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Progress repertd for 1947
Geology of & part of the Feleh Kountain irom range,
Nichigan

By Carl A. lamey

Extension of work
Daring the summer of 194¥, mapping im the Foloh Nountain iroa
range was continued ssstward for 3 milees, and included the area
around the abandoned Grovelamd mine (pl. 1). The methods used were

the same as those descrided im previous ropom._lj As heretefore,

1/ Geology of an area seuthwest of Randvills, Dickimsen Coundy,
Michigan: U. 3. Qecl. Survey opea file repors, 1948; Geelegy of aa
area near Handville, Nichigan: U. S. Geol, Survey opea file repors,
1948,

dip-needle observations were made ad 40-foet intervals alomg traverses
spaced aboul an eighth of a nile aparS. Control was maintained My
taping section lines and by mesns of air phetographs.



Exposures and pits mapped

Humercus exposures of Sturgeen quarisite, Randville dolemite,
and Tulecan iron-formation vere mapped, as well a¢ some expesures of
ferruginous quaris-aica -gnu, nica~-garnet-grunerite schiss, gnsiss,
granits, a granite pegmatite and diorite of post-Huronian age, and
sandstons of Camdrian age. Alse numercus test pite, trenches, and &
few abandoned shafts were lacated. Only those pite and tremehes that
reached bYedroeck are shown on the map. The distridution of exposures,
pits, trenches, and shafte is shovn en the geologie map (pl. 1).

Outorops of tho Sturgeon quarisits fors a discentiavous delt
from the scuth boundary of sea. 7, T. 41 K., R, 30 V., inte sea. 36,
2. 42 E., R, 30 ¥,, a distance of about 5 miles; dul graanite and
gneiss outorops are present near the south quarter-gorser of see. 38,
2. 42 X., R, 30 ¥., and are closely asseciated vith the quarisise.
Rast of this long Delt there is a gap of sboud a mile, followed by
a short strip of quartsite im sec. 31, 7. 43 N., R, 29 V., wvhiok is
_apparsntly offset from the louger dels. Tentatively this small strip
alse 18 designated Sturgeon quartsite.



A series aof tesh vits, trenches, and a fev shafts near the sast
side of sea, 31, 7. 42 K., R. 29 V., and extending adout 500 feel inte
sec. 32 (ned showm on the map), explored a ferruginmous some aleng the
nerthera side of the quartsite. The material om dumpe and expesed ism
a few cutorops is chlefly schistose specular hematite. The ferrugie.
nous sone appears 3o have a maxisum width of adout 100 fee$, dut the
richest part of 4%, in vhich 3 shafts vere sunk, has a width of oanly
20 feeh. The streaks of hesatite are {ntermingled vith mettled red
and vhite vitreous quarssite, gray qarisite, and mica schish.
Generally the northernmost exposures are muscavits schish, con-
siderably shearsd, at some places characterised dy miscaovite flakee
1/2 to 1 inch across. Thess sastera outerops af schistose specular
hematite, quarisite, and schist have the same position with r“pui
%o the vitrecus gquarisite south of them as de outcrops of sugary
sagnetite-dearing quartsite and some schied that are present at a
fow places in the five-mile bels farther vest.

Three belts of Randville dolomite crep cul in the castern paré
d the area: a primcipal northern one extending through secs. 34, 38,
n‘ 28, T, 43 K., B, 30 ¥.; a well exposed Dul shorter southera one

i
ﬁmcndtu for about three-fourths of a mile through secs. 3B and 3‘.

« 4%, R. 30 ¥.; and a shert, nmarrov, and peorly exposed belt Jush
(3erth of the center of seg. 36, T, 43 ¥. R, 30 ¥V, The dolemite in
211 of these exposures has beem considerably metamorphosed, and there
) m conspiouous tremclite crystals on weathered surfases.




There {s delemite in a fev pits north of State Righway N-69 ia
the sastern pard of sea. 31, 7. 42 8,, K. 29 ¥,, vhieh tentatively
is classed as the Randville dolomite. HNewever, because only losse
aaterial from the pite could de examined, and this mttrh.l APDAT-
sntly containe nes tremolite and is only elightly metimorphosed, the
age determination {s uncertaia.

