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ABSTRACT

Geological prospecting in 1943 of the borders
of some of the late pre-Cambrian granite masses
of the Northern Peninsula of Michigan, for
strategic minerals uscful in the war, was directed
chiefly to the western part of the Marquette Iron
Range which was mapped in detail. Prospects
were examined and reconnaissances made in
other portions of Marquette and Baraga Counties
which are less known geologically.

Spectrographic analyses were made on all sam-
ples collected, with special search for minor and
rare elements of possible economic interest.

By use of ultraviolet light, scheelite, an ore of
tungsten, previously reported occurring in mag-
netic iron ore northwest of Republic, was de-
tected in a variety of deposits, none of which has
so far proved commercial. The hydrothermally
altered iron {ormations were first examined for
scheelite; when this examination proved un-
profitable, search for ferroalloy elements in gen-
eral was undertaken, and a restudy started in
field and laboratory of the broad problems of
beneficiation of low-grade iron ores of the Mar-

quette Range. Although maximum benefits to
be derived from solution of difficulties in bene-
ficiating iron ore are of long-term rather than
immediate application, this field of research, from
the geological as well as mineral dressing view-
points, now appears to hold the greatest potential
values for the mining industry of Northern
Michigan.

The main contributions of this report are:
1. Original publication of the geological column
of Lake Superior Region in general and of the
Marquette Iron Range in particular, as inter-
preted by the late Professor A. E. Seaman and
by W. A. Seaman; 2. New data on the structure
and stratigraphy of the Lake Michigamme area;
3. A compilation of existing information on the
Republic Trough of the Marquette Iron Range;
4. An addition to the literature on the geological
features of the Ishpeming gold belt, in which
lie possibilities for future development; 5. Pre-
liminary results on beneficiation of low-grade
iron ores; and 6. Spectrographic and other ana-
lytical data which should serve as a guide in
further prospecting.

INTRODUCTION

Investigations of the geology of the pre-Cam-
brian area of the Northern Peninsula of Michi-
gan are part of the functions of the Geological
Survey Division of the Michigan Department of
Conservation and of the Michigan College of
Mining and Technology. Surveys of the region
have been conducted by the Geological Survey
since 1840, and since the founding of the College
in 1885 surveys west of Marquette have been con-
ducted in close cooperation by the two agencies.

For over 60 years it has been known that ore
of at least one rare metal can be found in the
contact zones at the periphery of the granite
masses of the Northern Peninsula in the “wolfra-
mate of lime” (scheelite), an ore of tungsten,
reported by State Geologist Rominger in 1881.
Because advances in metallurgy and chemistry
made rare elements of strategic importance in
World War 11, it logically followed that all areas

where geological conditions are favorable for the
existence of ores of those elements should be
intensively studied, sampled, and mapped and
use made of all modern tools of exploration such
as the ultraviolet lamp.

The Michigan College of Mining and Tech-
nology and the Geological Survey Division rec-
ognized an opportunity for service in the war
effort and the need to continue collaboration
in the search for strategic minerals in the min-
eralized zones at the contact of the granite masses
in Baraga and Marquette Counties; to explore
and investigate all known occurrences of strate-
gic minerals that contain tungsten, molybdenum,
manganese, beryllium and ores of other needed
rare metals; and to discover if possible other
economic deposits and to make them available.
Therefore, the programs of each agency were
broadened to carry on the work.




6

Progress Report Number 10 is a record of the
field work and laboratory investigations made
in 1943—44.

In this progress report, each author is respon-
sible for the opinions expressed in the sections
which appear under his name; the interpreta-
tions advanced are not necessarily shared by his
colleagues nor by the Geological Survey Division.

Location

Detailed mapping and prospecting were be-
gun in June, 1943, in Township 47N, Range
30W, northwest of Republic, and later extended
to Township 46N, Range 29W, and to Township
48N, Ranges 29 and 30W. Reconnaissances and
examinations of mineral prospects were carried
out in the gold-quartz belt north of Ishpeming, in
the silver-lead-zinc district of Dead River Basin,
in the Huron Mountain area, and in other parts
of Marquette and Baraga Counties. In the Mar-
quette Iron Range, systematic sampling was be-
gun on iron formations in the search for minor
and rare elements possibly of economic signifi-
cance. The field work was continued until mid-
November,

Personnel

The field personnel consisted of Professors
A. K. Snelgrove, W. A. Seaman, and V. L. Ayres
of the staff of the Department of Geological
Engineering at the Michigan College of Mining
and Technology. Miss D. Jeanne Seaman and
Mr. W. B. Loring served ably as compassmen.
Miss Seaman was also responsible for drafting
most of the maps for publication. Mr. Charles
E. Secor, caretaker of Michigan Gold Mining
Company, rendered valuable assistance as guide
to old prospects north of the Marquette Iron
Range.

Professor N. H. Manderfield, hcad of the De-
partment of Mineral Dressing at the Michigan
College of Mining and Technology, spent con-
siderable time in the field with the geologists,
and collaborated on sampling of iron and other
ores; his laboratory crushed samples, provided
gold assays and other analytical data, and ex-
perimented on beneficiation of low-grade iron
ores. Beneficiation tests were made by Professor
Frank J. Tolonen. Spectrographic analyses and
special quantitative determinations were made

by Professor Bart Park of the Department of
Chemistry at the college.

References to Earlier Work

Since the discovery a century ago of iron on
the Marquette Range, the geology and ore de.
posits of Marquette County, and to a lesser ex-
tent of Baraga County, have been the subject
of numerous reports. Only those which have
some relevance to the present investigations are
included in the following list of references:

Van Hise, C. R,, and Bayley, W. S., The Mar-
quette Iron-Bearing District of Michigan: United
States Geological Survey Monograph 28, 1897.
Chapter I gives a history of geological explora-
tion in the district and a summary of previously
published literature.

Van Hise, C. R., and Leith, C. K., The Geology
of the Lake Superior Region: United States
Geological Survey Monograph 52, 1911, Chapter
X1, pp. 250—290, The Marquette Iron District
of Michigan including the Swanzy, Dead River
and Perch Lake areas. The Swanzy and Dead
River areas are in Marquette County and the
Perch Lake area is in Baraga County at the west
end of the Marquette Basin.

Allen, R. C., The Iron Ore Reserves of Michi-
gan: Michigan Geological Survey Publication
16, Geological Series 13, 1913. Gives location
of workable slates, pp. 93—94, and refers to two
areas of graphitic slate in Baraga County, p. 119.
., and Barrett, L. P., Contribu-
tions to Pre-Cambrian Geology of Northern
Michigan and Wisconsin: Michigan Geological

Survey Publication 18, Geological Series 15, 1915.

This report contains a proposed revision of the
Huronian Group, a discussion of the correlation
and structure of the pre-Cambrian formations
of the Gwinn District, and of the evidence of a
Middle-Upper Huronian unconformity in the
quartzite hills of Little Lake.

Smith, R. A., Non-metallic Minerals of Michi-
gan: Michigan Geological Survey Publication
24, Geological Series 20, 1917, Part II. The mar-
ble and verde antique quarries of Marquette
County are discussed.

Swanson, C. O., Report on a portion of the
Marquette Range covered by the Michigan Geo-
logical Survey—1929: Michigan Geological Sur-
vey, Mimcograph report, 1930.
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Zinn, Justin, Report on a portion of the Mar-

quette Range between Humboldt and Lake
Michigamme covered by the Michigan Geologi-
cal Survey in 1930. Michigan Geological Survey,
Mimeograph report, 1931.
., Correlation of the Upper Hu-
ronian in the Marquette and Crystal Falis Dis-
trict: Michigan Academy of Science Papers,
volume 18, pp. 437—456, 1937.

Barrett, L. P., Huronian Slate in Baraga Coun-
ty: Pan-American Geologist, volume 47, number
1, pp. 68—69, 1932.

Royce, Stephen, Advances in Information on

the Lake Superior Iron Deposits: Lake Superior
Mining Institute, Proceedings 24th Annual Meet-
ing, volume 24, pp. 149—181, 1925.
., Geology of the Lake Superior
Iron Deposits: Lake Superior Mining Institute,
Proceedings 29th Annual Meeting, volume 29,
pp. 68—107, 1936.

Lamey, C. A., Granite Intrusions in the Hu-
ronian Formation of Northern Michigan: Jour-
nal of Geology, volume 39, pp. 288—295, 1931.
., The Intrusive Relations of the
Republic Granite: Journal of Geology, volume
41, pp. 487—500, 1933.

., Some Metamorphic Effects of
the Republic Granite: Journal of Geology, vol-
ume 42, pp. 248—263, 1934.

., The Palmer Gneiss: Geologi-
cal Society of America, Bulletin 46, pp. 1187—
1163, 1935.

.» Republic Granite or Basement
Complex: Journal of Geology, volume 45, pp.
487—510, 1937.

In these articles Lamey contends that the
granite of the Southern Complex in the southern
part of Marquette County is for the most part of
post-Huronian age, although rocks of Archean
age are also present.

Dickey, R. M., The Granitic Sequence in the
Southern Complex of Upper Michigan: Journal
of Geology, volume 44, pp. 317340, 1936. In
this paper Dickey postulates three granite inva-
sions—two of Laurentian and one of Keweena-
wan age.

., The Ford River Granite of

the Southern Complex of Upper Michigan:
Journal of Geology, volume 46, pp. 321—335,
1938. In this paper Dickey thought one of the

previously named “Archecan” granites was an
intrusion during the Lower-Middle Huronian
interval, and named it Ford River from a locality
in Dickinson County, South of Marquette
County.

Adler, J. L., Stratigraphic Zones in the Ne-
gaunee Iron Formation of Marquette County
Michigan: Journal of Geology, volume 43, pp.
113—132, 1935. In this paper Adler subdivided
the Negaunce Iron Formation of Marquette
County.

Leith, C. K., Lund, R. J., and Leith, A., Pre-
Cambrian Rocks of the Lake Superior Region
with Revised Geologic Map: United States
Geological Survey Professional Paper 184, 1935.
In this paper the authors include the findings
of the Michigan Geological Survey and unpub-
lished data supplied by Mr. L. P. Barrett on
Baraga County and on that part of Marquette
County lying along and northeast of the Dead
River Basin.

Creveling, J. G., The Peridotite of Presque
Isle, Michigan, a study in serpentization: Ameri-
can Journal of Science, 5th Series, volume 12,
pp. 515—521, 1926.

Richarz, S, Origin of Grunerite of the Lake
Superior Region: American Journal of Science,
5th Series, volume 14, pp. 150—154, 1927.

., Note on Grunerite of the Lake
Superior Region: American Mineralogist, vol-
ume 17, number 9, pp. 437—442, 1932.

Wienert, F., Formation of Martite and other
iron oxides in sideritic ore of Marquette Dis-
trict, Michigan: Economic Geology, volume 28,
number 1, pp. 63—74, 1933.

Slawson, C. B., High-iron Tourmaline from
the Marquette Iron Range (Abstract) : American
Mineralogist, volume 21, number 3, p. 195, 1936.

Ayres, V. L., Differentiation in Xenolithic
Lamprophyre Dikes at Marquette, Michigan:
Journal of Geology, volume 47, number 6, pp.
561—582, 1939.

., Nontronite from the New
Richmond Mine: American Mineralogist, vol-
ume 25, number 6, pp. 432-—434, 1940,

Tyler, S. A., Marsden, R. W., Grout, F. F., and
Thiel, G. A., Studies of the Lake Superior Pre-
Cambrian by accessory-mineral methods: Geo-
logical Societv of America, Bulletin, volume 51,
pp. 1429—1538, 1940.
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Four granitic intrusions are described, two in
the Laurentian, one in the Late Huronian and
one in the Keweenawan. Report is also made
on studies of the Huronian sedimentary rocks.

Fairbairn, H. W., Deformation Lamellae in
quartz from the Ajibik formation, Michigan:
Geological Society of America, Bulletin, volume
52, number 8, pp. 1265—1277, 1941.

Additional specific references are quoted in
footnotes in the body of this report.
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Marquette Iron Range; for this report he has
assembled his own findings and those of his
students and others on the Republic portion of
the range.

The stimulus and support given to this project
by President Grover C. Dillman of the Michigan
College of Mining and Technology are much
appreciated by the writers.

PROCEDURES

Field

The field work of this investigation consisted
of three more or less distinct but supplementary
types.

Areal geological mapping in Western Mar-
quette County was performed almost entirely
by W. A. Seaman. (Sce Plates I and II and V to
X.) His description of mapping methods is on
page 24. Simultaneously with mapping, sampling
was done on all mineral exposures suspected of
being of commercial interest.

The methods and types of sampling, as dis-
cussed on page 25, apply also to the second phase
of the investigation, which was largely a recon-
naissance and was concerned with detection of
strategic minerals hitherto unsought or over-
looked in the numerous mines and prospects of
the two counties.

Many hundreds of samples were selected for
analysis, care being taken to segregate all varie-
ties of mineral assemblages present, with special
regard for minor or rare elements, of possible
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economic significance now or in the future. This
work led to a critical examination of low-grade
iron ores and to the problem of their beneficia-
tion.

Because tungsten was in much demand in
1943, and the orc mineral, scheelite, is most
readily detected by the use of the ultraviolet
lamp, much time was spent at night in examin-
ing dumps and outcrops. In addition, some
ultraviolet “lamping” was done in the daytime,
using a black cloth to cover the specimen and
the instrument. Before crushing, all samples col-
lected were examined carefully for fluorescence.
The apparatus used in this work was the
“Mineralight,” manufactured by Ultra-Violet
Products, Inc. Model V-42 proved much more
efficient than the less powerful model M-12.

Laboratory
PREPARATION OF SAMPLES

In the laboratory each sample was weighed
before crushing to about 34 inch in a jaw crush-
er. On crushing rolls, the samples were reduced
to —10 mesh. Very large samples were cut by
cone-and-quarter before going to the crushing
rolls. The —10 mesh material was then thor-
oughly mixed and a sample of approximately
100 grams was cut out by a Jones riffle for analy-
sis. This portion was weighed and ground to
—100 mesh (or —200 mesh if tungsten-bearing
samples), mixed on mixing paper, and sent to
the chemist. Rejects and hand samples are de-
posited at the Michigan College of Mining and
Technology.

SPECTROGRAPHIC AND QUANTITATIVE ANALYSES.
By Bart Park

Approximately 75 mg. of rock powder (—100
mesh) was placed in the cavity of a graphite
clectrode.  Another .graphite rod served as the
other clectrode. Exposures of one minute at 50
volts and 13 amperes were used. Plates were
Eastman Process or Process Panchromatic de-
pending upon the region studied.

The spectrograph used in this work was a
large Littrow type with quartz optical system
made by the Gaertner Scientific Corporation.

Quantitative estimates were made in a few
samples by visual comparison of the appropriate

lines with those of known standard samples
which had been photographed on the same plate.

Bismuth — Dctermined photometrically
with thiourea.

Chromium — Dectermined photometrically
as chromate.

Copper — Dectermined electrolytically.

Fluorine — Determined photometrically
by bleaching an oxidized
titanium solution.

Molybdenum  — Determined photometrically
with phenyl hydrazine.

Nickel — Determined  gravimetrically
with dimethylglyozime.

Titanium ~~ Determined photometrically
with hydrogen peroxide.

Tungsten — Determined gravimetrically
by cinchonine method.

Vanadium — Determined photometrically

with strychnine.
Lithium and Tin were estimated spectrograph-
ically.
A No. 7-089 Fisher Electrophotometer was
used in all photometric work.

BENEFICIATION OF IRON ORES.
By Frank J. Tolonen

As it is not possible to separate mineral grains
unless they are free or have been liberated by
crushing and grinding operations, any positive
method ol measuring the degree of liberation
will also measure the utmost possibility of sep-
aration or concentration. The physical property
most commonly used in ore beneficiation is spe-
cific gravity. Using an equimolar solution of
thallous-formate and thallous-malonate in water,
a heavy solution having a range of densities up
to 4.9 can be secured. Using the solution at
various dilutions or densities, it is possible to
separate any sample into fractions on the basis
of mineral content. Because of the high cost of
these chemicals, laboratory testing by this means
has been restricted to sizes under 1% inch. Larger
picces can be separated by means of galena, or
ferro-silicon suspension in pails or other suitable
apparatus.

The fractions obtained by these methods are
thoroughly washed to remove the heavy solution,
or suspension. They are then dried, weighed,
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and crushed for analysis. Next they are analyzed
for the valuable constituents and also for im-
purities that affect their market value. From
these results, by calculation and graphic analysis,
it is possible to evaluate the sample for any con-
ccivable economic situation,

There are other methods of fractionating sam-
ples on the basis of their specific gravity, such
as the tube classifier and laboratory tables and
Jigs, but in these the size and shape of particles
have to be considered. In all of these methods
porosity, which is very important in partially
leached ores, must be considered.

If the results are not satisfactory, microscopic
examination of the orc becomes necessary as by

this means it can easily be ascertained to why
size the sample must be ground in order to effec
the desired degree of liberation, or in othe
words to obtain concentrates that are marketable

When dealing with magnetite, the magnetj
tube tester was used for separating the sample
By varying the magnetic field and the fineney
of grind it is possible to evaluate any sampl
quite readily. Here also microscopic study great
ly reduces the amount of testing required for
final results.

The specific results obtained on a number of
iron ores which were investigated in connection
with the present work are discussed under Iron,
pages 56—59.
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SUMMARY OF THE GECLOGY OF THE MARGUETTE IRON RANGE
By W. A. SEAMAN

‘The geological record of that portion of the
Marquette Iron Range which lies in Marquette
County is more complete, and is better known,
than the record in Baraga County. This discus-
sion therefore deals chiefly with Marquette
County.

Explanatory Notes on the Geological Column
of the Marquette Range
The numbers in parentheses correspond to
the numbers following each entry on the Geo-
logical Column in Table 1.

(1) KeewaTiN, MoNa

The oldest known rocks on the Marquette
Range are the Keewatin schists which are so
abundant in and around the city of Marquette
and also extend for a few miles westward. In
most exposures less than 75 percent of the rock
consists ol Keewatin as many younger dikes of
various ages arc present. There are also nu-
merous veins of quartz, carbonates, and chert
or jasper formed during one or another of the
later periods. Jasper veins, some well banded
with fine hematite or magnetite, are commonly
prominent ncar and parallel to the edges of
basic dikes. Much of the Keewatin is an am-
phibole schist and may have been derived from
basic lavas or tuffs.

(2) LAURENTIAN OR MARQUETTE

The earliest dikes intrusive into the Keewatin
are rhyolite, quartz porphyry, and other phases
of the Laurentian granite. These dikes are com-
monly lenticular by reason of shearing, and
parallel the cast-west schistosity of the Keewatin.
Northward these dikes become wider and more
numerous, until north of the Dead River an area
is exposed that is predominantly granite. This
granite is quite uniform in texture and compo-
sition and is generally neither gneissoid nor
porphyritic. Considerable calcic feldspar is pres-
ent and hornblende is abundant. This horn-

blende granite is cut by numerous dikes which,
starting with the oldest, are (a) amphibolite,
(b} north-and-south striking acidic diorites with
considerable alkalic felspar and a little horn-

(©)

blende, north-and-south uralitic diabase

dikes, (d) north-northeast-south-southwest urali-
tic gabbro dikes similar to the Clarksburg, (e)
northwest-southeast peridotite dikes, and, lastly,
(f) east-and-west olivine diabase and ophite
dikes of Keweenawan age. The same granite,
cut by a similar multitude of dikes, is well ex-
posed on Middle Island Point, on nearby rocky
islands, and for a few miles westward. This is
the largest known arca of Laurcntian in the
Lake Superior Region.

(8) Krrcma

The oldest known sediment on the range is
a conglomerate having well rounded pebbles
of the Keewatin schist and vein quartz and vari-
ous phases of the Laurentian granite. This basal
conglomerate is well exposed close along the
north side of a dirt road across the scuthern part
of Sec. 29, T48N, R25W ., north of Enchantment
Lake (called Mud Lakc on the older maps).
Intermittent exposures of this same conglomerate
are found for several miles westward past Ne-
gaunee and for two or three miles eastward.
South of the conglomerate is the thick overlying
graywacke and considerable slate, both of which,
being derived largely from the underlying Kee-
watin, are often mistaken for it. Next above
are thin quartzite beds and then more graywacke
and slate. This series, sometimes referred to as
the “Mud Lake” or the “Great” graywacke, is
several hundred feet thick and extends over a
good deal of the Marquette Range. It thins out
east of Enchantment Lake, due partly to erosion
before the next series was deposited, but thickens
and widens to the westward where it is common-
ly faulted in with the Keewatin and with the
base of the overlying Mesnard. Still farther west-
ward to the limits of the range it is, in general,
quite thoroughly granitized and has usually been
mapped as granite or granite gneiss. East of Ne-
gaunce it was classed as Lower Mesnard, but
west of Ishpeming it was called Kitchi and con-
sidered a phase of the Keewatin. After the
Kitchi sediments were deposited, they were sub-
jected to some, if not considerable, crustal move-
ments before the rocks of the next scries were
laid down.




OB L e e ¥ 2 n T DN 2R N Y oM~ OS2SR0 =R e =R = SN
SELZETEE%58 43¢ cZ9fEEEStE5s 0 EREFYE RSS2 B CTT
a 2529 .,827% 222868358 efL82F - 2335 =
2 gSREdEETEo 85 . SITTEEEEE TS0 (2egh EEEAL 5<fE80
Hn = T -] . Py = YRR e T O = O o jan oo o O a ;> w —_— o0 O >
: Z 1 = ge] IR R WA Y] o U= & = 4 ow» [N =Rl o N s 8= —~ —
i e o= o Ll = B = VR - o= = = gL v 38 o . ~DL§ 2 M .
L T s ET i 82 i by s EE AR BEIET Y8593
",M\...u/ak.‘m...nmoianedonCdd4fndtmmﬂ.henmmors&aaec(\.nmrx.mm 5 0 S8 &
L TEEEE sz BRI AT RS8R EFEESREE 8% B A
T 223528 9EEN8528R =ERETE AT
T TIgVv.I, w
> S
BUOIY M T SOIUBD[OA JISBY WOIY SISIYOS NILVMHIA Q
ugrjusiney M F 079 ‘LxAydxod z3b ‘ejjolya ‘ajrurad ouungazv
(U13BMI9Y) TYOHY J0 > ‘ ¢ . ¢ &
! you e sseud ‘gs1yos ‘e9e[s ‘oxmas ‘Zuon IHDLINI
«OMOM , T PIBUSOY, Z ¢ 019 ‘sstoud “sIyas ‘eyeis 03z210 =
DLBUSSIN o ¥ 030 ‘ssud ‘9jeis ‘oxmais ‘Buo) QUVNSHI N
S a 72 010 ‘ss1oud ‘Isryos ‘erels ‘911230 o
LPIeUSSIy, ‘euoy =
= 4 039 ‘sseul ‘9jrwio[op ‘@3B[S ‘@1Z1D Jomory -
. b = ¢ SOIURD[OA JISBQ BUOY s YNOM a
aMdp BUOH g 230 ‘sstoud ‘ojrurorop ‘ayels ‘041z soddny
L UBWOS[Y © 9 [eAx91uUl UoIsoIe Juof % uoneulIoyap uordweyn >
qqily m 4 L 070 ‘sstoud ‘ayizab ‘3uod iqily IoMo d
C = L 039 ‘93B[S “ISIYIS ‘Omuar) 1 =
owswlg m — Q SOTUBD[OA IISB( MOO[WS[ e o
souneSaN £ 6 999 ‘9je[s ‘ayMan 2[PPIIY NOHI -3
- 6 Uo1BWIO] UOJ] dounBIsN
Jurwedysy ‘yaapood) - »> 01 SOIUEDOA diseq Jurwedys] — =
Burwedysy ‘ryifig = 11 030 ‘e3els ‘931z3b ‘uod yorapoon asddpy =
Fangsyre[) o 2 3l 038 93B[s ‘uonjWIO] UOL] U.m.:m o)
el SOIUBO[OA JISB( SINGSHIB]D
WSO w FI 930 S1Yos ‘038[S ‘oxremieir) ANNVOIHDIN )
]
LuBeydAY, ‘. uBmBusOMdY, | ZX ST suotsnajul “og9 ‘eq130plaed XATdIS —
3 VVE
« UB[UANET] ", arqnday 5= 9T UOIBZI[BIDUIW JToradng a
L UBWOBY ., ‘Koudelyry % b pue uonpezitueLd ‘sojryewdo g
uBMBUIOMDY 4ol H
' LT SOIP “099 ‘esBqeIp SUIAI[QD UBABUSIMIY N
aLt a[BYS ‘Ou0jspuBs ‘Fuoy) .SQQD_W NVIERVD ot
ro1redng oxe] ‘wepsjod oLT 099 ‘sauojsaur’y NVIDIAOQYO OM
AT 930 ‘seuogsewry NVIENTIS '
2
&=
7]
Q
81 a3uwy opjenbaeyy uo pejuasaidoa JoN %
g
61 UOIFRZI[BIBUIWL PUB SUl[NE.] (;)oprueaey v M
, =
03 1FLIP [BIOB[S pue udnBvLR[ ANADOLSIATd M
03 Bun [8LRID-Is0d X
174 039 ‘ABID ‘pums ‘[PARIY) LNFOTA a
suo1pgolqnd JOY)0 WO puB %99 Ul . ¢
ydeaBouoRy ‘S *H ‘S ") UL pesn SWID, ydeaereg NOILAIZDSTA TVIANID 919 ‘saoryAd SVdd

TIONVE NOHI FLLANDAVIN ‘NINNTOD "TVIIO0TOTH uvwwag 'y M (g




or Kitehi (Keewatin)

“Mesnard”, “Wewe”
Laurentian
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TABLE 1

Qtzite, slate, schist, gneiss, etc.
Cong, grwke, slate, schist, gneiss
Schists from basic voleanics

|
Cong, grwke, slate

< Marquette granite, rhyolite, qtz porphyry, ete.

srmolNARD
KEEWATIN

KITCHI

@ MESNARD

(4a) The conglomerate at the base of the
Mesnard lies unconformably upon, and contains
pebbles of, the various phases of the underlying
Kitchi, in addition to which are pebbles from a
stratified cherty formation that may represent
an eroded Kitchi bed not locally observed. Peb-
bles of Keewatin and Laurentian vary consider-
ably in abundance. This conglomerate is well
exposed in its relations along the north edge of
the quartzitc bluffs on Sec. 32, T48N, R26W,
from one to one and a half milcs east of Teal
Lake. It has sometimes been called the “Quartz”
conglomerate from the local abundance of vein
quartz pebbles, and in many of its exposures in
the eastern part of the range it has been con-
fused with the conglomerate at the basc of the
Kitchi.

