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Geology and megnetic anomalies of ¥. 42 X.,  R. 20 V.,
Dickinson County, Nichigan

by
F. J. Pettijodn

Introduction
, Scope and purpose of report

This report summarises the results of field work done in T. 42 K.,
R. 30 W., Dickinson County, Nichigan, durimg the summer of 1948. This
study is part of a contimuing cooperative survey of ths iron-dearing
districts of Nichigan uadertaken by the U. 8. mn;:ea Sarvey and the
Geological Sarvey Division of the Nichigan Departaent of Comservatiom.

The ares coversd by this report includes all of T. 42 K., R. 30 V.,
and parts of adjacen$ areas, namely, ses. I, T. 41 K. R, 31 ¥., sec. 6,
T. 41N, R. 0V, s0c. 35, 2. 43F5., R. N V.,  secs. 30 and N, . 2 K.,
R. 29 1;., and secs. 31, 32, 33, and 34, T. 43 8., R, 30 V. (fig. 1). -

The westerm end of the Feleh trough crusses the southern part of
the township. This area is not discussed im detail here inasmmch as
1% ia described by C. A. Lamey in open-file reperts of the U. S.
Geological Survey issued in 1947 and 1949. (Lamey, 1947, 1948) "

The age relations of some ef the lithologic umits within the mapped
area are naot entirely clear. Thé conclusiens presemted in this report
do not necessarily ceincide with those held by other membders of the -
U. S. Geological Sarvey working im this regles.






Jield mathods

The cutcrops im the area were plotted at a 1:20,000 scale on &
base map compiled from aerial photographs. Outcrops were first located
on the photographe and them examined in ths fisld; all data were latew
tram!orrid from the photographs to the map sheet vith a camera luoida.-:
See plate 1. ' D x e

The magnetic observations were made with a Hotehkiss Superdip -
oriented perpsndicular to the magnetic meridiasn and set with a 2 degree
angle between the magnetic and gravitational arms. The swinging assemdly
was balanced ia about the horisemtal position (90°). Headings ef the
first dovaswing, the first backswing doubled, and the second devaswing
wers averaged for each station. The mean thas computed was temperature-
and base-corrected. The differences Detweem the corrected readings and
90 were plotted on the map and contoured. The Superdip used was calibrated
against an Askania vertical magnetometer. Bacgh soale division was found
to represent about 35 gammas. The magnetic readings were later converted
to gammas and replotted (pl. 2). Statioms oceupied wers located by pase
and compass traverses. . )

Additional data on the magnetic amomalies of this area were obtained
from J. R. Balsley, Jr., wvho kindly made the asromagmetic profiles,
recorded in 1948, available to the auther. 1Im additioa, M. ¥. Leightom
ran several profiles with a Wolfsom nrtical.l magnetometer duriag the
summer of 1949 (pl. 3).



Significant results

The use of sevial photographs made it possidle te find and map
virtually all existing outcrops of the crystallime rocks im the towmship
snd to dememstiTate an extension of these rocks farther southwest (iate
sec. 1, T. 41 K., R. 21 V.) than shevm on any published meps. TFleld work
shoved that the greea schists sf the Hemlock complex are present in the
Dorthvest part of the ares, asd 18 1s possidle that some of the granite-
injected amphidolite elsevhere in the tewmnship alsa is of Hemlock age.
The Huroaiam rocks betveem Randville and Sagola (im the vieinity of
Carey's Spur) wers found to eccur im a narrew mertheast-trending trough
bounded on the morth side by a major famls.

The magnetic anomaly vhich extends south and sast from Sagola was
mapped im detail. The asromagnetic profiles disclese virtually all the
anomalies in ths towmship.

AchwwlM“

The anthor wvas ably assisted ia the field by Bruce Kennedy of the
Geological Sarvey Divisioa of the Michigan Department of Comservatiom.
He 13 also indebted te F. 3. Pardse and G. E. Xddy of this orzanisation
for the use of unpubdlished maps on the geology of the township.

M. W. Leighton made several check traverses with a Wolfsom vertical
nagnetometer in 1949. The auther 1is grateful to K. L. James and

C. E. Datton for oritical resding of the marmuscript. He is alse
indedted to Kenneth ¥Wier and Valdem Prat$ for a helpful discussion of
the magnetic anomalies and their imterpretation amd te Kenmeth Wier
for assistance in plotting of the asromagnetic traverses and crest
points,



Fhysiography and drainage

The area mapped lies within the Lake Superior Upland. Most of
it is mdorm: by pre-Cambriax rocks and mantled by a more or less
contimuous cover of glacial drift. |

