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LETTER OF TRANSMITTAL.
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lic Acts of 1877, T have the honor to present herewith Publication
8, (eological Series 6, a volume on the Mineral Resources of Mich-
igan containing statistics of production and value of mineral prod-
ucts for 1911 and prior years with outline of the present status
and progress of the more important mineral industries of the
state.

Very respectfully,
R. C. ALLEXN,
Director.
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INTRODUCTION.

In this volume there is presented a general survey of the more
important mineral industries of the state together with statistical
data of production and value of the mineral products in 1911 and
prior years.

Under a cobperative agreement with the U. 8. Geological Survey,
reports of production and value of mineral products and other
items of information have been received directly from tle producers
except in the case of copper and pig iron. We take this occasion
to express our thanks and appreciation to all who have thus con-
tributed to this volume. The information received in this way is
properly tabulated and kept on file in the Survey office. Statisties
of production are published in such detail as is permitted by space
at command with due regard to the interests of the various pro-
ducers. Information, other than purely statistical material, which
is received in confidence is not disclosed. Those reports of indi-
vidual production which are not a matter of public record are
tabulated in state, county or district totals. :

The labor involved in the preparation of this volume has devolved
on various members of the Survey and some special appointees,
each of whom has some special familiarity with the subjects pre-
sented by him. A part of the information has been obtained by
personal work in the field, a second part by correspondence and
reports from the producers and a third by reference to the litera-
ture. In preparation of the articles on the copper and iron indus-
tries we have had special reference to two recent publications viz.,
“The Appraisal of the Mining Properties of Michigan” by J. R.
Finlay and Monograph 52, U. 8. Geological Survey by C. R. Van
Hise and C. K. Leith. The former contains a closer estimate of
reserves of copper and ‘iron ores than heretofore attempted and the
latter, accurate statistical and geologic data, especially of the iron
districts, and complete revised maps of the mineral producing areas.

Copper. The main features of Mr. Hore’s article on the Copper
industry are the description of the copper lodes, a thing not here-
tofore attempted in such completeness of detail, and a review of
recent developments in copper mining and exploration. Unlike the
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iron mining induastry the copper industry is a quasi-public enter-
prise, financed by a very large nwnber of stockholders in Michigan
and other states.  For this reason the description of particular
properties and details regarding the various companies shonld be
usefnl 1o a large number of people.

ITron.  The inclusion of deails regavrding the varions iron mines
and iron mining companies is omitted for 1 number of reasons
among which are: lack of space: such details have been published
in recent reports of the Lake Superior Institute of Mining Engi-
neers; the general public is not interested in these details to the
fame extent as in the case of the copper companies: the desive to
include more complete statistical data and a general account of the
more important factors in the iron mining business.

The important recent developments on the different ranges have
been noticed. particularly the bearing of these on the future of
the iron mining industry, and special stress laid on developments
of new properties and the extension of producing ground in the
Iron River and Crystal Falls districts Iving in the great Upper
Huronian slate arvea containing probably the greatest undeveloped
ore reserves of the state.

As bearing on the problem of the utilization of low grade ores.
there is presented a special article by Mr. Albert . White on the
dJones Ntep Process, the first authoritative description of the ex-
periments which are being conducted by Mr. John T. Jones of Trou
Mountain and associates.

The status of the pig iron industry was made the object of a
special investigation by Mr. White and is a valuable contribution
to the literature of iron making in Michigan.

Coal and Gypswm. The Survey reports on coal and gypsum have
been out of print for a number of years and, therefore, there has
been given to these subjects more space than would otherwise have
been done.

Oil and €fas. Drilling for oil and gas is somewhere in the state
going on almost continuously. On no other subject does the Sur-
vey receive so many demands for information. In the article on
oil and gas Mr. R. A. Smith presents the available information
and the article is commended to all persons contemplating explora-
tory operations. Reports from drill men on indications of oil
or gas and accurate well records, are earnestly solicited that the
Survey may better keep in touch with the situation as it develops.
Scattered bits of information of no significance when considered
singly may when correlated have an important bearing on the mat-
ter of intelligently directed exploration.

these subjects,

INTRODUCTION, 13
Salt and Cement. Mr. C0 W, Cook has made special studies on
The article on salt is partially a brief abstract of
an extended treatise on this subject which Mr. Cook has had in
comrse of preparation for the Survey for the past eighteen months
and which will appear in print it is hoped before the end of the
The basis of the report on cement is the information obtained

Vear. (
1 the di-

Mr, Cook in 1911 for the State Tax Commission unde
rection of Mr. J. R. Finlay.
Miscellaneous Products:
the inclusion of descriptive matter beaving on the minor mineral
products.  There is given. however, statistics of m-uduvl.'inn zl%’ld
value for 1910 and 1911, Special reports on particular mineral in-
dustries will appear in subsequent volumes but all of them cannot

Lack of space in thix volume precludes

he thus treated each year.

List of the Mineral Prodicers
a divectory of the mineral producers of the state.
Jess some omissions in the list but it is complete so far as we have
data. Its publication should aid dealers, miners, manuf‘zlcmrel"s
and others interested in the mineral industry in getting in touch
The Director will appreciate the receipt from any

of Michigun. There is included
There are doubt-

with each other.
sourece of additions or corrections to the directory.

TO TIE AMINERAL PRODUCERS OF MICFIGAN,

The Survey invites eviticism of this and subsequent,annual state-
inents of Sin;ﬂill' character. If vou find inaccuracies of statement,
let us know of them; if vou can suggest an improvement. kindly
do so. We want vour codperation in making the annual statement
of development and progress in the mineral industry of maximum
axefulness. A State Geological Survey should function in part
as a bureau of natural resources; we hope that vou will use the
Vichigan Geological Survey as such. If you want information th.afr,
does not appear in our formal reports, write for it; the probabili-
ries are that we have it if it exists or if we cannot give it to you
we can direct vou to sources where it may be obtained. Our in-
formation is public property with the exception of certain matters
which are considered as a private business asset by the sources
from whenece it comes 10 ns.
R. €. ALLEN,
Director.

fansing, Michigan, February 15, 1912,




THE COPPER INDUSTRY OF MICHIGAN.
BY
REGINALD E. HORE.
PREFACE.

Tn the following pages will be found some account of Michigan’s
copper deposits and mines. In preparing this I have drawn on
the writings of many authorities and desire to mention those I
have consulted most frequently.

For geological descriptions T have made free use of the writings
of Pumpelly,! Irving.? Hubbard,? Lane* Seaman,” Wadsworth,’
Wright,” Rickard,® and Gordon.®

For mine descriptions and company notes, the Copper Handbook
published annually by Horace J. Stevens of Houghton, has proven
of great assistance. Those who are intimately acquainted with the
copper industry, know Stevens’ Handbook to be carefully written
and based upon information from reliable sources. It contains
descriptions of the property of every copper mining company that
operates or has operated in Michigan, and includes information on
a number of subjects which are not mentioned at all in my report.
T wish to acknowledge my indebtedness to Mr. Stevens, and to recom-
mend the book to others.

For statistical data I have used especially the figures collected
and published by the U. S. Geological Survey and the State Com-
missioners of Mineral Statistics; but I have also used figures pub-
lished in Stevens’ Handbook and in J. R. Finlay’s report to the
State Tax Commissioners. For individual mines I have accepted the

v ’ICoIpp:(leg:?I%earing Rocks of the Upper Peninsula, Raphael Pumpelly. Geol. Sur. Mich,
vol, T, .
=The Copner-Bearing Rocks of Lake Superior, by R. D. Irving. U. 8. G. 8., Mono-
graph V, 1883.

"Keweenaw Point, by L. L. Hubbard. Geol. Sur. Mich., Vol. VI, 1898.

+The Geology of Keweenaw Point—a brief description. A. . Lane. Pro. .. S.
Min. Inst., 1906, pp. 81-104.

sNotes on the Geological Section of Michigan. A. C. Lane and A. E. Seaman.
Jour. Geol., Vol. XV, No. 7, 1907. i .
1‘)A‘]\'lative Copper Deposits, A. (. Lane. Q}'uebec Meeting Canadian Mining Institute,

sOrigin and Mode of Occurrence of Lake Superior Copper Deposits. M. E. Wads-
worth. A. I. M. I, Vol. XXVII, pp. 669-696, 1898.

"he Intrusive Rocks of Mt. Bohemia. F. E. Wright. Mich. Geol. Survey, Sept.,
1008, pp. 355-402, 1909,

sCopper Mines of Lake Superior. T. A. Rickard.

%A geological section from Bessemer down Black River. Mich. Geol. Survey, 1906,
99, pp. 399-507, 1907,
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figures contained in the annual reports of the mining companies,
Nowe figures have heen specially collected from the companies for
this report.

For a general description of the mines and the methods of min-
ing, I would recommend T. A. Rickard's hook on Copper Mines
of Lake Nuperior. and a series of articlest by R. B. Brinsmade.
Methods in use at individual mines and mills have heen described
hy a number of writers in varions publications. and references 1o
some of these will be found in the footnotes. Mr. A, Carnahan®
has published dnteresting accounts of the two Iargest properties.

Accounts of the carly devel topment of the copper district will he
found in IL Steven's handbooks and in articles by H. V. Winchell
and Graham Pope published hy the L. 80 M. LLoin 1894, Vol, IT,
pp. 83-30 and 1901, Vol. VII. pp. 17-31.

To readers interested in a thorongh discussion of the geology,
I wish to recommend Dr. A, €. Lane's Monograph.®* now bemo
printed for the State Survev. A briefer account of the general
geology and a discussion of the origin of the oves by Van Hise.
Leith and Steidtian has been recently published by the U, R,
Geological Rurvev, as part of a monograph’ on  Lake Superior
geology.  Roth these reports arve accompanied by numerous geologi-
cal maps.

An excellent map showing company holdings has been published
by R. M. Edwards, and recently revised by B. F. Sparks and W,
R. Hodge of Houghton.

RIEGINALD E. HORE.
Houghton, Mich., Jannary 10, 1912,

‘““Michigan Copper Mines and Methods. Min, World, 1910, Mar, 12, Mar., 26,

HCalumet and Tecla, Min. World, Oct. 13, 1906,

(um)m Range Consolidated. Min. World., Dec. 1, TH06,

*The ]\e\\emm“ Series of Michigan. 3y Alfved . Lame. 3. G, 8. In press,

W,eolog\ of the lake Superior Districr. 3y Chas, Van IHise and . K. Leith.
Mono. 520 T, & Geol. Survey, 1911,
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CHAPTER 1.

INTRODUCTION,

Location of the Mines. The Copper Mines of Michigan are all
located on Keweenaw Point, the prominent peninsula which extends
for seventy miles northeasterly from the south shore out towards
the middle of Lake Superior. As may be seen from the accompany-
ing map, the mines are in the counties Ontonagon, Houghton and
Keweenaw. In the early days the chief activity was in the vicinity
of the Mass and Minesota mines in Ontonagon county, and in the
liagle River section of Keweenaw county, but in recent years nearly
the whole production (86.2% in 1910) has come from mines in
Houghton county. Most of the producing mines are in a 25 mile
section of the copper range between Painesdale and Mohawk. In
order from southwest to northeast are the following important

mines:  Champion. Trimountain, Baltie, Atlantic, Superior, Isle
Royale, Hancock, Quincy, 1<1'anklln Osceola, Calumet and Hecla,
Tamarack, Centennial, South Kearsarge, W olverine, North Kear-
sarge, Allouez, Abmeek, Mohawk and Ojibway. All but the last
four are in Houghton county, and these are in Keweenaw county.
Further southwest in Ontonagon county, are the Lake, Mass, Ad-
venture, Michigan and Victoria mines. Other active properties in
*3
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Honghion county are Winona, King Philip, Wyandot, Ilm River,
Houghton, New Baltic, LaSalle, StvLouis, Laurium and Oneco.

In the Porcupine Mountain District, further west, development
work is being done on the White Pine property. In the vicinity
of Lake Mine, Ontonagon county, there are being opened up 4 num-
ber of properties including Indiana, South Lake and Algomah. On
some other properties diamond drilling or other prospecting work
is being done. Among old mines once productive, but now long
abandoned, are the well known Cliff and Central in Keweenaw
county.

(leneral Geology of Neweenar Point, The Keweenaw peninsula
has in ifs central part a plateau at an elevation of 400" to 600 feet
above the lake level. TFrom this the ground slopes down on either
side, gradually towards the west and more abruptly towards the
east. A valley occupied by the narrow arm of Portage Lake cuts
across this plateau, and gives ready access for lJake ships.
Further out on the point this plateau drops away, and there is
a short gap of lower land followed by two long ridges which extend
with occasional gaps well out to the end of the point. The north-
ern ridge is called the Greenstone Range, and the southern is known
as the Bohemian Range.

The plateau and ridges along the central part of the peninsula
are formed by the copper-bearing, Keweenaw formation,—Dbedded
igneous and sedimentary rocks dipping to the northwest, and strik-
ing with the general trend of the point. The western slope down
to Lake Superior is formed by the upper members of the same series.
The easterly part is underlain by gently inclined Upper Cambrian
sandstone, separated from the Keweenawan by a great fault, which
extends the whole length of the point. The fault is of the reverse
type, the older series slipping up and over on the sandstone.

STRUCTURE OF TI11 CoPPER-BEARING surirs. The Copper Range of
Keweenaw Doint is comparatively simple in its larger geological
features. 'The outcrop shows but the eroded edge of one limb of a
synclinal formation, which dips under Lake Superior and appears
again on the north shore. The beds strike with the gencral trend
of the shore line northeast. Near the extremity of the point the
strike is almost due east, and at the very extremity the formation
bends south of east. In following the range out towards the point,
there is found a lessening of the inclination of the beds, and in
going from lower to higher horizons, the same change in dip is
found. On following down on the dip of a bed, there is found in

11701 diagram by Prof. Seaman showing this relation, and for discussion by D
Hublard, see Vol. VI, pp. 118-123.
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all deep mines a lower angle of dip. At the Quincy Mine the dip
of the lode near surface is about 54°, while a mile down the in-
clined shaft, the dip is only 37°. At the Calumet and Heela, the
change in the same distance is very little, the inclination being 38°-
397 at surface and 36°-37° at a depth of over one mile. At the
Central Mine, the dip increases from 27° at surface to 21° in the
lower levels.  On the main copper range there are few
marked divergences from the general structure as above outlined.
Changes in strike and dip and thickness of beds occur in the neigh-
borhood of some intrusive masses. Recent work in one locality has
shown the beds there to be sharply folded, so that a part of the
formation is dipping south instead of northwest. Further west in
the Porcupine Mountains, folding and faulting has made the struc-
ture locally more complex.