(4b) Above the Mesnard conglomerate lies
100 feet of slate interbedded with graywacke and
thin quartzite, much of the latter sericitic, which
grades up through sericitic quartzite into a white
vitreous quartzite much veined with chert. This
vitreous quartzite (named after Mt. Mesnard
near Marquettc) is about 300 feet thick and is
well exposed along the lake shore near the State
Police barracks at Marquette, in a syncline near
the quarry near Harvey, and also forms a promi-
nent cliff along the north edge of Lake Enchant-
ment. It also lines the road-cut on the concrete
highway east of Teal Lake, where it is uncon-
formably overlain by the Ajibik. This quartzite
has been almost entirely removed by erosion
west of Negaunee, and on the south side of the
Marquette Trough has been quite thoroughly
granitized, commonly appearing as granitic
gneiss, “granite porphyry,” and other granitic
rocks.

(4c) The Mesnard quartzite grades up through
sericitic quartzite into a prominent belt of slate
that is well exposed in the quartzite ridges east
of Teal Lake, and in the syncline just north of
the quarry south of Marquette near Harvey.

(5) Kona

(5a) A thin conglomerate with poorly sorted,
sub-angular pebbles of quartzite and chert has
been found in a few places overlying the Mesnard
slate. Overlying this a dark sericitic quartzite
rapidly grades up into a vitreous, or in places
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dolomitic, quartzite, about 75 feet thick, which
has a banded cherty top, grading up into a cherty
slate about 50 feet thick. This cherty slate is
usually intricatcly folded and the cherty top of
the underlying quartzite is generally much
brecciated. These formations are well exposed
from near Negaunee to Marquette along the
north side of the trough. The “cherty top”
quartzite was originally mapped as part of the
Mesnard scries. Conformably overlying the cher-
ty slate is 200 to 300 feet of cherty dolomite,
usually rather pinkish but weathering white.
The chert is in thin laminae parallel to the bed-
ding and in narrow veinlets across it. This dolo-
mite is prominently exposed from Marquette
southwestward to Goose Lake; the thickness is
greatly exaggerated by close folding and repeti-
tional thrust faulting. A dome-like structure,
rendered conspicuous by differential weathering,
has been attributed to algal remains but as this
structure has been noted only where the dolo-
mite has been crumpled against dikes, or in the
axes of close folds (as in the exposure near the
quarry at Harvey), it scems likely that it is a
structural feature. A red slate, nearly 20 feet in
thickness, overlies the dolomite.

(5b) Overlying the Lower Kona is a thin,
usually pinkish, dolomitic and in part cherty
quartzite, above which is less than 50 feet of
slate, then about 200 feet of dolomite, seemingly
less silicious than the lower one. Because of in-
tricate folding and faulting this upper dolomite
often cannot be readily distinguished from the
lower one. The uppermost of the Kona forma-
tions is the emergent slate designated the Wewe
in the monographs. It is of unknown thickness.
Southwestward and westward from Goose Lake
to the vicinity of Palmer are numerous remnants
of the Kona series, although much of it is thor-
oughly granitized. These, with the underlying
formations, constitute much of what has been
called the Palmer gneiss.

(6) CmampriON REVOLUTION*

After the Mesnard and Kona series were
formed large-scale crustal movements occurred.
The older rocks were greatly disturbed, probably
and then deeply eroded before the rocks of the
metamorphosed, perhaps more or less granitized,

* This term is here introduced for the first time.
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next series were laid down. Near the east end
of Teal Lake, the entire Kona series and much
of the Mesnard were removed by erosion before
the deposition of the next formations. West of
Ishpeming are long stretches where practically
all of the Mesnard was removed; to the south
of Ishpeming less of the older rock was eroded,
although most of the Kona is missing or un-
recognized westward from Palmer.

In the Lake Michigamme arca, this Champion
Revolution is of such a magnitude near Cham-
pion, and the older rocks were so highly meta-
morphosed and intricatcly folded before the
Ajibik was laid down, that it is difficult to rec-
ognize them.

(7) Aynmsix

The Ajibik starts with a basal conglomerate,
generally quite thin, with well rounded pebbles
of the older rocks, especially the Mesnard quartz-
ite. This conglomerate lies unconformably on
various older formations from the Wewe to the
Keewatin. Above the conglomerate is 50 feet of
quartzitic slate, commonly crumpled, then from
50 to 100 feet of vitreous quartzite, usually fol-
lowed by a slate as much as 100 feet thick and
generally quite ferruginous near the top. The
Ajibik quartzite is the best known and most
casily identificd member of this series though
it is often confused with the older Mesnard. It
is much less veined with chert than the Mesnard,
is apt to be more pinkish and in many places has,
near the top, 14 inch black to brownish-red spots.
This quartzite is well exposed all along the rim
of the Marquette basin though it is quite thor-
oughly granitized along much of the southern

side, and in places west of Ishpeming, along the
northern rim.

(8) Hemrock

Deposition of the Ajibik series was halted by
volcanic outbursts southwest of, and elsewhere
beyond the limits of, the Marquette Range. Ash
from one or more of these Hemlock volcanoes
mingled with the ferruginous slates above the
Ajibik quartzite. Some of these ash layers, 2 or 3
feet in thickness, may be seen south of Negaunce
and also south of Republic. Still farther south
some iron formation had been laid down, but
in Marquette County, which was probably nearer

S

the main shore line, the water may not hay
been deep or quiet enough for deposition of a
ron formation, and ferruginous slates werd
formed instead. The Ajibik slates, ash layers,
and the graywackes and slates of the next young.
er series have been loosely grouped together
under the term “Siamo.”

(9 Nrcauntk

(9a and b) After the brief interruption caused
by the Hemlock volcanic activity and change in
sca level, deposition was resumed. Near shore,
quartzite or graywacke (and in some places con-
glomerate) was formed. Zones in the limonitic
quartzite or graywacke exposed in low ridges
north of the Maas Mine, Negaunee, have many
brown sandy concretions several inches in di-
ameter. Above this concretionary quartzite is a
considerable thickness of slate that becomes
more ferruginous toward the top. This slate and
the underlying concretionary quartzite vary in
thickness in different parts of the district from
a few feet to over 200 feet. Above this comes the
main or Negaunee Iron Formation which has
an orginal unfaulted thickness of about 400 feet.
The original material was either: thinly bedded
chert and iron carbonate, or, less commonly on
the Marquette Range, a hydrous ferrous iron
silicate  (greenalite). The many other phases
of the iron formation have been derived from
once or the other of these.

(9¢) The cherty iron carbonate near the top
of the iron formation was largely oxidized to
lerruginous cherts with thin layers of “limonite”
or soft, red, earthy hematite. Later metamor-
phism  converted these ferruginous cherts to
banded specular hematite and jasper, well known
and exposed throughout the range as “jaspilite.”
The hematite bands in the jaspilite often con-
tain considerable fine magnetite.

(9d) The less abundant greenalite was oxi-
dized to a sandy or granular-appearing ferrugi-
nous rock, like some of the softer “taconyte” on
the Mesabi and other ranges.

(9¢) Where the oxidized, jaspilite phase of
the iron formation was more intensely metamor-
phosed, the banded magnetite and granular
quartz phase was produced. The soft taconytic
phase was likewise changed to the magnetic type

of taconyte. These highly metamorphosed pha§es
are found in proximity to the areas of most ;)n-
tensive granitization, th§ ’ba}nded. magnetite e-
- common in the vicinity of the Magnetic,
G higamme, Spuir, and other mines closest to
[Mh;Carias of maximum granitization.

(9fy When the original chert?f si‘derite or
grcenalite was subjected befo.ref oxidation to the
extreme metamorphic conditions that accom-
panied the later granitization, .they were changed
to the iron silicate grunerite (or cumming-
tonite) with varying amounts of magnetl?e and
quartz. Gruneritic rocks are‘ al)t}ndant in the
lower part of the iron formation in areas where
granitization progressed furthest. They are es-
pecially abundant in the same ar'eas where the
upper part of the iron for}natlon has been
changed to banded magnetite and granular

quartz.

(9¢) The iron ore was form.ed by one or more
of these processes: by mechanical concentration,
by removal of silica, and by ad.dmon of iron,
either from other parts of the iron format%on
or from other sources. Mechanical concentration
was important in the formation of some of the
thin, rich, ore bodies mined from the basie of
the conglomerate directly overlying th.e' iron
formation, though in some places the silicious
pebbles had been partly or completely rem(?vcd
and the resultant space either lined or sometimes
completely filled with iron oxide. The ore on
the range commonly lies in pitching troughs
formed either by folding of the iron formation
and underlying slate, or it lies where one or both
sides of the trough consists of dike, fault blocks
of suitable strata, gouge or other impervious ma-
terial. The ore may be soft earthy “limonite,”
soft red to nearly black hematite, or metamor-
phosed hard blue to black hematite or magne-
tite. Different types of ore may be found within
a short distance, as in Jackson Pit, Negaunee,
where the jaspilite dipping down against the
north side of a narrow basic dike has been local-
ly replaced by nearly black hematite, whereas a
few feet away on the other side of the dike. the
crumpled jaspilite has been replaced by “limo-
nite.” The original unconcentrated iron forma-
tion contains scarccly half enough iron to be
used as an ore at present.

(10) IsHPEMING

The term Ishpeming was originally used to
include the conglomecrate, quartzite, anﬁd slates
above the Negaunee, but is here restricted to
the volcanics accompanying the local upheaval
that stopped the deposition of th'e.Negaunee
Iron Formation. This volcanic activity seemed
to have started in the vicinity of Ishpeming anfl
continued intermittently for some time,. CulI‘[}l-
nating in the later widesprca‘d eruptions in
Clarksburg time necar Champlo'n. Good ex-
posures of the Ishpeming intrusives are abun-
dant in the uralitic diabase or “diorite” knobs
around Ishpeming and Negaunee.

(11) GoovricH .
Following the uplift around Ishpeming, a
thick conglomerate with poorly so'rted, sub-
angular pebbles, overlain by a quart‘zxte of con-
siderable thickness, was formed. The pebbles
in this conglomerate are alinost entirely fro.m
the iron formation immediately beneath it,
though locally there are pebbles from older for-
mations where the thrusting that probably ac-
companiced the Ishpeming 'intrusions perh.aps
brought the older rocks within 1_‘each of crosion.
No place is known where erosion at this time
cut deeply into the underlying iron formation.
This locally thick Goodrich conglomerate an.d
quartzite thins out to the south and west', a.nd i
rather inconspicuous near the western limits of
the Marquette Range. On most of the o.ther
ranges the iron formation emerged very little,
if at all, and the Goodrich, which may be 290
feet thick near Ishpeming, is represented in
many places by from 10 to 50 feet of slate in
which there may be a thin conglomerate bed.

(12) Bijixi

The Goodrich is succeeded in some places by
a few feet of slate or interbedded slate and
quartzite and then by iron formation. In other
places, the Goodrich is immediate%y st.x.c‘ce'eded
by the Upper Iron Formation. This Blj.lkl for-
mation (named after the Pesheekee River) is
generally leaner than the Middle or Negaur.lee
Iron Formation, the original carbonate having
been somewhat necarer to ankerite than siderite.
It has becn oxidized and mctamorphosed in the
same manner as described for the Negaunee for-
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mation. The Bijiki attained a thickness of about
50 feet (exclusive of the slates) before deposition
was stopped by the upheaval that accompanied
the Clarksburg volcanics. In some areas, par-
ticularly on the south side of the Marquette
basin, part of this iron formation had consider-
able volcanic ash mixed with it

In other areas, emergence and oscillation re-
sulted in the formation of interbedded quartzite
and slates. Several mines, especially northeast
and north of Champion and westward from
Michigamme, formerly produced ore from the
Bijiki formation. Much of the ore was limonitic,
though all the other types that occur in the Ne-
gaunee have also been found in the Bijiki.

(13) CLARKSBURG

Gabbro and diabase dikes are particularly
numerous in the Lake Michigamme area but
also extend as far east as Marquette and west-
ward and southward to the limits of the range.
Clarksburg sills are abundant around Champion
and Michigamme and at least as far south as
Republic. These sills and dikes have been al-
most completely uralitized or otherwise meta-
morphosed. The edges of the larger dikes are
commonly sheared and many of the narrower
ones are now chlorite and amphibole or biotite
schists. Others have had abundant chloritoid,
tourmaline, and large garnets formed in them.
Many are cut by pegmatites. The Clarksburg
tuff ranges from coarse material near Champion,
where some of the angular blocks are several
feet in diameter, to fine tuff in the vicinity of
Clarksburg, or to fine ash farther away. Many
of the dikes and sills are over 100 feet thick and
the tuff may be over 500 feet thick between
Champion and Clarksburg.

(14) MicuicamMmE

Partly contemporaneous with, but mostly suc-
cecding, the extensive Clarksburg volcanics are
the graywackes and slates of the Michigamme
serics. In the lower part are concretionary gray-
wackes, mica-graywacke schist, and staurolitic
mica schist with several thin interbedded layers
of tuffaceous material. Higher up are slates con-
taining progressively less basic material. The
total thickness of the Michigamme series may
be 1,000 fect, but that thickness is not likely at-

tained in the Lake Michigamme area where ¢
thickness may be less than 500 fcet. It is int
mittently exposed in a multitude of rolls acro,
a distance of about 4 miles and in this area t
underlying Goodrich, Bijiki, and even the N

rge arcas. s M ac ~ BQ -
l'a t:hc region are of this age. Vast changes werc
in £

Jffected Lo -
cldc-- rocks, and many were altered almost be
0 ¥ ATy ’

Most of the numerous pegmatites
in the structure and character of the

iu otal hese changes
d recognition. Notable among t g

‘ ’ i on i i ¢ r rmation
gaunece Iron Formation are exposed in some ] ¥ ¢ further crumpling of the iron fo

calities and probably lic quite close to the suy
face in other places. Although these exposur
of the iron formations may be the tops of ant
clines, probably in some arcas near Lake Michj
gamine the ore in the troughs may not be t
deep for protitable mining.

(15) SiBLey
Following the Michigamme sedimentatio
came crustal movements throughout the Lak
Superior Region. In Marquette County, thesd
were accompanied by the intrusion of masses o
quite basic rock, notably the peridotite a
Presque Isle and along the south edge of the
Gold Range northwest of Ishpeming. ManyL
narrow dikes of peridotite are common on Mid.
dle Island Point and are less abundant as far
south as South Marquette. In Houghton, On.
tonagon, and Gogebic Counties, the Bessemer
sandstone (or quartzite) and overlying lava
flows that are cut by felsite and then by olivine
diabase dikes belong to the lower part of this
series, which has Iong been known as the South
‘Trap scries. However since 1931 at the Michigan
College of Mining and Technology T. L. Tan-
ton’s term “Sibley”* has been used instead of
South Trap because on Sibley Peninsula east of
Thunder Bay on the north shore of Lake Su-
perior the exposures are better and more con-
tinuous, the dip is flat, the €xposures are not
faulted causing repetition of section, and on Sib-
ley Peninsula vulcanism was not excessive. Vul-
canism is not necessarily characteristic of the
series in most of the Lake Superior Region.

(16) SuperIOR OR REPUBLIC

After the Sibley peridotite intrusion, a major
geological revolution took place accompanied
by great changes in land and sea level through.-
out the Lake Superior Region, by granitization,
and by mineralization of the older rocks over

* Tanton, T. L., Fort William and Port Arthur,
and Thunder Cape Map-aveas, Thunder Bay District,

Ontario: Geological Survey of Canada, Memoir 167,
1931.

ment ’ hases o
ichigan ) nd of chloritoid,
the Michigamme formation, a

aralite, tourmaline, and garnet in the Clarksbull(”ig
intrusives. Also of this age'are some ~of thce1 gothé
tungsten-mol)'bdenum-bf?arxng .vcms antites
beryllium- and andalusite-bearing pegmatites.

wer . c :
nd much ol its metamorphism; the develop
a .

of staurolite and garnet in some phases of

(17) PALEOZOIC - .
(17a) Following the Superior .rf?volut}olr)x a
cat number of east-and-west ohvme. dia dass

and ophite dikes (Kewcenawan) wcre.lntrltl) eh

in thc Marquette Range. In thesc' dlkes‘ ot
the olivine and the augite are quite fresh,'m
contrast to their almost (‘o.mpletcly altered state

in the pre-Superior intrusives. .

(17b) The Keweenawan intrusives were st‘xc-
cecded by the deposition of a sa.ndstone, ex-
posurcs of which are mostly restricted to low
areas ncar Lake Superior. ‘

(17¢) The Cambrian sand.st'one 1s suc.cee(#d
by limestones, ctc. of Ordovician and Silurian
age Lo the southeast of the Marquette Range.

(18) Mgsozoic o

From the time when the Paleozoic limestones
were laid down until comparatively late geo-
logical time, the Marquette Rz}nge was presum-
ably mostly land, and erosion instead of depOS}-
tion was probably taking place; hence there is
no rock record of later Paleozoic or Mesozoic
time. Although erosion was probably long con-
tinued in the district, it was likely not deep as
the land elevation was probably no more and
perhaps much less than at present. A great deal
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of the topography usually attributed to deep
crosion has been produced by late faulting.

(19) LaraMIpE (7)

Post-Paleozoic faulting thrust up the fresher
peridotite from deep below on the no}*Ehcas‘tern
part of Presque Isle, near Marquette. 1 1:1(: Cam-
brian sandstone and conglomerate that lie alor}g
the lake shore to the southward arc.badly (.3115-
turbed against this fault zone. Thls‘ fault'mg
was not accompanied by any known intrusives
in Marquctte County, but that some mmferah-
ration occurred at that time is proved by silver,
galena, and chalcopyrite, in and ‘nea'r the fault.
About 40 miles northwest of Michigamme Fhe
fossiliferous Ordovician, Silurian, and Devonian
limestones arc closely folded, faulted, and re-
crystallized; it seems probable that some of the
[';1(11(ing on the Marquette R.ar‘lge that affects
the youngest rocks in the vicinity may z‘llso.be
post-bcvonian, although the limited distribution
of Paleozoic rocks in most of the Marquette
Range area makes the age of the younger fault-
ing dilficult to determine.

(20) PLEISTOCENE AND RECENT

The latest important geological events (.)n‘the
Marquette Range were continental glaaatlo‘n,l
subsequent tilting of the }and,gnd pos.t-glz.xm.a
deposition. The mantle of glacial mf:\tenal is in
many places more than 100 feet thick, and in
maniy areas almost hopelessly hides the un('ler-
lying f(ormations and veins from th(.e geological
worker and  the prospector. Scouring by the
glaciers also removed most of‘the chances of
finding profitable placer deposits.

Mineral Deposits of the Marquette Iron Range

Table 2 presents a synopsis of the mineral
deposits of various parts of the Marquette Iron
Range. (See pocket)
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LAKE MICHIGAMME AREA

By W. A, Seaman

Geological History

The geological histories of the Lake Michi-
gamme area and the Marquette Range coincide
as a whole except for a few local details. The
paragraph numbers are the same as those used
in the general descriptions in the preceding sec-
tion and in the Geological Column, Table 1.

(1) Very little Keewatin was recognized in the
Lake Michigamme area and, in mapping, it was
included with the highly metamorphosed pre-
Ajibik sediments. A few outcrops of chlorite
and amphibole schist, seemingly overlain to the
south by a conglomerate containing fragments
of this schist, in the southern part of Sec, 21,
T48N, R29W, are believed to be Keewatin.

(2) No Laurentian granite was identified
though some small ¢xposures of granitic materi-
al, not proved to be granitized sediments, may he
remnants of the old granite. They are' shown
on the detailed maps of Secs. 20, 21, T48N, R30W.
Most of the large areas shown as “Laurentian
granite” on older maps, north of Lake Michi-
gamme and south of Beacon Hill, have been
identified as more or less granitized Ajibik or
pre-Ajibik sediments in the latest detailed map-
ping.

(8) Closely folded and often quite thoroughly
granitized sediments, striking about north and
south in the Lake Michigamme area, have been
tentatively classed as Kitchi.
is a rather thick graywacke or impure quartzite
that was seen and sampled in all phases transi-
tional to a hornblende biotite schist, and finally
into a more or less gneissoid rock with a min-
eralogical composition ranging from a quartz
monzonite to a grano-diorite. It occurs in tight
folds striking from north and south to north 80°
east, on the north side of the lake, and from
north to north 80° west near Beacon Hill. The
dips are usually nearly vertical to steep westward
with both limbs of the folds dipping in the same
direction, though one limb may dip more steeply
than the other. In spite of the great repetition
by close folding and some thrust faulting, it is
thought that this great graywacke series is con-

A common type

e =

siderably thicker here than it is near the e
end of the Marquette Range.

(4) The Mesnard quartzite in the Lake Michj
gamme area occurs most frequently as sericitiz
quartzite, granitic gneiss, or the so-called “grani
porphyry”. The strike and the dip are generall
about the same as those of the Kitchi. The seriey
seems to be somewhat thicker and more wide
spread south of Beacon Hill, apparently only
remnants of it being left north of the lake. In
this report the Mesnard is grouped with the
other pre-Ajibik formations except in some de.

tailed work such as that done south of Beacon
Hill.

(5) In the Lake Michigamme area the Kona
was not definitely recognized in place. That ijt
was not entirely removed during pre-Ajibik
crosion is shown by the occurrence of sizeable
fragments in the Clarksburg tuff at Champion,
It is thought that some of the contorted gneiss
exposed in the axes of some partly eroded anti-
clines of Ajibik near Beacon Hill, and also some
of the intricately folded gneiss that lies close to
and apparently above some of the Mesnard south
of there, may be highly metamorphosed Kona.

(6) A period of intensive deformation ap-
parently intervened between the deposition of

the pre-Ajibik sediments and the formation of
the Ajibik quartzite; the deformation produced
a series of close folds striking about north and
south. The higher metamorphism of the pre-
Ajibik, as compared to metamorphism of later
formations, may have occurred partly at that
time. These north and south folds were affected
by the post-Michigamme deformation which
superimposed east-and-west striking folds and
thrust faults upon the structures of the older
rocks, resulting in the notably rough and knobby
topography, especially north of the lake,

(7) The Ajibik quartzite in the Lake Michi-
gamme area is in many places the oldest easily
recognizable sediment. The general strike is
about east and west on the north side of the lake,
and more nearly northeast in the Beacon Hill

area. The general dip is toward the lake,

usually
at high angles.

Near Beacon Hill the quartzite

. Josely folded with both limbs, except near
i COSCZ of anticlines, dipping northeastward,
he c'resbssomewhat steeper than the other. The
3;1::& is overlain by graywacke and by slate,
‘hich is ferruginous.
e (Zli ‘:);utcl?c lisali: on%y the lower part f’f the
Nc;rzite is appreciably granitized, but. in the
o Hill area a progressive change is noted
o ly slight granitization to higher degrees
. c?tZr;l(;rphisnl, especially to the southeast-
(:v{arrcxil. In gencral, the changes are:
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or to jaspilite. The formation is conform(:li.ble
cps s,
with the underlying Ajibik and hencF the 1(};1-
north of the lake and near Beacon Hill, are g "
erally steep. The formation is cut by numero
i / matites.
basic dikes and by later peg atites.
a;IVest of Lake Michigamme, jaspilite in sever:l
places lies rather flat. These exposures miyrln es
iclines and it is pres
near the crests of antic . sums
Formation underlies
that the Negaunee Iron
the Bijiki and Michigamme throuiho‘ut nrr;(())sr.t
d rolls in the 1o -
f the arca. Troughs an the ir
?nation containing good ore, may lie fairly close

(a) Vitreous quartzite, in many places slightly
sericitized. .

(b) ;'eellllcowish sericitized quartzite with a fg\;
feldspar crystals up to 4 or 5 mm.

/ ed. '

() Sy(i(l)(}))wish sericitized quartzite with m(?rg
abundant and larger feldspars‘zmd vvll)t1
enlargement of the quartz grains visibi€

ith a hand lens.

(d) Xl:lh‘iiter quartzite with notably enlarged
quartz and still more abundant feldspalr.

(e) Granitic gneiss with miFa and ffequ.ent y
large feldspars, predominantly alk:ﬁxc. .

