 42
14 47, R.43_. . .. 9, 19, 44, 45, 46
4 49, R.43. .. __._ 132, 154
22 30, R.43. . .. 153, 156, 137
139 31, Ro43. oo 158
16 47, R 44 . 19, 40, 46, 35
15 50, R.44. . ... 137
35 47, R. 45 . _. 40,47, 48, 49
33 47, R. 46 ... 10, 40, 49, 50, 51
14 47, R.47. ... 10, 40, 32
21 46, R.2 E., Wis.. ... . 53
142, 62, R. 15, Minn. _____.._. . 58
157 | Trap Mine .. ... ... _.._..._. 151
15| Tremolite. . _..__..._.___10,18,32, 33
34| Tungsten ... _______.. .. 27
81 Uneonformity of Huronian and
67 Keweenawan. ____._._._.__. 87
134 | Union Bay.- .. .. 141, 159, 160, 161, 162
16 | Union Mine_ . ... __.__.____.__ 159
14 Union River_ . ... . ... . __._. 139
37 | Vietoria Mine . ... ____..___ 151
37| Vein Minerals. .. ______.__.__ 121
22! Yermillion Lake, Minnesota.. .56, 38,
79 60, 89
80| Viridite. ... . ... . ___ 13, 65
36| Vulean Mine. .. ... ___.__._._ 142
39| Wadsworth, M. E..__. 90, 104, 105, 106
123 | Washington Mine_ .. _______ 24, 30, 69
84 | Whitney and Wadsworth_________ 2
75| Whitneyite ... ... .. .. 94
117 | White Pine Mine . ___ _________ 161
64| Windsor Mine_ . ___._____ _.___._ 151
92| Winslow Mine_. ... _.__.___.. . __. 23
101 | Wolverine Mine .. ________.__ 117
112\ Wood, Mr.__._ ... ... . 52
76| Wright, J. N. ... _____. I § £




	VOLUME V.  UPPER PENINSULA 1881-1884.  LOWER PENINSULA 1885-1893. (Cont'd)
	PART I.  GEOLOGICAL REPORT ON THE UPPER PENINSULA OF MICHIGAN EXHIBITING THE PROGRESS OF WORK FROM 1881 TO 1884.  IRON AND COPPER REGIONS BY C. ROMINGER. (Cont'd)
	TABLE OF CONTENTS. (Cont'd)
	CHAPTER VI.--Mica Schist Formation.
	CHAPTER VII.--Keweenaw Group.
	(A)  General Considerations.
	1.  Structure of the Keweenaw Group.  In General.
	2.  South Side of Portage Lake.
	3.  North side of Portage Lake.
	4.  Northern Part of Keweenaw Point.
	5.  Ontonagon District.
	6.  Gogebic Lake.


	CROSS-SECTIONS.

	INDEX.