Faulting. Faults are very numerous in the Keweenawan series.
The most important line of movement is that nearly parallel the
strike where the series has been brought up against the Potsdam
sandstone. In the northern part of Houghton County the fault
dips to the west at a much smaller angle than do the beds of the
Keweenaw series. Beds at low horizons in the latter are probably
cut off at no great depth; but none of the very productive lodes
are very close to the sandstone here. Further south the dip of the
fault is steeper.

There are instances where upper beds have slipped on lower beds
great distances; but only in a few cases has the displacement been
measured. Dr. Hubbard has estimated® that one part has moved
on the lower part of the series about 2.7 miles north from its
original position. In other cases a similar slide fault or “slide”
has displaced the upper downwards on lower beds for consider-
able, but unmeasured distances.

Throughout the series there are frequently found thin beds of soft
clay-like material or fluccan, which have probably been formed by
beds sliding on one another in this way.

Besides these “slides” there are numerous faults where the fault
plane cuts across the bedding. Where the amount of throw has
been measured, it is usually less than 100 feet, and most frequently
it is so much less, that displaced beds are picked up in the mines
by a little widening of the drifts or by driving but short cross
cuts. Faults are cspecially numerous in the parts of the series
near the eastern sandstone. In some of the mines on the Baltic
lode, which is at a low horizon, the rocks show innumerable small
faults.

2iault in Central Mine.  Mich. Geol. 8nr., Vol. VI., 1806. pp. 86-91.
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The Copper-bearing rocks. The Keweenaw formation in Michigan
is commonly divided into two? seriex, lower and upper. The lower
is largely igneouns, with occasional interstratified beds of sediment.
and the upper largely sedimentery with some interbedded layers of
igneous rocks. The copper bearing lodes are, with one exception,
in the lower Keweenawan. The exception is a deposit in sand
stone in the upper series.

The Lower Keweenawan of the Copper Range is chiefly made
up of dark grev and brownish voleanic rocks in beds usually be-
tween 10 feet and 200 feet in thickness; but often thinner or
thicker. With the dark colored volcanic rocks are imbedded reddish
conglomerates and sandstones, ranging from mere seams up to
heds of several hundred feet in thickness. In the horizon of the
chief productive lodes, the sediments form only about 7 per cent
of the fotal thickness of the formation. In addition to the dark
colored volcanic rocks, there are much smaller areas of light color
ed felsitic and porphyritic types, and more basic coarse grained
intrusive masses. The felsites do not occur in the immediate vicin-
ity of the chief copper lodes; but are common at both lower and
higlher horizons. Distinetly grained intrusive rocks, such as gab-
bros, occur in the Keweenaw series but are not found in the cop-
per mines. ‘

The dark colored heavy voleanic rocks* range in composition from
basic to intermediate, while those of lower specific gravity and
light color are more highly siliceous. Dark colored dense effusives
are commonly called trap and are mostly wmelaphyres or porphyrites,
the former basic and the latter of intermediate composition. These
are often partially amygdaloidal, and such portions are commonly
designated simply as amygdaloids. The melaphyres are from their
different textures classed as diabases, ophites and dolerites. Dia
bases show lathshaped feldspars enwrapped by augite, while ophites
show lustre mottling on pyroxenes, and dolerities are even grained
and lack the diabasic texture and lustre mottling. The light colored
rocks are called felsites and porplhyry. The felsites are composed
chiefly of a fine felted mass of feldspar and quartz, and in some
varieties have phenocrysts of feldspar. The typical porphyries show
phenocrysts of quartz, and occasionally of feldspar, in a very dense
ground iass, usually quite light colored and sometimes brownish
red.

—_— .
2A third division is sometimes. and notably in a recently published monograph by C. R.
Van Hise and C. K. Leith of the U. 8. G. 8., made to inctude oniv the sediments found in
some localities at the bottom of what is more commonly called the Lower Keweenawan. The
rest of the Lower is then calied Middle Keweenawan,

* Numerous descriptions of the melaphyres will be found in A. C. Lane’s report on Isle
Royale. The felsites of Keweenaw Point have been deseribed by L. L. Hubbard in the re-
port of the Geological Survey for 1898.
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Alteration of the rocks. Almost all the Keweenawan rocks are
much altered. Many have been almost completely changed by the de-
velopment of new minerals. The melaphyres are usually of dull
brownish or freenish color, due to secondary products, common
colored ones being chlorite, epidote and a brown micaceous mineral
resembling iddingsite. Very commonly a considerable portion of a
bed below the true amygdaloid top is spotted with aggregates of
chlorite and other secondary minerals, so that it resembles amygda-
loid and is called pscudamygdaloid. The felsites usually show a
devitrified ground mass, in which are abundant particles of second-
ary quartz and altered feldspars, while here and there are areas
of calcite and epidote. The coarse grained intrusive rocks, such as
gabbro, have commonly an abundance of chlorite or secondar?f horn-
blende from the alteration of the original ferromagnesian minerals.
The two green colored secondary minerals, chlorite and epidote,
are very abundant in the copper bearing rocks.

The sedimentary beds are chiefly coarse red conglomerates, red-
brown and grey sendstones and grey or brown shales. The pebbles
in the conglomerates are mostly reddish or brownish felsites, and
in one locality quartz porphyry. The sandstones and the matrix
of the conglomerates are very largely made up of small particles
of rock as well as of mineral fragments. Many of the sediments
have evidently been largely, if not wholly, derived from the igneous
beds of the Keweenawan series itself. The upper Keweenawan. is
composed of thick beds of conglomerates, sandstone and shale, with

comparatively few igneous beds.
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CHLAPTER I1.
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ant in most veins. but calcite veins not showing these silicate
minerals seldom show copper. The veins worked were narrow
in the traps, but widened out where the fissure crossed more porous
strata. Commonly there are numerous masses of country rock en-
¢loged in these veins, all of which cut across the formation and are
nearly vertical. None are now being worked, but a large quantity
of metal was taken from such deposits at the Cliff and Central*

Mines vears ago.

Epidotic Veds. Epidotic beds, yellowish green in color, and com-
posed largely of epidote and quartz, are frequently found, and
ceveral contain disseminated copper. In only one mine, however,
has an important tonnage been taken from deposits of this sort.
At the Minesota Mine an epidote bed striking with the bedded
{raps, and dipping nearly parallel with them, yielded a number of
exceptionally large masses of copper and made the mine a dividend
producer for a few years.

Deposits in sandstone. Sandstone and conglomerate carrying
particles of copper occur in the upper Keweenawan in a horizon
far above that of any of the important lodes. The copper fills in the
spaces between sand grains, and is in very small particles. It
iv sometimes in mere films, but most of it is in grains.

Deposit in felsite. Native copper has been found at the Indiana
and adjoining properties in Onfonagon County in a type of rock
ihat has not been found productive elsewhere in Michigan. The
copper occurs with secondary quartz, calcite and epidote in a fel-
site that is badly decomposed and full of joints and calcite seams.
The felsite has been much crushed, and in places is brecciated.
The natural deduction, from examination of the drill cores, is
that the copper has been deposited with the calcite and other second-
ary minerals in much the same way as in the other lodes.

Arsenides in veins. Arsenides and sulphides are found in some
of the mines in veins a few inches wide cutting across the lodes.

The arsenides are of variable composition containing copper,
arsenie, cobalt and nickel in many different proportions. Names
have been given to several varieties, including keweenawite (Cu,
Ni), As, mohawkite, whitneyite, (Cuy,As) domeykite, (Cu,As) al-
godonite (CuzAs). The usual gangue mineral in fissures is cal-
cite. The veins often show calcite as the earliest deposit forming
agajnst the walls, while the arsenides fill the central portion, the

resulting appearance of a vein in the dark traps is that of a white

band with a dark streak down the middle.

Miagrams of the vein at the Central mine are given in a paper by L. L. ITubbard
in proceedings of the Lake Superior Mining Institute, Vol. 3, 1895; pp. 74-83.
_“The ecrystal character of the arsenides have been studied and described by Dr.
Koenig. 1. 8. Min, Inst., Vol. 7, pp. 62-64
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Nulphides in veins, Sulphides are found in veins similar to those
’(-nni:lin.ing arsenides, but are of even less commercial importance.
The veins are very narrow, generally less than one inch wide,
Chalcocite (Cu,8) is the most common sulphide. Covellite {Cus)
Bornite (CuFes,), and Chalcopyrite (CuFes,) also ocecur. .
‘ f/’opper oxide, silicate and carbonate. A depz)sit of copper oxide
silicate and carbonate minerals hag recently been opened up ir;
a%x amygdaloid bed at the Algomah Mine. It shows black melaco-
nite (Cu0), green chrysocolla (CuSi0,+2H,0) and ereen mala-
("h‘ite (CuCo,,. Cu(OH),) in irregular 1nnsses:. and alsz as minute
veinlefs, filling the crevices in a brown melaphyre. The deposit fol-
lows the bedding of the rocks, making bodies of V:li‘ying thickness

along the strike. Chrysocolla in felsite has been found in drill cores
from other properties in the neighborhood. |
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CHAPTER 111.

THE ORE DEPOSITR.

A large number of lodes are being worked. The most important
producing lodes are the Calumet conglomerate and the Kearsarge,
Baltie, Pewabic, Osceola and Tsle Royale amygdaloids.

The Calumet lode is the cupriferous portion of one of the con-
glomerate beds in the lower Keweenawan series. This bed continues
for a distance of several miles, but the ove bhearing portion is con-
tined to that part, about two miles long, which outcrops on the
property of the Calumet and Hecla Mining Company, and which
at depth crosses into the property of the Tamarack Mining Com-
pany. On other properties north and south, development of the
conglomerate has not proven profitable. The best ore' was in two
shoots at Calumet and South Hecla shafts pitching north at about
70°.

The conglomerate rock mined is made up largely of pebbles of
felsites and quartz porphyries cemented together with small parti-
cles or rock, calcite and native copper. The cementing material
contains also, in smaller amounts, other minerals such as iron
oxides, quartz, epidote and chlorite. There are a few pebbles of
melaphyres, amygdaloids and porphyrites.

The conglomerate is characteristically red, both pebbles and the
cement being commonly of that color. Most of the constituents are
of light tones; but a considerable portion is made up of pebbles
that are dark reddish brown. Most of the lighter colored pebbles,
light red or flesh colored, are dense felsites and quartz porphyries.
The darker colored ones have usually a finely felsitic ground mass
with phenocrysts of brown red feldspar. Other dark brown ones
have a very dense ground mass with phenocrysts of quartz. Some
are dark colored felsitic rocks with no phenocrysts. Many of the
pebbles show an outer rim of lighter color than the interior. This
results from alteration.

The small rock particles in the matrix are similar in character to
the pebbles, but have been more extensively altered. The copper
occurs chiefly as part of the cement, filling spaces between sand
grains and pebbles, but some has replaced the rock constituents.

!P. Kirchoff, Eng. & Min. Jour., July 12, 1884, pp. 17-20.
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It is a common occurrence to find large pebbles partially replaced
by native copper,® and at some rock houses a number of these are
picked out every day. While most of the copper is coarse, much
s in very minute particles and the ore lLas to be finely ground to
permit of its recovery.

When a large section across the lode jg exposed, as in the drifts
and stopes. there are usually to be seen rather distinet light and
darker colored portions. The copper is chiefly in the light colored
portions. The darker colored places are noticably more compact
and less altered than the lighter. They heve evidently not been much
influenced by the solutions which is more porous parts altered the
rock and deposited native copper.

The thickness of the lode, as determined by mining operations,
is from ten to twenty feet. There are some thicker and thinner
parts. Near the surface at the Calumet Mine the lode is about thir-
teen feet, at some levels at great depths at the Tamarack Mine
about twenty-two feet, and at similar depth further south in the
Hecla mine only about ten feet thick. The average thickness of
the ore still to be mined is said to be about 15 feet. The thickness
sometimes varies considerably in short distances. According to
Capt. Daniell, the thin portions “seems to occur in spots rather than
in regular courses.” As a rule the values are irregularly distri-
buted from wall to wall. In places the poorest part of the lode is
near the hanging wall, and there are places where the upper portion
is the richest. In extensive workings tributary to one deep shaft
the portion next the footwall was always the least productive.

At the Calumet mine the lode strikes N 83° T and near surface
dips to the N. W. at an angle of about 38°. At the South Heela
mine the dip at surface is 39°, At depth the angle of inclination
is slightly less than at surface. One shaft, following the Ilode
closely, is inclined at 38° down to the 36th level, and below that
at 37° 30°.

The copper content of the conglomerate in the upper levels aver-
aged 29 to 5% for a large output. TIn 1888, when the C. & H. mine
was about 3,000 feet deep the ore mined vielded 4.5% copper. In
1900 the ore mined averaged 3% copper; but the working below
the 57th level in the northern part of the mine have vielded ore of
much lower grade. The average for the Calumet and Hecla mine for
1910 was 30.12 pounds per ton, while the output of the Tamarack
mine in the same year averaged 21.1 pounds copper per ton of
ore.

_Bee Dr. A, (. Laile's paper, “A boulder from the Calumet conglomerate.” Ticon.
Geol., Vol 4, and pp. 138-173, 1909.
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In the mines blocks found to be low grade are left standing but
aside from this there is little selection of the ore. ~ Practically all
the conglomerate broken in the stopes is hoisted and stamped.

The conglomerate lode has yielded more copper than any other
on Keweenaw Point, and the metal has heen won at a cost which
has made the Calumet and Hecla the leading dividend producer
among the mines of the world. The Tamarack mine has also a
good record.

Mr. J. R. Finlay estimates that the C. & H. has still on the con-
glomerate lode ahout 27,000,000 tons of ore, which should vield 26
peunds per ton—a total of 702,000,000 pounds copper. Another
estimate is 30,000,000 tons, 900,000,000 pounds. On account of
great depth and lower values, the Tamarack portion of the Jode
gives lit*le or no profit at present prices of copper.

The Kearsarge Lode is the copper-bearing amygdaloidal upper
portion of a bed of porphyritic melaphyre. The melaphyre near
the lode is a dark grey or brownish ophite, with large phenocrysts
of feldspar, usually greenish labradorite. The lode itself is com-
monly a brownish amygdaloid, with numercus and large amygdules
of calcite, quartz, red feldspar and green opidote. Some copper
aceurs filling amygdules; but much of it is in irregularly shaped
forms, which have evidently replaced the rock. Much of the copper
is closely and probably genetically associated with epidote.

At Calumet the Kearsarge amygdaloid lies about parallel to the
Calumet lode, having a strike N 33° It and a dip to the northwest
of 38°. Iurther north the lode curves off more to the east.

The lode js several miles in length, and is being mined for a con-
tinnous siretch of five miles at the Centennial, South Kearsarge,
Wolverine, Northh Kearsarge, Allouez, Ahmeek and Mohawk Mines.
Further north it has been opened up on the Gratiot, Seneca and
Ojibway properties, and the latter, four miles northeast of the
Mohawk, has since Nov. 1, 1911, been making shipments for a mill
test.  Further south the lode has been opened up on the Calumet
and Hecla, Lanrium, Osceola and LaSalle lands, but though copper
has here also been found in the lode, no large body has proven

enough to he mined profitably at present.