The topography of the area is a product of pre-glacial erosionm,
ice scour, and deposition. In gemeral the granites and gneisses tend
to form low rocky platesus whersas the imterveming weaker Huroniam
rocks pro&neo. lovlands. Tom King's Creek, for example, flows through
the low ground underlaim by the !nroniain strats of the Feleh ircm@.
RBocky platosn-like areas of zranite gneiss iie doth north and south of
this lovland. Even the course of the Weat Fork of the West Branch of
the Sturgeom River is controlled ia large .part by bedrock lithology and
structure. This stream, vhich arises ia the back slope of a large
moraine, flows southm_rd parsllel te the moraine umtil 1§ reaches the
Tocky area underlain by a gneissic, porphyritic red granite. A% this
place 1t detours vestward somevhat and crosses ths area detween twe
granite domes and them flows eastvard south of fho largest dome. The
East Fork of the Wes$ Branch of the Sturgeon River, oa the other hand,
flows southwestvard across the gneissic terrane in a course possidly
eoni".rollo’tl eithsr by a shear zone or a fauls.

A most conspicaous feature of the towmship is the high morainie
upland along the west margin of the area. On the east or back sids of
this recessional moraine is a lov ground moraine area marked by large

svamps.



Bedroek lithology
Gemoral statenent

The bdedrock of the township is chiefly of pre-Cemdriasn age. Alse
Fresent, however, are some Cambriam sandstones and an extensive though
ineonphfo cover of depesits of Pleistoosne and Rscent age.

The pre-Cembriam rocks are im parS ecrystalline gneisses and schists
of probable Archean agé and im part metasedimentary rocks of Huroniam
age. The Archean rocks occur im horst-like anticlimal dlocks between
vhich sre the grabeme-lile “troughs® of Hurosian sediments. There wme
three such Archeam bdlocks im the township and three troughs or basias
of Haronian strata.

The Canbdriam is limited to several small cutliers.

Archean

The Archesn eomsists of gzeisses, schists, and smphibolites, all -
of which are cud by dasic and netd dikes. Archeam recks oceur along
the southsramost edge of the mapped area and urs also found in a belt,
about 3 miles wide, which extends northcut-;rly acToss the fmship from
the southwest corae® of the area studied to sectiens 13 and 24.

Several mappable rock types ccour within ths Archean complex.
Thees include an extensive red porphyritiec gneissic granite, a complex
consisting of herndlends schists and amphidolites injected by gray snd
pink gronite gnelss, a pegratised guelssie complex, and numerous altered
basic dikee and cross-guiting pegmatites and aplites.



Gray gneiss complex.-—The area designated "grq gneiss® on the
goologic map (pl. 1) is underlain by an injection gneiss consisting of
a heterogsneous group of gneisses and schists. Ne¢ large outcrop is
_ homogenscus. Zach is marked by strong compositional layering. Much ef
the expesed rock comsists of medium-graimed pink to gray gneiss comsis-
ting of foldspar, quartsz, and biotite. Layers rich in bdiotite alteraate
vith layers poor iam this mineral. In many ocutcrops dark layers of
amphibolite or horndlende schist are concordant layers that range in
wvidth from less tham & foot to 100 feet or more. They are especially
well displayed im the outerops of the gray gmneiss at Randvillé and im
the group of outerops of this formatiom im sec. 30,T.42X., R. 29V,
At the latter place, ome of the wide amphibelite layers is quarried.

It seems probadle that much of the lov and heavily covered area is
underlaia principally dy hornblende schist. The more massive gneissie
phases commonly crep out; the weaker schists are not as erosiom-
resistant.

Rad_porphyritic gneissic sranite.—The reddish porphyritic gneissie
granite is, in most places, a very homogeneous rock and is nearly every-
vhere of the same color, composition, and texture. It is _gof marked Wy
bands of unlike composition. Outcrops are conspicucus, massive, and
~4dome-like. In genmeral, the area underlain dy the porphyritic granite
1s a rocky one.



The Mh‘ is present ia two, possidly three, somewhat slengate
oval areas. 7The largest of these, traversed by the railroad and ¥y
Highway M-95, is well expesed at its wvestern end. The structars of the
ares is apparsatly that of a dome. The gneissic structure, ahamtm
ised wlorimtod'tam feldspars and mica, dips cutwvard from the . :
_center of the dome. A lesser oval lies in sectioms 19, 20, and 30.
The outlines and size of this body are lass clear though the available
evidence suggests that it too is a dome.

The granite is coarse grained. Pink feldspars up to one-half hch
in length are very adusdaant. These tend te bs euhedral aad to n'pottc
porphyritic appearance %e the rock. The feldspars form abdout tve-tkiﬁs
of the whole rock vhereas quarts and botite tegether maks up the
remaining ons-third. Quarts itself makes up 10 te 20 percemt of the reck.