I i of great interest and importance te observe that aloag
the projection of the stiriks of the northermmost delt of Randville
dolemite, the cutorops in the souther:n yart of see. 30, T, 42 K.,
R. 39 W,, consist of gneiss cus By granite pegmtite. Om a previcus
maPp of this area the Randville dolomite sxtends contimucusly
throughout sea. 30._3_/

2/ u. 8. Geol. Survey Moa. 38, pl. 3, 1899,

Other outcrops and pits of particular hport;uco are those south
Qf the Groveland mine im sec. 31, T. 42 N., R. 29 ¥. The exposed
neh are in part a ferruginmous quarts-mica schist, which im places
u highly quartsese and contains well orystallised magnetite, and ia

"'P'“ At

)u-t & reddish quartisite. These rooks appear t¢ be differeat from
qtuu desorided in former preliminary reports on this area,
tlw e a 2light exteat they resemdle the poorly exposed sugary
hpﬂito-bnru‘ quartsite along the north side of the Sturzeen

g

Jfg e

mutc. Some of this material mapped im 1947 bdears a striking
nullm« %o exposures of Hiddle Muromianm AJLbik quartzite ia the

ln'pth district.
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The mice-garnst-grunsrite schist that orops out sporsdically
throughout the area {s Freseat in some goed expssures near the vest
quarter-corner of sea. 38, T, 43 N. R, 0O V., and in ene small end~
erop ia the north central part of Shat essetion, a shord distance
south of a test pit that expeses the Yulean iroa-formation. The
material is similar to that sxposed farther west, im seas. 8, 7,
and 8, 2, A1 X, , R, 30 ¥, A dieritiec type of rook i» assooiated
with the schist, as in the more westerly exposuires. Novever, %
does not clearly shov intrusive relations with the schist, and on
preliminary microseepls exaeination, although amphibole is abundans,
the rock contains nmcﬁ quarts, and some specimens of it contain oaly
a very small amcuat of feldspar.

Tve belts of Yulcam iron~formatioa ia the sastera part of the
area are showa on the geologic map (pi. 1). The southern one {s
well exposed in ths vieinity of the Oroveland mine and westward
Shrough the central part of sea. 36, T, 43 N,, R, 30 ¥. The northera
bels, hovever, is sxposed only in eutarops near the ceater of ses. §,
T, 41 N., R, 30 V., and in a test pit in see, 38, T. 42 0., R, IOV,
and 1ts positiom has deen determined chiefly by magnetie attraoctiona.



One other group of pits, in sec. 34, 7. 43 K., R, 30 V., {0 of
sonsideradle intersst. These exPose & gray quarts-aica slate, part
of which s somevhat sehistese. AN one of the pits some discarded
drill oore wvas odtained. The core material is esseatially the same
as the rock throwa frem the pite. Frelimimary microssepic examine~
tien shows that the composition varies from domizantly quarts aad
nios, te quarts asd foldspar {m adout equal ameunis along with much
nica. The foldspar consists of plaglioclase and micrecline, and the
nice of muscovite and biotite, either one of which may predominate.
Some of these rocks contain a consideradle amount of spidate, and
all of them cenSain tourmaline.

A few cuterops of sandstone of Canbrian age are preseat {a
sec. 31, T, 43 W., B. 29 ¥., northA and nertheast of the Groveland
nine; Wt sandstone im pits and trenches indicates that it covers
the pro;cntrtn rocks throughout mich of this section. The dase
of the sandstons is conglomeratie and contains uay angelar fraguents
of iroa-fermatioa, dul alse some angular fragments of slate and
quarisite, and sems rounded coddles of quartsitve.



Age relations
The age relations as presentsd in the progress repert for 19403[

3/ Geclogy of an ares near Randville, Michigam, op. eib.