The ore mined on the five mile stretch from Centennial to Mohawk
vields from 13 to 25 pounds copper per ton. The ricliest portions
are at the Ahmeek, where the 1910 average was 22.3 pounds, and
at the Wolverine, where the average for the fiscal year 1910-1917
was 24.75 pounds refined copper per ton of ore stamped. At the
Wolverine the ore is unusunally uniform in grade and the percent-
age of rock hroken and not stamped is very small.
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Mr. Finlay estimates that the five leading mines on the Kearsarge
lode will produce 63.600.000 tons of ore, vielding 986,000,000 pounds
of refined copper.

The Baltic lode is the upper portion of a melaphyre low down in
the Keweenawan series. The amygdaloid has commonly grev or
brownish groundmass. and amygdules of white calcite, The denser
part of the bed, the footwall trap. is a brown melaphyre with abund-
ant spots of green chlorite. The minable copper is not confined to
the amygdaloid, and frequently makes well down into the trap, thus
making the lode very wide in places. Narrow vejns carrying sul-
phides and arsenides are found in the lode, but are of no conse-
quence as ore.

At the Baltic Mine the Jode strikes N. 60° . and dips 73° N. W
The dip is much steeper than that on any of the other lodes, and

consequently the method of mining is different, and will be de-

scribed later,

The width varies commonly from 15 ft. to 60 ft. In some places
the lode is mined for a width of 80 or 90 ff. The thickness is in
most places greater than 20 ft. and averages about 24 ft. ‘

Fissures are numerous in the lode, and at some of the mines
faults and soft seams cut across it at short intervals. Many of the
fissures are filled with calcite, which make conspicuous, though
usually very n‘arrow, white veins, running across the dark rock.
Many others are filled with soft greenish and reddisi material,
chloritic, talcose or clayev. These soft seams have apparently
resulted from ¢rushing and slipping.  Often in such ground, the
lode iy displaced many times in a short distance,

The main production of the Baltic lode is from a three mile
stretch worked at the Champion, Baltic and Trimountain mines,
Further northeast operations on the Baltic lode have opened up
only one important ore body—that at the Superior Mine. At the
Atlantic section 16 shaft the lode was found very badly fractured,
faulted and crushed, and there was great difficulty in identifying
horizons. The ore bodies found were cut off by taults at short dis-
tances, and the workings were generally in poor rock. After a
thorough exploration the shaft was recently abandoned. At the
Superior Mine the lode is also much fractured, but a large body
of good ore has been blocked out at one shaft. Further north re-
cent exploration work by the Houghton Copper Company has shown
the extension of the lode. As at the Superior, the rocks are here
much fractured and full of slips.  Similar ground was found in ex-
ploration on the Isle Royale property, which the Houghton adjoins.

|
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At the Champion: Trimountain and Baltic Mines, the lode is
comparatively Grm. There are pumerous fissures, but the ground
has not been SO severely disturbed as further northeast. In some
places at the Trimountain and Baltic Vines the lode is more broken
up. Between the Trimountain and DBaltic mines there is @ marked
¢hange in «trike of the lode and possibly congiderable faulting.

Tn all the mines on the Baltic lode. the system adopted iz 10
break the rock for the full width and sort out the poor rock and
uge it to fill in the stopes. The sorted ore from the different mines
in 1910 yielded 17.95 to 26.6 pounds copper per ton. At the Su-
perior Mine much of the copper is anusually fine, and so dissemi-
nated that sorting is difficult. The ove mined at the Superior in
1910 averaged, however, 22.64 pounds per ton. At the other mines

he ore is more readily gelected from waste.

The lode has not vet been explored to any great depth, and its pos-
cibilities have yet to be determined. Mr. Finlay estimated that the
lode will produce about 15,000,000 tons of ore, containing about
311,000,000 pounds of copper. In this estimate he does not assume
that the deposits will continue to very oréat depth, and if the values
persist to depths found on the other great lodes, this estimate willy
of course, be fav exceeded.

The Pewabic Lodes are the productive amygdaloids of the Quincy
mine, and are now heing opened up at the Franklin Jr.

Instead of @ single lode, there is, at the Quincy, a zone about 300
feet thick in which there are geveral lodes. These vary considerably
in different parts of the mine. For the most part they run parallel
to one another and are separated by trap. Tn places they come to
gether. There 18 commonly one of the lodes that is better than the
other and is known as the “main” lode. Ag the workings are con-
tinued this main lode becomes in places quite subordinate in im-
portance to one of the “east” or ‘yest” lodes. What is known as
fhe main lode in one part of the mine is not called the main lode
in another part. In places there are four parallel Jodes being
worked at once.

The beds, of which fhe lodes are the amygdaloid portions, are &
ceries of dark grey feldspathic lavas, 1’)01"1’)11)‘1"1‘(@&1, known locally as
the “Ashbed” series. 'The amygdaloid <hows chlorite, calcite, epi-
dote, quartz, prehnite and native copper in a dark brown O grey
groundmass. The trap is a fine, put distinctly grained, dark grey,
ploration on the Isle Roy porphyrite, spotted with small’patches of green chlorite. The cop-

g per oceurs 10 come extent as a filling in cavities, but most of it

ale pr ; .
property, which the Hought .
ghton adjoins. has evidently replaced the rock, and forms irregularly defined
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masses, large and small. The larger masses, giving so-called “mass
copper.” are more abundant than in most of the lodes. While most
of the copper is found in the amygdaloidal part of the bed. a large
quantifty is also mined from irregularly defined portions in the
wall traps.  The lodes are crossed by a number of persistent cal-
cite veins, but these are usually barren and in parts of the lode
that are poor.

At the Quincy Mine, the main lode is on the average about 10
feet thick, varying from 3 to 15 feet, The inclination, as with most
of the Jodes, becomes less with depth—at the surface being 54°, and
at the lowest levels, over one mile down on the slope, about 38°.
This low angle of dip is not found in the southern part of the ine,
but only in the bottom levels of the northern part. At the Frank-
lin Jr. Mine the dip varies from 49° at surface to 43° at the 32d
level. '

The lodes strike N. 30° E.. and on the Quincy have a length of
about three miles. Some of the lodes were not worked in the upper
levels but were opened in eross ents at lower levels and first worked
extensively at a depth of%nearly one mile down on the dip. They
have since been worked for many levels above that at which they
were first found to be good ore, and will be worked at comparatively
shallow depth. Other lodes have shown copper where they have
beeu encountered in cross cuts, but have not been extensively ex-
plored. The lower limit of the Pewabic series of beds seems to
be the “old Pewabic” lode, and at the Quiney no copper is found
in beds at lower hiorizon.

The Pewabic lode has produced at the Quincy about 600,000,000
pounds of copper. Some unusually rich ore was taken from the
territory hetween No. 2, and No. 6 shafts, in the upper 20 levels.
The ore mined in recent vears hasg averaged about 16 pounds per ton.
Mr. Finlay estimates that the Quincy will produce 200,000,000
pounds more. The Pewabie being a series of lodes, some of which
have been developed to very slight extent, any very definite esti-
mate of future yield is almost impossible.  An important ore body
on the lode has recently heen opened up on the lower levels of the
Franklin Jr. Mine. At the Hancock Mine a vertical shaft ig being
sunk to explore the Pewabic lode at depth, and the owners expect
to find ore at least on that portion which immediately adjoins ore
in the Quincy Mine. In November, 1911, the Hancock vertical shaft
at a depth of 3,105 feet, struck good ore in a lode supposed to one
of the west Pewabic lodes.

Osceola Lode. This is a brown amygdaloid, spotted and streaked

momsonite,
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The Foot-wall trap 1§ a grey OHvVile dlavasc.
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with white calcite, which has been worked by the Osceola. Calumet
& Hecln and Tamarack Mining Companies. On  these properties
it has a length of about 3 miles. It underlies and 1uns
parallel  to the Calumet conglomerate. striking N. 33° I
and  dipping  at  the surface at Calumet at an angle of
ax . The width varies from 15 ft. to 100 ft.. the ore coming
front two horizons, designated as Lhanging wall and foot wall parts.
The chief and most regularly shaped ore body is found at the upper
part of the bed. This hanging wall lode averages about 9 ft. in
ihickness and is fairly persistent and well defined. Below it is
commonly dense brown melaphyre of varying thickness, succeeded
by another amnygdaloid, in which arve irregular shaped ove bodies.
The footwall deposits are often richer and thicker than those at
e hanging wall, but they are of more pockety character, and do
not persist so regularly with strike and dip. In some places dip
and hanging portions are continuous, and there the lode is very
Lide. 40 to 100 ft. There is usually 10-to 20 ft. of the so-called
“pein trap” separating them. The amyegdaloid encloses numerous
lenticular masses of dense trap. Often a bar of trap cuts across the
amygdaloid, and it has been frequently noticed that the amygdaloid
on opposite sides of such bars is unusually rich in copper.

The copper in the lode is rather regularly distributed, and in good
rock readily detected. Hence, a satisfactory selection can be made
pefore breaking, and practically all rock broken is hoisted.

At present the lode is being mined only at the Calumet and Hecla
mine. On the Osceola and Tamarack, work is temporarily suspend-
ed. Some other companies are exploring the lode, but as yet no
new ore body of importance has been found.

Mr. Finlay estimates the future production of the Osceola lode
on Calumet and Hecla property, at 23,000,000 tons, yielding 330.-
600,000 pounds copper. The production for 1910 averaged 15.82
pounds per ton. The Osceola lode is very easily milled and
smelted and produces copper of exceptionally high erade. Most of
the copper from this lode is treated electrolytically for the recovery
of silver.

The Isle Royale Lode is the amygdaloid top of a bed of diabase.
The amygdaloid has a grey or brownish-grey ground mass, whiclh is
conmmonly distinetly, though finely, grained. The amygdules con-
fain many varieties of minerals, prominent among whiclh are cal-
cite quavtz, epidote, chlorite, prehnite and laumontite. Cracks in
the rock have in most cases been filled with chlorite, laumentite orv
thomsonite. The foot-wall frap is a grey olivine diabase.
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The Jode is worked at the Isle Royale Mine south of Portage
Lake. A similar. and probably the extension of this, lode was open-
ed up north of Portage Lake at the Arcadian mine; bhut without
Success. At the northern end of the Isle Royale property, the beds
strike S, 385 W, but further south bend westward unti] the strike
is 8.5%° W, The dip is to the N. W.. at an angle of 56°.

From the workings on the Isle Royale lode another very similar
bed. known as the Grand Portage and Iving a short distance to
the west, has been mined but its product not distinguished. The
Iode (or lodes) is comparatively low grade, and until 1"e'('ently has
been mined at a loss. The production for 1910 averages 14.5 pounds
per ton.  Mr. Finlay estimates that it will produce 112,600,000
pounds copper above the 4.000 ft. level. Another recent estimate
iz that the Isle Royale containg 435,600,000 pounds of copper in
ore averaging 14 pounds per ton,

The Atlantic Lode is a comparatively low grade bed, which was
worked at the Atlantic Mine. It differs from most of the lodes
in having the copper more finely disseminated through the rock,
The upper part of the lode is fragmental, and contains sandy and
epidotic portions, so that it has the appearance of a conglomerate,
and Las been called g melaphyre conglomerate. The lower part of
the lode is an ordinary amygdaloid,

-The Lake Lode is a wide amygdaloid the extent of which has
not yvet been determined. It is generally considered to be the best
find in recent vears in the district. In May, 1911, it had been
opened up at the Lake Mine for a length of 2100 feet, and a depth
of nearly 1,300 feet on the dip. Where first found it strikes nearly
north, but followed a few hundred feet to the north, it gradually
turns to the westward, and at the end of some of the northern drifts,
the strike is northwest, The dip is to the wesf and southwest.
On the Routh Lake property, which adjoins to the wests rard, a
similar lode strikes west and dips south. It is probable that this is a
continuation of the Lake lode; but developement has not yet been
carried on far enough to make this certain.

The lode at surface at the Lake Mine dips at an angle of about 36°
A few hundred feet down it dips at about 34°. The South Lake
drill holes give dips of beds to be to southward at angles of 55°
to 58°. It is not unlikely that the discordance between the struc-
ture of the beds at the Lake Mine and the uniformly northwestward
dipping beds of Eiiergreen‘Bluff has been partly brought about by
fanlting. No important fault has yet been definitely located
however,
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The amygdaloid is commonly of red-brown color. and spotted
with amvegdules of chlorite, calcite and other minerals. In places
it <hows much heavy copper, and resembles good parts of the
Baltic lode. The value of the lower grade portions is not very defi-
pitely known, as comparatively little stoping has yet been done.
The richer portions have proved to be wide and have been in places
cnr out for 40 to 60 feet. Tast of the main lode, the Lake Mine
las opened up a second, but much narrower lode, sometimes rich
in heavy copper. :

A1 the South Lake property, rich drill cores were taken up, but
the lodes have not vet been further examined. Shaft sinking was
recently begun, but is temporarily suspended.

In smelting the small amount of copper produced in testing the
Luke lode it was found that the copper is comparatively free of
avsenie, although the lode is in a very low horizon in the Kewee-
naw series.

Vass Mine Lodes. At the Mass Mine there are four parallel lodes
which have been opened up from one shaft. These are in ascend-
ing order, the Evergreen, Ogima, Butler and Knowlton. The Ever-
green is a greenish amygdaloid, which contains copper in irregu-
Javly distributed masses, acccompanied by much finely crystalline or
granular epidote and coarsely crystalline caleite. The Butler is an
amyedaloid of unusual reddish-color, having abundant reddish feld-
spar along with the more common minerals in the amygdules. Tt
carries more regularly distributed small mass and stamp copper.
The Ogima is a grey amygdaloid, spotted with epidote and chlorite.
it rarely has any masses, but in places carries good values in fine
or “shot” copper. The Knowlton is a reddish amygdaloid, resembl-
ing the Butler.

Forest Liode is amygdaloid, worked at the Victoria Mine. The
bed dips N, W, at an angle varying from 61° at surface to 55° at
the 15th level. The ore mined is Comparativeiy low grade, yield-
ing about 12 1bs. copper per ton.

Minesota Lode is a vein rather than a bed. It strikes with the
formations in which it occurs, but dips somewhat steeper. The
chief mineral constituents are epidote and quartz, and from the
former it takes a yellowish green color. Secattered. througlh this
epidotie Tode are masses of copper, and many have been taken out
that weighed several tons. The largest mass mined from the lode
is said to have weighed over 500 tous and was one of the largest
produced in Michigan.

