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ABSTRACT

An occurrence of 'quartzite" and its associated rocks
in the Southern Complex near Palmer, Marquette County,
Michigan is described. The origin and age of the "quart-
zite!" are discussed in light of field and laboratory
observations.

It is concluded that the "quartzite™ is a metamor-

phosed noveculite of probable pre-Huronian age.
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INTRODUCTION

The Southern Complex of the Upper Peninsula of Michi-
gan is composed of Precambrian igneous and metamorphic
rocks, predominately granites, gneisses, schists, and
besic intrusives. It embraces an area of approximately
1400 squere miles south of the Marquette synclinorium,
bounded by folded Huronian (Animikie)l/rocks to the west
and south, and covered by flat-lying Paleozoic sediments
to the east.

In the sumer of 1951, Robert C. Reed, geologist for
L. P. Barrett, U. S. Atomic Energy Commission contractor,
noted several outcrops of a white, quartzose rock
occurring in the granitic terrane of the Southern Com-
plex near Palmer, Marquette County (Reed, 1958).

The presence of this rock posed many interesting
questions regarding its origin, age, and relation to
surrounding rocks. This thesis presents a record of the

- author's field and laboratory study of these questions.

1/ The U.S.G.S. has recently discarded the term "Huron-
ian", used to describe the Middle Precambrian sequence of
Michigan, and has replaced it with "Animikie" (James,
1958, p.33). Although most workers agree that Huronian
is no longer acceptable in Michigen, they are far from
unanimous in their acceptance of Animikie. The present
writer, therefore, has retained the term Huronian.



|
L
|

Location and Extent

The area studied lies approximately 10 miles south-
west of Marquette and 5 miles east-soutinecast of Palmer.
The author examined Sections 1 end 12, T 46 N, R 26 W and
Sections 6 and 7, T 46 N, R 25 W; portions of the sur-
rounding sections were also visited in the course of the
investigation. Mapping was completed in Section 1 and
ad jacent portions of Sections 6, 7, and 12.

A bold linear ridge of quartzose rockgltrends in an
easterly direction across Section 1; and scattered, less
promninent outcrops of this rock occur elsewhere in the
mapped area. Numerous outcrops of granite, gneiss, and
basic intrusives occur in the mapped area and surrounding

sections.
Culture

Ready access to the area is provided by county road
553 from the east and state highway 35 from the west.
Mumerous sand roads traverse the interior; they are

easily travelled by automobile. Tracks of the Chicago &

g/ This rock will be called "quartzite" throughout most
of this report. "Quartzite'", as used here, is strictly
a convenient field term; it implies a granular, metamor-
phosed, quartzose rock, not necessarily derived from
sandstone.
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Northwestern R.R., connecting the Marquette range with
Escanabe, pass to the east.

Fire lanes, generally along section lines, were
plowed out in the early 1930's; and, elthough overgrown
to some extent, they are still readily discernible. Some
section corners are merked by pins.

Groves of pine and balsam and large expanses of open
grassland cover most of the level, sandy portions. Mixed
hardwoods grow in the more rugged, rockier areas. With
the exception of a few hunting cabins and small-scale
logging operations there is little evidence of human

activity.

Previous Investigations

Development of the Marquette synclinorium into a
major mining district, followling discovery of iron ore in
1844, required intensive geological investigation. By the
turn of the century, limits of the Huronian strate had
been defined, and a large amount of detailed and
reconnaissance mapping had been done in the district.
Subsequent work hss been devoted almost entirely to the
study of the Huronian eand to the search for iron ore. The
complex igneous and metamorphic ereas bordering the

synclinorium on the north end south are unimportent



econounicrslly, end have teen larsely nezlected.

Van Hise and Bayley (1397, p.1%0), in their clessic

Monogrepn 25, describe the Southern Complex as:

",..occupied by grenites, gneisses, horntlendic end
miceceous schists, and greenstone schists, together
with the verious acid e#nd besic eruntives that
intrude them."

Van Hise and Leith (19C9, ».105-17&) give a

coupreiiensive surmary of litereture on the Michigan
Precembrian to 19G7. Regerding the Frecembrien hasement
coniplex hoth nortin and south of the Marquette synclinorium,
tney state, (p.332) thet:
"these granites and gneisses show a veriety of
charecters and are certainly not 2ll1 of the same age,
olthough with ninor exceptions they entedete the

Algonkian rocks."