() Gneissoid granitic rock that graduz.i ly and
progressively becomes more granitic an

neissoid, or .

(g i(;:)r%)hyl‘itic” granitic rock, ?ometlmles on;
’ ly slightly gneissoid and with the nalrg::O
feldspars orientated rom‘lghly paralle

the strike of the formation. . .

No “contact” or line of demarcation can be
found between any of the phases, nor betwe-en
ihe ssive
either of the last phases and the more ma e
appearing granitic rock %h.at has .been caRe-
granite and variously classified as Iflllarney,' n"
public, Superior, “Algoman,” or “Laurentian.

to surface in places. The ore prevxouslyd.mn;::ld
in this district has been fiom t}}lle st(f;z};gicg)pang
iron formation close below the . and
: mostly hard ore. It seems hke.ly
lcls:ls;)(f:rr;ble gO(y)d soft ore may be found in ;Z:el;
of the less intensely folded and metamorp *
areas such as those west of Lak? Ml-Chlgam‘:t .in
(10) Any Ishpeming volcanics, if plresi A
the area, were not separated from the Clarksburg
" tlhle) H’?E(I: lgg.odrich is represented in the Lake
Mi(chigamme arca by severa'l feet of Fox.xglo[r;llzxt‘ati(;
succeeded by a rather thick quantulte Jha 1
commonly dark green to neérly b a‘c com
chloritic material and magnetite. Molb)t o e
pebbles in the conglomera}te are“su .-angWith
‘fragments of the underlyir.lgl 1roIr:1 fo;l :]a;;]z:; i
rdinate slaty material. .

Zl:-(}js(;on cut deeply into ;he u}x:difllzsnngmljﬁgz;n:;:
Iron Formation. It is thought .

ir rmation material in the Goosirlc may
;:?\rlc fzcen derived from rapid erosx((i)nhwliliﬁ
{olding or faulting had Iocallyf elevated t hetime
formation immediately preceding Goo r}ch en;
The strike and the dip of the Goodrich se

All ()f |]l€|y])es (leS(Ill)e(l are cut ‘)y (8] o) O d dlp 0{ the
numerous t be a'
i t Of Wthh appl OX1 ely parallel inllne la[ely underlylng forma on p
PCgIIlatlteS, mos mat (1 t except f()l

tlle ge]le]dl S‘]lk a]l(l(l[})()‘ l]le metamo p O (]lllte shorx dlstanC’S m a few pla(,es, Wlle!e a
h t €
Iy h Sed
SEdllll ) 1()( al I()l(l (){ ‘h(: iron f()IXIlatl()n was paltly
ents.

ded I'h Goodrich formation a ears to
emio ifi oae € 1 1
(8) H lock volcanics were not identified er . . pp
n the l k h am. me are iot1 thin out to the westward. )
g hi 1t h t d

i aKe ichi a but some biotite W ) ) al
: S] an gIMayl\ al(k s in the “Siamo” be- Slate and sericite schist deS, C:pe( y Ileal.
schist d ke zZone h -

l ; it and the N gaunee the A()uthﬁln 5](16 Of the. 1 » 1 . l
tween the A]]) < q artzite € $ u . ) Uough hace been noted
I 711 ¥ e I.(lllllll\nayulllalk the Hemlock horizon. CthI‘ltOld, sometimes in p atesi lli‘g) T t lal;_i -')0’
" Orlrnj l I§ P ed Negaunee Iron For- mm. across, 1§ 1()(2&11}’ abundant in (tie GO\(?;‘I ch

¢ 3 S f tne €xpos j - A
7na<t\?(>)7 1\.10{ t[l(l)e Lake Michigamme area 1S gru- espec 1a11y' close to the areas o maximum
I WO W ranitization.

eritic in the lower parts, and grades up ard g

nt 'g! p .a y on th o) th'
i i g i q ( ) p i
o elth.el tlle magnetite allulal uartz l)llase 12 I]l some Ia( es, espect 1[ e not
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ern limb of the basin, the Goodrich quartzite
grades directly into the overlying Bijiki Iron
Formation. In other localities, especially nearer
the southern side, a considerable thickness of
black slate, commonly with thin interbedded
black quartzite, separates the Goodrich from the
Bijiki. The iron-bearing part of the Bijiki ap-
pears to be considerably less than 100 feet thick
and varies from the gruneritic phase at the bot-
tom to ferruginous chert near the top, though
in limited areas part of it may be the magnetite-
granular quartz or other phases similar to those
in the Negaunee. Toward the eastern part of
the Lake Michigamme area considerable basic
volcanic ash is interbedded with some of the
Bijiki. Like the other formations in the area,
the Bijiki is much folded and considerably
faulied, and is cut by some basic dikes and a few
pegmatites. Most of the ore mined from the
Bijiki was the iron hydrate (“limonite”) though
there is some hematite in it and a little man-
ganese.

(13) Clarksburg dikes are abundant and strike
about east and west in the western part of the
area, and from northeasterly to nearly north in
the central and eastern part. They are mostly
uralitized gabbro or diabase and vary in width
from a few inches to over 100 feet. Large gar-
nets, chloritoid, and sometimes tourmaline and
other minerals are locally abundant along the
contacts, especially where the dikes are closest
to the zones of greatest granitization. Many of
the dikes are sheared and somewhat mineralized
along the edges. Spectrographically many show
beryllium and nickel and fewer reveal silver,
molybdenum, and other rare metals.

Tuffs, reaching a thickness of several hundred
feet, are abundant in the eastern part of the
area. The coarest tuff seen was just northeast
of the Beacon Hill map area, where fragments
as much as several feet in diameter occur in a
matrix of basic ash and sand. Fragments of all
the older formations, from the Mesnard quartzite
up, have been identified. The tuff appears
thicker nearer the south side of the trough. Thin
layers are interbedded with the lower part of
the Michigamme schists west of the lake, and

found between the Clarksburg tuff and
Michigamme formation—the two are interb,
ded in places. Portions of the map area th
are designated as “ClarksburgMiChigamme" i
clude the tuffs, the smaller Clarksburg dik,
and the Michigamme graywackes and schis
with their interbedded tuffs. Only the largg
dikes are shown bearing a distinctive legend.
The Michigamme formation is well exposed
west of the lake from which it takes its namg
It consists of graywacke with interbedded slat
or mica schist, and tuff layers; concretiona
graywacke; and staurolitic mica schist gradin
into fine mica schist or slate. Garnets are locally
abundant in each of these phases. The forma
tion west of the lake, and on islands near the
west side, is in a series of folds striking abouy
east and west, and varying from gentle rolls tq
closed folds, some of which are overturned. Each
of the phases of the formation may be seen re.
peatedly in any north to south section, but the
structure and succession have not yet been
worked out in sufficient detail to give accurate
thicknesses. It is believed that there may be only
one, and probably not more than two, of the
concretionary graywacke zones; and that per-
haps each exposure of the wider staurolitic schist
belt may be of the same zone. The cleavage is
about vertical, but the bedding, though often
quite steep, varies from vertical to horizontal,
The total thickness of the Michigamme series,
including interbedded tuff, is estimated to be

several hundred feet but probably less than 1,000
feet.

The staurolite crystals are commonly X-twins
about 10 to 15 mm. long. Occasional narrow
belts show erystals 50 mm. in length. They vary
greatly in abundance along the strike. In the
concretionary zones the graywacke nodules range
in size from very small to about 6 x 12 x 24 inches
(15 x 30 x 60 cm.) and have their Iongest dimen-
sion downward along the bedding - and their
shortest dimension perpendicular to it. Many
nodules have a one inch (25 mm.) zone of small
garnets surrounding a central portion which
may be either hollow or filled with quartz or
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Sec. 20, T48N, R30W may be of this age. It
on S¢ec. &Y

ewhat resembles the Sibley (or South Trap)

o Baraga

-s of diabases that are in adjacent :
- . but it is exposed for only part of its
C(’)unq,n the hanging side at the base of a cliff
Wld}‘ll l(:ly metamorphosed sediments, and is so
o zzl%ninated with fragments of the wall r‘ock
i;:t its identification is still opcn' to quesuo;:.

(16) Pegmatites arc ablx'n(lant 1’n all of thz
formations, from the pre-Ajibik sediments to e
Michigamme, inclusive. In gerleral they are n
abundant in the older formations. '

In the pre-Ajibik they are qulte varllalble, e:zlerex3
along the strike of the same d11'<e. T.eg 11;2105(1
from coarse feldspathic pegmatites th. T ‘
feldspars and large quartz an(l muscovite crz _
tals to graphic granites, or to lcldspar-poor‘phg.
matites and quartz veins. The}f generally (:1;1 a

arallel the strike of the sediments, whic ]\ls
ordinarily about north and south, or e.lse s;uhg
about east and wcest, parallel to the strllfe o t1 c
younger rocks. Many of them are very 1rreﬁu Ian)
in strike, dip, and width. It may be that all the

pegmatites in the pre-Ajibik are not of .the Slalt]l(;
age, but many of them can be lollowe:d into late
formations. Most of these pegmatites do nof
seem to have more than spectrographlc arrvlclur\'ts
of strategic minerals, although one wide vein in
Sec. 28, T48N, R29W, showed an cncouraging
amount of molybdenite. This feldspar-poor peg-
matite is exposed for a distance of 125 feet along
the strike, and for a width of 50 feet from the

northern contact. The southern edge is covered

by overburden. Spectrographically it showed
silver as well as molybdenum near the northern

edge.

In the Ajibik sediments most of the pegmatites
approximately parallel the strike, although naﬁ
rower branches were observed at' Ilearly a
strikes for short distances. The majority of 'the
pegmatites in the Ajibik haye abunfiant falsly
coarse feldspar with subordinate mica. Anda-
lusite, beryl, and apatite, although observed, are

comparatively rare.

It was difficult to find pegmatites in place in

covite, apatite and andalusite. Some' of this Peg-
matitic material showed contacts with the iron
¥ n.
fm'l“nljleml\/lichigamme formation is intrude(ldby
many pegmatites—a few of them ha\fe cfoil(in :—
able feldspar, many are very poor in 1€ldsp ci
and some have so little that tlley were clzlzsse
as quartz veins in the tabulation of ana ysest;
Few of the pegmatites can be followed .for mor.
than a few hundred feet belore.t.hey pinch (;ut;
many reappear in parallel position a few Ee
to one side. The same echelon arrangement . as
also been noted in section, as the pegmaut}es
neither strike nor dip quite parallel to the
schistosity of the Michigamme country roc-k. Oc-
casionally narrow stringers of dike or vein con;
nect 1hréugh the schist froln one Ion'g lens. ?]
pcgmatitc to another, either in plan or in sectio r
Some of these pegmatite and vein zones are ove“
100 fect wide, with varying proportions of wa
rock included. In general the veins Bmch ou't to
the eastward and in the few low vertical sections
available they seem to widen downwarcl, two or
three narrow veins joining downward into one-
vein that is wider than the total of the narrower
‘¢ins above.
\(::’jnll}:)olcldspar-poor pegmatites have locally
abundant andalusite in long Crystals 10 to 30
mn. or more in diameter. Occasionally, as :gNa
rocky island in the SE 1/4 of Sec. 28,‘(;1“ s
R3OW, the vein dikes, from 2 to 3 .feet wide, are
almost solid fine-grained andalusite. In othecrl
places a feldspar-poor pegmatit.e may l?e follo.wea1
along the strike into a zone, rich in fine-graine
andalusite, which gradually narrows but. con-
tinues for some distance in the sclust.as a silicate
zone without well defined boundzlrles. o
Most of these pegmatitic zones in the Ml.Chl-
gasmme formation show, at least spectrographlcal-
ly, beryllium and molybdenum, especially 1:161?!‘
their southern side. The wall rock, especfxahy
along the southern side and na.rrow horses 0h t Z
Michigamme schist in the veins, 'usuallx s (t)v:/)-
beryllium, molybdenum, and nickel spectr
gm(}ll’llctzugO) Except for a few lre'sh-appearing,
columnar, east-and-west diabase dikes that ap-

other minerals.
(15) No rocks of Stbley age were identified

in the arca though one rather fresh-looking,
columnar-jointed, diabase striking east and west

considerable tuffaceous material is intermingled
with some of the Bijiki east of Champion.
(14) No break that could be mapped was

the poorly exposed Negaunce .Iron Formation
and in the Goodrich, but material on thfe waste-
rock pile around the mines ShO\A{S considerable
pegmatite, some of which has quite coarse mus-

pear to cut all formations, including "th.e latest

pegmatites, there seems to be no delx?lte geot;
i [ i ake Michigamm

logical record of events in the Lake Michig
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area until Glacial time. Glacial scouring and
plucking have modified the hills and glacial
debris and Recent deposits have buried much
of the older formations in the valleys and low-
lands to a depth that prevents direct field ob-
servations over more than 90 percent of the area.

Table 1 gives the detailed succession on the
Marquette Range. As the differences in charac-
ter and thickness of some of the formations on
this range are as great as those between the Mar-
quette Range and other ranges, it is considered
advisable to give the succession in each of three
well-spaced sections in order to make this clear.
(Table 3, in pocket)

Some of the thicknesses given are considerably
less than those often reported, due to the com-
mon cxaggeration of true thickness so often en-
countered in arcas of steep dips. For example, a
horizontal width of a mile of Ajibik sediments
near Beacon Hill with a nearly uniform dip of
80° to the northwest does not represent 5,000
feet of thickness, because when the structure is
worked out in detail the repetition by close fold-
ing and thrust faulting becomes evident and the
true thickness is found to be only about a tenth
of the apparent thickness.

It is known that in some
be true in many others, the figures given in the
literature for the thickness may be about right
but the decimal point is in the wrong place,
This is quite apt to be true for areas where the
dips arc steeper, as the repetition by close fold-
ing and thrust faulting may be very great al-
though not readily apparent.

For purposes of comparison two other sections
are given in Table 3: one from adjacent Baraga
County and on through into Houghton County;
the other one on the more distant north shore
of Lake Superior, induding a considerable area
of rather flat lying rocks where the original
character, true unfaulted succession, and un-
modified thickness can be more readily de-
termined.

sections, and it may

Mapping Methods
In this survey, lines were run with a dial com-
pass and distances determined by pacing.
‘The thread and standard of the dial compass
were set correctly for the latitude. Tables of
corrections were made and used which took care

. I
of the longitude, time cquation,
They also took care of

tering the thread.

and refractiop|
any imperfection in cep,

Pacing was converted in all plotting to the
standard of 2,000 paces to the mile, or 1 pace
equal to 2.64 feet. The pacing was caretully
done and the error probably held to less thag
19%.

Traverses were kept as close to the outcrops
to be mapped as was practical. Triangulation
methods were used to establish position op
islands in Lake Michigamme, on some of the
high blufts difficult to scale, and elsewhere when
it was not considered feasible to carry a traverse
the entire distance.

Mapping was done in cross-section notebooks
ruled about 6 lines to the inch, a scale of 10
paces to the small square or 60 paces to the inch
being generally used. Some details were mapped
at scales of 1, 2, or 5 paces to the small square,
A small amount of reconnaissance work was
mapped at scales of 120 or more paces to the
inch.

Most of the mapping was transferred from the
notebooks to cross-section sheets and plotted,
first to a uniform scale of 100 paces to the inch
(20 inches to the mile), and later, if the detail
permitted, was replotted to a scale of 10 inches
to the mile so that more territory could be shown
on a map of convenient size. Finally, general
maps were made on a scale of 2 inches to the
mile. On these last small scale maps, some of
the topography, roads, streams, and lakes in
arcas not surveyed in detail were plotted from
acrial photos obtained through the Michigan
Geological Survey and from maps furnished by
the Marquette County Road Commission. Con-
siderable geological information on these small
scale maps, outside the areas mapped in detai]
this year, is from previous college, private, and
commercial work done by A. E. Seaman, W. A.
Seaman, and C. A. Lamey.

Section corners and quarterposts which were
ot traversed to are shown on all the maps in
the position in which they would be if the sec-
tions were all exactly a mile square and the lines
run true. Where traverses were actually run and
detailed mapping done, the position of the cor-
ners and quarterposts found are shown in the

osition as determined by the tr?virs.e;dizs atli
maps €xcept those to the scale of 2 1
" ;nwllfl.ip necedle was resorted to only where
Ta;tl ;fcologi(tal boundaries or horizons could
et be ntracerd otherwise through heavy over-
Eztrdcn. In the closely folded, highly metz‘zm(.)r:
hosed areas where there were many ba;lch 11n
trusives, the dip needle was.seldom of muc ]e E
except in locating the main or Negaunce Iro
Formation.
Sampling Methods
One or morc of the following five types of
samples were taken, dependmg‘upo‘n the chaglalcl
ter and structure of the formatlo'n, its aga:;x
ty, and the time and opportun}ty avc}l ah e. .
(1) Channel Sample. .Every inch of the v i
or formation was taken in equa.I amount acros:
the entire specified width or distance. . :
(2) Skip Channel Sample. An approxm??t(? y
equal-sized portion was taken~ at about uni (;lxm
intervals. This type of sampling was used when
the bed or vein was quite thick but appm:ently
rather uniform in character, or x_vhere ms.uf-
ficient exposures made more precise ?i(’l‘l'l]plln(gi‘
impractical. It was also used 'for w1.de‘ veins an
thick beds where transportation difficulties ne-
cessitated reduction in the weig.ht and volume
of the sample. Three types of skip ihan'nel sam-
ples were taken, from “10 percent” skip .chan-
nels for the widest and most nearly uniform
veins to the “50 percent” skip channels that were
more frequently used. "
(2a) 10 Percent Skip Channel. At e\"cry
units of distance a unit width sample was taken.
(2b) 25 Percent Skip Channel. One fourth
of the channeled material was taken, the por-
tions being of about equal size and spaced nearly

uniformly.

tions.

was all carefully examined with a hand lens and
that which was deemed representative ar'ld aver-
age was taken. This method was apph.ed pag
ticularly to the material in old st.ock Plles an

waste rock dumps, to wide massive d11.<es that
showed no change of character for a considerable

{(2¢) 50 Percent Skip Channel. About half of
the material was taken or alternate equal por-

(8) Selected Average Sample. The material
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distance, and in some reconnaissance work where
lack of time or opportunity precluded the use
of other methods. -

(4) Hand specimens were intended to b;
selected average samples and were usually hz;rll
trimmed to a uniform size of about 3 x 414
inches. )

(5) Grab Sample. Taken on reconnaissance
trips/wherc bulk and weight of the samples ha(:
to be taken into consideration, or when lack of
time or opportunity rendered other methods~ o
sampling impractical. Grab samples‘, not belr'lg
considered at all reliable, are not mcluc'led in
the summary of analyses, nor tabulated with the
results on page 27.

Analyses and Assays
The following arc the elements most generally
tested for and reported spectrographically, thOS(f;
in the right hand column being less often aske

for.

Berylliun Boron
Chromium Lead{
Cobalt Lithium
Copper Mzmngnese
Gold Strontium
Molybhdenum :l‘m
Nickel fungs?en
Silver Vanadium
Zinc

Tables 4 and 5 present the geological and
geographical distribution of samples, together
o . . .
with spectrographic determinations.

Occurrence of Strategic Metals and Minerals
Lake Michigamme Area .
This section is based upon hand-lens work in
the field up to November 18, 1943, and on spec-
trographic determinations c3f 135 sgmples. f
Beryllium is seemingly w1despread in parts.cc;
Marquectte and Baraga Counties, even outsi §
of the Lake Michigamme area. It has been foun
in the following associations, although not neces-
sarily as the mineral beryl': ‘ .
(1) In beryl crystals in feldspar-poor peg

matites and quartz vein-dikes associated. with 3
little feldspar, muscovite, some andalus%te, an

in places molybdenite. These pegmatites are
intrusive into the Michigamme slates and gray-
wackes and are to be correlated with the Superior
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(Killarney or Republic) granite. Beryl crystals
have not yet been found in the Lake Michigam-
me area as large as those in similar veins near
Republic (see page 43), nor does the beryl seem
to be abundant in the portions of the veins ex-
posed. In general the beryllium-bearing veins
are poorly exposed, cutcropping only at inter-
vals in the low parts of the shore and islands in
Lake Michigamme and the edges of valleys in
some of the neighboring hills.

 (2) In the schistose graywacke or slaty wall
rock of the beryllium-bearing veins as deter-
mined spectrographically though no beryl was
noticed in the field.

(3) In granitized quartzite, graywacke, and
slate of Mesnard and Ajibik age, near pegmatite
dikes. No beryl crystals were observed.

(4) Along the sheared edges of uralitic
diabase and other basic dikes (mostly of Clarks-
burg age) that have been intruded and metamor-
phosed by the Superior granite. No beryl crys-
tals were seen in these dikes.

(5) In the matrix of the Clarksburg tuff in
synclinal folds where no pegmatites were visible
and where the small quartz gash-veins present
were entirely barren.

Chromium was found spectrographically only
in thin beds of basic tuff, interbedded with gray-
wacke and slate, where these are cut by veinlets
of quartz and rhombohedral carbonate, near the
axis of a svncline in the Michigamme, on an
island in Lake Michigamme. It was shown in 6
spectrographic analyses. The occurrence gives
no promise of commercial quantities.

Cobalt was noted in only one spectrographic
report and was from a narrow sheared zone along
the edge of a uralitic diabase dike near Beacon
Hill. Nickel and vanadium showed in the same
analysis. The occurrence was unexpected but
of no apparent value or promise.

Copper in insignificant amount was frequent-
ly encountered in veins and along the sheared
edges of basic dikes. It was even rarer than might
have been expected. Disseminated chalcopyrite
was frequently seen but the “richest” exposure
noted was a two-inch vein that might have as-
sayed as much as 8 pounds to the ton. Nothing
approaching commercial ore was seen or is ex-
pected in the area that has been covered in detail.

——

Iron Ore as “limonite,” hematite, and magne.

titc was seen in many places but no detaileq
work was done on it as it was a large problen
in itself and outside the direct scope of the sum.
mer's work. It might be worth noting however
that the boundaries of the iron formations as
usually mapped do not [ully coincide with some
ol the mapping donc this summer. A more thor.
ough mapping of the iron formations may re.
veal additional places to look for ore.
Hard ore. There are likely places between
Champion and Michigamme where further de-
tailed exploration may rcveal commercial ore.
West of Lake Michigamme the iron formation
is probably not buried so deep locally under the
Michigamme formation that it cannot be mined
profitably. One locality was visited at which a
jaspilitic phase of the Negaunee Iron Formation
was exposed at surface intermittently over several
acres. Although this appeared to be near the
axis of an anticline, it was considered likely that
ore might be encountered at moderate depth
cither north or south of the area. The Goodrich
was observed to outcrop at another place south
of the west part of Lake Michigamme. The
Michigamme formation seems to be in compara-
tively gentle folds in a good deal of the territory
west of the lake and is not likely to be nearly as
thick as generally supposed; therefore, it may
be that some soft ore might be found in some
ol the shallower troughs. A fairly rich limonitic
phase of the Bijiki Iron Formation crops out
i a nearly horizontal position and has also been
exposed in several shallow pits west of the south
end of Lake Michigamme.

Several samples of different phases of the iron
formation were taken to the Mineral Dress-
ing Department of the Michigan College of
Mining and Technology. They were examined
and tested to see if they could be beneficiated.
‘The results are discussed on pages 56—59.

Lead was noticed in some of the spectrographic
analyses and in a few veins an insignificant
amount of galena was scen under a hand lens.
In none of the area that was mapped in detajl
was any encouraging amount found.

Manganese was reported spectrographically in
many samples, but none was seen under a hand
lens in the field except in the waste rock dumps
of some of the iron mines where pyrolusite, man-

anite, psilomelane, and rhodochros_ite were
und 1D limited amounts. Manganese 18 usually
1¢ iron formation in small amounts,
mercial quantity would not likely

fo ;
present in

ut any cou . o :
t; found except in pockets in the ore zone which
e

could not be examined in the outcrop.

Molybdenum, occurring in th.e mineral 1r?o’ly'f)-
denite, was seen in se’veral veins and was rcllbO’
reportcd spectrographlcally m mu’ch the ‘Sdln(
occurrence as beryllium, t‘houg}} wlt was some-
times found without berylhum. .I he best shoﬁw-
ing is along the north edge of a wide quartz vein,
northeast of Champion, where the nort}} tllr?c
fect have quite an amount of molybderﬁute dis-
seminated through it and small seg‘rcgatlons arc
also present near the contact. The sout‘hcx;g
edge of this vein was not cxposcd—#al.l that cou
be seen of it was the northern 50 fect in one place
and near the northern edge for abox‘xt 125 feet
westward. The main part of the vein has not
yet been sampled but it is not bclie\'efl Ehat the
molybdenite is as abundant in it as it is along
the northern edge. This occurrence merits fur-
ther investigation.

Nickel was noted in many of the spectro-
graphic reports, although no iﬂckel minerals
were positively identified in the field. What may
be a little pentlandite was seen in some of t.he
shear zones along the edges of basic d1ke§ with
pyrite and chalcopyrite. It was r(:porte.d in tllg
samples showing silver, in some spccnnens‘ot
the veins and wall rock of the beryllium-bearing
veins, and occasionally in the iron formation,
especially the Bijiki, where it was shattered and
veined. No important amounts have been foun.d
nor are expected in the area so far mapped in
detail.