Fle Winona Lode is an amygdaloid worked on the properties of

*3
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the Winona, King Philip and Wyandot Companies. It has vielded
considerable copper at the Winona. and will in the near future be
worked on a more extensive scale. The ore is comparatively low
grade. That which was mined during the past yvear vielded about
13 Ibs. per ton.

The Adventure lodes are three amygdaloids which have been work-
ed by the Adventure Mine.

The Ashbed lode is an amy gdaloidal porphyrite, which has been
worked in the Eagle River section. It has copper finely dissemi-

nated through the rock. as in the Atlantic lode.

The Arnold lode is an ashbed worked at the Arnold mine.

Michigan Mine lodes. There are on the Michigan property a large
number of lodes, including those worked at the Mass Mine and sev-
eral others. The amygdaloids, in addition to the Eve ergreen serieg,
are the Calico, North Amygdaloid and South Amygdaloid. The
veins are known as the Minesota, Branch and Contact veins.

The Nonesuch lode is a cupriferous sandstone and conglomerate
in the Upper Keweenawan. The bed carries copper in small parti-
cles, filling spaces between, and sometimes forming a coating on
the sand grains. At the Nonesuch mine the bed is 4 feet to 8 feet
thick. The coarser particles of copper are found in a friable sand-
stone. The more compact sandstone shows some very fine copper.

The Indiana lode. This deposit was located by drill holes, and
little is yet known of its shape and size. The ore is native copper
accompanied by calcite, quartz and epidote in a much fissured and
altered mass of felsite. The available records are not sufficient
to determine the shape of the felsite mass, and still less the extent
of the deposit in the felsite. Exploratory work in now being carried
on to determine the nature of the deposit.

The Algomah lode is the upper portion of a brown amygdaloid
bed and differs markedly from all the lodes mentioned above in

carrying black oxide, green silicate and green carbonate of copper

instead of the native metal. Tt has been only slightly developed,
and little is yet known of its character at depth. Along the strike
it shows masses of green colored ore more or less separated by
stretches of brown amygdaloid. The shaft sunk at an angle of 60°,
follows the dip of the lode, and is 200 feet deep. At the shaft there
is a stock pile of several tons of green ore. Sixty tons of selected
ore showed 24% copper. Some similar deposits are reported to have
been found in one of the upper levels at the Lake Mine, which ad-
joins this property on the north, and chyrsocolla has been found
in drill cores from other neighboring properties.
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The copper minerals in the Algomal lode are chiefly ¢hyrsocolla,
melaconite and malachite. The oxide is usually dull black massive
melaconite; but Prof. A, E. Seamen has found specimens showing
black tetragonal crystals of paramelaconite in green malachite.
Thix is the only known occurrence of paramalaconite other than
that at the Copper Queen Mine, Arizona, where it was first identified
by Dr. Koenig. Prof. Seaman has also found in the Algomal ore
some minute green crystals which are thought to be dioptase.

Hancock lodes. At the Hancock Mine there are three parallel
Jodes, known as veins No. 1, 2 and 3. One of these, No. 3, has
been extensively opened up recently. Tt is a chocolate brown
amygdaloid, spotted with very abundant amygdules of green chlor-
ite. Tt has a thickness of eight to ten feet, and dips at an angle of
about 45° in the present workings. The copper occurs in this lode,
more largely than in many other lodes, in the amygdules. Many
of the green spots of chlorite show: copper when the rock is broken.
The roek is soft. The bed where now being worked is remarkably
regular, and has a very distinctly marked off hanging wall.

Huncock New No. 4 lode. A lode struck in Nov ember, 1911,

a depth of 3,105 ft. in the No. 2 vertical shaft is as yet not deﬁnltelv
correlated with other lodes, but is generally thought to be one of

the so-called “west Pewabic” lodes.

The lode is a brownish gray amygdaloid, with Very numerous
amygdules. A rather unusually large number of the amygdules
are quartz. Most of the others are calcite. The white calcite and
quartz are often greenish in appearance, owing to the presence of
chlorite scales and oceasional epidote grains. Many of the joints
in the rock are coated with ‘quartz and calcite. On some of the
joints there are fine scales of copper. Most of the copper is in
the amygdules with the calcite and quartz; but some is in grains
scattered through the matrix of the rock and some in seams of
calcite and quartz.

The lode where cut is seven or eight feet thick of uniform ore,
and there is also some ore further in the foot separated from the
main ore body by a few feet of trap.

Nt. Lowis Lode. This is a brown amygdaloid, from which several
copper bearing cores have been taken, and w hICh is now being open-
ed up at the St. Louis mine. WWhere cut by 9 drill ioles it showed
widths varying from 8 to 39 ft,
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CHAPTER IV.
CHARACTER AND VALUE OF THE ORE.,

The ore is native copper with small amounts of native silver, in
a gangue of either amygdaloid or conglomerate rock. Large masses
of the metal. often weighing from a hundred pounds to several tons,
ave called mass copper or simply mass. Smaller masses are known
as barrel work. Ore showing copper in comparatively small parti-
cles scattered through tlie rock, is known as stamp rock. Ore is
commonly known as copper rock. The term copper ore is by Mich-
igan miners often used only for copper minerals other than native
copper; but the term is never used in this sense in this report. The
native copper ore is by miners and unfortunately also by the min-
ing companies commonly called rock. This unusual terminology is
not here adopted. :

Most of the mines produce some mass copper, and in a few it
forms a considerable percentage of the output. In all the mines,
however, ore which must be crushed and concentrated is the chief
product, the individual particles of copper being commonly less
than one-half inch in diameter, and usually less than one-quarter
inch. The ore is very low grade, much lower than any other copper
ore being mined, and carries-on the average only about 1.3% copper.
The average yield of all ore mined in 1910 was only 20.5 pounds
per ton, and yet this was mined at considerable profit, with cop-
per selling at 12.7 cents per pound.

The conglomerate lode being mined is richer than any of the
amygdaloids.  The former in 1910 yielded 28.3* pounds of copper
per ton, while the amygdaloids yielded 18.2 pounds per ton. Dur-
ing the year there was milled 2,474,356 tons conglomerate ore,
yielding 70,036,097 pounds copper, and 8,395,205 tons amygdaloid
ore, vielding 152,647,364 pounds copper. Of the ore, therefore,
22.8 per cent was conglomerate, which yielded 31.4 per cent and 77.2
per cent amygdaloids, which yielded 68.6 per cent of the total cop-
per. While the conglomerate is richer it is more difficult to drill
and stamp.

The ore mined several years ago was much higher grade. The
falling oft in copper content is due partially to the fact that in

IThese figures are from B. 8. Butler's report in Mineral Resources of U. S., 1910.
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come of the deep mines the ore at very low levels is noj[ as rich
;xs in the upper levels, and partially to the fact that improved
methods make it now profitable to mine low grade ore that would
pot lave been broken years ago. 7 '
(opper from the Michigan mines is unusuallr pure and (‘onnnonl,\'
demands a somewhat higher price than copper from more ('«)m‘p]e‘\
ores.  Some of the Jodes give better metal than d? ot]‘lers. ho.nui
are avsenical, due chiefly to presence of arsenides in viens cutting
the lode. Tt has been noticed that the lodes in the 1.0“'er part of the
Keweenawan series are commonly higher in arsemc.thnn those at
hieher horizons; but the newly found Lake lode which occurs low
jn‘ tlie series is apparently an exception. )
Native silver is commonly found in small amounts with t‘he
native copper, and in some few mines the silver is in comlmermfﬂ
quantities. In 1910 the silver recovered from the ore mme-.d_}n
\lichigan copper mines amounted to 330,500 ounces, valued ajc $L78,-
470.00.  Only. about one-seventh of the copper pr-od.uceq is elec-
trolytically treated to save the silver. Some silver is picked out
at Ithe mills, but the amount obtained in this way is Small: . .
The copper from concentrates carrying commercial quantities 'or
silver is cast into anodes, and the silver is recovered electrolytic-
ally. ‘ '
According to B. 8. Butler the average ton of ore mined in 1910
produced copper valued at $2.54 and silver at 1.5 cents.
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- CHAPTER V.

METHODS OF PROSPECTING AND DEVELOPING DEPOSITS,

The methng of prospecting in the Copper Country is now in gl
most all cases diamond drilling and trencliing. The outcrops have
long since been carefully looked over, but there stil] remains to
be prospected a Very extensive area, which is covered with glacial
debris.  The most notable new  discoveries during the past few
Years have heen made by drilling in such covered areas,

Exploration is also carried on underground at severa] mines. It
is usual near an important lode to find parallel lodes which are
not regular enough to he worked alone, put which carry at inter-
vals copper in quantities sufficient to pay for extraction. Ip some
mines prospecting for such deposits is carried on by systematie
drilling into the foot or hanging from the workings on the main
lode. 1In others, cross cuts are driven at less frequent intervals

for the same purpose. In mines where g filling system is used, the
rock cuts into hanging and foot are run far enough to explore
other lodes.

In putting down the first drill hole in ap exploratory campaign
in drift covered areas it is the usual practice to set the dri]] at
an angle normal to the dip as determined on neighboring pProperties.
If the hole proves to be approximately normal to the bedding, other
holes are hored at such distances that each will give a slight over-
lap over the section obtained in the next one. Many of the holes
are drilled 1,000” to 2.000. Where there is little known conceyn-
ing the stratigraphy, the most satisfactory resulty are often ob-
tained by vertical holes.

The cores drawn are closely examined for copper; and also for
the purpose of correlating the various strata cut. Commonly all
the core is kept regularly arranged in boxes. At intervals in the
core-box a mark is made to indicate the depth from whicl the core
was taken. After examination the cores are usually stored and

kept for future reference.

Development.  When 2 lode has been located, development is
usually begun by sinking an inclined shaft in the lode or in the
footwall. Exploration i« carried on by drifts at levels about 100
feet apart. As a rule it has been found advisable in running thege
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Cons%der-able ground is blocked out it is tested by a mill run ex
tending over a few months. The usual practice is to rent a stamp
at one of the mills and test the ore thorou

ghly before erecting :
| . ghl; ecting :
new stamp mill. =
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CHAPTER VI

METHODS OF MINING.

Ax all the deposits being worked are in the form of inclined beds
there is a marked uniformity in the way in which the lodes have
peen opened up. The method of mining the ore, however, is by
no means the same for all the mines. The method adopted depends
chiefly “on the geological conditions, especially on the dip and
thickness of the deposit and firmness of the lode and wall rocks.
Ag a rule the copper deposits are in unusually uniform and firm
rock that is easily supported. There are, however, some mines in
which the lode or hanging wall is full of seams and joints, and the
necessity of providing support has then made it advisable to use
a different method of mining. The greatest similarity in methods
ig found in mines working the same lode.

There are also, however, notable differences in method which do
not result from the geological conditions, and which may be seen
on the same lode and often in the same mine. Very often stoping
has been started near the shafts and advanced toward the boundary,
while in other cases stoping has been begun at the boundary and
advanced to the shaft pillav. The latter makes less support nec-
essary, thus making it possible to allow the ground to cave soon
after a stope is cleaned out, and at the same time renders protection
for levels necessary only under the one stope being worked.

Tn some mines drifts are run of ordinary size 7/ x 7 while in
others the opening is carried forward as a drift stope, by cutting
the full width of the lode and taking a few cuts off the back. The
drift stope method gives a better opportunity to follow sinuosities
of a lode closely, thus making possible a more definite estimate of
its contents; but unless the lode is very uniform in grade there is
likely to be broken rock that might be better left standing. In
long drifts the better ventilation in the large opening is a decided
advantage.

In wide lodes the ore is not as a rule evenly distributed, and
a considerable percentage of the lode is worthless. There is then
to be decided whether it is better to break the full width of the
lode and sort out the waste, or to make the selection before break-
ing, and as far as possible leave the poor rock standing. The
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mines on -one lode use the former method, while on another wide

lode the Jatter system is utilized.

Methods of handling the ore differ largely according to the na-
ture of the deposit and also for other reasons. In some mines
mechanical scrapers are used in stopes, while hand shovels are
used in others under similar conditions. In one mine chutes are
used to load tramcars, while in another mine where the dip of
the lode is practically the same, the ore is allowed to run down to
the track level and then shoveled up into the cars. In most mines
the men themselves push the tramcars, while in others rope haul-
age or electric locomotives are used. In most mines the ore is
dumped directly from tramear into skip, while in a few, ore pock-
ets are used. In most of the mines ore is hoisted from every level;
but in some the ore from four or five levels is run down in chutes
and hoisted from one level.

The methods of mining in use will be best understood from
brief descriptions of the practices in individual mines. The vari-
ations dependent on the nature of particular deposits will be
brought out by taking as examples mines that are on different
lodes. For the conglomerate lode Wwe can take the workings tribu-
tary to ome shaft at the Calumet and Hecla Mine; for an amygda-
loid 14 ft. thick and with dip or 40°, the Wolverine; for a narrow
amygdaloid at a steeper angle (45°), the Hancock; for deeper
workings on a narrow amygdaloid dip 38° to 45°, the Quincy;
and for a wide amygdaloid of steep dip (73°), the Baltic.

The Calumet and Hecla Mining Method. The Calumet and Hecla
conglomerate is now being mined at great depth from several
shafts, one of which is vertical and the others inclined. The lode
averages 15" in thickness, and dips usually at an angle of between
87° and 38°.

The incline shafts arve sunk in the lode, and levelg established
at intervals of about 100 feet. Drifts 8x8 are run each way from
the shaft to the boundavy. A raise is put through for ventilating,
and to provide g stoping face, and stoping is begun first at the
boundary. A cutting out stope is run for 100/ by cutting a slice
off the back for the full width of the lode. Then heavy timbers are
put in to support the hanging and protect the level. No square
sets are used. Heavy timber is placed as stulls, three large sticks
being placed close together and forming a so called battery. Bat-
teries of stulle are placed about eight feet apart, leaving a space
of about five feet. In this space a chute is built at sufficient
height to deliver the ore into tramecars. Above the chute the foot
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ie covered with an iron plate 8/x4’ to enable the ore t‘o rul.n readily.
‘\\’hvn stulls and chutes are in place heavy lagging is p_]aced
across the stulls, planks are placed over the timbers fm the dT’-lll’el-s,
and wgului' stoping is commenced by breast (:uts:t taking off 8 T,O
122 ar a time. In each 100 ft. stope 2 or 3 drills \\011{ a short
distance apart.  As each cut is taken off the back, additional stulls
are placed in line above the others. The br({ken ore falls down
petween the rows of stulls, and with some assistance from shovel-
Jers runs down to the chute and is loaded into tramecars. As the‘
process goes on the ore is replaced by regularly Space(} 1’().\\’8" m‘
gtulls up to within a short distance of the next ]evel: Stoping is
ézm-ied on until all the ore is broken, no pillars being left any-
where in the stope. There are no arch pillars to support the levels
above. The whole section of the lode is broken and.swept down
between the rows of stulls into the tramcars, mechanical scrapers
being used to drag the ore down. 4

\\:]'1911 the stope has been cleaned out, a solid row of heavy stulls
is et across the foot of the stope, a considerable portion of the
timber in the stope being robbed. The stope is then allowed to
cave, the car tracks ave taken up, and the thoroughly worked out
part of the mine immediately abandoned. The 100’ block next to-
wards the shaft is then attacked in the same way, and at the same
time in the next lower level, stoping is begun at the boundary.
Stoping is always done at several successive levels at the .same
time, and in any one level stoping is always being done in a
block 100 feet nearer the shaft than the work in the next lower
Jevel. At the shaft a pillar 100 ft. wide is left on each side.