Or a horiscatal surface a foliatiom preduced by oriented feldspars
and biotite is faim$ te distined. In a vertical secion, however, the
structure is alvays proncumced. The diotite iz particular forms a strong
lineatioa in the plane of the foliation. .

Inclusions are rare. Most outcrops show nome. The granite is cut
by a fav dikelike bodies of amphidelite. These wers prodably origimally
bYasic dikes, perhaps diaBase. They are im tura cut by freah pegmatites
and pink a.putu.

10



Pegmatites a2nd mismotized zray sneisg.--In the eastern part of the
township, pegmatites are very numerous. In some places, as in secs. 24
and 26, they are so common as to comstitute the Pulk of the exposed bedrock.
It is possidle, however, that much of the coversd area betveem cutcrops is
schist, wvhich {s less resistant teo erosiom than the massive pegmatites.

For the most part ihc host rock appears te be both the gray injection
gneiss complex and the red porphyritic granite. In many places the con-
tacts between the pegmatites and the gneias are concealed or are so poorly
defined that 1% 1s impossible to delimeate individual pegmatites. There-
fore, the complex of pegmatites and the gmeiss that contains them has deem
designated as "pegmatized gneiss® and is se shown on the geologic map (pl. 1).

The pegmatites proper range from mmall, well-defimed dikes a few fest
wvide,  to massive bodies a Imndred or more feet across. Nearly all strike
K. 75° to 80° W. The rock is always coarse textured. Crystals of feldsper
12 to 18 inches long are common. In compesition the psgmatites md-t
almost solsly of potash feldspar, quarts, amd muscovite. Ths oaly other
constituents identified are a fev mmall scatiered grains of a pink garnet
and an i{solated crystal or twe of beryl.

In places the pegmatites are well-defined tabular bBodies. More .
commonly the margins are less sharp and in soms places no &hcomﬁh
contacts betveen pegmatite and hest rock can bs found. Instead, the
gneliss seems only to containm sones vith mmerous gtant feldspar euhedrs
wvhich alternate with sones of normal gramite gneiss.

Ingulfed in the pegmatites are large xsmolithiec dlocks of amphideo-
1ite. These are prodadbly the undigested remmants of desic dikes or of
amphibolitic layers of the gray gneiss.



Basic dikeg.—Altered basic dikes are rather commen in the red
porphyritic granite. These rocks, prodadly once diadase, are now rather
fine-grained amphidolites and consist mainly of dlack herablende needles.
These dikes range im width from a foot or so to 20 or 30 fset. They are
somevhat irregular in form and although they are tadlar and dikelike
bodies, they tend to pinch and swell. Many are sudstartially concordamt
with the follation, but others are clearly cross-cutting. 4ll are
8lightly schistose with schistesity parallel te the walls. Many have a
narrov border zome of bdiotite schist. These dikes antedate the fresh
aplites and pegmatites, and the biotitic border zons may be a metamerphic
reaction sone between the dike and the gramitic country rock.

Belative ages of the crystalline rockg.—~I% is clear that the red
prophyritic gramite has deen cut by basic dikes, which have in turm deem
cut by aplites and pegmatites. The gray gneiss complex is cut by the
younger aplites and pegmatites, tut its relatiom to the perphyritie
granite is obscure. In most places lovw drift-covered cowmmtry Mus
the outcrops of the two rocks, although im one or twe places rather
poorly defined bodies of the perphyritic graaite appeared to iatrude
ths zray gneiss and related achiste. The cutlines and imtermal domical
structure of the red porphyritic granites suggest that they form well-
defined plutons which are younger than the gray gneiss complex. The
apparent slight deflectior of magnetic crest lines associated with the ;
amphibolite and injection gneiss by the porphyritic granite domes
sapports this view.



Hemlock green schists (age uncertain)

The term “Hemlock formation® was applied by Clements to the
volcanic rocks (greenstones), both acid and basic, and the crystal-
line schists derived from them, which occur along the Hemloek River
in the vicinity of Amasa im Irom County. (Clements and Smyth, 1899)
From this area, the Hemlock greenstones and schiste have been traced
southeastward into T. 42 ¥. R. 31 W., and T. 43 K., R. 31 V. (Barrett,
et al., 1929},

The nerthwesters part of T. 42 K., R. 30 ¥., is also underlaim by
green schists vhich appareatly belong te tﬁ. Eenlock formation. Thess
rocks, poorly exposed and much oxidized, crop out on the Peavy Palls
road near the center of sec. 36, T. 43 ¥., R. 31 ¥. They were also
encountered in test pits and are poorly exposed in the SWSWk see. 31,
?. 43 K., B. 30 ¥., near the west line of the towmship. Similar
material occurs om the rock plles of a test pit in the SWiSWE see. 4,
?. 42 ¥., R. 30 ¥., about 200 fest west of Highway N-95.