Silver minerals were not noticed in the field,
but silver was reported spectrographically from
two locations. In each case it was from the
sheared edge of basic dikes cutting thoroughly
granitized sediments and in turn cut by nearby
pegmatites, and seeming very close to thrust
fault zones that appeared to be later than the
granite. The occurrence of the silver seems muc'h
like that in the Garden River district in Ontario
east of Sault Ste. Marie. There is no evidence
that the silver in these veins is likely to be com-
mercial. The age of the silver mineralization
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may be the same as in the Copper Country where
the mineralization appears to be closely asso-
ciated with the late (Laramide ?) faulting.

Tin was reported from only two samples. One
was a veined mica schist that appeared to be in
the axis of a synclinal fold in the Michigamme
{ormation, -on an island in Lake Michigamme.
The other was from a highly metamorphosed
garnct-magnctite phase of the N?gaunee Iron
Formation where closely folded, just south of
Champion. Neither occurrence scems 9f much
promise but the locations will be T'CVIS]tE.:d ar}d
re-examined when conditions permit. Tin will
also be watched for more closely in the future.

Vanadium is widespread in very small amounts.
Nonc of the quantitative analyses to date have
shown more than a few hundredths of one per
cent. It occurs in various slates, mica schist, fin.c—
grained graywacke, the iron formations, and in
the basic dikes. It is hoped that cnough. may
somewhere be found in the iron ore bodies to
permit of its extraction as a profitable by-
product.

Zinc has not yet been found in the Lake
Michigamme arca in quantities sufficient to even
show in a hand specimen. It has been reported
spectrographically from very few pl.z.i.ce.s, the most
interesting perhaps being in the Bijiki Iron For-
mation from the Marine Mine pit, north of
Champion.

Andalusite occurs in groups of crystals 1 x 3
inches and in rough prisms commonly two or
more inches in diameter and has been seen as
Jarge as 6 x 12 inches. It is fou'nd .in feldspar-
poor pegmatites and quartz v.em-dlke‘s of Su-
perior (Killarney or Republic granite) age.
These veins usually run about east and west
and generally dip quite steeply. Some l?eryl is
found in the same veins, and some apatite a1§0
in greenish crystals as much as 1 x 3 in(fhes n
size. Some of these andalusite-bearing veins are
quite wide, but the andalusite is seldom in zones
more than two or three feet wide in the veins,
and may be along one wall or near the middl’e.
It is also in coarsely crystalline silicate zones in
the wall rock, and in silicate zones from a few
inches to three feet wide. roughly paralleling
the strike and cleavage of the schist. Some nar-
row silicate zones pass into veins when followed
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along the strike. The andalusite in these veins
and silicate zones is commonly a pale lilac color
and quite fresh. Some is rather reddish and is
so fresh that the cleavage faces, though notably
less perfect than those in feldspar, make it ap-
pear quite like the feldspar in the same pegma-
tites. Smaller andalusite, in many places quite
badly altered, has been found in graywacke and
quartzitc of Mesnard and especially Ajibik age
where metamorphism has been quite intense.
The andalusite veins, like the beryllium-bearing
veins, are not well exposed and much more work
remains to be done in locating and examining
them. Tt is hoped that some of the andalusite
may be commercially exploited.

Chlorite, especially “Aphrosiderite,” occurs
quite extensively in and along the edges of some
of the large Clarksburg basic dikes, notably
where they cut the iron formation and are great-
ly metamorphosed (probably by the nearby
Superior granite). One or more companies
making composition roofing have been interested
in this material which seems quite abundant.
‘The difficulty in using it appears to be due to
inability to separate the hard garnet dodecahed-
rons {from their matrix of chlorite. The material
is difficult to crush—even where the garnets
scem to be lacking, enough are in the rock to
wreek rolls and other crushing equipment.

Feldspar of commercial quality has not yet
been found in the Lake Michigamme area
though a few of the pegmatites give promise,
especially some in the granitic hills north of
Champion and Lake Michigamme.

Garnet, as mentioned under chlorite, may be
more of a liability than an asset though some-
onc¢ may figure out a use for the rather fresh
garnets that occur in dodecahedrons that are
2 to 3 inches and some 4 inches across the flats.
Also fresh red trapezohedrons and dodecahed-
rons of garnet an inch or so in diameter are com-
mon in belts several feet wide or thick in several
of the formations near the iron formation and
in the iron formation itself. In some of these
zones the garnet seems to make up as much as
50 percent of the rock by volume.

Graphite is abundant at many places in the
various slates of the iron formation, from the
slate below the main iron formation to the slate

above the upper one. It is also with grunerite :
and magnetite in some of the highly metamor. |

phosed phases of the iron formation, especially
the upper phase. Although the graphite is the
main constituent in many of the slates, it is in 3
very finely divided state approximating what js
known to the trade as “amorphous” graphite,
It was formerly mined by open cut near the
southeast corner of Sec. 9, T49N, R33W in
Baraga County and treated in a plant at L.’Anse,

Several other localities having graphite of similar |
quality and probably equal abundance are now

more readily accessible elsewhere, especially near
Champion.

Muscovite and sericite are common; the mus-
covite is in plates commonly less than 14 inch
in diameter and not likely to be commercial ex-
cept in a few pegmatites north of the middle of
township 48 north where it is hoped to find not
only commercial mica but also feldspar.

Beds of quite pure muscovite or sericite have
been developed in some phases of the slates in-
terbedded with the Goodrich in places. Some of
these beds are over 90 percent pure muscovite.
Their extent is not yet known but it is hoped
that future work may prove them of value.

A sample submitted to the U. S. Bureau of
Mines was found to consist essentially of mus-
covite with which are associated minor amounts
of rutile and feldspar. Wet ground to —325
mesh, this material is being investigated as a
possible paint extender.

Quartz i3, of course, common in veins, and is
the most abundant gangue mineral in the dis-
trict.  Most of the veins are too small to be
worked but it is hoped that some of the wider
ones, such as the 50-foot wide vein northeast of
Champion that has molybdenite along its edge,
may be of commercial use. Practically all
quartzites in the district are cither originally
too impure or have been too thoroughly granit-
ized to be of any use for the production of silica.

No quartz crystals of commercial grade have
been noted.

Staurolite is found in certain zones in the
Michigamme graywacke in crystals (usually X-
twinned) more than an inch in length, but no
osity, is known at present.
usc for them, other than as an interesting curi-

By V. L.

Abstract

The Republic Trough is a northwest-trending
ncline of Middle and Upper Huronian sedi-

§ 4 .
xeentS outside of which is a crystalline complex
consisting mostly of porphyritic granite and

greenstones. The older literature assignec.i the

anite to the Archean but more recently it has
peen called post-Huronian by Lamey and post-
Lower, pre-Middle Huronian by I.)IC].(Q)'.. The
writer presents further evidence mdlcatxve.(?f
pOSt-Huronizm age, considering the porphyritic
granite as a replacement of older granites and
sediments which had become highly plastic but

not molten.

Geology and Petrography

United States Geological Survey Monograph
98, published in 1897, contains in 'addition to a
bibliography of previous geological work, a
chapter by H. L. Smyth on the geology of th‘e
Republic District. The crystalline complex is
considered as a basement upon which the Hu-
ronian sediments were laid down.* Herein use
is made of Smyth’s localities and additional lo-
calities are described.

Lamey in 1933** suggested the name “Repub-
lic Grax/lite” for the “Southern Complex” of
Archean connotation because he considered it
post-Huronian.

Dickey*** in 1938 proposed to substitute “Ford
River” for “Republic” for the “g’ranite-porphy}ry"
which he thought to be post-Lower Huronian
and pre-Middle Huronian.

In presenting new evidence for the post-
Huronian age of the porphyritic granite, this
section of Progress Report No. 10 will first take
up the sediments in stratigraphic order as found
in the Republic district. It will then pass on to
the basic intrusives and the granites nearby, then

* i .R., and Bayley, W.S., The Marqustte
Il’O}Xg:a}rIilsg (]))ils{t’rict of 5{\Ji}c’l'xig,rzm: United States
Geological Survey Monograph 28, p. 526, 1807.

** Tamey, Carl A., The Intrusive Relations of the
Republic Granite: Journal of Geology, volume XLi,
pp;*%‘ggicg(?s,’ 111933;1, The Ford River Granite of the
Southern Complex of Upper Michigan: {ourﬂal of
Geology, volume XLVI, pp. 321—335, 1938.
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to the Ford River rocks, and to a summary of
conclusions. Appended are comments on the
pegmatitic minerals associated with  the late
granite. .
The sedimentary column for the Republic
trough is:
Upper Huronian .
Michiganine slate and graywacke, including
at least one zone of iron formation (Green-
wood or Bijiki) '
Goodrich quartzite and conglomerate, 1n-
cluding a detrital hard ore zone at the
base
Unconformity
Middle Huronian
Negaunee Iron Formation
Ajibik quartzite and conglomerate

SEDIMENTARY ROCKS
Ajibik

The oldest of the sedimentary rocks not meta-
morphosed beyond recognition is the Ajibik at
the base of the Middle Huronian—a quartzite
and conglomerate grading in part into. mica
schist. Seven or eight localities are shown in the
atlas which accompanics Smyth’s report.

Smyth states, regarding the relationship to the
underlying crystalline rocks, “In only one known
locality in which it is found to rest in direct con-
tact upon the Archean does it appear as a coarse
conglomerate made up of rccogmzabl'e frag-
ments derived from the underlying granite and
crystalline schists.”* This locality is in the east-
ern part of the NW 1/4 of the NE 1/4 of Sec. 18',
T46N, R29W. This is reviewed in great detail
by Lamey** who claims that the pebbles ar}d
boulders are not of granite since they contain
no fcldspar, and that the matrix is not arko.sic
but “is actually cut by dike-like intrusions which
have emanated from some larger granite mass,
apparently the granite associated with the con-
glomerate,” which he considers post-Huronian.

* United States Geological Survey Monograph 28,

. 528, 1897, : .
P Lamey, Carl A, Republic Granite or Basement

Complex?: Journal of Geology, volume XLV, pp.
494—499, 1937.
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Additional proof of the replacement rather than
the unconformable nature of the contact between
the granitc and the Ajibik conglomerate was
found by the writer in an outcrop 1,400 feet
farther cast-northcastward along the “tectonic
front.” (Sec Plate 3) Here a plaster of con-
Jomeratic vitreous quartzite shows gradation
southward within a single bed to a granite-like
rock. A short distance farther southward the

rphyritic granite crops out. The quartzite is
considered  Ajibik (basal Middle Huronian)

(Negaunce) is a considerable interval occupied
by banded gneisses and mica schists, which cer-
tainly include part of the horizon of the lower
quartzite. . . . Some of the gneisses and schists
have cvidently been derived in place from the
granite through shearing parallel to the contact;
others seem clearly to be metamorphosed sedi-
ments in which it is possible to detect here and
there traces of the large quartz pebbles. But
between them there is a considerable interval
of somewhat similar gneisses and schists the
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rather than Mesnard (basal Lower Huronian)
because considerable interbanded chert and
grunerite are in the quartzite and mica schist
along the tectonic front farther east-northeast-
ward in Sec. 8, T46N, R29W. The outcrops are
outside the Ajibik margin as mapped by Smyth,
and they are scparated by a marsh from the less
metamorphosed Ajibik and Negaunee to the
northwest.

Another “contact” mentioned by Smyth is in
Sec. 20, T47N, R30W, (erroncously printed sec-
tion “7”) a short distance south of the Magnetic
Mine and on the nose of the anticline west of
the Republic Trough. He states, “Between the
undoubted granite and the iron-bearing member

origin of which is wholly indeterminate. The
facts here are quite in harmony with the view
that the contact is an erosion contact, although
they do not give it direct support.” In the view
of the writer, the “erosion contact” has been
modified by a soda and by a potash flood. Some
of the schists are made up of quartz, sodic
plagiociase, and muscovite in a f{laser-like pat-
tern suggestive of original quartz pebbles. The
introduction of quartz stringers and microcline-
perthite into parts of this schist make it resemble
a granite.

With the kind permission of the Ford Motor
Company the Ajibik was examined in drill cores
from the Riverside Mine (NE 1/4 of the NW
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1/4 of Sec. 35, T47N, R30W) along the north-
east side of the Republic Trough. It consists of
mica schist, quartz-mica schist, and quartzite.
The drill hole bottomed in “granite” but this
was found to be a partial replacement of the
quartzite by early sericite and later microcline.

Diamond drill records were also made avail-
able through the courtesy of the Oliver Iron
Mining Company. These show in the vicinity
of the Magnetic Mine 300 to 500 feet of vitreous,
sheared or schistose quartzite and mica schist
occupying the position of the Ajibik. At the
contact, both the granite and the quartzite show
shearing and quartz veining.

In the SE 1/4 of Sec. 27, T47N, R30W, drill
holes were put down through both limbs of the
syncline. On the southwest limb, 14 feet of
“sheared granite or sheared quartzite” separate
the granite from the overlying quartzite, of prob-
able Goodrich age. On the northeast limb, across
the Michigamme River, 214 feet of Ajibik sep-
arate iron formation from the underlying granite,
the uppermost 5 feet of which is referred to as
“recomposed” granite. “Granitization of sedi-
ments” had not been recognized in the district
in 1911 and so was not mentioned in the logs;
nevertheess the granite contact is suggestive of
such an interpretation.

Negaunee

Above the Ajibik is the Middle Huronian
Negaunee Iron Formation. (See map, Figure 1)
The lower part consists of grunerite and/or
quartz and/or magnetite, and the upper part of
jasper and hematite and /or magnetite. The up-
per part (jaspilite) is present only near the nose
of the syncline at Republic. The presence of
gruncrite instead of original siderite is now gen-
erally accepted as proof of thermal metamor-
phism, and this mineral characterizes the lower
Negaunee along the entire contact with the Re-
public granite. (See Plate 3) Garnet is also
abundant in the Negaunee but only in the im-
mediate vicinity of basic intrusives.

The transition from Ajibik to Negaunee is
through admixture of the two types, without
the slate which is found in part of the Marquette
basin.

As yet it has not been possible to locate the
drill cores taken from either side of the Standard

T
Mine in Sec. 34, T46N, R29W, along the south.
west limb. The logs suggest, however, that
neither Ajibik nor Negaunee extends as far from
the mine as would be indicated by Smyth’s map,
and that instead younger Goodrich rocks abuy
against the granite.

Additional outcrops of Negaunee, outside the
boundaries of Smyth’s map, call for some mod;.
fication of the simple synclinal structure:

On the peninsula in Milwaukee Lake about
1,000 feet north of the south 1/4 post of Sec. 8,
T46N, R29W, are several small shafts in lean
iron ore. Iron formation and vein quartz with
gold were also reported from drill holes in the
swamp to the west. These indications point to
an extension of the tectonic front referred to
above, and to a fringe of Negaunee along the
front. The Milwaukee Lake pits are a quarter
mile cast of the syncline and inside the granite
boundaries of Smyth’s map.

At the Suneson gold prospect farther west-
southwest and about 750 fect from the corner
of section 8, a gruncrite schist presumably rep-
resents metamorphosed Negaunee. It is adjacent
to the quartzite and quartz-mica schists referred
to under Ajibik. Vein quartz, pegmatite, and
an incipient porphyritic granite are also en-
countered at the prospect.

Another outcrop lies to the west of the main
syncline, about 400 feet north of the southwest
corner of section 7. It is a west-of-north-plunging
anticline in highly metamorphosed gruneritic
sediments. Its relationships are uncertain since
a granite knob 300 fect in diameter lies between
it and the Negaunee of the West Republic Mine
to the northeast. It possibly has a connection
with another outcrop 1,700 feet to the west of
north, where iron-bearing sediments seem to
have been cntangled in a basic eruptive. Nine
hundred feet heyond this in Smyth’s “Archean”
is still another outcrop of undoubted sediments
entangled in the eruptive.

All these outcrops are explained more easily
by a replacement than by a basement relation-
ship of the granite.

Goodrich
Unconformable above the Negaunee is the
Goodrich conglomerate and quartzite of the Up-
per Huronian. In the vicinity of Republic it is
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massive vitreous quartzite and overlying quartz-
;anica schist, with a detrital hard oTe zone at the
pase. A drill record, kindly furnished by The
cleveland-Cliffs Iron Company,. shows at one
Jace 224 feet of vitreous quartzite and 144 feet
of mica schist above the ore level, and 800 fef:t
along the strike the quartzite has. Iensed out in
favor of schists and basic intrusives. It would
seem more than coincidence th‘at the h.ard ore
zone is present only where.it 1s over]am. by a
couple of hundred fect of vitreous quartzite.
Bijiki
Above the Goodrich comes the Michigamme
slate with at least one iron-rich zone nfz‘e}r'the
base, the probable equivalent of the px]xkl or
the Greenwood of the Marquette basin. It is
40 to 80 feet in thickness. It crops out about
120 feet northeast of the southwest corner of
Sec. 6, T46N, R29W, and at intervals for a cou-
ple of thousand feet along the strike nor.thwest-
ward, on the northeast limb of the syncline. .It
consists of quartz, grunerite, and garnet, w%th
layers highly folded and contorted, afld with
vertical plunge. It is about 650 feet horizontally
from the base of the Goodrich (the beds are
practically vertical) but this figure include.t's.z%
120-foot basic sill about 60 feet below the Bijiki
horizon.
Michigamme
The youngest formation of the syncline is the
Michigamme slate and graywacke, in part very
schistose. Outcrops are rare. Banded slate and
black phyllite parallel the Bijiki for 1,000 feet
along its southwest (upper) side. The fxorth-
west end of the syncline flares out in this for-
mation.
CRYSTALLINE ROCKS
Basic Intrusives
Intrusive into all the sediments are altered

basic eruptives. They correspond to wh.at Bucher
calls “ophiolites”*—greenstones of van.able com-
position and altered largely to amphibole and
saussurite due to dynamic metamorphism. They
have a world-wide association with geosynclines
and radiolarian cherts (compare the chert of the
Negaunce Iron Formation). Near the granite,

H ?

* Bucher, W. H., The Deformation of the Earth’s

mest‘;1 Pri,nceton University Press, pp. 268--269,
1933.

as at the Suneson prospect, Sec. 8, T46N, R20W,
they may be altered to biotite and garnet by
thermal metamorphic action. Aplitic phases are
not uncommon and occasionally a little micro-
cline is to be found in pegmatitic facies.

As shown by Brooks in 1869* the Negaunee
Iron Formation along the northeast side of Re-
public Mountain is divided into four se'ction.,s
by sill-like “diorites.” In general the writer is
in agreement with Brooks, although th_e sills do
not wrap completely around the syncline as he
shows; nor is their continuation northward across
the Michigamme River the same as show.n on
his map. A fourth basic intrusive not mentioned
by Brooks is the “soapstone” found il'.l the hang-
ing wall of parts of the Republic Mine, and‘ in
places extending down into the top of the jas-
pilite (IF-4). Reference to map, Plate 3, shows:

Di-4 Soapstone

1F-4 Jaspilite, 350 feet, tapering to northwest-
ward

Di-3 Diorite, 240 feet where nearest vertical

IF-8 80 feet magnetite and quartz, minor
hematite and grunerite

Di-2 250 feet, tapering to northwestward

1F-2 45 feet, grunerite, quartz, magnetite

Di-1 160 feet .

IF-1 180 feet, grunerite, quartz, magnetite

Beyond the Kloman Mine to the northv.vest,. 1F4
is split into three parts by the wedging in of
other diorites, and in addition there is the one
well up in the Goodrich. IF-4 just nort}‘l of the
river is cut obliquely by one of the diorites.

For the southwest limb of the syncline, com-
plete data are unavailable as yet. One 225-foot
sill in the Goodrich can be traced for at least
2,200 feet northwest of Smith’s Bay. Farther
northwest the position of the Middle Huroni.an
rocks is occupied by similar basic eruptives w%th
similar trend, and they are cut by granite with
porphyritic bands. These basic eruptives‘ are
probably of the same age as the more definite
ophiolites.

Presumably the ophiolites were intruded near
the end of Michigamme time, while the geosyn-
cline was most deeply buried, and before its up-

j i Re-
* Brooks, Major T. B., Atlas Accompanying
portsron Upper Penins{lla: Geological Survey of
Michigan, 1869-—1873.
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lift had started. Whether some of the green-
stones of the area represent Keewatin, Timis-
kaming, or early Middle Huronian, cannot be
stated at this time. But it can at least be asserted
that there were even younger basic eruptives.
One type which will be mentioned later as cut-
ting the porphyritic granite is also amphiboli-

tized. Another can be designated as porphyrite,
It cuts the porphyritic granite in two areas—
near the north 1/4 of Sec. 19, T46N, R29W, and
in the northeast corner of Sec. 29, T47N, R29w
and adjacent sections. The youngest basic dikes’
are [resh diabases generally with a trend north
of east.

PEGMATITE KNOB
Republic, Mich.

V. L.Ayres, 1941
N
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Figure 2

Geological Map, Pegmatite Knob

P

Granites
gxamrLE No. 1

The first exposure to be considered is located
-ust north of the limits of Republic village, about
a hundred yards to the east of the old State high-
way, now No. 601. It is a bare rock knob and,
a5 viewed from the south, is notable for the large
qumber of parallel pegmatites dipping generally
westward. Figure 2 is a map of the flatter part
of the knob, showing the pegmatite and joint
patterns.

The main rock is a porphyritic granite, light
gray in color and weathering pink. Quartz runs
95 to 30 percent. Biotite runs 5 to 10 percent,
mostly as webs marking the schistosity, but also
as scattered half-inch orbs with garnet. The re-
mainder is silicic feldspar, subhedral for the most
part, but containing perhaps 15 percent of thin
microcline phenocrysts. These show strong pref-
erential orientation to N65°W with a minor
maximum to Nb0°W. Platy parallelism, brought
out by the biotite and the feldspars, strikes
N65°W and dips 80° to 85° southward. Linea-
tion in this plane pitches 50° southeastward—
shown primarily by the phenocrysts and second-
arily by slickensides along the south margin of
the outcrop. A 20-inch belt near the south con-
tains the biotite-garnet orbs to the near exclusion
of phenocrysts.

The pegmatites consist of coarse quartz, micro-
cline and biotite and have sharp contacts with
the granite. 'The oldest ones strike N10°E and
dip 40° west-northwestward, thus corresponding
to the carly crossjoints of a crusted pluton®
with the stretch direction plunging 50° south-
eastward like the phenocrysts. Vertical longitudi-
nal joints arc plentiful and rarely contain peg-
matites but some of them offset the earlier cross-
dikes. In such cases the direction of movement
is such as would result if the south-southwest
side hung back. This south-southwestward
side is that which would be attached to the less
heated sediments. Pegmatites also occupy several
diagonal joints and these offset the cross-joints
to produce elongation in the direction of stretch.

Whatever the condition of the porphyritic
granite itsclf—and that would seem to have been

* Balk, R., Structural Behavior of Igneous Rocks:
(teological Society of Am., Memeir 5, p. 27, 1937.
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plastic rather than molten—the pegmatitic joints
behaved like part of a stretching crust over
molten (or perhaps merely plastic) magma.

Along the northeast flank of this knob are
several even-grained layers of granite with quartz
and silicic plagioclase as essentials, muscovite
and biotite as auxiliaries, and with slight altera-
tion to the secondaries, sericite and calcite.
Minute scattered grains of microcline and fluo-
rite would indicate a start in the replacement
process. The orbs of biotite-garnet found in
other layers would also point toward inhomo-
geneity of the replaced material. Farther east
the source of the biotite-garnet is to be seen in a
“stew” made up of contorted greenstones oOr
ophiolites in the finer grained porphyritic gran-
ite. The dark schlieren are tens of feet in length
and, of course, are elongated in the direction of
stretch. Although they are slit apart and bent,
it is inconceivable that the basic xenoliths be-
came actually molten; in fact it is questionable
whether the lower-temperature granite itself was
was most intense, the greenstones were changed
into biotite-garnet-feldspar rock.

From the outcrop just discussed an intermit-
tent belt, 200 yards wide, extends for a mile and
a half along the strike southeastward. It consists
of porphyritic and non-porphyritic granites and
basic schlieren. In the other direction the belt
bends to the westnorthwest and passes the
Riverside Mine (NW 1/4 of Sec. 35, T47N,
R30W) where it granitizes the Ajibik quartzite.

ExamprLE No. 2

The next area to be discussed is in the north-
cast corner of section 7, at the east end of Re-
public village, and 275 yards closer to the syn-
cline than the belt just described. Figure 3 is a
map of the outcrops. The porphyritic granite
forms a belt along the southeast side, 80 feet in
width, from which gently dipping tongues ex-
tend upward into the adjacent older granite to
the northwest. Since they are thin and most of
the contacts are gradational, their boundaries
are largely a matter of personal opinion. The
unmistakably older granite gneiss trends N40°E
with a dip nearly vertical northwestward. Upon
it has been imposed a flow cleavage with a gen-
eral northwestward trend and a few augen feld-
spars by a different orogeny—the one which
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Figure 3

Geological Map, NE corner Sec. 7, T46N, R29W
(Note: Range and Township transposed in error in title)

lined up the feldspars in the porphyritic granite.
The granite gneiss succambed partially to the
new stresses but did not change sufficiently to
obliterate the bands and other shapes assumed
by the alaskite-type granite whose injection had
produced the gneiss.

The basic dike shown on the map lies between
the two granites in age, for thin seams of the
younger granite are found in the joints where
tongues of porphyritic granite extend across the
dike. It differs from the ophiolites only in
direction.