To work out a stope takes about eight months. Hence, stulls
across the foot of the stope, while necessarily heavy, do not need
to be of long lived wood. Consequently the heavy stulls are not of
very valuable wood; but of timber common in the district—hem.
Io<-l‘c( birch and maple being generally used. The hardwood is used
green and does not last long affer it dries. Somefimes before a
stope is worked out, eaving starts in the level above, and sma‘H
quantities of rock fall down onto the row of stulls. No damage is
done, as the timber is still strong and the amount of caving slight.
In ;1/ year or two the timbers have become weak, but by this time
there ',are no miners in the stope below. At intervals there occur
caves in the hanging and ultimately the stope iz filled with the

- broken rock.

There is no sorting of the broken ore in the mine. Sometimes

blocks of poor ground are left standing ; but everything broken is
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loisted. The tramears are pulled to the shaft by air-engine rope
haulage. and the ore emptied directly into skips. A seven ton
skip makes seven or eight trips an hour to surface from a depth
of 7,000 feet. At surface a little rock is picked out. as the ore is
fed to the crushers.

The Wolverine* Mining Method. The Wolverine mine works a
section of the Kearsarge lode. which here dips at an angle of
40.5 to 41.5° and averages 14/ in thickness. Shafts are sunk in
the footwall and levels established at intervals of about 100 feet.
Drifts are carried forward as drift stopes. The drift itself is
about 6 by 7 ft. and the lode is cut out for its full thickness for a
distance of 197 from the foot rail. When the drift stope has been
advanced a few hundred feet a block of ground 75" long is marked
off, and this is stoped out by four men on contract. The whole
block is drilled by only one machine. A block is stoped out in
about four months. The first block being raise and stope re-
quires several weeks longer.

Owing to the dip there is no difficulty in rigging up drills on the
foot, and at the same time the inclination is sufficient to allow all
but the finest ore to run down to the level. No protection at the
level is necessary, and no timber is used in the stopes. Rock pillars
are left along the foot of the stope and a 8’ to 10’ floor pillar in
the back. The ore runs onto a sollar beside the track, and is
shovelled up info the cars. At the Mohawk mine where similar
methods are used, the dip is in places not sufficient for the ore to
run, and iron chutes are used in cleaning the stopes. A large num-
ber of cars are used at each level, and the trammers leave their
loaded cars at the shaft. A special crew of workmen load all the
ore into the skip, working their way down from level to level. and
then riding up and going over the ground again.

Hancock Mining Method. At the Hancock Mine is illustrated
an economical method of mining a narrow lode dipping at an angle
of about 45°. In mining this lode use is made of a vertical shaft
which is being sunk to open up the Pewabic lode at greater depth,
In early workings an inclined shaft was sunk to the 13th level and
three lodes opened up. The present method is in use below the
13th level on No. 3 lode.

A winze was sunk in the lode for about five hundred feet, and
the lode worked from .levels about 100’ feet apart. At the 18th
level connection was made with the vertical shaft by a long cross

1A description of the Wolverine method will be found in Rickard's Copper Mines
of Lake Superior and Crane's Ore Mining Methods.
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The winze was then no longer used for hoisting. but was con-

cut. . o o ) ! )
q1ed into a chute, and all ore from upper levels brought down

X
1o this level. ‘ '

Drifte are run 6’77, A cutting out stope f.nllm\'s enlarging the
opening to 24%. A row of stulls 4/ to Q" ﬂparT is set above j(lxe ]e\ e%
and lagged over with cedar poles 1” to 6”7 duuner@-. At llltel'\-d]b
of ahont 23 feet a hole 2/x4” is left in the lagging. and a high
collar built about 4/ above the car rails. When the level 1s ’[hl}ﬁ
protected and provision made for handling the ore. stoping 18
In the first cut care is taken not to shoot the rock

commenced. ' ck
Afier a few feet of broken ore lies

directly against the timbers. :
on the lagging, the remainder of the ore can be broken .\\'1th wet
holes. Ehough ore is left in the stopes to support the n’.nners al’%d
(he rest drawn off. The ground is firm and no timber is used in
the stopes. Rock pillars are left where poor rock is found, and an
avel pillar, 6 to 10 feet thick, i left in the back of the stope to sup-
port the level above. The ove is drawn out of the stopes onto the
«ollars, and there sorted and loaded into tram cars. The cars are
}mshed’ by hand to the converted winze, which is HOTV a chute hav-
ing two compartments, one for ore and one for rock. At
1]14? bottom of the chute the ore is loaded into saddle-back tram-
cars, each holding about three tons, and drawn by electric loco-
maotive to the vertical shaft. Here the cars are run over bins into
whiclt their contents are emptied. From the bin the rock 1° let
into the skip by raising a heavy gate, and dropping an iron lipped
chate over the edge of the skip.

Quincy Mining Method.?* At the Quincy Mine 11-;11’-1"0.w amygda-
loid Todes, dipping at an angle of from 54° to 38°, are being worked
at great depth. The conditions arve somewhat similar to tho‘s'e at
ththalmnet & Hecla conglomerate mine, but comparatively little
timber is used. Support is chiefly by rock pillars, and by heavy
«talls loaded with broken rock. Drifts, 7x6 feet are run in the
lode. Commonly the drifts are partly in the footwall. The miners
driving the drift are closely followed by others cutting out the'lode
for a width of 18 feet from the foot rail. Following the miners
making the cutting out stope, come timbermen who protect the
jevel and make provision for drawing off the ore into tramcars.
When a cutting out stope has been timbered and the levels ready,
drills are started in the stope. The several groups of men are all

i " ickard i er Mines of Lake
- iney method has been described by T. A, I‘{lcka!d in Copper Min
'\‘up{a}l}ieorQué?l(d) by G. R. MecLaren, Journal of the Canadian Mlmnz I'n’stiitute:_ 1t!l)(?n78,
;»p. 209-417. The methods have been somewhat changed since their escrip

were written.
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gradually working their way from the shaft to the boundary.

The level timbering was formerly of stulls placed abour 4 ft
apart and covered with cedar poles. The present method differs in
the absence of lagging consequent on ¢lose Spacing of the stull
timbers.  This gives better protection from falling rock and is
sitid to be cheaper. The sty are logs of peeled hemlock, maple
and birch, averaging 15” to 247 iy diameter— some are 3 feet in
diameter. These are set in a row at the foot of the stope, and are
only four or five inches apart. Ay intervals of 15 ft. 4 5 ft. space
is left and a ligh sollar is built. A 2 ft. hole is left so that the
ore can be run out on to the sollar. Tn some parts of the mine
the ore is run out on timbers over the level and dropped into the
car.

In stoping there are numerous pillars left Scattered irregularly
in the stope wherever the lode ig boor or where support is especi-
ally required. Many are in places where the hanging bellies down.
In places stullg are set in the stope for support, either ag single
sticks or in batteries of three, Tn some stopes the workmen stand
on rock covered platforms supported by stulls and work down
the stope from either side of g raise,

A common practice is to have three drills working on the face
towards the boundary. Iiach takes off a slice by five or six breast
cuts in descending order, and then goes up in the stope and works
down again, taking off another similar slice,

When the stope is mined out, the row of heavy stulls at the foot
is heavily loaded with rock. Thig “poor rock” is commonly
obtained by breaking into the footwall, as it ig desirable to dis-
turb the hanging as little ag possible. Rock is piled onto the stulls
to a depth of 30 o 40 feet. Later, as the hanging settles down, the
stulls are compressed—often splitting ]ongifudinally, and shorten-
ing 6 or 8-inches—and thep the rock filling, wedged tightly into
Place, takes up the pressure.

The ore is drawn off onto the high sollars
cars. Tor shopt distances, 500 to 600 ft., the cars are pushed by
men.  After the distance becomes greater, eleciri¢ locomotives are
used to haul traing of 4 or 5 cars loaded with about 3 tons each.

. The ore is not loaded from tramears into skips, but is emptied
into ore pockets near the shaft. From these pockets

S, some of which
hold 100 skiploads, the. ore is drawn off* at g lower lever into
the skip,

——— _— _—
3Diagrams illustrating arrangement for loading SKip will he found in T. A. Rick-
ard’s “Copper Mines of Lake Superioy,” pp. 68 and 69.

and loaded into tram-

. L B0
steep dip—io~.
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The Baltic is one of several mines

The Baltic Mining Method. and has an unusually

on the Baltic lode, which is wide. 15" to 60
apafts are sunk in or near the footwall. and levels are ab(;ltzz
e me’ y Drifts are either run 8’x8 and then cut ()llt‘ )

o l(” 31}““;[1 lod(; or else run the full width at once. ';hen

pult f)f‘ l’[e‘ll'en 70ff the back, the drills being m‘oun‘m(f t(})n

o l? fe\is then an opening 16 high for the Wldﬂ} 0 ‘.112

bmk()“'l‘(;r?.();eF :ldrawn off, and the broken waste rock left in piles
e > 18 \

I 1e eSelQ are now enclose \} ‘ \ W 1S lll 1t Of
™ d b dl Lll S D
; Inlber (,ﬂps.

lode.
in the drift. L . heavy
; ¢k, and a cover of lagging laid 1(;nf 1 chutes to draw off
OCK. < . v v S

o os are left at intervals in the wa _0 ith & eirealar
Openiia® ¢ The mills arve built up with a ¢

ore through mill holes. Tron

t rock, leaving an opening about 4 fe‘et in dlzimfetm& Lron

N I(]:icéd at the chute, so that the ore can be drawn o
o ‘l‘“' ]1) yttomed mill holes into tramears. B
R, are built and mill lholes started, the rem .1,,‘

\‘\'he.n s di]e poor rock. Then stoping is started, the d%-ll]ls
e 1‘ e 1 o lthe waste. Where the amount of poor 1-0(.f
o r]gged'up Oflxlll for the filling required, addi‘rionf’il rrock 15
bl‘“’k‘*n " toil zn;oot or hanging in “poor rock stopes.” f!le QIIE
o from ‘tld where it falls. The waste is left to fill 1?1 ;lé
e o the e is thrown into, or carried in small car:S t‘u ‘\H
oo, 8 01.90“ l;oceeds in this way, the mill holes 1.)‘emg bulv
- hOl]e:l.le iiggzn?ilﬁ)ed ’\ﬁth waste while the ore is being drawn
up {4 )

. ‘ )
O.ﬂ"\'l en the stope has been carried up to W‘ithm about‘.)](:l Of‘ftﬂ(:i
ﬂ](‘%‘ nléxt ]e\"el, a so called caving method is used to re

y rous holes
A raise is carried up to the level, and numer

arch. When the level is

drilled in the ground on eithel‘. Sld? of the< Ilfvlsg;’inﬂ all these holes,
longer needed, a wide opening is made by S he ore down
o fong . ock filling in the stope above follows the : 1
?nd ‘:116 ‘:?stz lb(;i(;w T?ne ore is sorted out and thr-owy'n 111’.[2 Li
} IS ¢ iy o ;
;1111;{;!101125 anI()l then drills are rigged upon ﬂv]’eyzl/ \\rllsézlfllzill?e; feot
stope. and slices are taken off the M'C-h' " 1‘91'11 - through to the
:, ain a large number of holes are drilled nearly - d. The
;L“i(lmihz stoge is well cleaned of ore, and then the holes fire ;ile of
bil;<;>n ore falls down into the stope, and is follot"eif-;(;slible is
waste from the stope above. As much va , e ?ller-e;;dilv reached
sorted out and thrown the mill holes. When a‘-d of ﬂule pile of
is sorted out, the drills are rigged up on the side



48 MINERAL RESOURCES OF MICHIGAN.

waste and another cut is made across the lode. Then again the
stope is well cleaned of ore, and the last few feet of back is drilled
with numerous holes. These are fired, and another cave of waste

takes place. In this way all the lode is broken and most of the ore
is saved.

Publication &, Geology 6,

Michigan Geological and late v

Bjological Survey.

A. OPENING UP AT ST. LOUIS MINI, 1911,

B. STARTING SHATT SINKING AT 8T. LOUIS MINE.

. SINKING SHAFT IN OVERBURDIN, SOUTH TAKE MINT, 1911.



Publication &, Geology 6,

Michigan Geological and
Plate V1.

Biological Survey.

A. SOUTH LAKI MINE, 1911,

B. VERTICAT, SHAFT (IN FELSITE) AT INDIANA MINIJE, 1911,

C. NEW BALTIC MINIJ, 1911



Michigan Genlogical and Publication 8, Geology 6,
Biological Survey. Plate VII.

Ao INSTALLING NEW HOIST AT LAKE MINL, 1911

B. RKIPS AND MAN CAR AT RED JACKET VERTICAL SHAFT.

C. ONE OF THI CALUMIT AND HECLA HOISTING ENGINES.]




Michigan Geological and Publication 8, Geology 6,
Biological Survey. Plate VIIL

A. TAMARACK MINL.

F— sl A

C. RED JACKIT SHAFT,
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CHAPTER VIIL
CRUSHING AND CONCENTRATING THE ORES,

The ore in the mines when blasted commonly breaks for the most
part into pieces that are readily handled by the trammers. Some -
large blocks are broken underground by hammer or powder. Some
are broken Dy sledge or drop Lhammer at surface. The crushers' at
surface are unusually large machines of the Blake type.

At surface the skips dump over grizzlies, small pieces of ore
drop through and the larger slide down to the mouth of the
crushers or into bins with chutes just in front of the crushers.
There are numerous devices for handling the ore here. In some
houses the ore is allowed to slide from the grizzly to a flat floor
in front of the crusher. Workmen sort out the mass
copper and waste rock, and feed the crushers entirely by hand.
In several the ore is held back in bins, let into a chute by
raising a gate, examined for waste rock or mass copper while in
the chute, and then dropped into the crusher jaws by raising
another gate. The gates are controlled by compressed air, and
this power is also used in handling any large mass copper or waste
rock which is not to go through the crusher. With the mechanical
aids two men do easily as much work as six without, and as it is
then only necessary to run the crusher one-half the time there is
an important saving in steam. The method of handling boulders at
the Calumet rock houses has been recently described in Engineer-
ing and Mining Journal, Jan. 20, 1912, pp. 159-160.