Most of the rock assigned to the Hemlock is a dark chleritie
schist locally rieh in nmagnetite that in part is altered to martits.
Less common is light-colored schist contalning numerous small milky-:
Plue quarts 'o}u". The dark chloritic schists were probably onrce
greenstone flows or basic tuffs vhereas the quarts-bearing schists were
prodably much altered acid flows or tuffs.

13



As noted sbove, some of thess rocks contain scattered magnetits
that no doudt is the cause of some of the relatively weak magnetie
anomalies which characterise the greem schist area. These anomalies
and the odserved sirikes of the schists trend nerthwest-southeast,
This tremd, as well as the 1ithology, supports the view that these
rocks are a southeastward sxtension of the Hemlock complex.

As pointed cut elsewvhere in this report, the greem schists of
the Hemlock formatiom are cut off os the southeast by a major famlt.
Several lines of evidence suggest that the hornblende schists anmd
‘amphibolites of the gray gneiss complex ':cntheut of the fault in
this towmship, as well as the rocks of like character in T. 42 N.,
Rs. 28 snd 29 Y., are modified Hemlock schists. The metamorphie
grade increases from nmorthwest to southcast. It is te be expected,
therefore, that basic lavas, which are gramston?s in the Mansfield
area, T. 43 N. R, 31 W., would be altered $c hornblende schists and
smphidolites in the southera par$ of T. 42 H., R. 30 ¥., vhere they
are injected by sill-like masses of gray gr-nite and the red

porphyritic granite plutons.
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Unlike most of the crystalline block south of the FYelch trough,
that nerth of the trough is characterised by numerous weak magnetio
lines. This mnight de interpreted as caused by minor magnetite-bearing
taff beds withia the Hemlock. Moreover, the oceurrence of strongly
nagnetic layers withim the complex, sspecially in Rs. 28 and 29 V., of
P, 42 B., and in sec. 23, ?. 42 X., k 31 ¥W., suggests the presence of
metamorphosed iron-formation. Several belts of irom-formation are kmowa
to occur in the Hemlock greenstomes of T. 43 X., Rs. 31 and 32 W. The
most ng:nhlo bed is that at Mansfield, vhere iron ore once wvas mined.
The bded is generally a weask rock that underlies low ground and is rarely
expoaod.. It is possible that the magnetic anomalies of sec. 23, 2. 42 K.,
R. 31 %., and those in the towmships to the east, near Six Mile Lake and
along Skunk Creek, are produced by this bded. If so, the quantity of
magnetite (and probably the irox comtent) in ?. 42 X., R. 30 W., must
be low inasmmch as the anomaly withim this towvaship 1s relatively weak.
The rock is prodadly maialy a schist (derived from the Mansfield slate)
which underlies Gestner leke and pertions of the valley of the West
Branch of the Sturgeom River.

Another characteristie of the Hemlock complex is tha presence of
rather large, sill-like intrusions of gadbdroie rock within it. The hora-
Blende schist-gzray gueiss complex of P. 43 K., R. 30 V., and the two
- sdjoining tm-hipt 1ying to the egst contain several such bodies. The
largest, maialy 1n T. 43 N., R. 28 V., was mapped in 1948 by Clark
;(Clark, L. D., im vreparation). Im sees. 29 and 30, ?. 43 W., R. 30 V.,
‘: there is a small body of coarse gabbroic rock, wvhich may belong to this

 family of intrusives.



If the hornblende schists and related rocks of the southera part
of T. 42 N., R. 30 V., are equivaleat to the Hemlock formation, them
two possidilities must be considered. If the Hemlock formatiom is of
Middle Buroalan age as stated by Clements and generally deliesved today,
then the injection gneiss complex morth of the Felek trough cannot de
Archean as heretofere delieved; or, if this complex de Archean, them
the Hemlock formation canmet be Huroniaan. The crystallime black seems
to be flanked on the north amd the south by Huronian dolomite. It
would seem te have an anticlinal or at least a horst-like structure
and be, thereforé, pre-Huronian. Moreover, the gneissic complex south
of the Felech treugh, which in some places contains amphibolite bands,
is overlain unconformably by Sturgzeon quartzite and conglomerate i
sec. 20, T. 41 K., R. 30 ¥. (Pettijohn, 1943). ih- veight of the
evidence in this area seems to faver a pre-Huronian age for the
injection gneiss and associated rocks and an Archean or at least

pre-Hurenlax age for the Hemlock formation.