The youngest dikes are cross-pegmatites simi-
lar to those from the first locality. Coarse micro-
cline, quartz, and muscovite form their substance
but a couple of samples of columbite were also
found. A vein of barren quartz extends along
the length of one. Older pegmatites, whose re-
lationship is not clear, trend northwestward.

Another place where the product of the older
orogeny is mixed with newer granitization is
half a mile southeastward, north of Milwaukee
Lake. Bands of granite, granite gneiss, and
dioritic schist trend northeastward. Broken
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plocks of these rocks are separated by porphyritic

anite, the phenocrysts showing rude parallel-
sm regardless of any interference from the
blocks.

ExaMpPLE No. 3

The progressive change in the size of feldspars
in the porphyritic granite is well shown along
county road “FC” in the northwest corner of
Sec. 33, T47N, R29W, two miles northeast of
Republic. In a distance of 150 feet along the
roadway the rock changes from a sharply banded
microgranite with orthoclase to a porphyritic

anite and abundant microcline as wide as 114
inches. The gradation is marked by increasing
pumber, size, and idiomorphism of the micro-
cline crystals and by the grain size of the other
constituents. Certain intermediate stages could
be called augen gneiss. The strike is west-north-
westward and the very coarse porphyritic granite
can be traced for a mile in that direction.

Two dioritic intrusives (grecnstones) are also
present, one older and one younger than the
phenocryst rock. Both are dynamically altered;
the older one is more schistose.

The examples given typify the porphyritic
granite for its four-mile-wide extent along the
old State highway, now No. 601. Next the sec-
tion along the new road M-95, north from Re-
public, will be considered.

ExamrLE No. 4

Non-porphyritic in the village, the granite
along Michigan highway M-95 northward first
becomes augened, then takes on more pheno-
crysts, but not for over a mile can it be called a
true porphyritic granite. The dip which had
been steep northeastward then becomes 60° to
75° southwestward with a strike about north-
westward. Phenocrysts are progressively larger
for about 3,300 feet, where 2 x 3 inch sizes are
common. The strike here is N75°W and the
dip 40° southward. These directions hold for
half a mile, then the dip steepens and there are
as many structural planes dipping northward
as southward. In the final mile porphyrite and
greenstone have confused the pattern of the por-
phyritic granite but it retains its large stout
phenocrysts. The total width of four miles has
without doubt been increased by faulting.

ExampLE No. b

Passing across the syncline of sediments, the
porphyritic granite on the southwest side was
next examined. The belts have a north-north-
westward strike and a dip which at first is steep
eastward but further along tends to flatten. In
this northeast quarter of the near-oval or dome,
less than half the rock is porphyritic granite, the
rest being granite, diorite, mixed types, gneiss,
ophiolites, etc. In Secs. 27 and 35, T47N, R30W,
a granite seems to abut against the Goodrich
and the relations have not becen unraveled. It
would seem that this is the granite that intruded
the ophiolites, which in turn had absorbed the
iron formation. If so, all of the post-Huronian
granite is not porphyritic; if not, nothing has
been detracted from the view of the age of the
porphyritic granite.

Across the river from the West Republic Mine
(200 to 400 feet) is a knob of older granite cut
by an ophiolite. Fifty feet northwest of the knob
the granite is porphyritic instead. The new
was probably formed by partial replacement of
the old. The abrupt change from iron ore to
old granite will be mentioned again under
“faults.”

Examrre No. 6

One example has been chosen from the Gwinn
district about 30 miles east-southeast of Repub-
lic. The area is shown on a map by R. C. Allen,
Figure 9 of Mich. Geological & Biological Sur-
vey Publication 18, Geological Series 15, “Con-
tributions to pre-Cambrian Geology.” In the
west part of Sec. 19, T45N, R25W, at_the north
end of a belt of Ajibik (?) arkose, the rock has
been subjected to flow cleavage marked by mica
films 1/16 inch apart and trending N67°E with
a 65° southeast dip. At the north end are scat-
tered feldspar metacrysts 3/8 to 1 inch long, with
a Nb0°W trend—an incipient porphyritic gran-
itization. The outcrop is in line with a N25°W
streak in coarse porphyritic granite with strong
parallelism, but half a mile of drift cover pre-
vents tracing the intermediate stages. Pegmatite
veins of quartz, with or without feldspar crys-
tals, are frequent in the neighborhood of the
metacrysts. The flow cleavage is older than the
coarse feldspar; this is shown also 3 miles north-
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westward, at the Escanaba River crossing, where
flow cleavage in granite strikes N70°E without
cutting large idiomorphic feldspars of quite
haphazard disposition.

At this point it is well to suggest that the
arkose is probably Lower-Huronian Mesnard
instead of Middle-Huronian Ajibik, because
Lower-Huronian dolomite was found to crop
out along the new roadway east of the iron for-
mation at Princeton. The flow-cleavage of the
arkose may thus be ascribed to a pre-Ajibik
orogeny, with the porphyritic granitization much
later.

Structural Directions

A comparison of the structural directions in
the Republic syncline and the areas of por-
phyritic granite on either side is next considered.
In order to the southwest they are:

Strike Elongation axis

WNW 50° to ESE
Nw 40° to NW

NNW ? to SSE

The primary elongation of the plastic granites
would appear to be upward from the general
southeastward; the syncline would also have this
as a direction of secondary elongation but the
pitch of the minor folds and the stretching of
pebbles, etc. would be downward in the opposite
direction, at right angles to the plunge of the
primary elongation. (See Figures 4a and b)) Al
though the axes are not exactly parallel, the
connection seems definite; the trough of sedi-
ments is over a mile wide at the nose, but 3 miles
northwestward it is only half a mile wide. This
cool, converging block would act as a more rigid
septum and impress its boundaries on the more
plastic material on either side. The formation
of the syncline was post-Michigamme, after the
geosyncline had started rising. Not before that
time could a permanent set to the plastics exist.
Therefore the porphyritic granite is post-
Michigamme.

Considering the general direction of compres-
sion (northeast-southwestwafd) for the syncline,
what can be expected at the granite contact
southeast of the nose? No septum was here to
interfere and a contemporaenous orogeny would
leave the same strike to the planes of the plastic

rock as 1t would to the axial plane of the Syn.
cline—northwestward. Actually the phenocryg,
are in two main directions: 10° on either side
of N45°W. The planar direction in the Phenge.
crysts and its perpendicularity with the uncon.
formity at the base of the Ajibik, then, are not
at all disturbing factors from the viewpoint of
replacement,

Ford River Granite near Floodwood

In 1938, Dickey recognized a granitic intry. |

sion, unconformably below the Ajibik, which
had incorporated quartzite in various stages of
sericitization and granitization. To this post-
Lower- pre-Middle-Huronian granite he gave
the name Ford River.* It is in Secs. 19, 20, and
31, T44N, R29W, in Dickinson County.

In the opinion of the writer, two phases of
granite are present, an older even-grained, and
a newer porphyritic. As around Republic, the
porphyritic granite is merely a local replacement
of older rock. The porphyritic granite is quite
abundant in the north part of the area, but does
not itself reach the unconformity. It is the older
granite which contains the partly altered quartz-
ite blocks and “ghosts.” It also has certain seams
reddened by the newer granite.

In the southern part of the Ford River district,
non-porphyritic granite and pegmatite predomi-
nate. At the beaver house a very small area of
porphyritic granite seems to have crowded aside
a dioritic rock. Elsewhere in the vicinity the
heterogeneity of the granite suggests that it was
transformed from quartzite. The Ajibik has a
relatively smooth 45° westward dip. Beneath
and touching the Ajibik are the various types
of granite (but not the porphyritic), the peg-
matites, and the tight synclines of less altered
quartzite, probably Lower-Huronian Mesnard.

It is in the central part of the area, however,
that the best proof is found for considering the
porphyritic granite younger than the tuncon-
formity. Dickey** admits that the Ajibik has been
thermally metamorphosed, especially the gru-
neritic bed, but he does not mention that all

* Dickey, R. M., The Ford River Granite of the
Southern Complex of Upper Michigan: Journal of
Geology, vol. XLVI, p. 329, 1938.

** Op. cit., p. 330.
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gradations between the Ajibik quartzite and
‘;‘)o:p.hyritic granite can be found. At his locality

E' is a ?(H.oot wide, cast-west graben, capped
with Ajibik in various types of assimilation, and
coptaining fragments of Lower-Huronian dolo-
mite. At the crest this is altered to biotite,
quartz and calcite, with microcline metacrysts.
Without the dolomite the transformation is apt
to be to granite, through the stage of sericite
with scattered microcline metacrysts. The ridge
northeastward from the graben is porphyritic
gr.anite: the west face of the hill is older granite
with quartzite “ghosts” which show alox;g red-
d}fned cracks a more advanced alteration, All
these would indicate that the porphyritic granite
is younger than the Ajibik-fo)gal?n(;c.mc srame

The name “Ford River” as uscd by Dickey is
app.ropriatc for the post-Lower- pre-Middle-Hu-
ronian granite, providing the porphyritic phase
is Cx'cluded from its definition. The porphyritic
granite belongs with the Republic,* which is
post-Upper Huronian.

Other Granites

Where a granite dike terminates in greenstone
(perhaps ophiolite) it has a special phase—
fragments of silicic feldspar crystals are embed-
fied in quartz. Examples occur in Secs. 34 and $5,
T47N, R30W, southeast of the Standard Mine,
and as far away as the northernmost outcrop
along the new Highway M-95.

As' mentioned previously, a belt of porphyritic
granite, 4 miles wide, lies to the north of Re-
public. Farther north along County Road No.
601 is a lens of non-porphyritic material which
§h?ws lineal but no planar directions. In places
it 1s nearly white but contains a small percentage
f)f biotite in addition to quartz and feldspar. It
is probably part of the post-Huronian unit.

Still farther north and just south of the sedi-
ments of the Marquette Trough, gneissic rocks
are found. ‘They are not typical porphyritic
granite although they have assimilated Ajibik
quartzite. Some of the rocks are mapped in de-
tail in another part of this report.

Faults near Republic

'Along the southwest edge of Republic Moun-
tamn, a tongue of Negaunee jaspilite is repeated

* Included in “Superior” by Seaman, Table 1.

by longitudinal faulting above the Goodrich
contact.* This fault appears to pass northwest.
ward across Kloman peninsula at the top of Di4
(Sce map, Plate 3) In the opposite direction i;
extends about S30°E across the nosing sediments
to the granite. Drag is well shown along the

north line of section 18, 400 feet west of the
northeast corner.

On the other limb of the syncline, north-north.
west faulting seems just as certain but its position
is less definite. In attempting to trace the fault
a start can be made in the north central part
ol scction 18 where the granite seems to descend
to lower altitudes southwestward by step faults
No further outcrops occur along the southwes£
side until the granite knob is reached on the
wost side of the river, near the West Republic
Mine. From here to the north-northwest, sedi-
ments, mostly Goodrich, and ophiolites are on
the syncline side: old and new granites, dioritic
rock, and enclosed iron formation lie to the
southwest. A tentative fault trace has been
placed on the map, Plate 3.

’ The tectonic front, so often referred to, con-
sists of one or more faults separating the por-
phyritic granite from the syncline to the north-
west. However, the pattern is rather indefinite.

Summary of Conclusions

Fhat the porphyritic granite is post-Huronian,
and_ not Archean or post-Lower, pre-Middle Hu-
ronian, seems born out by the following new
data:

Ajibik in at least two localities was found to
be granitized.

‘The Negaunce in one place is intermixed with
the granite.

. At two places, Negaunce was caught in ophio-
lites which are themselves older than the por-
phyritic granite.

The porphyritic granite has internal structures
corresponding to those impressed upon Middle
and Upper Huronian sediments.

Structures of this set have been implanted

secondarily upon a granite which had an alto-
gether different set.

*Van Hise, C. R., and Bayle

, C. R, v, W. S,, Th -
quette Iron-B?armg Distriet of ’Michigan: %rlgg;d
States Geological Survey Monograph 28, Plate 34.
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A flow cleavage in arkose has been partially
obliterated by introduction of metacrysts of
feldspar in an incipient granitization.

The Ford River granite which has assimilated
Lower Huronian, without affecting the Middle
Huronian, is non-porphyritic.

The Republic granite which has metamor-
phosed the Ajibik is porphyritic.

Ophiolites which intersect Upper Huronian
sediments seem to be older than the porphyritic
granite.

Other Recent Opinions

Tyler and Marsden et al. in 1940 presented
considerable data on the heavy mineral suites of
the granites and other rocks of this district. They
reached the conclusion that there are four
granitic intrusions, two of which, the youngest
and the oldest, can be distinguished by the na-
ture of their zircons. The youngest, Keweenawan,
is not represented at Republic. The oldest, part
of the Laurentian, may be. ‘The others, late
Huronian and pre-Huronian (part of Lauren-
tian), cannot be differentiated by their zircon

(mnalacon) , although they can thus be distin-
guished from the early Laurentian and the Ke-
weenawan. The authors cited admit the pos-
sibility of a post-Lower, pre-Middle Huronian
granite in the Gogebic Range, and of the post-
Huronian, pre-Keweenawan age of the Republic
granite, but do not restrict the two malacon
granites to these two ages.

The porphyritic (Republic) granite is of the
malacon type, and there are also even-grained
granites of this type.

In the granitic debris of basal conglomerates,
two of the types of zircons were found, but no
specific reference is made to the porphyritic
granite as occurring in such boulders. The total
absence of true porphyritic granite in Huronian
conglomerates was brought to the writer's atten-
tion by the late A. E. Seaman fifteen years ago.
This is strong evidence for the post-Huronian
age of the porphyritic type.

Spectrographic work on  the granites and
mixed rocks to determine any systematic varia-

* Tyler, S. A., Marsden, R. W., Grout, F. F,, and
Thiel, G. A., Studies of the Lake Superior Pre-
Cambrian by Accessory-mineral Methods: Geological
Society of America, Bulletin, volume 51, pp. 1429—
1538, 1940.

tion of minor elements is now under way at the
Michigan College of Mining and Technology;
the results will be presented elsewhere.

Occurrence of Strategic Metals and Minerals,
Republic Area
Beryllium

Beryl was first identified by the writer in 1940

in a prospect in the southwest corner of Sec. 8,
T46N, R29W. It was in a quartz vein along the
tectonic front, where the country rock is mica
schist grading toward porphyritic granite. Beryl
was abundant as a two-inch layer in the quartz
for about $ fect, at an overturning of the vein.
The cxcavation was not carried further because
the boundaries of the “forty” were very close.
This is the only quartz vein of the many on the
tectonic front which carried visible beryl. The
beryl was opaquc and yellowish green.

A second beryl locality was uncovered by a
prospector in the SE 1/4 of the SW 1/4 of the
NW 1/4 of Sec. 17, T46N, R29W, just half a
mile south-southeast of the first. The beryl is a
dull greenish-yellow and formed less than 0.1 per-
cent of the rock. It was enclosed in coarse peg-
matite consisting chiefly of microcline, quarty,
and muscovite. It was as much as 3 feet wide and
could be traced ncar the side of the hill for
several scores of feet. The largest beryl crystal
seen was 6 inches long by 3 inches wide, but
most crystals were an inch or less across. A grab
sample of nearly ten pounds yielded 0.02 percent
Be, corresponding to a spectrographic trace. Well
terminated, six-inch crystals of pink microcline,
flattened parallel to (010) were not uncommon.

A third locality for beryl was found half a

mile south-southeast of the second, in the sw
1/4 of the SE 1/4 of the SW 1/4 of the same
section, on the William Perry farm. The peg-
matite is located on the north face of a cliff,
receding westward back from the face, for a
total length of several hundred feet and a width
of about seven feet. Of the total length only 25
feet near the cast end contains beryl. In an area
of 25 by 7 fect beryl runs about 0.5 percent. The
exposure showed eight crystals between 2 and 4
inches thick and twelve between 1 and 2 inches.
A short adit into the cliff face from ground level
would reveal much concerning the continuation
of the beryl pocket.
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4 A fourth locality for beryl was found at 22,000
feet north along the new M-95 highway from
Republic.  The second pegmatite mentioned
unflcr feldspar (below) changed to vein quartz
as it crossed the roadway. The lowest drill hole
for the excavation passed through a nest of beryl
in the quartz.

. A sp.ectrographic trace of beryllium was found
in a 6 inch pegmatite containing a little fluorite
in Sec. 35, T4IN, R29W.

Bismuth

In the excavation for beryl and molybdenum
at the extreme southwest corner of the Suneson
property, Sec. 8, T46N, R29W, 0.04 percent Bi
was shf)wn in one sample. The bismuth-contain-
ing mineral has not been recognized.

Columbium
Two.bean-sizcd specimens of columbite were
found in pegmatites in the northeast corner of
Sec: 7, T46N, R29W. They are crude crystals
which were also identified by chemical and X-ray
analyses. Their density is 5.9. l
Another mineral from the feldspar quarry of
S.ec. 22, T47N, R29W, has not yef bef?n ideyn:):
.fxed.. It looks much like blomstrandine, occurs
in arregular 1/8 inch seams, spectrographically
sho“rs Cb (estimated at 0.4 percent) and micro-
icoplcally consists of black “curds” in yellowish
whey,” the “whey” being transparent yellow
to opaque brown according to thickness and also
varying from medium to very high index of re-
{raction and from isotropic to birefringent. Not
enough is birefringent to give any discernible
X-ray pattern, however. Some of it sinks and
some floats in a liquid of density 4.2, and all
of it sinks in 4.0.

Gold

At the Suneson prospect near the southwest
corner of Sec. 8, T46N, R29W, a quartz vein 2
to 4 feet thick has been excavated for gold. Thi;
quartz vein crosses obliquely the ridge of the
t.e.ct(?mc front, passing across xnetan;orphosed
dxorltc,.iron formation, porphyritic granite, and
pegmatite. At the southeast end of the vein, the
quartz was said to have vielded $4.00 a ton in
goid (at $20.67 per ounce) although none of
the samples taken by the writer showed gold
spectrographically.

A core drilled in the swamp near the east
border of the southwest forty of Sec. 8, T46N
R29W, by the late Martin Suneson is said tg
have. passed through a six-inch streak of gold-
h.carmg rock in the general hard iron ore forma.
tion. This was also in a quartz vein of the
tectonic front.

Molybdenum

Molybdenite accompanies the beryl at the
southwest corner of Sec. 8, T46N, R29W. In
addition it was scattered through the exposed
quartz vein (30 feet) and the adjacent schist.
It was in flakes of finger nail size although the
actual quantity was very small, about 0.01 per-
cent. One grab sample assayed 0.17 percent Mo
Molybdenite was not found in the other beryi
localities.

Molybdenite occurs in the first feldspar quar-
ry ‘mentioned below, in Sec. 22, T47N, R29wW.
A few flakes werc also picked up in the feldspar
quarry of Sec. 23, T46N, R30W.

Tungsten

A hybrid gneiss composed of granite and
greenstone forms a quarter-dome along the new
M-95 Highway near the northeast corner of Sec.
29, T47N, R29W. In one of the layers a bead-
chain of scheelite (calcium tungstat/e) was dis-
closed by the “Mineralite.” A “high-grade” grab
sample of about 1/4 pound ran only 0.02 percent
W. Other scattered “colors” were found along the
east side of this highway, at 0.75 miles and 1.85
xr{xles south of U. S. Highway 41, in sheared basic
dikes or schlieren in the porphyritic granité.
Another trace is present in a pegmatite‘on the
west slope of Pegmatite Knob, SE 1/4, Sec. 6
T46N, R29W. (See Figure 2) ,

The coarsest scheelite which was observed
Fhough nowhere in economic concentration 1';
in the iron formation of the Magnetic Mh;e *
NI< 1/4 of NE 1/4 of SE 1/4 of Sec. 19, T471\’J
R30W, near the nose of an anticline. (Sce Plat(;
2) It is an open question whether the scheclite
was an emanation from the ophiolite or from
the granite, both of which rocks are equidistant
from the exposures of iron formation containing

* Rominger, C., Geologi

] ger, C., G gical Report on the Unne
Penmst;l.a of Michigan: Geological Su}'veyL of ‘\/11)311]:
gan, volume 1, part 1, p. 27 (1881—1884), 1895,

tungsten. In favor of the ophiolite (diorite)
are the associated minerals—almandite garnet
with admixed magnetite, and a dark green am-
hibole whose pleochroism is X = yellow, Y =
green, and Z == blue. These minerals are com-
mon in the ophiolites at the contact with iron
formation, but are not found in the granite peg-
matites. In California and Nevada, according
to Lindgren,* scheelite occurs as pyrometasoma-
tic deposits in limestone or dolomite intruded
by granodiorite or quartz diorite. By analogy,
if the scheclite of the Magnetic Mine were In-
troduced bv the ophiolite, the calcium might
have been furnished by the original siderite of
the iron formation. The siderite must have con-
tained calcium and magnesium carbonates for.
while the iron silicate, grunerite, is the common
thermal metamorphic product of the unoxidized
iron formation, actinolitic and cummingtonitic
amphiboles are not uncommon. Another argu-
ment favoring the ophiolite as the source rock
of the scheelite is that the dumps which con-
tained tourmaline and granite did not show any
“colors” of scheelite.

Scheelitc from the Magnetic Mine shows
fluorescent colors which indicate the presence
of some molybdenum, also. In one specimen
both pale blue and pale cream occur; on the
Cannon-Murata “Scheelite Fluorescence Ana-
lyzer” these colors correspond to .21 percent
and 0.48 percent by weight of molybdenum as
powellite admixture. However, as was stated
above, the tungsten and molybdenum are not
present in sufficient quantity to constitute
economic products by themselves or profitable
by-products of the iron formation.

It should be kept in mind that the workings
at the Magnetic Mine do not necessarily explore
the optimum places for the occurrence of
scheclite in the magnetic iron formation.

Allanite

The feldspar quarry of Sec. 22, T47N, R29W,
also furnished a few rare minerals. One, allanite,
was proven by optical and X-ray properties.
Spectrographically it showed traces of Mn, Ti,
Li, and Sr, in addition to the Ce which charac-

* Lindgren, W., Mineral Deposits: 4th edition,
p. 728, 1933.
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terizes this member of the epidote group. Less
than 0.05 percent Li is present. The cerium con-
tent is estimated spectrographically at 3 to 4 per-
cent. The density of this allanite is between 3.2
and 3.4. It is altered to an isotropic substancc
with a refractive index of 1.703, with minute
inclusions showing birefringence—probably rem-

nants of allanite itself.

Apatite

Very little apatite of megascopic size was ob-
served. One crystal occurred with the beryl of
Sec. 8, T46N, R29W, and was the same sizc.
color, and shape as the beryl, but inferior in

hardness.

Bog Iron Ore

In the southwest corner of the northwest
“forty” of Scc. 17, T46N, R29W is a deposit of
spongy limonite. Its horizontal extent is un-
known. At the place examined it was 9 inches
thick. Since its recovery requires mere stripping
of the sod and perhaps some shrubbery, the
property may be worth investigating as a small
proposition.

The Huronian iron ores arc treated elsewhere
in this report.

Feldspar

According to the Report of the Commissioner
of Mincral Statistics of Michigan for 1902 and
1903, a carload of red potash feldspar was
shipped to East Liverpool, Ohio, from the quar-
ry in Sec. 22, T47N, R29W near Republic, and
proved satisfactory for making porcelain. A
partial analysis showed 13.4 percent K,O (enough
for 79 percent of microcline), 0.40 percent Fe,O,
(0.08 percent is the present allowable limit), and
Na,0 not determined (although there must be
nearly 20 percent albite). Another carload or
two is in sight and perhaps it extends consider-
ably farther under glacial cover. The individual
feldspar crystals are measured in feet. This peg-
matite is located just north of the belt of por-
phyritic granite north of Republic.

A pegmatite whose feldspar is white in color
is situated along the new highway M-95 in the
SE 1/4 of the NW 1/4 of Sec. 21, T47N, R29W.
It contains immense biotites, easily separated,

JURRER |
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and graphic granite. Since it also is along the
north edge of the belt of porphyritic granite,
this suggests that further prospecting should be
done between the two areas (a little over a mile
apart) as well as the extension of the line in
either direction. 'The combination offers the
best chance f{or commercial feldspar.

. Another pegmatite which has been explored
is located in the SE 1/4 of the SE 1/4 of Sec. 28,
T46N, R30W. A pink color again shows that
the iron content js greater than permissible for
commercial product. The same objection holds
for ncarly all pegmatites of the district.

Fluorite

. Fluorite was found in several of the pegma-
tites, the most abundant being in the northwest
corner of Scc. 35, T47N, R29W. No quantities
of economic importance were discovered.

— ———

Garnet

Garnet, var. almandite, is apt to form wherevye
r

the ophiolite and the iron formation are in ¢

ta‘ct, but in a contact zone only 3 or 4 in(;}(in~
wide. Garnet also forms where the ophiolite hes
been  thermally metamorphosed by the "
phyritic granite in a wide contact zone. por

Mica t

Practically all the pegmatites contain mica of
some sort. Biotite in books six or more ihches
across is found in the second dike mentioned
u.nder feldspar. Reticulations of fairly coarse
.blotite form part of the pegmatites in the knob
Just north of the village of Republic,

Muscovite in notable thicknesses is found in
the pegmatites of the northeast corner of Sec, 7
and in the beryl locality of Sec. 17, but a piece’
one inch square would be unusual,
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History

Although gold was first discovered in Northern
Michigan in the eighteen ’forties, it was only in
the last two decades of the past century that
output of this precious metal figured at all sig-
nificantly in mineral statistics. This meager de-
velopment has been variously explained as due
to: Lack of gold resources, preoccupation of the
local mining industry with the abundant iron
ores, ineptitude of early operators, inadequate
financing, erratic or submarginal character of
the deposits, and inaccessability of the supposed-
ly most favorable prospecting territory in and
south of the Huron Mountains.