The rockhouses usually have large bins for storage purposes,.
Some of the newer ones, built of concrete and steel have a capacity
of 700 to 1,000 tons. From these bins the rock is drawn off through
chutes into railroad cars and taken to the mill. The masses which
have been picked out are pounded by a drop or steam stamp until.
~well cleaned of adhering rock and then shipped direct to the
_smelter. The mass as shipped averages 50% to 60% copper. The
rock sorted out finds various uses. Much is crushed and used for
railroad.ballasting and for concrete. At some rockhouses the rock
not crushed for other use is run down through chutes into the mine
again and used to fill the stopes.

T'or a description of the Calumet crusher by Claude T. Rice, see Eng. and Min.
Jgur. Nov. 25, 1911, p. 1026, An article on ore breaking methods written by
W. R, Crane was pubhshed in Eng. and Min. Jour., Vol. 82, p. 768,

sk
7 #
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The mills of the copper country are remarkable for their enor-
mous capacity. There are less than 100 stamps in the district, and
vet the tonnage stamped daily is far greater than in any other
copper district in America.  In 1910 there was milled 10.869.561
tons, and a number of the stamps were idle. The recovery aver-
ages about 809. The loss for most amygdaloids is 4 to 6 pounds
copper per ton of ore. The loss in conglomerate ore is somewhat

_ higher.

Nteam stamps were early found to be well suited to crush the
copper rock, and these have been improved uutil there are singie
heads which can crush K00 (ons per day. Ordinarily the stamps
average 820 to 700 tons per day, according to type of stamp, size
of screen and kind of ore. The conglomerate is much move diffi-
cult to crush than is the amygdaloid, and considerable difference is
found in the various amygdaloid lodes. Steeple compound heads
have proven more efficient than simple heads, and most of the
newer mills are thus equipped.

It has not been found advisable to crush the ore very fine with
the stamps, as much of the copper is in coarse pieces and would be
abraded by the stamps, and the fine crushing is done more effect-
ively with other machines after the coarse copper has heen saved.
Conglomerate is stamped to pass 3/16” screen; but amygdaloid only
to pass 37 screen. Chili mills are used for rvecrushing the
coarser sands but these machines are lLeing displaced by conical
pebble mills. It is said that the latter not only do the work better,
but are more cheaply and easily constructed, and will probably not
spend such a large portion of their life in the repair shops.

From the stamps a product of heayy metallics is taken off by a
hydraulic classifier or by a mortar jig. The pulp passes through
a screen to jigs and tables. The jigs chiefly used arve the Hodge
and the Woodbury-Benedict. The tables concentrating sauds ave
mostly Wilfleys and Deisters. For the slimes Evans round tables
are commonly used.

The Calumet and Hecla stampmills,? the largest in the district,
have 28 stamps, and in 1910 treated 2,795,514 tons of ore. The
first product taken in the Calumet mill is beavy copper scparated at
tlie mortar. The conglomerate ore is crushed to pass a 3/16” screeu,
but a slot at the bottom allows large pieces of copper to drop into the
sieve box of a mortar jig, while the lighter gangue and finer copper
is kept back by a current of water rising through the slot. The

24 description of these mills by Robert H. Mauer was published in the Mining
World, May 2, 1908, pp. T03-708.
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coarser part is taken out by removing a plug above the screen, and
the finer copper in the hutch is removed occasionally by opening
a gate below. The pulp from the stamp passes through the 3/16”
sereen and is carried to the first of a series of five Woodbury-Bene-
dict jigs. From the first jig, called a classifier jig. slimes run off
to o setfling tank, and thence the overflow runs into waste laund-
ers. while the heavier slime goes fo round tables and thence fo
Wilfley tables for the final concentration. Sands fromn the first jigs
pass on to the other four jigs. Metallic copper is taken from the first
iwo. The next three jigs give coarse copper-bearing sand., which is
recrushed in a Chili mill and then concentrated on Wiltley tables.
The hutch product from all five jigs is concentrated on other
Wilfley tables. Copper is taken from each of the tables, and
middlings are collected on another table for final concentration,
and the middlings from this last Wiltley go to the Chili mill for
recrushing.

In the Osceola mill,> using Norberg steeple compound
stamps, with a capacity of 750 to 800 tons amygdaloid
ore per day, the 7rock is crushed fto pass 547 screen. The
stamp is fitted with a hydraulic discharge and lump copper is
removed at the mortar. All but these large pieces of copper pass
through the screen into launders. The launders are fitted with a
hyvdraulic discharge, which takes off a product of coarse copper.
The launders lead to frommels with 3/16” punched holes. From
the trommels, oversize goes to rolls for recrushing. Undersize goes
to trough classifiers, which distribute sands to jigs and slimes to
settling tanks and round tables. Products are taken from jigs, and
by hydraulic discharges on way from rough to finishing jigs. Heads
from the round tables, after settling. are treated on Wilfley tables.

During 1911 the Gsceola mill has been greatly changed, and there
are now only three heads working on the system just described.
The others are being replaced by apparatus of the Calumet and
Hecla type. Two of the new heads were quite recently completed.
Two others are in process of construction. In the new units a
coarse product is taken at the stamp by a Krause discharge and
another product by bull jigs. At one stamp a hydraulic discharge
is used to take off a product after the oversize from the trommels
is reground by rolls. TUndersize from the trommels passes on to
Woodbury jigs and Wilfley tables as at the Calumet and Hecla
mill.  Sands are reground in Hardinge conical pebble mills.

An article on practice at the Osce i 1 3
< M < : b ola mill written by Mr, I ce Fraser was pul
lished in the Engineering and Mining Journal. June 22, 1607, ) ) e
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The concentrates produced at the mills contain varying per-
centages ol copper. Concentrates from the conglomerat; a?erawe
about 509, and concentrafes from the amygdaloids average 65;
to 78%. Each mill produces concentrateé of several differen?c
erades, and these ave in some cases numbered No. 1, No. 2, No. 3
and No. 4, the latter being the finest. The (~oncentfﬂteé a;e‘ C(;lni
monly called “mineral.” but there is no special :1(1‘;2111‘[21706 in this
unusual practice. The No. 1. largely lump copper or mbétallic 15
11f1t111’~;’111y the highest grade, and commonly runs over 909% wfﬁle
‘\f»..4 is of fine particles and c(unparativel)l' low in copper c:)ntent.
D?ﬁerent svstems of classifving the product are in vse at various
nnl]ﬁ. At the Calumet & Hecla the mill products are now classed
33 5\07. 0 containing 90 to 929 copper; No. 1 containing 65 to
5% copper; No. 2 containing 20 to 30% copper; and Vb 2 re
grinder containing 30¢; copper. o R

T‘he active mills are, with two exceptions, located on Take Su-
]pemfr-(,] Torch La-ke or Portage Lake. One/mill, the Victoria, is
ested a8 e mine mene . vl s e 1O il i
cated 4 : > small stream. Enormous quantities of
Y‘;atel .are used in the mills, and consequently as the streams near
the mmes are very small, lake shore sifes are generally necessary.
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CHAPTER VIIL
SMELTING AND REFINING ORE AND CONCENTRATE:*

Michigan copper ores are comparatively easy to smelt. The
aperations are chiefly, (1) melting the concentrates and mass in
reverberatory furnaces, (2) refining the copper and (3) recovering
what copper goes into the slag.

The chief product of pure copper comes from the first melting.
The concentrates and mass are melted without, (or in some cases
with) fluxes in reverberatory furnaces, the slag formed by adhering
rock is skimmed off as it forms, and the copper refined in the same
furnace, or at one plant in a second furnace. The whole process
takes one day for a small furnace, {capacity 30,000 pounds copper)
and longer for larger charges (80.000:150,000 pounds). When one
small furnace is used for both melting and refining, it is charged in
the afternoon, melting and skimming continued over night, and
refining done in the morning. In refining, the melt is rabbled by
compressed air several hours to oxidize impurities, principally iron
and sulphur, which then come up to the surface and are skimmed
off. In the process a little copper is oxidized. Some of the oxide
is skimmed off with the impurities. The completion of the rabbling
operation is determined by observation of the texture (granularity)
of the copper in test buttons. When the original impurities have
all been removed, the copper stiil contains some cuprous oxide—
as much as 7%. This is reduced by submerging wooden poles in
the melt. Poling is continued until the copper is in the best pos-
sible physical condition. This point is determined by observing
test buttons until a stage is reached at which they set flat on
cooling. There is then still some cuprous oxide, but the metal is in
its Dbest physical condition, and without further poling it is
poured into moulds. This is the final product ready for market,
and unusually pure. In one plant the copper is tested for con-
ductivity before pouring, and if the test proves unsatisfactory the

1An account of copper smelting practice in Michigan written by H. D. Conant was
published in the School of Mines quarterly, June, 1912, In the description here given
I have made free use of his article which contains descriptions of the several plants.
I have incorporated information obtained from several other smelter men. T.
White described the Michigan smelter in Eng. and Min. Jour.,, Vol. 79, p. 842.

An historical account of the smelting practice was given by J. B. Cooper in pro-

ceedings of I. 8. M. Inst., Vol. 7, pp. 44-49.
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melt is rabbled and tested again before pouring. The completion
of the poling operation is checked by a copper assay.

A smaller. but important. quantity of copper iz obtained by
freatment of the reverberatory slag. This is allowed to cool in
deep pots and the copper settles to the bottom. The buttons are
broken off and returned to the reverberatory furnace, while the
slag. containing 15 to 309 copper, is melted in a cupola furnace
with sunitable fluxes. Limestone is added for all slags.  For the
ferruginous sfag from conglomerate ove, a siliceous flux is neces-
sary, and for the siliceous slags from amygdaloid ere, ferruginous
fluxes must be added. Anthracite is added as a reducing agent.
The fuel ix coke and the anthracite.

The charge is treated slowly under a low pressure blast. As the
melt is inclined to chill, deep crucibles are used to allow the copper
to settle, and there is no forelearth. The slag is allowed to flow
off continuously. The copper is run off at intervals and cast into
blocks.  These cupola blocks, containing small amounts of iron,
sulphur and arsenic, are refined in the reverberatory furnaces in
the same way as the copper formed on melting the original charge
ot ore and concentrates, but on account of greater impurity must
be rabbled much longer.

To obviate dust loss in treating fine slimes, one smelter has a
briquetting plant. The slimes are thoroughly mixed with lime
and pressed into briquetts. These are sealed up in a steel cylinder
and highly heated. They are then smelted with the reverberatory
slag in a blast furnace.

At one plant the fines are melted in a reverberatory furnace and
the product run off into pots. Tt is allowed to cool and then
broken up for treatment in the blast furnace.

Casting methods differ at the different smelters. In some cases
the ladle is brought over stationary moulds, while in others the
moulds are moved up to the ladle. At the Quincy smelter the
copper is dipped by hand ladles suspended from beams, so that they
can be swung over the moulds. At the Lake Superior smelting
works the moulds are brought up to the ladle on an endless chain,
At the Michigan smelter, the moulds are brought up to the ladle
by a Walker casting machine rotating in front of the furnace.

The copper is cast into several shapes, the most common of which
are known as ingots, ingot bars, wire bars, cakes, slabs, billets and
anodes. The ingotg weigh about 20 pounds each, and are much
used in manufacture of alloys. Ingot bars consist of two or three
ingots joined together endways for convenience in shipping. For
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CHAPTER IX.
COSTS AND PROFITS,

The ore produced by Michigan copper mines is lower orad
ﬂmn.ﬂ)ai‘ of any other district. Costs must ther:efore b bl'd(’é
low 111'01"der that any profit can be made. The ore produie(‘ie%)
1910 yielded 20.5 pounds copper per ton. The conglomerate l’n
avera'ged 28.3 pounds and the amygdaloid 18.2 1;()11;(1q ‘1(«‘1‘«» Olf
showing the actual Copper content of the ores treated ‘n-; not E:'m‘vl
able; but the recovery is thought to average ab‘out 802/ Thj“al _
gl_()lnerate ore treated m'ei"nged about 35 pounds and ;I'le ar L'«fgn‘
loid ore about 23 pounds copper per ton,. e

This ore is developed, mined, hoisted, crushed transported
several miles to mills, stamped and concentrated. aI;d the ;E)n(“
trates {ransported to smelting plants, smelted zind refined TC]H
copper produced is transported to eastern markets and s .Il 'H:
about 14 cents per pound. ( ol for

That the industry should be a profitable one is remarkable For
tunately, the mode of occurence and the character OLf Z—Le olr Ol
suclt that mining, milling and smelting operations can he (-‘e’”"n(;
on. at un‘usually low cost. The unusually favorable;location j?’zle
mines gives comparatively low transportation rates, "

Eleven leading producers of amygdaloid ore report for 1910
costs for mining, transportation and milling to be between %1 28
and $2.00 per ton of ore. Seven of these companies report fnigii}-g()
cost of smelting and marketing to between 0.89 and 1181 eeofc* . J
pound of copper. The thirteen leading producers éf am‘wdqll(l)'z p‘?l
report total costs for 1910 to be respectively 11.05 53(7 111(;17@
11.84, 14.48; 11.44, 8,32, 7.85, 12.17, 11.84, 16.53 7;")4 "mil 160925
cents per pound of copper produced. T -

The conglomerate ore is much more difficult to mine and tr t
than the amygdaloid, and costs are consequently higher. For 115 )
ﬂl‘e Calumet and Fecla reports a cost of $2.i1 per ‘t'on Of1 11(:)
nined, transported and stamped. The ore averaged 30.12 Ooro((i
copper per ton, and the total cost of production of 1‘eﬁr'1e-d Iéounes
was 8.55 cents per pound. The only other mine producing IEI())n
glomerate ore was the Tamarack, and it made no profit inb 1910
On ore averaging 21.1 pounds refined copper. The cost was 14L7O
cents per pound produced. ’ S
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Costs for each company for the years 1908 1909, 1910 and
1911 will be found in the table in a later chaprer of this report.

While the amygdaloid Jodes and wall rocks are very firtu and re-
quire little or no timbering. the conglomerate has a weak hanging
wall which necessitates heavy timbering and increases greatly the
cost of mining. The great depth to which the lode has been mined
makes the cost of hoisting higher than in many of the amygdaloid
mines. The conglomerate is much harder to drill and crush, and
consequently the cost of mining and stamping must always be con-
siderably greater than for amygdaloid ore. In spite of the greater
costs per ton, the conglomerate is by far the most profitable lode,
hecause of its higher values.

Many of the mines do not report costs of milling the ore. It
probably averages in most cases over 20 cents per ton of rock
stamped. The Osceola reported cost for 1907 to be 1747 cents
and for 1908 to be 15.78 cents. Transporation to the mills is an
important item varying with length of haul. Smelting costs from
one-quarter to one-half cent per pound of copper, and transporta-
tion and marketing takes another one-half cent per pound.