—y

remain sssentially the same, But teniatively they are modified by the

addition of rocks that appear to deleng in the Niddle Ruronian, ia
parts pessitly equivalent to the nica-garned-granerite sehiet, im verd
below 1% snd posaidly ecuivalemt te the AJIdik quartsite of the
Marquette district. Alse, temtatively the Sturgeon quartsite is
smbdivided intc & lover vitreocus quartsite and an upper quaris-mies
slate. This latter roek ia thought to Y@ reprecsented By the material
exposed in tesd pits im see, 34, T. 42 B., R. 30 V., and by schistese
materisl along the northera #i4ds of the southern delt of Sturgeem
quarssite. At present {§ ales ssems prodbable that schists or slates
may underlis the vitreous quartsite in nary of the ‘area, as indicated
Yy some mica schiste {n sec. 35, 7. 42 R, R. 30 ¥., Yl as ye'

there 1s very 1ittle direch evidence te mpport this concept. The
revized tadle showing age relations follows.



3able shovigg probable age relatiomy

Cankttan
Post-lMluronian
Middle Muroaiss
Pro-Candrisn

Sandetons and conglemersie

Unconformity ~ -

OGrznite pegmatite and diertte;
possidly some granite gneiss.

Yaleas iren-formatiom.

Nica~garnet-grunerite schish,
{Possibly squivalent te the
Stang slate of the Marquette
diatrict or the Brier slate
nemder of the Valcan iren-
formation.) .

Perruginons quartsemica sahist.

Red to mettlnd red and white
vitreaus quartzite, possidly im
part equivalent ta the Ajidik.

quartsite of the Harguette
dletries.

Lower Huoronian

Unconformity

Uneonfont. ty
Randville dolomite

Sturgeon quartsite. Quarise-
nica slate or schist ia upper

part; vitreous guartsite im
lower part.

Part of the graaite gueiss.



Some additienmal informatiom was obtained regarding the extend
of the gramite pegmatite of pest-Nurcnian age. In previous reporis
tﬁ was desorided as cutting gasiss, Sturgeon wlsﬁc, and Randville
dolomite. In 1947 1t was noted thad narrewv diltes of 1% cut the
Sturgeon quartzite st several places in the southesstsra part of

. see, 35, T. 43 K., R, 30 ¥, snd thad a small stringer cut slates

; thrown from the pits in eeg. 34, T. 42 l.,‘l. 30 ¥. Alse a sanbder

" of dixes and emall irregular intrusions cut the Yaleas irea-formation
:’ near the Groveland minme ia see. 31 and the gnelss outerops to the

morth in sec. 20, P, A2 ¥. R, 729 W. Altheugh there is ns direch

:: proof of the post-Buromiam age of ths granite pegmatite thad cuts

m gatss, the location and gemeral relations imdicate that 1% is

" the same rock that cute the Yuloam {ron-fermation, and thed a large

gy.«

Es

3 Ho proof counld be odtained resgarding the age of the granite and

upomo of 1% is present farther north, prodBably in seec. 19 oy 20,
!. 42 X., R, 29 ¥, (not showam om the map). .

.Mu exposures 1m ssc. 2, T. 41 ¥., B, 30 V., and see. 35, 2. 42 X.,

R. 30 ¥., bscanse at no place esnlai a gontach Ye found,

¥l
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Nagnstic anomslies

The upni.g anonsalies mey Yo divided inte four prinocipal gvoupe
for convenience of reference: (1) high, 30° snd adove; (2) medsrate,
16 to 20% (3) lew, 13° te 180; (4) very low, belew 12°. The first
thres of these greups are represented inm the entire area, btus the
fourth one is almsst eniirely confined te the eastern end of it (see
pl. 2). Throughout much of the area it has deen posaidle te estadlish
from outorops ths cause of the high and moderate anemalios, Yut nob
with certainty the czuss of the low and very lov snemalies. The high
ancmalies, 30° and above, are characteristic of and almest entirely
econfined to the Yulcan irem-fermation, bu$ im a few places uhug up
to 37° vere odtained on the mica-garnet-grumerite sohtss. The
moderato anomalies, 16° te¢ 29°, characterize either the mica-garnet-
grunerite schists or the sugary magnotite-bearing quartsite that erepe
oud in places north of the vitreous Sturgeen qurtyijm. The low
anomalies, 12° te 15’. are charagteristie of mest expesures of granite,
pegmatite, gneiss, vitrecus guartsite, and dolemite except vhers the
latter is underlain by the Vulean iren~formation. The very lew
anomalies, below 12°, are presant im part vhers sandstone of Candeiam
age is exposed, Dut there seems te be ne reason e aseride thess very
lov anomalies te the presence of sandstone decaunse odssrvations as
lov as 0° were nsted om exposures of ferrugizous quarts-mica schish
in ses. 31, 2. 42 M., R, 29 ¥,, south of the Greveland wmine, and
erratia very low readings, 0° te 10°. were noted on sxposures of
mica-garnet-grunerite schish.