Numerous discoveries of gold quartz veins
were made in the area north of Ishpeming, fol-
lowing the finding by Mr. Julius Ropes, of Ish-
peming, in 1881, of the deposit which later be-
came the site of the Ropes Mine. In 1845 Dr,
Douglass Houghton, Michigan’s first State
Geologist, had detected gold in a stream bed,
presumably near Ishpeming, but details were
not disclosed for fear his exploration party might
desert its survey work, and knowledge of the
exact location passed when Houghton was
drowned in Lake Superior later in the same field
season. Another carly indication of the presence
of gold in Marquette County that was not im-
mediately pursued was the determination in
1864 of this metal in assaying quartz for silver
from the Holyoke silver property, eight miles
north of Ishpeming. Gold finds reported sub-
sequently to 1880 included not only those in
quartz veins but also numerous placer or stream
deposits, some of which were in the glacial drift
of the Southern Peninsula. A list of localities
1s given by Allen (1).* However, only the Ropes
Mine, with a production record between 1882
and 1896 of $605,056.95 in gold and silver, or
over 95 per cent of the State’s entire output of
these associated precious metals,** can be con-
sidered as having gone beyond the development

* Numbers refer to bibliography on Michigan gold
at the end of this section.

** This does not include the silver from the conper
mines of Keweenaw Peninsula.

ISHPEMING GOLD RANGE

By A. K. SNELGROVE

stage. In 1896, Newett (3) published the gross
vilue of bullion from other Michigan gold mines
as follows: Michigan Gold Company, $17,699.-
36; Fire Center Gold Mining Company, $2,063.-
00; other prospects, $820.00 (Gold at $20.67 per
os—Ed.). Lo scrve the gold range the Chicago
and North Western Railway built a spur line
west from Ishpeming and terminating at a sta-
tion called “Golden” (10).

The Michigan gold district failed to share in
the spectacular gold developments in other parts
of the pre-Cambrian Canadian Shield, especially
in Ontario and Quebec, perhaps because of early
local disappoiniments.

Appreciation of the price of gold in the nine-
teen ’thirties led to renewed interest in the Ish-
peming Gold Range and a small production re-
sulted [romm exploratory work and retreatment
of tailings (12). In 1933 this amounted to 9.68
fine ounces, valued at $247.00 (Gold at $25.56
per counce) ; in 1934, 58.63 fine ounces, valued
at $2.049 (Gold at $34.95 per ounce); and in
1937, 51.44 fine ounces, valued at $1,800 (Gold
at $35.00 per ounce).

Private Canadian and Michigan interests in
the nineteen thirties geologically mapped the
area included in townships 48 and 49 north and
ranges 26 to 28 west as part of a prospecting
program in a region in which surprisingly little
oificial geological data are available, although
silver-lead-zinc-deposits, iron, talc, chrysotile as-
bestos, and verde antique marble are also known
to be present.

The Calumet and Hecla Consolidated Copper
Company of Calumet, Michigan, some years ago
acquired the property and all outstanding stock
of Ishpeming Gold Mining Company, owners of
the Ropes Mine, but was forced in 1942, by gov-
ernmental regulations restricting gold mining,
to defer plans for operations (12).

The ficld work carried out in the Ishpeming
Gold Range in connection with the present in-
vestigation consisted of examining as many of
the numerous old surface workings and dumps
as could be located, with a view to finding tung-
sten, molybdenum, and other ores. Much of the
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work was done at night, using the ultraviolet
lamp to detect fluorescent minerals. At one pros-
pect, the Grummet, the old workings were dc
watered, and old trenches cleaned oug and others
dug. This work was done in coopcration with
the U. S. Burcau of Mines,

Ir} the following discussion no attempt is made
to list ai!.known gold occurrences in Marquette
?ounty. Instead, Allen’s treatment of this sub-
Ject (9) will be brought up-to-date insofar as
new developments at three properties are con-
ccm'ed, with comments on geological features
having relevance to the future of the district.
S.uch new data as are available on the Iead~7in’C:
silver-gold deposits of the Dead River Basin‘ arc
presented in the last section of this report. |

General Features of the Gold Deposits

?hc geological setting of the deposits was dc-
sr;rxbed by Lane in 1904 (6) as follows: “Ruﬁ—
ning west from Marquette and passing but a
mile or two north of Ishpeming and Negaunce
and bounded and overlain ur;conformabl b
the l‘>ascmcm conglomerates of the regular ?ron}-,
bearing series of Negaunee and Ishpeming on
the south and cut into by the granites on the
porth, .and by a great many other igneous rocks
fnc]udl’ng some important masses of peridotite,
Is a series of green, largely volcanic, rocks which,
Cf)rrespond in composition and geo]ogic;l posi-
tion to the Keewaatin of Canada and the Lake
of the Woods. They are known as the Kitchi
and Mona Schists by the U. §. Geological Survey
the two terms indicating merely different degree;
of’allcration. In this series the gold product of
Michigan - has been found.”

The gold in general occurs in quartz veins or
lenscs,. Ies:‘; often in the pyritized wall rocks. “All
the veins in the Gold Range vary much in width:
some are in places only a few inches, and ther;
swell out to a width of four or five feet, and
some are cven eight feet wide” ). In ad(iition
to free gold, of which many spectacular samples

- are re i iati
eported, the mineral associations recorded

in thc literature, include quartz, tourmaline
chI.orxtc, dolomite, pyrite, pyrrhotite, calcite’
epxdote‘ feldspar, tremolite, magnetite, chalco ,
rx‘te, sphalerite, tetrahedrite, and spars’f’: mol bgz
nite. In this investigation, the tungsten oreymin-
eral, scheelite (calcium tungstatz), and asso-

ciated powellite (calcium wungstate and molyl,
date) were discovered at several properties; g i
> bis.

muthinite (bismuth sulphide) was foung
at’

Michigan Gold Mine, a little fluorite wag

f(‘?r\‘cd in a north-south striking vein in Sec ;b
T8N, R28W, and a little bornite in Sec, Ny
T'48N, R28WY. o

.Fe]site and diorite dikes, some of which
said to be postore (4 and 9) were encoume:ers
at several prospects.

Parker, in an account written during the peri
od.of operations (3), noted the regularit ;
strike of the veins in a direction almost Za:
west, their steep dips, and an offsetting to tht.
north or south by faults. )

The greatest depth of ore indicated by drillin
at the Ropes property is over 1,500 feet. ;

D.isrcgzn“ding unimportant traces of gold in
the iron formation, the youngest formation pene
trated by the gold quartz veins is the Siamo slate.
as at the Billings-Murdoch prospect, E 1/4 Sec,
20, T46N, R27TW, o

Ropes Mine

T'he Ropes, Michigan’s premier gold mine, is
located in the S 1/2 of the NW 1/4, Sec. ’29
T48N, R27W. (See Plate 4 for index map) Sixt
teen levels, to a vertical depth of about 850 feet
were worked between 1882 and 1897. Parker’
in 1888, published a geological section 3). ,

According to Broderick (14), “The ore mined
o?curred in nearly vertical quartz lenses cutting
dlagonally across a vertical tabular body of Kee-
watin lavas and volcanic fragmentals separatin,
two bodies of peridotite. The Keewatin ang
immediately adjacent peridotite are strongly
sheared, the former being chloritized and the
latter serpentinized and steatitized. In the vicini-
ty .of. the quartz lenses the Keewatin is silicified
SelthltiZCd, and carbonatized. The quartz’
veins carry tetrahedrite, pyrite, chalcopyrite, and
m¥nor amounts of other sulphides, and the ore
milled ran about .2 oz. gold and .9 oz silver per
tor, of which nearly one-third was lost in the
tailings. Recent explorations have shown an-
oth’er type of ore occurring as a pyritic dissemi-
nation .in schist adjacent to the quartz veins.
There is about eight times as much ore of this
type averaging .13 oz. gold and .6 oz. silver as
there was in the quartz vein nuclej.” ‘

Certain features of the Ropes deposit, men-
gioned by Newett (), are included here because
of their possible significance for other parts of
the belt:

“At the 12th level the lode has a slight dip
1o the south, but from this point to the present
jowest level it inclines slightly in the opposite
direction, the walls being nearly vertical. The
ore lenses have a pitch to the west. The bottom
of the first main lens was found at the Hth level,
that of the second at the 9th, and in 1896 they
were working upon the east side of the shaft
whereas in the upper levels the stoping was done
to the west. In the lens encountered on the 16th
level, the slate mixture is almost entirely miss-
ing, the vein being almost solid quartz, and
giving an average of about $6 per ton (With
gold at $20.67 per oz.—Ed.), this showing a bet-
ter and stronger vein than has been found at
any other point in the mine. . The finding
of ore of better quality, and in larger body than
has heretofore been met with, 1s particularly
¢ncouraging on this lowest level.”

Calumet and Hecla Consolidated Copper Com-
pany, in its annual report for 1936, stated:

“Diamond drill core samples, breast and back
sampling of old workings, and large scale ore
sampling indicate that there is a good possibility
of there being about one million tons of ore in
the Ropes ore body, averaging .13 ounces gold
and .70 ounces silver. How much more there
may be below the old workings is not known,
although diamond drilling showed the ore body
to exist for over seven hundred feet deeper.”

The writers visited the dumps of the main
Ropes shaft and of the West Ropes Mine (1.7
miles apart by poor road) and were able to find
very little scheelite at cither place. At the main
Ropes dumps the scheelite is pale yellowish
white in color with bluish-white fluorescence;
it occurs in 1 mm. grains disseminated in chlo-
ritic sericite schist, on slip surfaces on this rock,
and also in streaks over 1 cm. long in quartz vein-
lets. At the same dumps a few specimens were
found to exhibit yellowish fluorescence which is
attributed to disseminated powellite in quartz.
The West Ropes dumps contain a little powellite
in streaks 1 cm. long.

Michigan Gold Mine

The Michigan Gold Mine, opened in 1887,
is located in the NW 1/4 of the NE 1/4 of Sec.
35, T48N, R?8W. Exploration was pushed in
1890 and a little more was done in 1895. The
official production was $17,699.36 (with gold
at $20.67 per oz) but flagrant “high-grading”
of spectacular specimens doubtless accounted for
much more. In the middle ’thirties, some fur-
ther exploration was carried out and the old
10-ton mill was supplanted by a 100-ton flota-
tion plant through which a total of some hun-
dreds of tons of ore were run. The advisability
of installing a flotation mill for this ore, which
is said to be largely free milling and contains
only a very small percentage of sulphides, may
be questioned. The history of this property is
one of prolonged litigation.

The workings are now flooded. The investi-
gation of 1943 was primarily concerned with the
occurrence of tungsten and molybdenum in the
ore as determined by dump, ledge, and mill
samples.

The main vein has been explored underground
at intervals over 900 feet along its east-west strike.
(Sce Plate 4) The property has not yet been
carcfully mapped geologically. Five distinct and
more or less parallel veins were seen by the
writers; the caretaker, Mr. Charles E. Secor, states
that twelve veins can be recognized on the south
half of the NW 1/4 of the NE 1/4 of Sec. 35.

The following geological account is abstracted
from field notebook No. 88, 1890, of the late
A. E. Seaman, in the files of the Michigan Geo-
logical Survey.

The vein seems to be divided by a horse of
diorite most of the way to the surface. This horse
is mineralized especially along the edges. Instead
of running parallel with the walls of the vein,
this diorite streak has an irregular course, caus-
ing the vein to narrow in one place and widen
in another. The vein sometimes swells out and
again narrows, but as a whole seems to hold a
rather uniform width. Considerable schistose
diorite is on the walls, particularly on the foot.
This is filled in along the line of foliation with
more or less quartz and is said to be “pay rock.”
At the west end of the first level a felsite dike
which cuts off the vein was encountered and
the work of drifting in that direction was tem-
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o porarily abandoned, as about 12 feet of the hard  0.015 percent Mo. A concentration of molybde-
felsite had to be cut before the vein could be nite at the cast end of the 250-foot level is re-
3 recovered. The breast on the east end of this ported by the carctaker.
2 s e i level showed up a good vein which was, how Although few spectrographic traces of tung: :
s l“, z ’ !/ ever, somewhat narrower than at the shaft. sten were obtained from the samples collected, }
: {7 Qi The dip of the vein is somewhat variable, hav-  several dozen specimens of creamy white colored
9 : : I VA [ ing gentle rolls but the average to the first level scheelite, f{luorescing bluish white, were gath-
N : j { S50 e § is about 76° while from the first level to the ered on the dump of No. 6 shaft. The scheelite
" ! ” » bottom of the shaft 25 feet below it is about 80°  occurs as grains, as much as one-half inch long,
g or at a slight turn toward the vertical. (It is not in quartz and subordinately in green schist.
clear whether the present No. 2 or No. 6 shaft Sampling of the workings for molybdenum
is referred to.) and tungsten is necessary before any conclusion
On the dumps considerable quantities of fel- can be reached as to the economic possibilities
= site or quartz porphyry can now (1943) be seen, of these metals in the ore of the Michigan Gold
: which is said to come, in part, from the longer Mine.
o o . .
crosscut at the 250-foot level, in Wth}‘.l the care- G et Prospect
taker reports a 47-foot shear zone with quartz ] . .
- . veinlets. I'he Grummet gold prospect, in the NE 1/4
(- .’( g According to Lawton (1), the width of the of the 'va ll/4,.Sec-. 36, T48N, R28W, was lo-
§ ny vein varied from 214 feet at No. 5 shaft to 8 feet cated in the 'eighties and explored by th ree
: "6' at No. 2 shaft. shalts, the decpest §2 feet, and by several pits
§ A ] Thirty-five samples were collected at the and trenches. (S?e Figure 5 anfi Pl}ate 14{ .
s b4 Michigan Gold Mine. Analytical results on these Of the numerous deposits in. “‘f’ inpemmg
& é samples must not be regarded quantitatively as Gold Range cxamined by the. writers, the Grum-
Ed g their purpose was to try to establish the presence met was (hscovercd' to contain the greatest con-
— 8 and the particular associations of the valuable centration of.schcehte. 'Arrangeryems'were the.rc-~
g metals. Grab samples of mill products ran as fore madcjvnh the Mmr?eapohs regional office
n follows: Sands from bottom of classifier 0.995 oz. of th? U. S. Bureau of Mines to. dewater.the old
L i gold per ton; flotation concentrates 0.30 to 0.47 workm~gs and to sample for this strategic tung-
2 = g oz. gold and 1.40 to 1.56 oz. silver per ton, 0.09 St€% °r¢ . o
= i p— B to 0.11 percent molybdenum, 0.038 to 0.18 per- In the No. 1 or main shaft the quartz vein is
_ I = cent bismuth, and 0.37 percent copper; feed to 2 to 4 feet wide and dips northward at approxi-
g9 = 0 amalgam barrel 2.38 oz. gold per ton; amalgam mately 80°. The vein is exposefi at ir'lter\fals
5 §» S _ | barrel tailings 0.39 oz. gold per ton; mill tailings V¢l © strike I?ngth of 240 feet in a direction
o= ” O near mill 0.015 oz gold per ton; mill tailings S75°W. (See Figure 5)
©x & from the end of the pile remote from the mill Several trenches were dug in 1943 in an at-
: = 0.04 oz. gold per ton. tempt to extend the known limits of the vein
? <L Bismuth-containing ore samples were found system but without success. Having in mind the
£ 5 o in a vein 20 feet south of No. 3 shaft (0.09 to existence of a number of parallel veins at the
: - - & ‘I— .,.‘ 0.11 percent Bi). The bismuth mineral is tenta-  Michigan Gold property, three “forties” to the
S @ 'S s tively identified as bismuthinite, Bi,S,. west, and the possibility of a difference in the
c2o a z — > —1 Despite Parker’s (3) report of “black anti- magnetism of felsite dikes, with which the quartz
22 é @ = = monial silver” which with galena were said to veins are associated at the Grummet, as com-
§ E % e s take the place of pyrite at depth in this mine, pared with the greenstone country rock, a series
° g ) 5 ) S— no antimony could be spectrographically de- of dip needle traverses was run, with readings
g 2o o~ P < o T tected in any samples, every 5 feet, north and south, in the immediate
- < Grab samples from the dumps of three shafts vicinity of the Grummet workings. A Gurley
N aly L | 2 = & g and from two subsidiary veins lying north and  dip needle, Lake Superior model, was employed;
o south of the main vein, showed traces of molyb- no significant results were obtained.

denum; the greatest amount obtained was The vein at the Grummet location consists
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mostly of sugary quartz, a transparent, even-
grained, tight mosaic with individual grains less

than onesixteenth of an inch across. Locally
the grains may be as much as three-cighths of an
inch in diameter, or they may be lacking entire-
ly and the quartz appears quite massive. If the
quartz is massive a banding can be noticed due
to differences in transparency. Films, plates, or
blocks of the altered wall rock are rarely absent.
Sporadically the vein carries cubes of pyrite with
traces of chalcopyrite and of scheelite.

White silky veinlets of tremolite cut the quartz
vein near the east end. Irregular veins of car-
bonate, mostly calcite but some with brownish

weathering ankerite, are younger than the quartz
and tremolite.

e
deeper-seatcd mineralization. The fineness of
the wall rock replacement, the abundance qf
chlorite, sericite, calcite, and pyrite indicate
mesothermal conditions.

In ten preliminary dump grab samples of
various mineral and rock association, some of
which include bluish-white fluorescing scheelite,
the presence of tungsten was confirmed spectro-
graphically and chemically, some traces of silver,
nickel, and lithium were determined, and gold
assays running from 0.004 to 0.01 oz per ton
were obtained. Lithium was found in quantities
less than 0.05 percent. The occurrence of scheelite,
not only as a vein mineral, but also in some of
the wall rocks, in quantities determined by the
Jollitfe-Folinsbee method* to approach commer-
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Geological Map and Sections, Grummet Prospect

The wall rocks are much altered. Part, at
least, was originally a felsite porphyry, now more
or less sericitized, and part may have been a
coarser “diorite” mylonitized and changed large-
ly to chlorite. These wall rocks are represented
in Figure 5 as “Felsite” and “Greenstone” re-
spectively. Both types are finely schistose, a light
green bruise being the only megascopic evidence
of the chlorite. The walls contain more abun-
dant pyrite, some quartz lenses, and a little
scheelite, and the secondary minerals chlorite,
epidote, magnetite, leucoxene, and sphene.

The deposit appears to be of the mesothermal
type. The absence of openings, the evenness of
grain, and the lack of chalcedonic silica eliminate
an epithermal origin; the lack of coarse texture
and of minerals containing fluorine, boron, or
phosphorus tends to exclude the possibility of

cial grade, warranted a thorough sampling of
the deposit.

Fifty-once channel samples were cut from un-
derground and surface, Spectrographic analyses
revealed: Gold, none; tin, a small trace in 12
inches of greenstone schist from the footwall at
Pit No. 3; tungsten, 7 large traces, 3 traces and
18 small traces; molybdenum, 1 very large trace
(Shaft No. 2), I trace and 2 small traces; beryl-
linm, 1 trace and 28 small traces; lithium, none;
silver, 6 traces and 8 small traces; nickel, 9 traces;
chromium, 8 traces.

Gold assays were made on all samples and were
found to range from no gold in three samples,

* Jolliff~, A. W, ang Folinsbee, R. E., Grading
Scheelite Deposits with an Ultra-violet Lamp: Ca-
nadian Institute of Mining & Metallurgy, Trans-
actions, volume 45, pp. 91—98, 1942,
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to 0.01 oz. per ton in one sample; in all other
samples not more than 0.008 oz. per ton was
present. .

At the Michigan College of Mining and Tech-
nology, quantitative analyses for tungsten were
made on all samples showing spectrographic
traces. Check analyses were made by the. uU. S.
Bureau of Mines. The results are given in the

which the Michigan Gold Mine and Grummet
prospect lie (Plate 4) were traces of tungsten
found.

At the Peninsula Mine, SW 1/4 of the SW 1/4,
Sec. 25, T48N, R28W, several shafts and a tun-
nel are in what has been described as quartz
stringers in a granite which approaches a fels:n%e
in character (4). A grab sample of pyritic

TaABLE 6

TUNGSTEN ANALYSIS OF GRUMMET SAMPLES

Sample % WO, '
“No. US.B.M. M.C.M.T.
1 0.01
2 0.01
3 0.01 0.0126
4 0.01
5 0.01
6 0.01
7 0.02
8 0.12 0.1009
9 0.01
10 0.01
i 0.08 0.0504
12 0.02 0.0076
13 Nil
14 0.01
15 0.01
16 0.01

following table, which includes some additifmal
determinations by the U. S. Bureau of Mines.
(See Table 6) .

All of the grades reported, with the possible
exception of the grade on sample No. 30 (6
inches on the north wall of shaft No. 3 at 12
fect below collar) are below the present standard
for tungsten ore.

Other Gold Prospects
In addition to the Ropes, Michigan, and
Grummet deposits, numerous others .of some-
what similar character were examined for
scheelite, mostly with the u]tra-v'iolct lamp at
night. Only in the east-west trending belt along

Sample

% WO

8 e
No. U.S.B.M. M.C.M.T.
17 0.19 0.2018
18 Nil
19 0.01 0.0038
20 Nil
9] . Nil
22 0.09 0.1009
23 0.08 0.0631
23a 0.12
24 0.01
25 0.04 0.0757
26 0.10
27 0.05
27 0.03
2Sa 0.03 0.0631
29 0.01
30 0.58 0.6027
40 0.0038

quartz in a pegmatitic vein from the dump
yielded 0.005 oz. gold per ton.

In Secs. 14, 21, and 23, T48N, R28W, are a
number of quartz veins and pegmatite§ in green-
stone and granite, to which the writers were
guided by members of the Pepin family, owners
of some of the land. No tungsten or gold was
detected.

Immediately southwest of Michigan Gold
Mine, traces of molybdenum (less than 0.01%)
were found with tourmaline and epidote on a
shaft dump on Cleveland-Cliffs Iron Co‘mpany
land. Still more molybdenum (molybdenite and
powellite) was noted on the “forty” lying east
of Michigan Gold Mine; assays of grab samples
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collected several hundred feet east in the NE | /4
of the NE 1/4 of Sec. 35 ran from 0.12 to 0.63
percent Mo. Associated are small quantities of
silver (0.69 oz. per ton) and bismuth (0.16 per-
cent) . Somewhat further east on the Breitung
property, in the W 1/2 of the NW 1/4 of Sec. 36,
a 30-inch vein of quartz is exposed, striking
$70°W and dipping 80°N; as at the Grummet,
a felsite dike parallels the vein which consists of
sugary quartz with a littde pyrite. No gold or
tungsten was found spectrographically in samples
from this 30-inch vein.

Two shallow shafts sunk for gold near the
south boundary of Sec. 25, T48N, R28W, are
chiefly notable for small quantities of bornite
associated with pyrite, chalcopyrite, and chlorite
in quartz.

Asbestos™

At the Ropes Gold Mine property, in Sec. 29,
T48N, R27W, the country rock for the most
part is serpentine. A ridge of this rock, forming
the footwall of the gold deposit, extends south-
westward and has been quarried for “marble”
(verde antique) in the eastern part of section
30. At the nose of the ridge to the northeast
of the mine several pits have recently been
opened, exploring for asbestos. The ashestos is
in seams in the dark green scrpentine rock,
which is an alteration product of original perido-
tite. The seams are largely picrolite, a columnar
variety of serpentine, not easily separable. The
columns extend about 45° to the vein and are
evidently due to shearing. Where the shearing is
more intense the picrolite passes into chrysotile,
the white silky asbestos,varie(y of serpentine, with
the fibers parallel to the vein walls, The asbestos
at this locality thus differs from the usual chryso-
tile, which is “cross-fiber.” It has an advantage
over the usual type in the length of the fibers
thus produced—six or seven inches is a common
length. A nearsurface weathering product of
the asbestos resembles brown cedar bark. Suf-
ficient long-fibered white material is in the de-
posit to warrant further investigation.

*By V. L. Ayres.

Verde Antique

About 3/8 of a mile southwest of the Ro
Gold Mine, in the NE 1/4 of the SE 1/4 of Sec,
530, T48N, R27W, is the quarry of the Michigap,
Verde Antique Company, opened in 1914,
Though the serpentine, veined by dolomite, jg
of pleasing pattern, and good material is abyy,
dant, the company apparently could not pro-
duce verde antique at a profit. The Chicago g
North Western Railroad spur, finished in 1918,
has since been dismantled.

Farther southwest along the serpentine belt,
in Sec. 36, T48N, R28W, is the Williams quarry,
This quarry was not examined. During the

summer of 1943 the old cables were cut up for

scrap.

Conclusions

It seems reasonable to expect renewed interest
and activity in the Ishpeming Gold Range after
the war, provided gold is in demand. A thorough
geological and geophysical survey of this area,
where no doubt additional veins remain undis.
covered beneath the drift, would facilitate the
determination of possibilities for gold and per-
haps also molybdenum, tungsten, and non-
metallic mineral production.
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By Frank

The war-accelerated rate of depletion of direct
shipping ores has stimulated added interest in
the possibilities of concentrating the leaner por-
tions of the iron formations on the several ranges
of the Lake Superior district. The demands of
the war for iron ore have emphasized the fact
that the high-grade ores are not inexhaustible
and that it is the concern of everybody whose
well-being depends on these ores to examine
future possibilities. Concentration of leaner
grades has passed from the research field into
the testing laboratories that have been estab-
lished by the various operating companies.