Owing to the low margin of profit, much attention is counstantly
given to devising cheaper methods. It is noteworthy that though
the chief producers have to take their ore from ever increasing
depth, and though the ore being mined is lower grade, vet during
recent years a very steady improvement has been shown in the cost
per pound of copper.

A very important feature of the past vear lias been the remark
ably successful tryout of light weight one-man drills in competi-
tion with the heavy two-man piston drills of the ordinaryv type.
Nearly all of the mines have been experimenting with the new
drills, and in practically every case it has been found that they are
preferable to the old type. In some cases one man with the light
machine breaks fully as much ground as two with the old.
There is good reason to believe that a considerable reduc-
tion in mining cost will result from the use of the light drills,
and it will not be surprising if in a few years they displace the
others altogether. In one mine using 40 drills the change has been
made already. Two makes have proven especially successful. One
of these is a piston drill and the other a hammer drill.

In the mills probably the most important saving in recent years
has been made by the introduction of steeple compound heads.
During the past few years much attention has been given to re-
grinding apparatus, and a considerable advantage is expected to
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follow the miore general use of pebble mills. In addition to Letter
recovery from new ore. large piles of tailings will probably be re-
crushed and concentrated at a profit. :

Smelting methods do not change quickly. The chief changes
introduced in new plants are the use of larger furnaces and more
mechanical aids for the handling of charge and furnace products.
By these means a considerable saving has been effected.

The copper mines have up to date produced about 5,345 million
pounds of copper and paid dividends of $188,175,895 dollars.

Mr. Horace Stevens, who has made a special study of the situa-
tion states in his Copper Handbook:

“The average price received for all Lake Superior copper, from
1845 to 1910, inclusive, was 14.19 cents per pound, with average
dividends of 3.56 cents per pound, leaving an estimated cost of
10.63 cents for all years. While this may be accepted as an ‘arbi-
trary figure, the cost might be figured much higher, or materially
higher. By adding $60,000,000 to the cost of production, for money
lost in unproductive ventures, the cost of copper produced would
be made almost 11.5 cents pef pound. By adding another $15,-
000,000 for assessments on mines that have since repaid in divi-
dends the original assessments, the cost of copper would be in-
creased to about 11.85 cents per pound, leaving a net margin of
profit, for the entire production, of almost exactly two cents per
pound, plus the present aggregate values of the mines, which would
be about equal to total dividend disbursements to date, or about
3.5 cents per pound.

“Omitting the production of mines that have not proven profit-
able, the average cost of copper produced by dividend-paying Lake
Superior mines probably has been about 9.5 cents per pound, for
all years.”

A discussion by J. R. Finlay of the costs at several mines is
given in his book on “The Cost of Mining,” pp. 127-164. Further
nates on costs are included in his report to the State Tax Commis-
sioners 1911.

=44
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CHAPTER X.
PRESENT CONDITION OF THE INDUSTRY,

During the past two years, and especially during 1911, the
copper produced has been sold at unusually low figures. The do-
mestic demand has been very unsatisfactory, and the price would
have fallen still lower, but for a timely increase in demand by
Europe. Foreign buyers took large quantities at around 12.5
cents per pound. Consumption during the year was greater than
production, and in November the decrease in surplus stocks began
to show marked influence on the price of the metal. Continued
demand for large quantities soon forced the price up to over 14
cents, and the year closed with the market in very satisfactory
condition. Good prices prevail and the surplus stock both in the
United States and Europe has been considerably reduced. The
improved price has prevailed too short a time to allow of very
definite estimate of prices for the future; but it seems to have re-
sulted directly from large consumption and low quantity of avail-
able stocks. If such is the case it seems likely that the price will be
maintained, for the European consumption is expected to be very
large, and the American consumers have comparatively small
stocks on hand. » o

The following tables from statistics collected by the lngineering
and Mining Journal shows the prices quoted for each month of the
past five years, and the visible stocks in United States and Europe
in each month of 1910 and 1911.



60 MINERAL RESOURCES OF MICHIGAN.

PRICE OF COPPER AT NEW YORK (in cents per pound).

| Electrolitic, Lake.

1911 1907 | 1908 1909 1910 . 1911

January.. .. ... i 24 104 j 13.726 13 89‘3 13.620 1 12 295 | 24 825 | 1'3 ‘)01 14.280 : 13.870 , 12.680
- . 2 > 13 205 ———
February....... .| ji?jﬁ_l‘ 12. 903 12 94(} [ 13 332 ‘ 12.256 - 25. 23() 13 095’ 13.265 - 13.719 : 12.611

2,826 [ 13.586 1 12.447

i
Rl N S

March.......... \ 29 O)o | 12.704 \ 12.387 | 13 255 ‘ 12 139

' 24 224 12, 743 12.362 ‘ 12 733 | 12 01‘) x 20 "I)O 12.928 n

April...o..o .
Mar. oo D24 048 | 12 598 | 12803 | 12550 JTT%ST [/2> 072 { 12 788

R ke Bt __“h“ —_—— —
Tune........ 22065 | 12,675 o | 13.214 | 12401 | 12 385 | 24140 | 12,877 | 13 54
July. V21130 J] 12702 | 12,880 | 1231 12463 | 21023 | 12, 933_. 13.30
August.. ... 18.350 | 13.462 | 13.007 | 12490 | 12405 1| 10.255 | 13039 | 13296 | 12.715 | 12,684
. - > ‘ | o nrn [ . —
September...... 15 565 | 13385 | 12,870 EX 12 379 [ 12.201 | 16 047 | 13.000.| 13.210 | 12,668 | 12.508
October ‘lﬂi‘,’iﬁ}_ﬁ 700 | 12.553 | 12,180 ‘;_m_a:i] 13.646 1 13030 | 12,788 | 12.370
November. ... 13 395714 130 13125 | 12742 ( 12.616 1| 13.870 | 14 386 13.354 J_IEQ_H_[‘ITM‘)

12.581 4

T
3.424 1 13, 33a

| |

December. ... ... ; 13, 163 | 14.111 l'13 208 \
[~

] e

[
13.552 || 13 393 |
|
4

14411 1 13 (747 ‘ 12. 8(’»3 ‘ 13. 768
12. 370 ‘\ ........ 1

.113208i19932,1°

| 09 ; 12 ,604

|

VISIBLE STOCKS OF CHOPPER

|
! United States, i Europe.
i %j
—_—— RS B
| — -
; ! | l |
1909 1910 1911 1 1909 :
} : ! f | 10 100
———— | [ 1; !
Jonuary ... ... | 122,357,266 | 141,766,111 | 122,030,195 [’ 120710450 | 240200500 | 235,529 130
February....:. " 144,130,045 ! 98,463, 339 I 142,439,490 i!“ 118,574, 400 248,236,800 ‘\ 236,992,000
- u | ‘ 0 | 236,992,
March. .. ....... 173,284,248 J 107,187,992 f 100 637,770 ” 117,140,800 | 254,150, 400 ; 233,385,600
‘ 770 | ,385,
Aprilo...oooo ‘f 182,279,902 l 123,824,874 ; 162,007,934 w 115,024,000 | 249,625, (') 0 ‘ 223,014,400_
May...........| 183,198,073 | 141984150 | 105,555,908 \; 114,030,320 | 245,870,400 | 212,284 4,800
June. ... ..., ‘J 169,848,141 160,425,973 ,‘ 165,995,932 127,352,960 239,142,400 " 202, 540 300
i 1 or N X |
July..oooooe [ 154,858,061 168,38().011{_1_07 434,164 f‘ 150,928,960 g 232,892 800 J 195,932, Sﬂﬂ
X 25 ron \
Augusb. oo ‘[WlA22,a9h,GO7 170,640,673 }‘ 137,738,858 \{ 171,492,160 | 222,320,000 | 101,801,840
Sep e 35 3 [
eptember. ... i 135,196,930 ! 168,881,245 | 133,441,501 ‘ 197 093,600 \ 218,444,800 | 191,228,800
QOctober. ....... ‘j 151,472,772 148,793,714 / 140,894, 85 ;[ 210 224,000 ‘ 211,276,300 ‘ 191, 945 '300
. 5o x S S i o |
Xovember. . ... | 153,500,626 | 139,201,914 | 134,907, 642 | 222,566,400 | 198,060,800 ‘ 176,825,500
December..w..,j 153,003,527 | 130,359,000 | 111,735,158 I‘f 23,857,600 | 193,200,000 | 104,281,600
January . r' i “
Anuary : J 94,784,178 ‘.1 .............. ‘ 158,323,200
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While the present price of copper is satisfactory and the imme-
liate future is promising, it is the probably average price over a
]nn“ period of years that most interests the mine owners. It is
well known that there will soon be on the market a largely in-
creased tonmnage of copper produced by the comparatively new
sporphyry” mines of the western states. If the “porphyry” copper
ix produced cheaper than that of Michigan, it is evidently of para-
mount importance to the stockholders of the older mines that
this increase in output shall meet with a corresponding increase
in consumption. If the increase in production is greater than the
increase in consumption, then only those mines that can produce
at low cost will be profitable and the others must close down. It
as been claimed that the “porphyry” copper can be produced more
cheaply than that of Michigan; but this remains to be proved. Mr.
J. R. Finlay. a recognized authority on costs, has stated that it
is highly doubtful if the average cost for the porphyry mines will
he even as low as that in Michigan. In view of the fact that dur-
ing the past there has been a fairly regular and large increase in
consumed annually, it is reasonable to ex-

the amount of copper
The larger market will prob-

pect a large increase in the future.
ably readily absorb the copper from new sources, and the price
will be quite as likely to rise as to fall. Mr. Finlay estimates 14
cents as a very conservative figure for the next ten years, and states
that in his opinion the average price will be higher. It is interest-
ing to note that Mr. Stevens’ calculations show that the average
price received for Michigan copper for all years 1845 to 1910 was
14.19. cents. Assuming a selling price of 14 cents, and con-
sulting  the production and cost sheet of this report it will
be seen that large profits should be made in the future. It will be
seen that in 1910 and 1911 over 99% of the total production is
ix made by 18 mines. It has been demonstrated that 13 of these
the Ahmeek, Allouez, Baltic, Calumet & Hecla, Centennial, Cham-
pion, Isle Royale, Mohawk, Osceola, Quincy, Superior, Trimoun-
tain and Wolverine can make a profit with copper selling at under
14 cents. Four others Franklin, Mass, Victoria and Winona prom-
ise to show good results in 1912. The Tamarack has unusually high
costs ; but might show a profit on 14 cent copper.

Owing to the unfavorable market conditions, there has been
during the past year no attempt to rush production. On the other
hand there has been no great curtailment of output. The 1910
output was about 5% less than that of 1909, but the 1911 produc-
tion is expected to be nearly the same as that of 1910, probably
differing by less than one per cent.
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put in 19120 The Ruperior has one large body of high grade ore,
put has not made a great production during the vear. attention
heing chiefly devoted to developing the lode and improving methods
of mining and handling the ore. The Centennial, which has been
operated at a loss for several years. made a better showing in
16011. and is expected to about break even. An important addi-
fional source of copper for 1911 was the Winona. which produced
no copper in 1908, 1909 or 1910 but came back on the list in 1911
with about 1.276.000 pounds. At the Hancock Mine in 1911, a
il test showed that the No. 3 lode can, by selection of the ore, be
worked at a small profit, and the recent striking of a rich lode at
the depth of 3,105 feet in the new vertical shaft, and the near ap-
proach of the shaft to the horizon of the Pewabic lode makes it
probable that this mine will soon be an important producer. The
Lake Mine, while not producing in 1911, is generally considered to
be a very promising one. The ore body has been extensively developed
during the year, and a hoist and rockhouse of large capacity are
nearly ready for use. The Lake is expected to make a considerable
output in the latter half of 1912. One large producer and former
dividend payer, the Tamarack, has for some time been producing
at a Joss. During 1911 the working of the mine has been on a
much smaller scale than formerly, and the yvear's production shows

a falling off of about 3.500,000 pounds. The Michigan Mine, which

was an important producer until two years ago, is closed down,
but in 1911 was worked by tributors, and produced 327.773 pounds.

At the Mass and Franklin Mines, development work has during
the past two vears been far in excess of the production. These two
mines have now large blocks of good ore developed and are installing
hoists and rockhouses of increased capacity. They will in 1912
show a considerable increase in production.

More noticeable than at the mines is the cutting down of work
on prospects. As elsewhere there is in this district always a desire
to find copper in boom times; while comparatively little effort is
made to find new deposits during a period of depression. During
the past summer only very few diamond drills, in Neptember
seven, have been in operation exploring drift covered areas. Several
of the properties on which copper beds were found by drills in
1909 and 1910 have been but little explored during 1911 because of
the natural tendency of stockholders to hold back until brighter
market conditions prevail. One property on which drilling showed
exceptionally'good cores is vet undeveloped. because the directors
have not considered it advisable to do the necessary financing
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while there is so little enthusiasm. The drilling done in 1909 and
1910 showed conclusively how little is yet known of the possibili-
ties of the Michigan copper distriet.

Of discoveries made in recent vears, the most important are those
in Ontonagon county at the Lake Mine and on neighboring prop-
erties.  Exploration of the Lake lode was begun in 1906, and the
work soon showed that an important new ore body had been found,
Further development proved it to be rich, wide, and of considerable
length and depth. The successful opening up of the new lode was
naturally followed by exploration of the neighboring properties.
There is a heavy overburden in the vicinity, and most of the pros-
pecting was done by diamond drilling. Tt was found that the prop-
“érties are well mineralized. and rich cores were taken from several
holes. especially on the South Lake and Indiana properties. None
of these deposits have vet been opened up.

In the northern part of Houghton county diamond drilling dis-
closed a promising lode on the Si. Louis property, and a recent
discovery in a drill hole on the Mayflower property will doubtless
lead to more thorough prospecting of this section.

If. as seems likely. copper producers.in 1912 receive a more
reasonable price for their product, there will be much gr‘eate1* ac-
tivity on the so called “drill hole” properties. There are very large
areas of ground on the copper range that are vet untested.

From this account of the work done at the mines during the re-
cent past, and the expectations for the immediate future, it will
be evident that the period of depression in the copper market has
acted as a check; but has not by any means demoralized the in-
dustry. Tt is unfortunate for the mine owners that they have had
to dispose of so much copper at comparatively smali profits; but
they will reap some benefit in the future from the marked re-
ductions in costs which have been brought about partly by the

necessity of keeping the mines on a paying basis while the price was -

low. The mines producing over 909% of Michigan’s copper in the
past few vears, did so at a profit. During this trying period many
improvements have been made and new standards set. With normal
prices again established, the mines are making better profits than

would have been the case if necessity had not demanded the re-.

forms sooner than they would have come in a period of brighter
market conditions,

The industry is therefore in a very satisfactory state. The mines
are in good condition to produce large quantities of ore at low
cost, and a good price is being received for the product. During

Publication 8, Geology f.