1



The principal high magnetis snomaly, caused by the Vuloan
iron-formation, is strong and rather persisteat nsarly te the
northeast cerner of see. 36, 2, 43 ., R, 30 ¥,, exeepd for some
decreased magneiism at places slong the magmetie ereet {(pl, 3).

In the northeast part of seq. 36, 7. 42 K., R. 30 ¥, L% ends
‘b";‘l"l" at a sinilar aneomaly, aleng wvhich thare are numerocus
exposures of the Vulcam irea~formation, degins about half a mile
south of the northern ene and contimunss sastvard nearly t¢ the
eastera bomdary of ses. 31, T. 42 K., R. 29 X, wvhere {4V ends
abruptly. ZThese $wo delts shev an overlap of abou$ a quarter of a
nile. In addition te thie coutimucus scuthern Righ ancmaly,
:'.;_uv-ul discontimaus nederate to high ancamiiss are presead Ve
'c!u vest of 1% and south of the northern high sucmaly. These
ga-eontim: ones nay represent, at least im pars, somevhad
tnhto& blocks of iron-formation. The dsfimite dreak and dis-
)lsmeat in see, 36, T, 42 M., R, 30 V., of the princival bels
if hizh anomallies, the lscation of the discentimmous high anomalies,
nd the shape of the magnetie eontours, all indicate 2 fammlh of
mnm;uc magnitude, along vhich thers has bees drsg folding.



Several miner Ybreaks are present alomg the prineipal orest ia
sec. 3, T. 42 8., R, 29 Y. These appesar $o de caused in pert Wy
ninor faults aad shattersd zenes, and in part dy granite pegmatite
intrasions. In those places vhers the pegmatite is exposed, Asoided
drops in nagnetic amomalies wers obdserved. Kowvever, in other places
vhere the pegmatite probably intrudes she irca-formatioa at a slight
distance delew the surface and is overlaim by the iron-formatiom,
exceptionally high anomalies were observed. Normally this vould de
expected, as the Intrusiom of the pegmatite should cenver$ some of
the overlying iron-formation inte magnetite.

A break in the crest of the principal high amomaly was estabe
1ished by additional work im sees. 33 and 24, 7, 42 4., R, 30 V.,
wvhich indicates the position of a fauls trending northeast.

‘ A narrov moderate anomaly is caused by a magnetite-dearing
ugary quarizsite exposed in some places along the nerthwestern aad
uorthm side of the vitreous Sturgeoa quartsite. The chief charae-
ith»x’htm of this amomaly is its range from 16° te lp" , diversified
by occasional values slightly higher tham 20% Yas rarely mors than
28’ This anomaly has been traced, with some imterruptions, from
t!n south boundary of see., 7, T. 41 X., R, 30 ¥., to the east boundary
‘ sec. 35, 7. 43 K., R, 30 W, TYarther east, ia sec. 36, T. 42 ¥.,
:. 30 Y., and in ses. 31, T. 42 K., R. 29 W., {V was Bot fomd,
1"10« 1% {s represented by a very veak crest shown ian the southera

VN of sec. 36 and the southwestera part of see. 31, sloag vhich
hl dip needle shovs a maximum ef 14°.