It is rather difficult to evaluate any given de-
posit of iron ore because its economic value de-
pends on many factors besides its metal content.
Location, ownership, business connections, and
possible users of ore all have to be considered.
The present blast-furnace practice has been es-
tablished on the basis of the high-grade ores and
because of the rather exacting requirements as
to raw materials and procedure, as well as the
large ‘units involved, experimenting with new
materials will be costly and only resorted to
when the present grades become hard to get.
Any lowering in grade of raw materials will in-
crease the cost of the product, which, in a highly
competitive business, is to be avoided as long
as possible,

Technically it is possible to extract iron from
a.lm.ost any iron~bearing rock, but rather strict
limitations as to what is ore are set by economic
con(.iitions. Only those portions of the iron for-
mations will be ore, at any given time, from
which iron and steel can be manufactured at a
cost comparable to the average cost of produc-
tion for the district considered. It may be pos-
sib}e to limit the competitive area by tariff regu-
lations and obstruction to cheaper methods of
tr.ans.por?ation. Still, as far as the Lake Superior
district is concerned, the exhaustion of high-
grade ores will not make all portions of the iron
f?rmation into valuable ore. Only those por-
tions which can be cheaply mined and concen-
trated because of inherent physical or chemical

J. Toronen

pf'oI.)erties will be of immediate value. The more

difficult portions will have to wait for futur

developments. ’

Because of the economic situation at present
efforts will be made to produce concentrates that'
can be substituted for high-grade ores; that is
tl}e concentrates must approach the present ship:
ping grades in composition. This narrows the
problem, as far as the operators are concerned
to search for ore bodies that will yield a con:
centrate equivalent to the present shipping ores
at a reasonable cost.

With these limitations in mind, the samples
submitted for examination under this program
were tested and evaluated. Previous to the war
when the need for large-scale beneficiation was,
a future concern to be taken seriously twenty
years hence, the consensus of opinion was that
crushing to 1/4 inch or 3 mesh was the practical
economic limit, and that size was used as stand-
ard for comparing concentration possibilities of
the various samples submitted for testing. As
this size coincided rather well with liberation
due to structural features of most of the samples,
there were no reasons for using any other size.
More e‘xtensive study of the various types of iron
formations has shown, however, that crushing
fmd grinding to finer sizes must be resorted to
in order to obtain the desired grade of con-
centrates.

.”.I“h‘e laboratory procedures followed in bene-
ficiation tests on iron ores are described on pp.
9—10.

The following table gives the analyses of the
samples from the Marquette Range submitted
for concentration tests.

As in. these samples are included carbonates,
magnetite, and hematite it would be meaning-
less to try to give the results in the form of tables,
For complete analysis the curves would have to
be shown. In the following, the results on each
an'nple are sumimarized on the basis of 10 percent
silica in the concentrate, the standard Fe analysis
of 51.5 percent, and also on the basis of 35 per-
cent weight recovery as concentrate. This is on

the assumption that for economic reasons it will
not be possible to mine more than 3 tons of ore
for 1 ton of concentrate. All analyses, unless
otherwise stated, are on dried samples.

TasLe 7
Percentage Analyses of Low-grade Iron Ores,
Marquette Range

Sample No.” Fe SiO, Mn S p
Brn-1 404 338 Tr .014 .09
Fox-1 418 39.0 Tr 131 .031
Go-1 28.7 453 Tr 4.640 .060
IFN-1 255 446 1.66 057 .057
IFN-2 437 372 Tr Tr .029
IFP-1 35.0 314 30 Ir 071
Rp-36 38.6 434 Tr .027 .020
Rp-37 409 390 Tr 051 010
Rp-63 89.1 431 Tr .051 .020
SpW-3 282 582 Tr .06 .028
WE-1 32.7 488 Tr 110 .072
MM-14 254 569 Tr .700 .083
MM-15 29.2 423 .08 .110 .032

Brn-1

BarroN Ming, south shaft dump near old
stack, E 1/2 of SW 1/4 of NW 1/4 of Sec. 11,
T47N, R29W, iron formation with magnetite,
specularite and sugary quartz; selected average
sample.

This sample has granular texture such that
crushing and grinding would effect liberation.
A 44 percent weight recovery would be obtained
when making a concentrate with 10 percent silica
and 57 percent Fe. The metal recovery would
be 63 percent and the silica rejection 86 percent.
Finer grinding would improve the concentration.

Fox-1

FoxpaLe Mine, dump immediately north of
U. S. Highway 41 near junction with County
Road 601, NE 1/4 of SE 1/4 of NE 1/4 of Sec.
10, T47N, R29W; iron formation (imagnetite
with sugary quartz bands); selected average
sample.

This sample has finer texture and there is con-
siderably more fine silica in the iron-rich por-
tions. Hence less than 10 percent weight recovery

* Localities are given in the desecriptions that
follow.
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could be obtained in a concentrate with only
10 percent silica. On the other hand, assuming
8 percent moisture, then a 58 percent weight
recovery of standard ore is possible as far as the
Fe is concerned, but the silica would be 19 per-
cent. Metal recovery would be 78 percent.

Go-1

Goobrict MiNg, dump, NE 1/4 of SW 1/4
of NW 1/4 of Sec. 19, T47N, R27TW; Goodrich
conglomerate ore very close above contorted and
shattered jaspilitic phase of Negaunce Iron For-
mation; selected average sample.

From the standpoint of SiO,, a concentrate
containing 52.5 percent Fe and 10 percent SiO,
with a weight recovery of 28 percent is possible.
One half of the Fe would be in the concentrate.
Because of the high S, sintering would be neces-
sary, permitting finer grinding and a little better
recovery. There is considerable carbonate pres-
ent; therefore without a sintering test exact
analysis of the product is not possible.

IFN-1

Near ATHENs MINE, outcrop on north side of
railroad cut, north of Athens shaft, near center
of S\ 1/1 of SE 1/1 of NE 1/4 of Sec. 6, T47N,
R26W; cherty siderite phase of iron formation,
oxidized only along cracks. Typical of original
iron formation before change. Selected average
sample.

The sample is mostly siderite with some hema-
tite. There is no possibility of concentrates un-
der 20 percent SiO,, but after roasting an iron
content of about 50 percent is possible. Con-
sidering that 35 percent weight recovery is essen-
tial for economic reasons, then the concentrate
would assay after roasting about 48 percent Fe
and 33 percent SiO,,.

IFN-2

Pit south of Ogden Lake, Cliff Drive, south-
east of Ishpeming; NE 1/4 of SE 1/4 of SE 1/4
of Sec. 14, T47N, R27W; locally abundant phase
of oxidized cherty siderite with little or no con-
centration; selected average sample.

There is no possibility of getting a concen-
trate with $i0, under 10 percent at 3 mesh. How-
ever, considering the Fe analysis, a 37 percent
weight recovery is possible with a metal recovery
of 48 percent. The SiO, would be 19 percent.
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Because of the rather high head analysis this
siliceous ore would be included with the grades
used at the present time,

IFP-1

VOLUNTEER-MATTLAND Ming pit, Palmer, W
1/2 of NW 1/4 of Sec. 30, T47N, R26W; some-
what oxidized cherty siderite including repre-
sentative proportion of greenalite; sclected aver-
age sample.

No lowssilica concentrate is possible at 3 mesh.
On the basis of 85 percent weight recovery a con-
centrate containing about 55 percent Fe and 27
pereent 510, after sintering, would be obtained.
The metal recovery would be only 42,5 percent
because the cherty portions are high in Fe.

Rp-36

KioMan Ming, Republic, SE 1/4 of SW 1/4
ot SW 1/4 of Sce. 6 T46N, R29W: jaspilitic Ne-
gaunce Iron Formation, 20 paces stratigraphical-
ly below the Goodrich formation; 5 foot channel
sample.

The sample consists of bands of chert and
bands containing specular hematite. As the
richer bands are considerably more friable, the
fines are the richest portion. In this sample the
richer bands contain enough SiO, so that no
worthwhile concentration could be made if lim-
ited to 10 percent Si0, even with crushing to 10
mesh.  On the basis of Fe analysis 27 percent
weight recovery at 3 mesh and 51 percent at 10
mesh would be possible but the Si0, would be
about 20 percent.

Rp-37

Kroman Mixe, Republic, SE 1/4 of SW 1/4
of SW 1/4 of Sec. 6, T46N, R29W; relatively
high-grade jaspilitic Negaunee Iron Formation,
20 paces stratigraphically below the Goodrich
formation; 714 inch channel sample.

In this sample the iron-rich bands are of lower
grade than in the preceding. Silica would be
over 20 percent in any case and even meeting the
Fe requirements would necessitate fine grinding.
Considering 35 percent weight recovery as neces-
sary, the corresponding concentrate would con-
tain 49.5 percent Fe and 26.5 percent Si0O, with
a metal recovery of 42.5 percent. In other words,

it would probably have to be considered as a
possible siliceous ore.

Rp-63

RepusBLIG Ming, Republic, waste dum be.
tween highway and Smith Bay; SE 1/4 of Nw
1/4 of Sec. 7, T46N, R29W: jaspilitic phage of
iron formation with rather more granular quary,
than chert. Approxinate average of top 100 feet
of iron formation. Specular hematite about
30 percent, magnetite about 5 percent, chert ang
granular quartz about 60—6% percent.

This sample is more granular in texture apg
the specular bands are easily crushed ang the
included silica liberated. About 20 percent weight
recovery would be possible in a concentrate
meeting the present standard. About 80 percent
metal recovery is possible in a concentrate meet.
ing the Fe requirements but the 510, would be
about 18 percent. On fine grinding a consider.
able amount of concentrate containing around
68 percent Fe is possible.

Spw-3

U. S. Highway 41, 1/2 mile west of Spurs
MiINg, S 1/2 of SW 1/4 of NE 1/4 of Sec. 23,
T48N, R31w; jaspilitic phase of Negaunee Iron
Formation. Sixty foot thickness with neither top
nor bottom exposed; grab sample.

From this sample no concentrate with less
than 20 percent Si0, is possible and only a small
amount of concentrate with Fe up to standard
could be obtained. On the basis of 35 percent
weight recovery as concentrate the assay would
be 41 percent Fe and 40 percent Si0O,. As there
are extensive areas of iron formation of this
analysis available without concentration, this
type is not of immediate interest.

WE-1
J2
12
47N, R29W and 1,700 feet east of the corner;
banded, predominantly magnetic iron formation,
with sugary quartz; selected average sample.
There is no possibility of acceptable concen-
trate either on the basis of Fe or Si0O, at 3 mesh,
although over 1/3 of the feed could be rejected
as waste at this size. On the basis of 85 percent
weight recovery, a concentrate assaving 52.5 per-
cent Fe and 24 percent 10, could be obtained.
The reject corresponding to this would contain
21 percent Fe and 68 percent SiO,. A metal re-

"NEW”  WaSHINGTON Ming dx,xmp,
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5 is indicated. Fine grind-
covery of 55.5 percent is indic

. . de
ing of this concentrate would give a higher gra
cohcentratc as this sample is granular.

MM-14
MacNETIC MINE, westernmost dump, Nli;’ol‘(;}'
of NE 1/4 of SE 1/4 of Sec. 19, T47N, Rf 'ror;
average sample from 50 fect below top' o 1“6
formation; contains sugary quartz, m;gnc chot
vein quartz, iron amphibole, pyrite, and mu
ite; mple.
Vlffi't ?)gl::sljibgut 19 percent of the wcig.ht w<(ml§
be an acceptable concentrate, but for mlc(;eldsie
recovery higher SiO, than 10 percent wou : ?ah[
to be accepted. On the basis of 35 percentb w<=:15g1 :
recovery the concentrate assay wou.ld d t;l
percent Fe and 18 percent SiO,, with a meta
— -y of 70.7 percent. '
rci:::illziszg;ple E)Nas granular and the Fe in tge
form of magnetite, fine-grinding tests me(z1 .mxi ;
using magnetic separation. Th‘cse tests 1n 1caaer ’
that grinding to 200 mesh or finer was n?ce;§o',
to obtain a concentrate under 10 percent in 510,.
The metal recovery was well over 90 percent,
however.
MM-15
Macneric Ming, dump 350 paces NE alonog
road from 1/4 post between Sec. .19 and 2 ,
T47N, R30W; average irclm formation showing
anding; grab sample.
g";’i ; ‘ri:fil}:lio incentrate corresponding to thcf
present standard is possible. On the basis ;)d
85 percent weight recovery the conceptrate w;lz)
contain 46 percent Fe and 21.3 percent 510,
with a metal recovery of 60 percent.

On crushing through 10 m?sh no concentrate
of present standard was obtained. On basis of
35 percent weight recovery the best concentrate
would contain 49.5 percent Fe and 18 percent

Si0,. ‘

On finer grinding and magnetic _separatl(;g
the concentrate even at 270 mesh grn;d wou :
contain about 12 percent SiO, and 62 percen

Fe. The metal recovery would be well over 90

pCl’CCIlt.

Conclusions

These tests bear out the conclusigns riache:
from years of previous work on the. iron o;rtr;a-
tions. The possibility of economic conceA >
tion depends on the structure and tex;\.xrc o
the ore under consideratior}. Coarse bz'mh ing o
granularity permits separation of the ric irl.po :
tions from the leaner cherts on coarse crusd ing.
Thus, worth-while percentages of the fee ;2:/.
be rejected at small cost. In many ca'st'fs, how
ever, the richer portions saved still conta(;n sC me
thing like 20 pcrcent.SiOZ.NIn or.(.ield Fo r?s l:,zede({_
high percentage of silica, 'hne grin Vm‘g i coded
For some ores the grinding necessary 1s a 0
vond anything that can be done ec.onomfcz; ylr;
but with granular texture f}xrth.er hber;mo »

possible. Microscopic investigation of the val -

ous structural constituents o.f the ore sample
should enable one to determine this point.

» Broderick, T. M., Application of geology .to é):o:,);
lems of iron-ore concentration.z Am. Inst;xti\;) be of
Mining & Metallurgical Engineers, Contr

No. 20, 1933.
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DISTRIBUTION AND QUANTIT
ATIVE OCCUR
DISTRIBL RENCE OF :
BLE ECONOMIC SIGNIFICANCE IN MARQUET%HX% %‘;ﬁﬁ?ﬁ Eélé%MENTS
i NTIES

By A. K. SNELGROVE

. Iechnological advances in response to war-
time demands have led to special uses of, and
conse.quently accelerated search for, many rare
or nlnnor elements and minerals which until re-
cer(xit y were merely curiosities of the laboratory
?n museum. Some of these elements have beerll
ound to occur in association with familiar types
of ore deposits, such as vanadium in some iron
ores; th.e onlgm, properties, and utility of many
rare minerals and eleme i
. nts are still bei -
termined.* i e
‘(The avallabxht}f of modern spectroscopic and
A-Tay apparatus for use in these investigations
fg;xgnmed a start to be made in the summer of
5 on a study of the distribution and quanti-
.tatne occurrence of these elements and minerals
;;1 certain mineralized zones in Marquette and
araga C i i ‘ i
tativf an:l)“‘m‘es' The results, admxttedly ten. Barium. Barite, the sulphate, is 2 minor but
ati o mco'mpl.ete, are presented herewith deleterious constituent of some iron ores of th
f possible guide in future prospecting. Cross Marquette Range. | e
references are goi i T
references ar vaen for elements discussed in The occurrence of barium in trace gquantiti
. O 0 . {
Mimi;mme It{m ri}l),or[ in the sections on Lake 11 the only other association noted vi? pe ities
Michig: » Republic, and the Ishpeming G. tites and ites, i i > the case of
ichigamme, peming Gold granites, 1s attributable to th :
. ails on samples and analyti i substituti i minera
Rang i \ ytical find- stitution of barium f i i
Range. Details o ' : or potash in mineral
Su%vev on lle 1;)the office of the Geological such as potash feldspar and hornblende.** Is
l ami;w ivis t' } cpgrtment of Conservation, three dozen samples, on which data are a\';;ilab]n
. 8 and at the Department of Geologi barium and stronti ’ y
Lansing and at the eological rius and strontium show rather consist
Teghn()logyg’ Hhch;lgdn College of Mining and Coincidence of variation. One-third of these ent
, Houghton, ’ ples exhibi dish
bit yellow or i
chnology, . . y greenish yellow to reddish
gpeamg?a " Ofi notation employed in reporting fluorescence on weathered feldspar surfaces
S raphic determinati i )i .
spectro _} SmaHLt: mination is T == very small Beryllium, Beryllium, a light-weight 1
, X =— ace, XX == lar ' 5 ’ - ,
e, x — small ¢ _ce, XX == large trace, xxx == (5. G. 1.83), has many new uses; an ?m onr]tetﬁt
farger quan’d‘tics rm__ very ljrge trace. The ab- ©ne is as an alloy with copper to impaf)t hfmh
; :s represented vary wit stre ige ' a fror
solute quanis fouowmg ol y. h the‘e.le- ength and ‘fatlgue resistance. It is derived from
e an the following maries, quantities beryl (beryllium aluminum metasilicate) which
ents present i ; curs chielly i i | A
p in the several occurs chiefly in pegmatites.

ca egol 1€8 € sta d q e ata are
ntitatiy
t ar tate W }1(311 ua < d

qucstio'n occur as substitutes for commoner 1
ments in minerals. The theoretical explan o
of t.he substitution of jons of minor ele e,
for ions of major elements in minerals is o:lt:’ms
the scope of this report. The reader is referlde
to a recent paper by Bray* for a comprehen lted
regional study of this problem. e

Antimony. No traces of antimony were found
spectrographically. This fact reflects the genenl
absence in the area examined of low-temperat .
hydrothermal deposits, in which antimon oo
curs. Tetrahedrite (copper-antimony sulpgid(:):-
‘})1(2)15 ,1;)12?1 observed in the Ropes Gold Mine, Sec.
29, T47N, R27W.

Arsenic.

No arsenic wa :
! - s detected
sample. - any

In addic .
r~1vddd1t1.on to the beryllium-containing de-
The genetic relationships of most of the el S](::;; (ICSC“?Cd Fin pemice o oo (;f nd

: e . ‘\v A N aY 3

oy Eonetic relationships of ) ele- ! ere found in pegmatite from an island

ments which hase ho uced into their N the northwest bay of Ives Lake, northeast 1/4

s subsequent to the formation of Sec. 4, T51 i : : :

) ! the Sec. 4, T5IN, R28YY, and i ite vei
enclosing rocks, as interpreted by W. A. Seaman i e venle
are shown in Table 3. Many of the elements in’

*
Ming.r%']’ Joseph M., Spectroscopic Distribution of
ot .ements in Igneous Rocks from Jamestown

wolorado: Geological Society of Am., Bulleti; ’
ume 53, pp. 765—814, 1942, - in, vol-

** Ibid.

* Mathewson, C. H M
r s . .»  Metals of the F :
Mining and Metallurgy, pp. 511, Januar;r, fg!itzre.

cutting a “diorite” dike at the Erie Mine, Sec. 28,
T47N. R30W. In the Eric Mine dike minute
beryl crystals are visible. Neither of the two oc¢-
currences appears commercially interesting.
Bismuth. Bismuth occurs in minor quantities
in and near the Michigan Gold Mine, Sec. 35,
T48N, R28W, and at the Suncson prospcct, Sec.
8, T46N, R29W,
At the Michigan Gold Minc the bismuth-
bearing mineral is tentatively identified as bis-
muthinite, Bi,S,. It was scen in place as rare
small blades in a quartz-sulphidc vein 20 fect
south of No. 8 shaft. The bismuth assayed 0.09
to 0.11 percent. Two hundred fect cast along
strike of the main vein on Michigan gold prop-
erty, bismuth was detected in a quartz vein con-
taining considerable amounts of sulphides, in-
cluding chalcopyrite and molybdenite; an assay
gave 0.16 percent Bi. Flotation concentrates in
the Michigan Gold mill ran 0.038 to 0.18 percent
Bi.
The Suncson prospect is described on p. 44.
Boron. ‘Tourmaline, a borosilicate of alumi-
num, etc.,, which is not a commercial source of
the element boron, is present in many quartz
veins, especially those which cut the iron for-
mation from Champion to Beacon Hill, T48N,
R29W. On the dumps of the Magnetic Mine,
Sec. 20, 'T47N, R30W, 2-inch black tourmaline
“suns” were found in pegmatite. Tourmaline
was also observed in some of the quartz veins of
the Ishpeming Gold Rangg, e.g., Michigan Gold
and West Ropes.
Cadmium. Cadmium is obtained as a by-
product in the smelting of zinc ores. Its local

occurrence is of interest only if some of the zinc-
lead-silver deposits in which it is contained

should prove commercial.

Cadmium is present in traces at two prospects

in the Dead River district.

At the Holyoke Mine, Sec. 2, T48N, R27W, it
was found on dumps on the shore of Dead River
Basin and also in the valley immediately north-
ward. The mineral associations are: On the
shore dumps, pyritic ore in silicified slaty green-
stone with rusty carbonate; and galena in quartz
and slaty greenstone with rusty carbonate and
minor amounts of sphalerite; on the inland
dumps, milky quartz with much sphalerite, chal-
copyrite, galena, and pyrite, with rusty weather-

61

ing carbonate and some malachite (a grab sam-
ple ran 0.08 percent Cd); and quartz, pink feld-
spar, fluorite, sphalerite, galena, pyrite, with
rusty weathering carbonate, and some malachite.
‘The last-named are from an exposed vein 2 feet
in width.

At Fire Center Mine, Sec. 35, T49N, R27TW,

a trace of cadmiwm is present with sphalerite,
pyrite, galena, and chalcopyrite in quartz.

it may be noted that the richest cadmium-
bearing zinc ores in the United States, in the
Tri-State area of Oklahoma, Kansas, and Mis-
souri, averaged 0.358 percent Cd.*

The cadmium:zinc ratio in the one sample
on which quantitative data are available from
Holyoke ore is approximately 1:82 as compared
to 1:160 for Tri-State.

Cerium. Cerium, a minor mectal, was recog
nized spectrographically only in the mineral
allanite. (See p. 45)

Cesium. No cesium was detected  spectro-
graphically.

Chromium. Although serpentinized perido-
tite, the usual country rock for chromite, the
ore of chromium, is represented by several fairly
large masses in Marquette County, no concen-
trations of this ore mineral have been found in
them. The top of the serpentine at Presque Isle,
‘T48N, R25W, immediately beneath the Lake
Superior sandstone, yielded only 0.26 percent Cr.

Numerous traces to strong traces of chromium
were found spectrographically in pegmatites, in
which it is presumably contained as a non-
essential constituent of muscovite mica.

Other minor occurrences of chromium are
described on p. 28.

Cobalt. Only a few localities and associations
yielded traces of cobalt. They are: in Sec. 6,
T47N, R30W, in an irregular pegmatite; at the
Erie Mine, Scc. 28, T47N, R30W, with a diorite
dike cut by a pegmatite containing chalcopyrite
and beryl; at Presque Isle Point (T48N, R25W),
in a nickel-lead-silver veinlet in which no dis-
tinct cobalt mineral was recognized; and in the
White Pine Mine copper ore (TB0N, R42W).
The White Pine ore is notable for its relatively
Jarge proportion of copper sulphide in associa-
tion with the native copper of the Keweenawan

* Tarr, W. A., Introductory Economic Geology:
2nd ed., p. 324, 1938.
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deposits. Detailed quantitative work on concen-

trates of native copper and chalcocite failed to

reveal more than traces of cobalt.

Another spectrographic trace of cobalt in the
Lake Michigamme area is reported on p. 28.

Columbium. Columbium, an element which
finds uses in special steels, was sought for in all
pegmatitcs and in some high-temperature quartz
veins.

Two minor occurrences in pegmatites in the
Republic area are described on p. 44.

Copper. Copper, in the copper-iron sulphide,
chalcopyrite, is widespread in small quantities
fn quartz veins and veinlets. Of no ecconomic
Interest are traces in pegmatites, in small quartz
veins commonly cutting the iron formation such
as at Magnetic and Michigamme Mines, in
“diorite” intrusives, and with nickel in veinlets
cutting serpentine (see Nickel, p. 64) . As a com-
ponent of lead-zincsilver ores, chalcopyrite is
notably present at Fire Center Mine, Sec. 35,
T49N. R27W, and Holyoke Mine, Sec. 2, T48N,
R27\W, and at a prospect somewhat similar
mineralogically, south of Deer Lake, Sec. $3,
T48N, R27W, 0.9 miles west of the Carp River
Bridge over the inlet to Deer Lake and 50 paces
north of county road “GM.” No quantitative
determinations were made on these occurrences.

At the Michigan Gold Mine, Sec. 35, T48N,
R28W, chalcopyrite is disseminated in the main
and several other veins, and is associated with
quartz or quartz porphyry, in places with tour-
maline and molybdenite. A grab sample of
flotation concentrate in the mill ran 0.87 per-
cent Cu.

.Tetrahedrite (copper-antimony sulphide) is a
minor constituent of the Ropes Gold ore, Sec.
29, T48N, R27W.