Michigan Geological and thou 8, G
Biological Survey.

A. TIMBLR AT TAMARACK SHAFT.

B.

ROCK HOUSIZ AND STORAGE BIN AT AHMEEK MINE.

C.

SHAFT HOUSE AT NORTH KEARSARGI MINI.
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A, MISNARD SHATT, QUINCY MINL.

B. ROCK HOUSE AT SHAFT NO. 2, QUINCY MINE.

C. NEW ROCK HOUSE AT VERTICAL SHAFT, HANCOCK MINE.
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A, DRILLING COMPETITION, HANCOCK, 1911,

B. DRILLING BY STEAM IN 8T. LOUIS LODI, 1011.

C. SHATT SINKING ON ST. LOUIS LODE.
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A, AHMEEK STAMP MILL, TORCH LAKI.

C.

CALUMET AND HECLA_STAMP MILLSLAKE LINDEN.



COPPER INDUSTRY. 65

the past two years there has been a notable decrease in the nuin-
her of miners' employed; but if present conditions continue more
men will be put at work. There were many idle miners in the
district during 1911. A considerable number have left for other
mining camps or for Europe, and the remainder have a very good
«hance of finding employment. To both mine owner and miner the
immediate future looks bright. Iven though 1912 should not prove
10 be the prosperous year that it gives.promise of being, there is
very good reason to believe that the Michigan copper mines have
a4 long and profitable life ahead of them. There are known bodies
of ore which will take many years to mine, and there is a large
area of unexplored territory in which ore is very likely to be
found. 1t is scarcely to be expected that another bonanza like
the Calumet and Hecla conglomerate exists in the district; but
that many millions of pounds of copper will be taken from deposits
vet undiscovered is a prediction that can safely be made. It will
rake many years to thoroughly prospect the drift covered areas,
and it would be very remarkable if they should be found to contain
no profitable deposits. Tt is also likely that much copper will be
found in old workings by more thorough investigation of the wall
rocks.

_* Very few of the minersare American born. W. J. Lauck in the Min. and Ene. World,

Nov. 18, 1911, pp. 1013-14, discusses the Michigan copper miner of today. He states that
27 % are Finns; 149 English; 10% Northern Italians; 109 Croatians and 5% French-Cana-
dians. Others are Southern Italians, Slovenians, Poles, Swedes and Germans.” Mr. Lauck es-
timated the averags weekly wage earned to be $13.86. The highest wages are earned by
Cornish and Finish miners.  Of the immigrants from southern and eastern Europe only 5%
have had experience in mining before coming to America. There are about 18,000 men em-
vloyed at the mines at present.

*9
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CHAPTER XI.
MICHIGAN COPPER MINING COMPANIES.

ADVENTURE CONSOLIDATED COPPER Co., 32 Broadway, New York.
Capital Stock, $2,500,000 in 100,000 shares of $25 each. Balance of assets

Jan. 1, 1912, $72,375.27.

James L. Bishop, President.

Chester 1. Dane, Vice President.

These officers and Charles J. Devereaux, James 8. Dunstan, William R.
Todd, Stephen R. Dow, and Charles D. Hanchette, Directors.

Wwilliam R. Todd, Secretary and Treasurer.

W. A. O. Paul, Assistant Secretary and Treasurer.

Charles L. Lawton, General Superintendent.

Mine at Greenland, Ontonagon County, Michigan.

This Company has worked gseveral lodes in the Evergreen belt in Ontona-
gon County without any marked success. Up to Dec. 31, 1910, there had
been produced 8,727,512 pounds of copper, which with a little silver, was
gold for $1,351,181.35. The cost of mining and construction during the
period was $3,120,176.04.

The work now being done is of an exploratory nature. BY diamond drill-
ing in 1908 and 1909 three copper bearing beds were located, and a vertical
shaft has since been sunk to explore these at depth. The first lode was
cut in the shaft at 894" but has not been extensively explored. The shaft
was continued down to a little over 1,500 and a cross cut is now being
driven at this level to investigate the other two lodes. The cross cut at
the end of the year was in over 200 feet. It is expected to cut No. 2 lode
at about 450 feet and No. 3 lode at 850 feet. Recently 6 feet of good ore
was encountered in the cross cut; but its relation to the lodes cut by drill

holes is yet rather uncertain.

12 Ashburton Place, Boston.

AHMEER MiNINg Co.
f $25 each. Balance of assets

Capital Stock $1,250,000 in 50,000 shares o
Dec. 31; 1911, $1,013,812.45.

Rodolphe L. Agassiz, President.

Quincy A. Shaw, Vice President.

George A. Flagg, Secretary and Treasurer.

These officers and Francis W. Hunnewell, Francis
N. Perkins and James MacNaughton, Directors.

Clarence H. Bissell, Asst. Secretary and Asst. Treasurer.

James MacNaughton, General Manager.

Mine at Ahmeek, Keweenaw County, Michigan.

This Company, controlied by the C. & H. Mining Company, is mining a
rich section of the Kearsarge iode. It is prac
a long life ahead. The lode is opened up by four shafts, two,

L. Higginson, Thomas

tically a new mine and has
No. 1 and
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iz. f Sft(ﬂl(t)v:lin'g fgwn on the dip from the surface, and two, No. 3 and
. 4, started in the hanging wall at an inclinati ; :
; ation of 80° and ¢ i
the dip of the lode at depth. A 1 e
the . arge body of ore has been develo
; { ped, and
i(tmlsa;fi iz::uaél};gllligh grade, the 1910 yield averaging 22.3 pounds per
B ! [} , 25.4 pounds. The producti i
: . on of earlier years was
i()i:zlzznggra;f)eéllDl;rlllg the past five years 1,722,281 tons of ore was stamped
4 s ,797 pounds of copper, an avera y
: \ ge of 20.9 pound
This was produced at a cost of 13 g e o
3.3 cents and sold for 143
[4i3 cents per
Ezszgs 0Ifn (1)910 the;f; was stamped 530,365 tons of ore, yielding 11,844 554
copper. is copper cost 11.05 cents 7 ,
: . per pound. The 1911 -
duction was 15,196,127 pounds co n
,196, pper from 548,549 tons ore. Th
) , . e cost per
:)I?:ngoggznTﬂ c;ntts and the selling price was 12.78 cents. During 1511
. y paid its first dividend, distributin
) , g $100,00 <
The net earnings for the year were $870,272 ’  to stockholders.
h i ea
O’II;HS Ahmeek has been estimated to have a future production of 635,213,000
{)eﬁne; Cc()opper to be produced from 809 of the lode averaging 18 ’pou'nds
b pper per ton. The probable cost f i i i
ne D coney on T ton or this production was estimated
I;&hmeek has an enviable record, and has quickly taken an important
fatsei arrllgglg thse large producers. Ground was broken for the first shafts
n . ince then two others have b
een sunk to reach the lod
;iepth, .and a modern four stamp mill has been erected. In spite ofetlii
bleavy 1t_tems for construction, the company has accumulated a surplus and
egun to pay dividends. With four shafts i i
| . S in operation, the mine is ex-
pe;t;led d1:0~ make a much larger production in the near future .
at NZ Te:)%mg‘t at No. 3 and No. 4 shafts show a lower grade of ore than
X n 0. 2 shafts and the co P i
: pper is not so evenly distrib
throughout the lode. During th odieed Tro
. e year
thons workine g yvear 38,450. tons of ore was produced from
At the stampmill Hardinge conical pebble mills were installed during the
year to treat some coarse tailings from No. 1 and No. 2 heads -

ALGOMAH MININ
Capital Stoc£%2c5%0 000 in 100,000 sh 5 et sy seneen Boston
b 5 , 0, shares of i
in. 70,000 shares issued. 325 cach, $10 per share paid
Balance of assets Dec. 31, 1910, $36,696.24.
Stephen R. Dow, President.
Albert L. Wyman, Secretary.
Alvin R. Bailey, Treasurer.
These officers and John C. Wat [
) . son, John H. Ri i
R. M. Edwards, Directors. 6o, Pavid fi. Dow and
R.. M. Edwards, Superintendent.
l;/llllneAaimt Lake Mine, O.ntonagon County, Michigan. Property 480 acres.
umquee .goir;lah Mine, which adjoins the Lake, is opening up a lode that is
in e copper country. It is an am i i i
: ygdaloid with practicall
native copper. The ore is black g rring 1o
: . oxide and green chrysocolla occurri i
rather. irregularly shaped bodies in a brown amygdaloid A shal;li:ngw;z
iugr(l)l(; lfl; tthe I;)Se and at a depth of 104 feet drifts run along the strike
. et nor and 850 feet south., Similar ore i
.. was found in varyin
amounts. At 1,000 feet north the drift reached the Eastern sandsifoni
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and for 200 feet the contact was followed. The shaft was also sunk to
second level and has now reached a depth of 210 feet. From the shaft
a cross cut is being driven west at the 210 ft. level to explore a lode which
was cut by drill No. 2. The cross cut is in 350 feet.

At the 104 foot level a cross cut showed the amygdaloid to be about 40
feet thick and to lie about 60 feet above the contact of the Keweenaw
series with the Eastern sandstone.

In addition to the work at the shaft, exploration has been carried on
during 1911 on other parts of the property by diamond drilling. Two
vertical holes were put down as far as possible, No. 5 to 2,241 feet and No.
6 to 2,538 feet. There are several lodes cut in No. 6 hole, one at 2,090 feet,
2,090 to 2,119 feet being particularly promising.

An assessment of §1 per share, payable Jan. 22, 1912, has been called to
provide $70,000 for continuation of the development work.

ArLovez MiNixg Co. 12 .Ashburton Place, Boston.

Capital Stock $2,500,000 in 100,000 shares of $25 each. $22.25 per share
paid in. Balance of labilities Dec. 31, 1911, $77,700.04.

Quincy A. Shaw, President.

R. L. Agassiz, Vice President.

G. A. Flagg, Secretary and Treasurer.

These officers and H. F. Fay, W. L. Frost, F. L. Higginson, F. W. Hunne-
well, Thomas N. Perkins and James MacNaugton, Directors.

Geo. G. Endicott, Asst. Secretary and Asst. Treasurer.

James MacNaughton, General Manager.

This Company, controlled now by the Calumet and Hecla Mining Com-
pany, at first developed the Allouez conglomerate. The conglomerate work-
ings were unsuccessful and finally abandoned. All work now is on the
Kearsarge lode.

The Company does not own the outcrop of the Kearsarge amygdaloid, and
the lode was reached, as at the Ahmeek, by steeply inclined shafts, which
curve into the dip of the lode at depth. The ore is not nedarly so rich as
at the Ahmeek, but the Company is expected soon to become a dividend

payer. During the past five years there was stamped 1,114,085 tons of ore, .

which yielded 17,355,301 pounds of copper, an average of 15.6 pounds per
ton. It has been estimated that the mine will produce at a cost of 10.25
cents per pound, 282,317,000 pounds copper from ore yielding 16 pounds
per ton. In 1910 there was stamped 247,119 tons ore, yielding 4,655,702
pounds copper, an average of 18.84 pounds per ton. This cost 11.57 cents
per pound. In 1911 there was produced 288,160 tons of ore which yielded
4,780,494 pounds copper, an average of 16.56 pounds per ton. The cost was
13.30 cents per pound. The No. 2 shaft is now being equipped with a new
boist and rockhouse, so that the output can be greatly increased, and the
latter half of 1912 should show a much larger production.

The drifting done during 1911 opened ground of average grade. The sink-
ing at both No. 1 and No. 2 shafts showed only fair values. The No. 1
shaft is now 3,298 ft. and No. 2 is 3,228.5 feet deep.

Arcapian Corper Co.
Succeeded by New Arcadian Copper Co.
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ArNoLp Mixinag Co. 64-50 State St., Boston.

Capital Stock $2,500,000 in 100,000 shares of $25 each.

C. Howard Weston, President.

John Brooks, Secretary and Treasurer.

Capt. Wesley Clark, Superintendent.

Owns lands in Keweenaw County, including old Copper Falls mine and
Arnold mine. The Copper Falls mine was an important producer years ago,
hut has long bLeen idle.

AsHBED MIixixg Co. 64-50 State St., Boston.
Capital Stock $1,000,000 in 40,000 shares of $25 each.
John Brooks, Secretary and Treasurer.
Capt. Weslcy Clark, Superintendent.
These officers and T. P. Farmer and W. C. Fiske, Directors.
Owns lands adjoining Arnold mine in Keweenaw County. Idle.

ArLaxtic Mixixg Co. 82 Devonshire Street, Boston.

Capital Stock $2,500,000 in 100,000 shares of $25 each.

Balance of assets Dec. 31, 1910, $190,050.52.

Wm. A. Paine, President, Frederic Stanwood, Secretary-Treasurer. These
officers and John R. Stanton, J. Wheeler Hardley, Frank P. Son, John H.
Blodgett, and Samuel L. Smith, Directors.

F. W. Denton, General Manager.

Mine at Atlantic, Houghton County, Michigan.

The Atlantic Mine, now closed down, was until May 1906 a large pro-
ducer. Settling of ground in old stopes, producing so called “air-blasts,’”
put the mine out of commission at that date. The Company then directed
attention entirely to exploration for the Baltic lode on section 16, a por-
tion of the Atlantic property. A lot of work was done from the section
16 shaft, but all efforts to find the Baltic lode were unsatisfactory, and
in June 1911, this exploratory work was stopped, and the shaft abandoned.
The directors decided not to reopen the old mine on the Atlantic lode,
because from the results obtained in the last five years that the mine was
operated, they could see no profit in taking out the limited amount of ore
that remains. An offer of the Copper Range Consolidated Co., to take over
the Atlantic on the basis of one share in that company for ten shares of
the Atlantic stock was accepted, and the bargain was closed July 1, 1911.

The Atlantic lode is comparatively low grade, averaging 14 pounds per
ton, but the metal is rather evenly distributed, and the mine made a
splendid record for low cost per ton of ore mined. Apparently in a period
of good copper prices the ore could be taken out at a profit, and it is
likely that at some future time the mine will again be opened up.

Barriec Mixixg Co. 82 Devonshire Street, Boston.

Capital Stock $2,500,000 in 100,000 shares of $25 each.

Balance of assets Dec. 31, 1911, $308,712.50.

Controlled by Copper Range Consolidated Company.

William A. Paine, President.

Frederic Stanwood, Secretary and Treasurer.

Wm. A. Paine, Samuel L. Smith, J. Henry Brooks, R. T. McKeever and
Thomas 8. Dee, Directors.
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