Huronian

| The Huroniaa rocks of the tewnship consist of a quartsite
(Sturgeon) and a dolomite (Randville) of Lower Huromiam age, an iron-
formation (Groveland or Valcam) and associated schists of Middls
Huronian age, and several formations of uncertainm character of Upper
Huronian age. The sequence and character of the Huroniam rocks im -
the several areas W1m by these rocks are so differeant that the
Buroaian is best descrided by comsidering each of these areas in turm.



Telch trough.—In 2. 42 K., B. 30 ¥., the southernmmost area uader-
lain by Haronian rocks is a westward extemsion of the Felch trough. The
rocks of this trough have beem dascrided iz detail by lamey (1949) and
others. |

Only one importanit outerep of Stargeom quartsite is knowa in this
township. This outerep, found along the east side of Highway K-98 ia
the N¥}SWE sec. 34, is a rather pure vitreous quartsite. It is cut by
a brick-red coarse-grained granite dike.

The Randville dolomite of the Felch trough s a coarse sacchareidal
tremolite-bearing mardles. It is well exposed in several small quarries
in secs. 34 and 35. Im the quarry in the NW}SW} sec. 36 the dolomite 18
cut by several even-grained granite dikes.

The Groveland or Vulcan irom-bearing formationm is exposed ia outecrop
in the NW}SH} sec. 5, 2. 41 N., R, 30 V., and at the Groveland mine in
sec. 31, T. 42 X, , R. 29 ¥. At the latter place i is cut by granite
dikes. The iroa-formatiom contains mach magnetite and produces, there-
fore, a strong anemaly ia the earth's field, which emables one to follew
it readily beamsath a glacial drift or Camdrian cover. The character of
this formation and its relatiomn te the other rocks have beem discussed
by Lamey (1947, 1949).

 The magastic amomalies of sec. 35, T. 43 K., R. 31 V., are probably
dne to the Yalean formation.

17



Carey's Spur trough -—It is belisved that Huromiam rocks occupy
a narrev trough that extends from sec. 1§ northeastward across . 42 X,
R. 30 V., to sec. 1. 7This structure, adout a mile wide, is here referred
~ to as the Carey's Syur trough. 7The Huromiam rocks within this trough are
very poorly exposed. Randville dolomite crops out along the railread
track in sec. 16, and ia the NWANE} ef the same section. The dolomite
of these outcrops is fine grained amd quits unlike that of the Telch
trough. Ia see. 1l and also im sec. 1 there are outerops interpreted
as silicified dolomite and dolomite dreceia. The rock expesed is very
fine grained and chertlike. Ian ome outcrop it has the drecciated
structure characteristia of the Randville ian many places.

The absence of any important magnetic amalr' {n the Carey's Spar
trough and the marrowness of this structure lesd to the conclusion that
the structure is a shallow one containing oaly Lowver Huromiam strata.

The Carey’s Bpur trough appears to transgress ths struetures in
the greem schist complex. The contaet between Huronian and the greem
schiasts is therefore prodbadly a fanlt. .

Sagola bazin.—A large Huronian area, structurally a desin, liew
between the graniteas of the southern complex of ths Marquette distr!ci;
ok the east, the greenstones and granites of the Fence River area om the
{:vcﬂ,, and the Archeam crystalline block of the Felch Nountaim ares ea
m touth. A strong magnetie line (B,) marks the probabdle southvestern
sargin of this structure. This line crosses the nerthsra part of
%. 43 K., Ny 20 V. It vas napped 1n some detail vith the Hotchkies
‘Superdip (See 7. 3).

18



Ths nature of the Huromtan rocks of the Sagola dasim withim the
confines of £, 42 K., R. 30 ¥., is very poorly knom. The only outcrops
seen are those in the MASH} sec. 2. These consist of some bedded chert-
like rocks with numercus large rounded clastic quartx grains and, mere
commonly, somewhat massive rocks with large milky-dlue quarts "eyes®
and vagus much altered angular fragments of dark color. !‘hs‘rock is
thought to bDe altered acidic tuffs and silicified ash.

The altered tuffs are north of the magnetic crest and are therefore
younger than the beds responsible for the anomaly. There is ne evidence
within the towmship te show vhat formatiom produced the anomaly. The
anomaly apparently extends northwestward te the Michigemme Mountaim area
vhere it seems to be due to a dark quartsite rich in mu'u snd specu-
lar hematite (Lemmon, 1946). This dark quartsite comtains conglomeratie
tones with jasper pedblos. It may be the cerrelative of the Goodrich
quartsite of the Marquette district. If these imterpretations are cor-
rect, the Huronian rocks ia the Segels besim within T. 42 X.,K R. 30 ¥.,
are mainly Upper Hnromian ia age and comsist of migmetic quartsite
overlain by acidic volcaniec rocks (0larksburgl) and yomnger strata
(Michigazme?). = It is not kmown whether Lower or Middle Huromiam rocks
are present bemeath the Goodrich although such appears te beo the case ‘
in the Xichigamme Mountais area. |
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Post-Huroaian intrusive rocks
Dikes of a reddish granite and pegmatite cut the Hureniam strata
of the Felch trough. The total sarface outerop of sueh rocks appears
gmall. It is net knowa whether the pegmatites of the Archea-arou
are post-Huromian. Very prodably those in the Archeam dlock north of
the Felch trough are post-Huromiam, and, if se, the volume of younger
granite would be somewhat angmented though it would s$ill form only

a small part of the crystalline rock of the area studied.