A slate into which the Mesnard quartzite
grades upward is found about a half mile west
of the quarry, in Mesnard quartzite, near Har-
vey, south of Marquette. This slate carries con-
siderable chalcocite which occurs in veinlets
across and along the bedding.

For a description of copper traces in the Lake
Michigamme area, see p. 28.

Gallium. ‘The metal galluim has economic
t"tpplications due to its low melting point and
its property of expanding on solidification.

Uneconomic traces of gallium were found in

all 36 granites and in two-thirds of 66 pegma

tites which were studied spectrographically. -

Because it is known that gallium occurs with
some copper ores, such as the Mansfeld copper-
bearing shale of Germany, the sulphide ores of
the Dead River Basin and the native copper and
copper sulphide ores of White Pine Mine
(T'50N, R42W), Ontonagon County, were ex-
haustivcly analyzed for this element; none was
found in these associations.

Gold. Numerous spectrographic analyses were
made for gold. Results of fire assay on some of
the samples indicate that the spectroscopic
method is not always reliable for gold.

Outside the Ishpeming Gold Range, pp. 47—
55, gold was determined in some of the lead-
zinc-silver deposits of the Dead River Basin. In
grab samples from the Holyoke Mine, Sec. 2
TH8N, R27W, gold runs from 0.004 to 0.01 ozj
per ton. Thesc results are not necessarily repre-
sentative.

A trace of gold was found in only one iron
ore—a grab sample of red earthy hematite with
some limonitic and cherty bands from the Cam-
bria-Jackson Mine, Secs. 35 and 36, 'T48N,
R27W, and Sec. 2, T47N, R27W.

For gold in the Republic area, see p. 44.

Indium. No indium was detected spectro-
graphically.

Lanthanum. No trace was found of the rare-
carth element, lanthanum.

Lead. Spectrographic traces of lead were
found in practically all granites and in both
simple and complex pegmatites, in the serpen-
tine of Presque Isle Point (T48N, R25W), in
numerous quartz veins, in some diorites and
schist, but rarely in iron formation. The occur-

rence of lead as the sulphide, galena, in the lead-
zn{m-copper-silver deposits of the Marquette dis-
trict is of possible economic interest.* These
deposits are located in

Section 30, T46N, R24W

Section 25, T48N, R26W

SW 1/4, Section 2, T48N, R26W (Sedgwick)
NE 1/4, Section 2, T48N, R27W (Holyoke)
Section 6, T49N, R26W

Section 35, T49N, R27TW (Fire Center)

* Lamey, Carl A., Lead-Silver Veins of Michigan:

Geology Dept., Mich. Coll. Min.
et g in. & Tech., May, 1935
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Section 30, T30N, R26W
“Near the headwaters of the Chocolate River”

For accounts of the history and features of
these deposits, the reader is referred to:

Rominger, C., Marquette Iron Region: Geo-
logical Survey of Mich., volume 4, pt. 1, pp.
153154, 1878—1880.

Swineford, A. P., Ann. Rept. of the Commis-
sioner of Mincral Statistics of the State of Mich.:
pp. 112—113, 1883.

Newett, George A., Mines and Mineral Statis-
tics, Mich.: p. 171, 1896.

Newett, George A., Mines and Mineral Statis-
tics, Mich.: p. 289, 1899.

Russell, James, Mines and Mineral Statistics,
Mich.: p. 443, 1900.

Lane, A. C., Report of the State Board of
Geological Survey of Mich. for the year 1902:
p. 22, 1903.

A description of lead in the Lake Michigam-
me arca appears on p. 28 of this report.

Lithiwm. Lithium, a light metal, is present
as traces to small traces in practically all granire
samples which were analyzed spectrographically.
It is also fairly common in pegmatites; samples
show as much as 0.05 percent Li. Several quartz
veins, such as those at the Grummet gold pros-
pect, Sec. 36, T48N, R28W, also contain as much
as 0.05 percent Li. Allanite is the only lithium-
bearing mineral analyzed (p. 45), but W. A
Seaman rccognized spodumenc in the Lake
Michigamme arca. No lithia mica (lepidolite)
was identified.

Manganese. Manganese is a common trace
element in the dark minerals of igneous rocks

and even in muscovite.

In this investigation, manganese was sought
especially in the ore and iron formation of idle
iron mines and prospects. More than 5 percent
natural manganese in a manganiferous iron ore
commands a premium in the Lake Superior
Region. Ores of this grade manganese are most
uncommon in the Marquette Range where the
production for 1933—1942 averaged 0.31 per-
cent Mn.”

The highest grade manganiferous iron ore

* Wade, Henry H., Mining Directory of Minne-
sota, 1943: University of Minn. Mines Experiment
Station Bulletin, volume 46, No. 22, p. 206, 1943.

now produccd in Marquette is from the Blue-
berry Mine of the North Range Mining Co.,
N 172 NW Sec. 3 and N 1/2 Sec. 4, T47N,
RO28W, which in 1912 averaged 1.43 percent Mn
natural;* it is understood that parts of the Blue-
berry orebodies run considerably higher in this
metal.

The occurrence of traces of manganese in
practically all granites examined, in pegmatites,
in the slate wall rocks of the iron formation, in
various dikes, quartz veins, dolomite, mangani-
ferous calcite, can be dismissed here as of scien-
tific interest only. The manganiferous calcites
which were analyzed exhibit red fluorescence.

The only phases of iron formation that re-
vealed a manganese content in excess of the
percentage in the average ore now being shipped
are from the following inactive properties: 1)
Tmperial Mine, NW Sec. 25, T48N, R31W, Bara-
ga County, with gruneritic magnetite running
0.43 percent Mn; 2y Spurr Mine, S 1/2—NW
174 and N 1/2—SW 1/4 Scc. 24, T48N, R31W,
Baraga County, ore containing a vein of pinkish
carbonate and quartz, yielding 0.53 percent Mn;
3) dump north of U. S. Highway 41 near Hum-
boldt, Sec. 1, T47N, R27W, garnet, amphibole,
and quartz containing 5.85 percent Mn, and 4)
Magnetic Mine, Scc. 19, T47N, R30W, where
garnetrich amphibole rock containing some
magnetite and scheelite ran 4.4 percent Mn. It
must be emphasized that all of these were grab
samples and are not necessarily representative.
Residents of Republic state that a small tonnage
of manganiferous iron ore was shipped from

Magnetic Mine or vicinity during World War L

Molybdenum. Molybdenite, the sulphide of
molybdenum, is usually found in pegmatites,
“contact metamorphic” and disseminated re-
placement deposits, and in veins of high tem-
perature formation. Most of these types are
represented in the area investigated. Minor
amounts of powellite (calcium molybdate) are
found in the Ishpeming gold-quartz belt.

The quantitative range of concentrations of
molybdenum as reported from spectrographic
analyses is: absent == less than 0.01 percent,
trace == up to 0.12 percent, large trace == about
0.17 percent, and larger trace == about 0.63 per-

* Analyses Lake Superior Iron QOres, Season 1942:
Lake Superior Iron Ore Assoc., p. 21, 1943.
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cent. The last figure is in excess of the grade
of the huge deposit at Climax, Colorado. How-
ever, no economic tonnages have so [ar been
proved in Northern Michigan.

A summary follows of the geological and geo-
graphical featurcs of the occurrence of molyi)de-
num in arcas other than those already described
(p. 29 and p. 44).

Sporadic samples of molybdenite were found
in the arca around Champion (T47 and 48N,
R29W). On the dumps of the Beacon Hill
Mine or in ledge in these townships, this mineral
occurs disseminated in granite pegmatite and
granitc gneiss; in quartz, usually with tourma-
line; in association with garnet, tourmaline,
chloritoid, and magnetite; in graywacke schist or
gneiss; and in biotite-hornblende schist. No
channel or grab samples taken in these areas
showed more than a trace of Mo spectro-
graphically.

South of the center of Sce. 25, T48N, R29W,
114, miles cast of Clowry, an irregular vein as
much as 18 inches wide viclded on channel sam-
pling less than 0.02 percent Mo.

Some of the lcadssilver deposits of the Dead
River Basin were found to contain traces of
molybdenum. On the dump of the north shaft
at Fire Center Mine, Sec. 85, T49N, R27W,
molybdenum occurs in very small quantity in
association with green schist containing a little
quartz and carbonate; and with quartz associated
with pyrite, galena, sphalerite, and chalcopyrite.

Wadsworth* observed that molybdenite occurs
at the Michigan Gold Mine, NW 1/4 of the NE
1/4, Sec. 35, T48N, R28W, but had not been
observed in the other veins of the Ishpeming
gold belt. Dr. T. M. Broderick,** chief geologis:
of Calumet and Hecla Consolidated Copper Co.,
Calumet, Michigan, states that molybdenite has
been found in small quantities in the lower levels

of the Ropes Gold Mine, Sec. 29, T48N, R27W.

Nineteen out of 35 samples collected from the

Michigan Gold dumps, mill, and veins, NW 1/4

of_NF, 1/4 of Sec. 35, T48N, R28W, and from

adjacent “forties” showed molybdenum spectro-
graphically from “traces” to “large traces.” The

* Wadsworth, M. E., Report of the S
2 M. E., tate Board of
ﬁg(-:é)éf)glcal Survey for the Years 1891—92: p. 154,

** Personal communication.

{41‘:»(1(: ol molybdenum in the Michigan Gold ore
is undetermined.  Molybdenite appears to be
(ton('_(*mr:u,cd chicfly at the edge of quartz veins
but is disseminated in the quarts in places. None
was found in unveined quartz porphyry. Sam-
ples taken from various products in the mi]]
:fnalylcd about 0.1 percent Mo. One sample of
flotation concentrate contained more. On the
surface, molvbdenite  and  yellow-fluorescin
powellite were found in greatest relative abung-
dance cast of the main shaft of the Michigan
Gold property and in the adjacent “forty.” In
the flooded workings, Mr. Charles E. Secor, care-
taker, reports* that an 18-inch vein at the east
(-:r‘ld ot the 250-foot level contains a 2-inch streak
of molybdenite in places. Systematic sampling of
the workings for both wolybdenum and tung-
stem, as possible valuable by-products in this gold
deposit, should be part of any plans for future
development of the Michigan Gold property.

Ni("/.'(rl. Although nickel substitutes for fer-
rous iron** in the dark minerals of igneous
rocks, traces of nickel were found in only 8 of
50 granites of this arca; only rarely was it /found
(o.occur in the pegmatites, diorites, and quartz
veins. Seven of the basic dikes of Lighthouse
annt, T48N, R25W, showed a small trace of
nickel.

Phree other local modes of occurrence deserve
Tncnno'n although none is of economic interest:
i the iron formations, in weathered serpentine,
and in a sulphide vein in serpentine.

. In the iron formations, a trace of nickel occurs
in the Bijiki at Bessie Mine, Sec. 35, T48N
RgQ‘W, and also in the Negaunee at Marin(;
Mine, Sec. 80, T48N, R29W, and the National
Mine, Sec. 16, T47N, R27W.

Since some nickel ores elsewhere were formed
as residual hydrous silicates by the weathering
of serpentine, search was made for nickel in the
Pr"csque Isle serpentine mass, north of Marquette
City, where the serpentine is beneath the Lake
S}Jp@rim* sandstone. In various types of serpen-
tine, analyses ranging from 0.02 percent to 0.14

* Personal communication.

** Bray, Joseph, M., Spectroscopic Distributi
R Yy 1y . strib
I(\}/I(;Ir(l)(;r;l dElerr(x}entls in Ilgréeous Rocksp from Jr;rr:lefslg:ngf
rado: Geologica i i i
Soroade: G 797{; 1942. ociety of Am., Bulletin 53,
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percent Ni were obtained. The top of the ser-
pentine, immediately beneath the Lake Superior
sandstone, ran 0.14 percent Ni. In what is pre-
sumably an admixture of residual serpentine
mantle rock with the arkosic basal sediments of
the Lake Superior sandstone 0.07 percent of
nickel was found. That the buried topography
of the top of the serpentine contains local ac-
cumulations of nickel is a matter of speculation.

The occurrence in a sulphide vein is at the
site of an ill-founded mining enterprise of early
days at Presque Isle Point, Sec. 1, T48N, R25W,
where the scarch for lead-silver is now commemo-
rated by a signboard. Part of the vein explored in
the serpentine can be scen in a cove along the
east shore, near the north end of the point. It
is 14 to 2 inches wide and consists mainly of
galena, pyrite, pyrrhotite, and chalcopyrite. In
polished section two nickel minerals can be
seen in small quantity—violarite, (Ni, Fe).S,,
and millerite, NiS. The spectrograph indicates
copper, silver, cobalt, manganese, much lead,
and much nickel. A quantitative analysis shows
0.32 percent Ni.

For other minor traces of nickel, in the Lake
Michigamme area, sce p. 29.

Phosphorus. Phosphorus is not sensitive spec-
trographically. Only two quantitative determi-
nations were made, both on samples of garnet-
amphibole-magnetite ore from the Magnetic
Mine, Sec. 19, T47N, R30W. The samples ran
0.02 percent P.

Platinum. Platinum was looked for spectro-
graphically in what is elsewhere a common asso-
ciation, viz., the various phases of serpentinized
peridotite, and in a sulphide veinlet in this coun-
try rock, exposed at Presque Isle, Sec. 1, T48N,
R25W. The serpentine at the verde antique
quarry, in Sec. 30, T48N, R27W, was also ex-
amined. No platinum was found at either lo-
cality.

Rhenium. The rare eclement, rhenium,” now
in much demand, is reported to occur elsewhere
in some molybdenum and tungsten minerals and
in slime from copper refineries. It has a melting
point close to the melting point of tungsten. The
richest known source contains only 0.002 percent

* Tyler, Paul M., Rhenium (and Masurium) : U. S.
Bureau of Mines, Information Circular 6475, 1931.

of rhenium.* All spectroscopic plates made in
this investigation were carefully examined for
rhenium, with negative results.

Rubidium. No trace of rubidium was found
in the few samples in which it was sought.

Scandium. Scandium, for which few uses have
been found, was looked for in pegmatites and
quartz veins but without success.

Silver. In general silver is associated with the
lead deposits described on pp. 62—63. In addi-
tion to the Fire Center, Holyoke, and Presque
Isle Point localities, silver was found in spectro-
graphic traces (i.e, up to 1.4 oz. per ton) n
scveral other quartz veins, such as in the Chip-
pewa (iron) Mine, Sec. 22, T47N, R30W, and
the Grummet gold prospect, Sec. 36, T48N,
R28W.

In connection with the sampling program at
Michigan Gold Mine, Sec. 35, T48N, R28W,
traces of silver were found spectrographically in
13 out of 3% samples analyzed. Grab samples of
flotation concentrates in the mill ran 1.4 to 1.56
oz. per ton. A grab sample of a vein 200 feet
east of the Michigan Gold property, and ap-
proximately along strike with the main vein of
that mine, assayed 0.69 oz. per ton: this vein
contained quartz rich in sulphides, including
chalcopyrite and molybdenite. In addition, a
grab sample of a vein exposed 20 feet south of
the one mined at Michigan Gold shaft No. 3
ran 0.58 oz. per ton.

For silver in the Lake Michigamme area, see
p. 29.

Strontiwm. Like barium, strontium is present
in traces in many pegmatites. It was found spec-
trographically in allanite also, and in other rare
minerals (p. 45).

Tantalum. Because of new applications of
tantalum in surgery, careful search was made
for it spectrographically in all pegmatite sam-
ples and also in some of the samples collected
from the gold-quartz veins of the Ishpeming belt.
No traces of tantalum have been found so far.
For information on an element which commonly
occurs in association with tantalum, see colum-

bium, p. 44.

* Schoeller, W. R., and Powell, A. P,, The Analy-
sis of Minerals and Ores of the Rarer Elements:

p. 238, 1940.
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Terbium. Terbium, a rare earth metal, was
not detected in the few pegmatites and quartz
veins in which it was sought.

Thallium. Thallium, which at present has
few uses, was found as spectrographic traces in
most of the granites analyzed and also in a few
pegmatites. These traces are not considered of
economic interest; in gencral, the metal occurs
in pyrite and is recovered from flue dust in the
manufacture of sulphuric acid.

Thorium. Thorium, long employed in mak-
ing gas mantles and in special alloys, now finds
uses in electronics. It was not found in any of
the granites or pegmatites which were examined.

Tin.* A rock sample (BgB-9), which analyzed
0.03 percent tin, was collected southeast of the
Huron Mountains in Sec. 18, THON, R27W. It
was part of a pegmatitic granite which intrudes
dioritic gneiss in the first rock ridge north of
the Yellow Dog River. No cassiterite (Sn0,)
was visible in the specimen under a hand lens,
but traces of what may be cassiterite were dis-
covered in the heavy-mineral concentrates from
the granite. In mountings which contained
roughly 4,000 grains, six were found which had
the optical properties of cassiterite, including
an irregular zonal distribution of color and a
pleochroism of reddish-brown to yellow, varying
in intensity from very rich to quite faint. The
granite consists of coarse microcline and quartz
about 35 percent each, altered silicic plagioclase
about 25 percent, and the remaining 5 percent
mainly hornblende, biotite, and epidote. No
hyacinth or normal zircon, and only a single
grain of malacon could be located; malacon is
indicative of a Huronian age for the granite (sce
p- 43). The spectrograph showed that zinc is
present as well as tin but the mode of occurrence
of the zinc remains an open question.

Another spectrographic indication of tin,
which analyzed 0.01 percent, was found in speci-
men INqg-6. It came from a one-half inch quartz
vein containing chalcopyrite which had been
injected into a uralitic diabase dike crossing
Marquette County road No. 553, 1.8 miles north
of the intersection with road No. 480, near the
north boundary of Sec. 10, T47N, R25W. In
this district, granitic gneiss is intruded by a

*By V. L. Ayres.

younger granite which also converts Mesnard
quartzite into sericitic and granite-like rock.
This younger granite seems the probable source
of the tin-containing vein. Manganese, vana.
dium, titanium, and copper are also present in
the specimen as shown by the spectrograph.,

Traces of tin (as well as of manganese, lead,
lithium, and gallium, and a smaller trace of
vanadium) were obtained from granite No. 36.
This is an aplitic type granite, pink or white
in color, which contains in addition to the felsic
minerals, a dark muscovite (or perhaps zinn-
waldite) in sparse, parallel flakes. The micro.
scope also showed fluorite, magnetite, and un.
identified brown spots. This granite is located
in Scc. 14, T47N, R29W, along county road 601,
about a mile and a half south of U. s. Highway
41 at Barron Mine.

At the Grummet Mine, Sec. 36, T48N, R28W,
a trace of tin showed in specimen USBM Gr-1.
It was found in a channel sample of 12 inches
o greenstone which forms the south wall of a
26-inch quartz vein near the west end of the
prospect. The north wall of the vein is a felsite
dike. The sources of the tin and the associated
tungsten are undoubtedly the same.

In Sec. 33, T50N, R27W., at the hairpin bend
on highway M-85, the old-appearing granite
gneiss carries a trace of tin, while at Palmer a
younger (post-Huronian) granite dike showed
tin spectrographically.

The granitic gneiss along Campean  Creek,
Sec. 5, T48N, R25W, contains phases in which
the pink feldspar becomes almost porphyritic.
Tin occurs spectrographically in this phase, but
not in the non-porphyritic granitic gneiss.

The largest race of tin was found in magnetic
concentrates from an old-looking gneiss south-
west of Lake Pelesier in Sec. 10, T47N, R25W.

Two other tin-bearing rocks from Sec. 26,
T48N, R30W and Sec. 81, T48N, R20W, each
containing 0.02 percent tin, arc described on
p- 29.

Further work is now being donc on the tin
occurrences of Marquette County.

Titanium. Titanium is common in igneous
rocks and was found in small to large traces in
most granites and pegmatites and in some dio-
rites, greenstones, and sericite schists. The

largest quantitative result showed 0.6 percent Ti
in amphibole-garnet-chlorite schist from .the
dumps ol the Beacon Hill Mine at Champion,
Sec. 31, T48N, R29W.

Small traces of titanium were also found in
parts of the iron formation of the Marguette
Range. Its presence in iron ore is undesirable.

Tungsten. Because in 1948 a shortag_e exist-ed
in American supplies of tungsten, intensive
search was carried out with the aid of ultra-
violet light (“Mincralight”) which causes tbe
tungsten ore. scheelite, 1o fluoresce. Discoveries
of new sources elsewhere have radically changed
the tungsten situation in the meantime.

Of 50 granites analyzed spectrographically,
none showed traces of tungsten. From over 500
samples of other rock and mineral.associations,
chiefly high-temperatare quartz veins and peg-
matites, only 13 showed positive traces of
tungsten.

All the wraces found are in either the Repub-
lic area (p. 44) or the Isllpeming'(.}old Rar}ge
(pp- 48, 51-53). None is of sufficiently high
grade to be of economic value by present
standards.

Vanadium. Vanadium is a critical war metal,
used chiefly in alloy steels. Therefore it was
the object (;I' special search in this in\’es[igati?ll.
Only one possible location in the area stu(.iled
was suggested. It was thought that some iron
ores in the Marquette Range might contain suf-
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ficient vanadium to recover as a by-product. The
results were negative. ' '

Spectrographic traces of vanadium are 'w1dc~
spread petrographically and ge?gl‘aphlcally.
Traces ranging from 0.002 to 0.05 percent V
were found in some grab samples of magnetic
iron formation, consisting of magnetite and
chlorite, which were taken from the inactive
Chippewa Mine, Sec. 22, T47N, RSO\V,_and
from a dump near the former site of the Chlc.ago
and North Western Railway depot at Chafnp}on,
Sec. 32, T48N, R29W. The non-magnctic iron
formation in the Ishpeming area of the Mar-
quette Range showed smaller traces. O.n 'the
whole, vanadium appears to occur in similar
quantities in the wall rocks of the iron forma-
tions and in the iron ores.

The associations of traces of vanadium found
in the Lake Michigamme area are described on
p- 29. »

Yitrium. Yttrium, a rare earth, was found in
unimportant traces in four granites, p'nainly por
phyritic, south and north of Republic.

Zinc. In addition to its occurrence in some
quantity in the lead-silver-zinc deposits of the
Dead River Basin (Fire Center and Holyoke),
traces of zinc were detected in a number of peg-
matites and quartz veins. These traces, like thosc’.
in the Lake Michigamme area (p. 29), are of
no commercial interest. .

Zirconium. Only unimportant traces of zir-
conium were found; these occurred in granite.

wofedy e
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chmm(ﬂ K‘eweenawan -------------------------- 8, 17 RePUDNIC ..ot ini i Eb W?stRopes’Mme...................:.::::::' :
Champion .......... 14, 15, 16, 29, 30, 61, 64, 67 Kitehi R 11, 18 Republic Mine R EREEEEITPTSTRLRERE ) .6‘ «;? Willmott, W. B. ...t .
Champion Revolution ........... ........ 13, 18 mloman Mine ... 58 Republic Revolution ..........o.oooooeers 1T Yellow Dog River ....oooooirree s o0
Chippewa Mine ......................... 65, 67 KOMA oo 13, 18 Rhenium ......oooiiiiiiinienineee K 3y YETIUM
Chlorite ........ooouiviuiiniiiiiii . 30 Lake Pelesier ............................... 66 Rominger, C. .......oovvvrreirvennses 49, 62, B4 ZHNC +orrenr e 29, 67
Chromium ........................... 28, 52, 61 Lanthanum ................................. 62 Ropes Gold Mine ............... 47, 48, 49, 62, 65 Zircor;i.u.m ................................. 67
Clarksburg ..........ooovvniiineo.. 16, 22 Lamey, C. A, ....oooo oo, 24 Rubidium .....ooovvvennhenrvneeree
Cleveland-Cliffs Iron Co. ..... . ........ 8, 35, 53 Laramide (?) ............. ... ... .. ... ... ... 17
Cobalt ..... ... ... 28, 61 Laurentian .............................. 11, 18
Columbium ............... .. ... ........ 44, 62 Lead ............... . ... 28, 62
Copper ... ... i 28, 51, 54, 62 Lighthouse Point ............. ... .. ... ....... 64
oo i e o oy B |
Devonian ... ....... ... ... ... .. .. 17
Deer Lake ........... ... ... ... .. ...... 62 MaasMine .......... ... ... i i, 14 o
Dillman, Grover C. ..................cv.u. ... 8 Magnetic Mine ....... 15, 34, 44, 59, 61, 62, 63, 65 e
Manderfield, N. H. ..., 6
Enchantment Lake ............ .. .. ... .. 11, 18 Manganese .....o.overirinnnn 28, 63
FeldSpar «.....oovoner 30, 45 Marine Mine ......................... .. 29, 64
Fire Center ................. .. 47, 61, 62, 64, 65 Marquette ............................. 11, 13
Fluorite ....... ... ... ... ... .. ... ... 46 Marquette County Board of Road Commissioners 8
Ford Motor Co. .ovovonrneonens 8, 33 Mesnax:d ................................ 13, 18
Ford RivVer ........ov'ouoo 10, 42 M'esozmc ............. EEREEEE TR R 17
Foxdale Mine ............. . ............... 57 Mica (See also Muscovite) .......... e e 46
Michigamme ......... ... ... ... ... .. ... . ... 16
Gallium ...... .. . ... .. 62 Michigamme Slate ....................... 16, 35
Garnet ....... ... ... ... . 30, 46  Michigamme Mine ................... ... 15, 62
Gold .................... [N 44, 4756, 62 Michigan Gold Mine ... 47, 48, 49, 51, 61, 62, 64, 65
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