13



It seems walilkely thad this wealt crest represents the magnetis
quartsite ansmaly, as the distrivation of euterops (1. 1) and &
sscond shors Bels of mederate anomalies im the southeantern uvart of
sea. 31 (pl. 2) indtaste that the Sturgeen quartsite should e farthey
south than this vssk creyt and perBaps ie present in sees. I sad §,
T. 41 X., R, 30 and 20 ¥., respactively, The trend of the cutcrop
belt, the moderate ancmaly im the southeastern part of ees. 31, and
the location of the latter zoul) of the quarSzite cutereps, mavperd
this concept. 7This mederate ansmaly im sso. 31, south of eulerops
of vitreous quarisite, dDears the same relation to the quartzite za
the snomalies, slong which ne expesures exiet, im ssce. 7, 8, aund 8,
T. 41 H., R, 0 ¥. Turthermors, near the sast boundary of see. 31,
and extending inte se¢. 32, theared speculay hematite is vreseamt
along the porthery side of quartsite exposures, vhioh throughoud the
rest of the area napped is the position of ‘he vrincipal magnetis
anonélr ssscalated with the quartsite. Dip-needls odservations aleng
this specular heratite sone shewv no incrsase in magnetisw above thad
Yielded by the vitreous quarisite.

Fumerous shor$ masnetic crests and troushe are present in sees.
36 and 31. It is diffiould te interpret these Yecauss of the faulting
and intricate folding of the rocks im this aream, which is well showm
at the Groveland piéd and by bloeks of the irea-formation from test

pits,



Sirweture
The strusture of the area st{ll {§ neot woll Imow, Wat the
additional megnetic ~nd outerop data ebtuim daring 1947 indieate
rather clearly the vresence of et lenst one nsjor famult and several
minor cmss. It now seeme apparest Shat the Tulcas ircg-formasion
i{s cut bwfmln insens, 42and 8 T, 41 H., R, 7B ¥., and {n seqs.
33, 34, 35, and 38, T. 42 ¥.,6 B, 30 W. These are c¢learly showa by
the d{splacements of the magnetic crent (eee vl. 2). Fanlting of
oonsideradle magnitude, sccompanied bWy drag folding, {s indicated
Yy magnetia contoure im secs. 38 and 3, at the castern ond of the
area. Norsover, mch displacement by fanlting is irdicated dy the
lacation of iroa-form-tiom ouleraps in secs. 36 and 31, 2nd dy the
appearsnce of gnelss oulcrops im seo. 30, P, 42 F., R, 29 V., aleng
the projected trend of the irvon-formation and dolomite sxposed in
sec. 36, T. 43 X., R, 30 ¥. Ths exsct pasiSions of faulss are dif-
ficultd te fix, tat a combination of the information furaiashsd by
sagnatis anomaliss and ocutorops indicates ths orobadle location of
~the faults showa om the maps (pls. 1 and 2).
IS vill de noted that the Randville dslomite varsistently
| sscompenies the high magnetie anomalies that revrsaent the ulean
iu.-!mtmin sees. 34, B, and 36, T, 43%., 2, 0V, The

i‘nn—tomuoa is knowr to canes these anomalies, :nd its presence

. mh astablished by a teet DIt in seo. 38 & short distamoe



‘‘‘‘

south of a islomite cuterep (pl. 1). Maguetic comtours indicate thad
the iron-fermation dips ts $he nerth, and outorepe show Shat the
dolomite alse dips te tha nerth. Although the evidence {» net ye#
complete, the conslusion seems almest inescapabls that the morthern
bel$ of Randville dolomite has Been thrust over the Yuloam irem-
formation. If this i so, shis thrust faull that drought up the

- Randville dolemite was éiaplaced aleng ths fauls that outs off the

iron-formation near the neytheast corner of section 36,
Some structural complexity is indicated by the schist and

i quartsite immediately south of the Orovelsnd pit {m ses. 31, 7. 43 K.,

R. 29 ¥. If these rocke are {n part the stratigraphic equivalen$ of

P ET ] g L EE

-the Middle Ruronism AJibik quarisite as seems lilkely, they may repre-

i semS the matorial immedilately unlerlying the Yulesa iron-formation.

" However, the only coataet detwesn this material and the Valosn iros-

formation found by the writer i in the southeast corner of the

" Oreveland pit, and 1s & famlt conteat alomg vhich the schist has

% much sheared. Further, the small belt of troa-formatica vithia

th schist presents some diffigultiss. Its relatioms te the schiesh
Waﬂ be observed, as 1%e presence i{s knowa only from material

k tead pits, Wt apparently its location results fyom famlbing.
1% seome 1ikely, therefore, that several fmlts showisg somewhad the

oo trend as the formatieas are present scuth of the Grovelamd pib.