Canbrian
A coarse, heavy-bedded sandstome crops out along Highway )-96 in
sec. 4. I% may underlis much of the high ridges that extends eastward
from this place. A smaller outlier is present in the Groveland mine
area. Though there is lack of evidence of 1tas age in this area, it
is known elsewhere in the region te be of Upper Caabrias age (Bayley,
1304).



Structure

The Telch trough and other belts of Euronian strata have been
regarded as infolded or synclimal structures. The Archean areas
that separate the Furemian belts were regarded as anticlimal in
nature. This concept remains substantially correct. Detailed mappiag,
hovever, makes i% necessary to modify this interpretation scmevhat.
The infolded Huronian strata are apparently mueh fanlted.

The fmltj.ng is bYoth transverse and lemgitudinal to the Hureaias
troughs. The contimuity of the iron~formatienm of the Felch trough im
®. 42 K., R, 30 ¥., is apparently broken by northeast-striking faults.
The irom-formation is not repeated as a southern limd as it should be
if the Telch trough wers a simple synesline. It is prodadble, therefors,
that one or more strike faults must he yresent in this trough. This
conclusion was alse reached by C. A. Lamey.

A major northsast-trending fanlt appears to mark ths north side
of the Carey's Spur trough. On the north side of the fault the stratas
have a northwest strikke wvhereas on the south side of the fault the
strike of the rocks is apparently the same as that of the fanlt.
Tarthsrmore, the rocks om the north side of the structure are the
green schists of the Hemlock group whereas the gneisses of the Archeas
complex are exposed south of the syncline., Manifestly, the stiructure
is not a simple syncline.
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Nagnetic ancmalies
Introduction

The magnetic ancmalies of T. 42 N., R. 30 V.  and vicimity, are
known from dip needle surveys of earlier vorkers, from a Superdip
survey sade ia 1948 by Bruce Xennedy and the suthor, and from
asromagnetic surveys made im 1948 by the U. S. Geological Survey.

The results of the Superdiﬁ survey are showm oa plate 2 and are
discussed elsevhere in this report.

The magnetic creste represented on the aeromagnetie profiles are
shovm on plate 1. The crest points are shown as circles of several
sizes, vhich are mrepertional te the strength of the anomalies vhich
they represent. The cerresponding crest poimts have deen joined by
the aathor. In some cu.wa the correlations are somewhat umcertain
(brokea lines). The plot of the asromagnetic work is provisiomal.

The map location of the crest points and lines comnecting them is
approximate only and is sudject te large errers. In extreme cases

the crests showa may be as much as 1,000 feet from their trus positions.
The anomalies in this repert are grouped according te their geological
occurrenco; im the Dickinsom County report (Wier and others, im

preparation), accerding te geographical position.

Interpretation
The interpretation e¢f the magnetic amomalies of T, 43 K., ! 0¥,
is very difficult inasmach as only ome of those anomalies showa om |
_plats 1 has deen correlated im the field with any outcropping roek.



2A" 1ine.—The anomaly designated *A® (pl. 1) is a very dread smd
streng amomaly vhich extends for a distance of abdout € miles from wvest
to east scross the merthsastera part of the mapped area. Eastward it
dles out 1m ses. 33, T. 43 N., R. 29 V.; vestward 1% merges with anomaly
3, 1n sec. 33, T. 43 H. R, 30 V. Becanse this anomaly is several miles
wide 1% s prodabdly dne to a deeply Duried dody of rock. Nereover, it
does not conform to the pattern of the other anemalies in the area in
which 1% oceurs. 1% is dne, therefore, to a rock in the pre-Huroaniam
bmt or to a deeply turied intrusive bedy.

R* zroup.—The "B® group of anomaliee is due to a series of com~
cordant beds vith merthvest striks. MNost motable feature of the group
is the termimation along a commen line. This line is prodabdly either
an uncenformity or a fanl$. For reasons stated elsevhers it ie theught .
te be & famlt. Because the fault passes near Bush Lake in sec. 18,
T.43 F., R, 30 V., 1% 18 here c‘ued the Bush Lake fanlt and ia se
labsled on plate 1.