Some additfonsl indieation-ef feulting im this arvea is furnished
by the eharacter of the formaliems. The sehist is fimely foliated
oxoept where mest intensely sheaved, snd the dolemite frem Sesh pits,
although erystalline, is not ceoarss textured and contains ne visidle
tremolite oF other silicoates, although granite pegmatite cuts the

. frem~formation a short distance morth of these Pits, and wmoh mag~
netite, some grumerite, garmet, and other silicates are presems in

- iron-formatiom on the dumps of the Groveland nise. This relatively

low grade metamorphism of the dolemits im clese proximity to higher

& | e netemershim of Srea-fermation and Ve pegastite intrasive inte
m latter, indicates that the delomite may have bDees drought te its

§ position along a fault after the intrusion of She pegmabite and the

h H~

nhnrphin of the iron-formatiea.
% " Ne additional information was found rmrdhc ths structursl

g}nhttm of the Sturgeon quartsite, except a fow more sxposures

%E‘

1 llick show that the top of the formation is tovsri the north and
: Shat it is overturned. The Alsappearszce im secs. 36 and 31 of both

m quartsite and the magnetic belt along its morthera edge, and the
‘; wancc of the quartzite im see. 31 with a tread indicabing

R

4% 1% may be present some distanee south of the gap in sees. 34
- 31, suggest displacement Vy fauliing. The direetion of say such
L Oy is nob appereat at present.
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Fgssidle distrimiion of ore
mmaim in previocus reporse regarding the possidle distri.
wtion of §n have indicated that distridution msy depend em vheidey
esncentration took place before or aftey folding and famliing, or
before or after metamorphiss and ths formation of magnetite. It wae
stated that if the main period of concentration wvas defore the develop-
ment of magmetits, the places of high magnetism along the crest of the
iron-formation anomalies night indicate greater ore concentiration,
- ptavided that thore is relatively 1{itle wvariatiom In the degres of
metamorphism and depth of durial of the iron-formetioa throughoud the
area, and provided that post-magnetite faultiu had not se shattered
m iron-formation as to reduce the magnetism materially. Oa the
nh-r hand, 1f Gomcentratios vere latey tham the formatiom of mage
pm.. the areas of lower nagnetism along the crests of aaomalies

¥

Mt resalt from post-magnetite faulting sad later conceatratios of

honatite along shattered senes.
1 VYory little can be added te the statements im previcus reports
wmg the general distritutien of ore, dut some distinction might
£ nade rogardiag Mighe and low-grade material. The high-grade ore-
Cjeaitets at the Oreveland piS, se far as could be aecertained from

_ m« exposures, vere asseciated with faulte and shear sones, and .
| } 678 apparently comsisted of schistose specular '!uuuu. Snout) |
a1l piles of cearse-grained specular hemstite vers acted arsund the '
Zewland pit. Alse, speouler hematite asd relatively cearse-grataed
-anuo wvere noted on the dumps.

18



The scarcity of outersps in the area, except in the vieinity of
the Groveland mine, prohidits detailed discussion of the general
characteristios of the iran-formation. Newever, bdecsnse thesy
characteristics vill deternine te some sxtent the 1ikelikood of
ueing the iven-formatiom as lewmgrade or comcamtraiing ove, 1% may
Yo well % summarise somé of the features noted n the vielalsy of
the Oroveland mins. Some of the material eontains nagnetite octahadra
as much as 0.08 iask across, rathey uniforaly distriduted through
silicecus iroa~formation. Other material {s mere massive Mtitu
and some s s!lie«u slaty ires-formation. In general, 1% might tc
:cutod that the magnetite observed is relatively ccarse graised.
 If conditicas Shrougheut the area are similar te these around
m Groveland pit, the areas of high magnetion might yield relatively
pod concentrations of moderately scarse nagnatite ssseciated vitk

%éﬁch'n of speculay hematite. It {s possidle that suckh material, if
‘ smfficiently coarse, might yield to concentralting yrocesses, as 1%
_wrald not require extremely fine crushing to 1iberats the magnetite

“foeem the siliceous material.