The beds that produce the several magnetic lines norsthwest of the
Bush Lake fault have not been identified in the field. B2 1s the
strongest line of the group. Im several places 14 exceeds 1,000 gammas
at the ground level. It has beenm mapped im some detail with a Hetchiiss
Superdip in secs. 1, 2, and 3, T. 42 X., R. 30 V., and in secs. 33 and
34, T. 43N, R, 30 VY. (see pl. 2). The 1ine is kmowm to extend merih~
vestward for some milos to the Michigamme Nouatainm area in sec. 4,
€.435., R, 31 V. It is apparently due to the dark gray hematitis
guartsite at this locality (Lemmom, 1948; Clements and Smyth,6 1899).



In se0. 33, T. 43 K., R. 30 V., and sec. 3, f. 42 X. R, 30 V.,
the By line is perched oa top of $he large, bread anomaly, "AS. The
nagastic readings om the crest are excepticnally high, u$ oaly a medest
pars of the total is dus to Bj.

A shers b locally promounced crast im sees. 31 and 32, T. 43 X.,
R. 30 ¥., is showva as B, om plate 1. Aleng the midsection line of
sec. 32, this amaly exceeds 1,000 gammas at ths ground level (see
Pl. 3, fig. 3). Some uncertainties, which might be resslved by ground
survey, exist concerning the relation of this line and B, proper.

Line B is a weaker line and is in most places merely a "shoulder®
on ths airborne magnetomster profiles. Om the ground, hewever, this |
should become a distinct magnetic lime of consideradle sirength. Be-
canse 1t closely parallels the By line, it met de dus %6 a stratum
wvhich 1s some 1,200 to 1,500 feat above the layer producing By. The
tuff-1ike beds of sec. 2, T. 42 ¥., R. 30 W., contain some magnetite,
and possidbly the By line is caused by a magnetite-rich tuff.

Of the remaining lines of the B group, B3 is mich the stromgest
and most comtimugus. In sec. 36, 7. 43 K. R. 31 V. (pl. 3, fig. 3),
it reaches a value on the ground of over 500 gammas. It may im places
squal By, tut owing to the fact that 1% is not superimposed om the
magnetic "high® "A® 14 never reaches the total values achieved by
the B3 crest. The Bz anomaly was discovered some years ago by a dip
Reedle survey of sec. 9, T. 42 ¥., R. 30 V., where it exceeds 700 gammas
&% the ground level (see pl. 3, fig. 4). This B3 snemaly is very likely
hn toa udimtarx bed or tuff vithin the Eemleck schist complox.
'$his complex is Xnows elsevhere te contaim imterbeds of tuff, slate,
and iron~-formation that are magnetic.
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B4 and Bg are veaker lines probably related te flows or tuffs
within the Hemleek complex. |

2C® raup.—Nost of the "C® group of anemalies lie just south of
the Carey's Spur treough and bdetweem this structure and the perphyritie
gneise dome. All lines are very weak.

The most notabls feature of this group is the northeast strike,
which 1s in coatrast te the neorthwest tremd of the "B® group. lLines
C3, G4, and Cg are almost certainly due te rocks withia the crystallise
basement. Lines €} and C3 may be due to raocks within the Huremian
sequence of the Carey's Spur trough. U4 has a more mearly east-west
strikes and is notadly stroager tham the octhers. It is traceadle many »
miles east of the area under discussion amd may be rslated te a younger
cross-cutting dike or to a metamerphie derivative of the laloek swff.

Dt zxoup.—The "D* gromp of limes is mainly related to the rocks
of the gray gneiss complex. All theso lines are rather weak amd, with
the sxceptien of D3 and Dy, rather discontimmous. MNost netewerthy are
the lines Dy and Dg. These "twins® are traceabls vith some assursace
across most of T. 43 N., R. 30 W. Dz appareatly extends vithsut break
inte T. 43 X., R. 29 W., wvhere it becomes exceedingly strong. Oa ths
ground in sec. 33, T. 42 X.,L R. 30 V., D3z and D4 anomalics atiain values
of about 400 and 500 gammas, respectively (see pl. 3, fig. 1).

As in ths case of the "C®" group, moms of the rocks responsidle feor
~ the "D® group have beem identified. Yield work has showa that the
exposed amphidolites in the gray gnsiss complex are practically nem-

L magastic. The rocks producing the mere persistent limes Ijand D¢ must

% relatively veak rocks as they follew the lowest ground fairly clesely. .

As suggested slsevhere ia this repert, D3 may be dus to an extemsioa of
~ the Nansfield irea-bdearing formatioca.
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The %G and "D* groups outline in some dstail the structure withia
ths Archean complex. Kotewarthy is the almast complete absence of mag-
Motic anomaliss withim the area of porphyritie gueissic graaite. If the
G* and "DF geoups are due te the. sane kind of hedroek, as seens probable,
then it 42 likely that the zray gneiss and amphidelites lis bDetween the
porphyritic granite dames and the Huromiam rocks ef the Carey's Sper
trough. Such a Alstridusiasn wonld be reasonadls iz view of the domal
structurs of the granitioc masses. The magnetic crests ssem t¢ conform
to the outlines of the domsl Bodies in somevhat the same mammer thay
schistosity of other areas iz known to be deflected locally ¥y yuit&
plntons. The rumerous weak ancmzlies im the easterns paré of the mil!‘.lp
vould suggest that the bsdrock of this area is the elder cemplex and that
the porphyritic granite doees not extend inte T. 43 ¥. R. 29 ¥,

In the easterm part of T. 42 XK., R. 30 V., the *D? group of lines
atrikes about X. 70° B. Just west of Randville the trend is neerly
east-wost. Im sec. 30 of T. 42 K.  R. 30 ¥., 1% seems %0 De a little
narthwesterly. |

In seversl places the "D* zroup of unn‘nay be displaced Yy small
northeast-trending cross famlss. o

"E® ling.~~The *B% line is the anamaly produced by the Valean iru,-
formation of tho Feloh trouq. This anomaly has deen mavped ia detsail
» C. A. Temey (1949).



Beconomic geology
Karbdle
The Randville dolomite of the Felch trough is a marble of medium
te coarss grain. Te the best of the writer's kmowiedge it has not bees
quarried as a bullding stene and has me special qualities vhich would
recommend it as such.

Terrase

The Superior Rock Products Co. operates several quarries. The
principal quarry and the crushing plant are loeated ia the NWiSW} sec. 38
vhere the Randville delomite 1 quarried, crushed, and screemed te sise.
The crushed roek is shipped and used in the pamfacture of oramsmental
concrete. The same company quarries oas of the amphidolite layers in
the gray gneiss in the SWiSEB} sec. 30, T. 42 K. R. 23 V., as wvell as
the pink pegmatite in the SE}SE} sec. 19, T. 43 N., R. 29 V. These
naterials are trucked to ths crusher, droken, and screened te De used

for the same purposes as is the dolomite.

Building stome .

No tuilding stome is quarried im the township at preseat. Some
of the red perphyritic gneiss is, hewever, a stome with attractive
coler and texture. I% is massive, has videly spaced joints, and fe
readily accessible. It is certaialy the equal of several stomes new
on the markst.




Iren

There are ne active iroa mines in the towamship. The Grovelasd
mine shipped a hard gray siliceous hematite ore ia the veried 1891-
1913. Im all, approximately 156,032 tons vas mined (Lake Superior
Irom Ore Association).

The Groveland irom-formatioam, nmov regarded as the cerrelative of
‘the Vulcam of the Menominee district (leith and others, 1935, table
facing p. 10), has been extensively prespected. Very rocntﬁ the
M. A. Hanna Co. has carried out a large drilling program wvith a view
to éiacevory of low-grade ore suitable for bensficiatioa.

¥o iron-formation is knowm to be present anyvhere in the tewnship
other than that in the Felch trough. For reasons noted elsewhere, the
Carey's Spur trough is thought to be too shallow to contaim the Vulcan
iron~-formation. I% is possidle, however, that ewing to the low grade
of metamorphism shown by rocks ia this structure, the iron-fermatiem,
even if present, might be mon-magnetic and se far has escaped detectien.
It night alss be oxidized ts a non-magmetic state. The Carey’s Spur
structure is not much marrover than the l'ol;h trough, vhich dees contain
the Vulcan.

The stroang anomaly of secs. 1, 2, and 3, T. 43 N. K. 30 V., and
secs. 33 and 34, T. 43 K., R. 30 V., 1s probadly due %e the dark mag-
nstic quartsite present at Michigasme Mountaia. If this formation is
the Goodrich, possidly the Negsumee (1.c., Valcan) formatiea ie presest
beneath the quartzite im queetion. The writer kuows of me drilliag e=
the anomaly within the mapped area. '



The most important conclusion reached from a study of this Stown-
ship is the prodable equivalency of the gramite-injected amphibolite
complex and the Hemlock greenstones. This concept suggests that the
strong magnetic anomalies of sec. 23, 7. 42 ¥., R. Z1 ¥., and the
sirong anomalios near Six Mile Lake in ¥. 42 X. 6 R. 29 ¥., and along
Skunk Creek in 2. 42 N., R. 28 ¥., are dus to nmetamorphosed irom-
formation of the Mansfield type. A magnebite-rich rock suitadle for
beneficiation may be present in thess belts.
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