Van Hise and Leith (1011) agein give en excellant

suitwiary of previous work in the Lake Superior region.
Their discussion of the Southern Complex (p.255) is tbrief
end is devoted meinly to a description of the schists
which occur infrequently in the Complex. They elso
describe the Palmer gneiss and suggest that parts of it
may be metemorphosed sedimentary rocks.

Leith, Lund, and Leith (1936) give 2 compilation of

work done in the Lake Superior region since 1911, but do
not add to the description of the Southern Complex.

Lamey (1531, 1933, 1934, 1935, 1937) has done



consideretle work in the Soutiiern Complex, perticularly
in the northern portion near Republic snd Falmer. He
considers the larger part of the complex to Lie post-
Huronien grenite, whicin nhe cells Repullic grenite. He
also has studied the Taliner gneiss, and concludes thet it
is predominantly highly metemorphiosed Lower end Middle
Huronian rocks.
Dickey (19$36) disputes Lamey's conclusions regarding
the grenite of the Southern Complex and stetes (p.317):
"Granites representing three distinct periods of
pre-Cambrian intrusions are recognized in the
Southern Couplex...Two of these are believed to Le
Archean, and one post-Huronian. The Southern Com-
plex is made up dominantly of Archeen rocks, and is
not...composed for the most part of post-Huronian
granite.”
Later (1938), he discusses a post-Lower, pre-Middle

Huronien grenite which he calls the Ford River granite.

Tyler, Marsden, Grout, and Thiel (1¢40) have studied

the Lake Superior Preccillirien rocks by eccessory mineral
methods. Tihey reccognize two pre-Huronien grenites, a
Huronian granite, end a post-Huronian granite in the
Soutihern Complex. Tuey conclude thet the hyecinth variety
of zircon indicates a pre-iluronian ege, that malacon
zircon indicetes later pre-Huronian and Huronien =23es,

and thet '"normal™ zircon indicetes post-Huronien.

Ayres (1¢43) considers the Republic grenite to he
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nrost-Huroniaon.
James (1953) delimits zoncs of regional metemorphism
in the Preceabiriaa rocks of northern lMichigan. Later

(1953) he esteblishes thet Dickey's Ford River granite is

cQ

nrobably pre-Huronian, not Huronianj; hie further reconmends
the ebondonment of the teria Republic granite beceuse of
the difficulty in deternining reletive ages of the
granites present in the district.

Reed (LS50) ues exanined ruch of the Marquette
district in & searcih for redioactive dcposits, lut hes
not written cxteasively #oout the area.

Long (1959) describes the granite sud metemorphic
rocks occurring in ¢cn area south of the lalmer gneiss
belt.

Sanakien (1959) discusses tiic injection gneiss and
granite occurring in the northeastern portion of the

Southern Couplex.

CiERAL GEOLOGY AND STRATIGRAFHY
The nost prominent geologic feature in Marquette
County is a narrow, westward-plunging synclinorium about
40 niles long; it is composed of Huronien rocks, locelly

intruded by besic dikes, sills, and possibly Ly grenite.
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Flenking tiie synclinoriwia on tlhie nortih ond south ere
lerge nasses of igneous and meteworphic rocks, called,
respectively, tue hNorthern Coaplex and tue Southecrn Com-
rlex. The rocks in these arcas are of wicely verying
czes, but ere lorgely pre-iluronien.

A block of lluronien sedirentary rocks occurs on the
southern rim of the synclinorium at Palimer. This locelity
lins the espect of & trougii seperate from the synclinorium,
RBordering this arees on the south is the Palmer gneiss
belt. A narrow tongue of lturonien fori.etions extends
across the Soutihern Complex from the HMarquette synclin-
orium to Republicj; and en isoleted tesin of Huronien eage
occurs in the Gwinn district, about 13 miles south of
Pelmer.

Flet-1lying Upper Cambrian sandstone rests unconform-
ebly on the FPrecambrien formations in the eastern portions
of the llarquette district.

Following is & Lrief discussion of the rocks recog-
nized in tine Southern Complex and in adjecent Huronien
areas. The reader should be eware thet the problemn of
age relations in tiie Soutuern Complex is far from solved.
Lacking alisolute age determinetions, the present writer
must accept the sequence proposed by Dickey es that most

appliceatle to the aree discussed in this thesis. Dickey
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(1¢3¢, p.339) proposes tue [ollowiug:

" 1. The oldest rocks visible in the erea are
Keewatin-type scaists, wiicn ere clessed as Arche~n.

2. These schists cre intinnecely intruded...to
produce injection gneisses...by...medium-greined
aray to pink granite. Tuis grenite is believed to
bLe Laurentian...

3. Tue sccond period orf grenitic intrusion is
represented Ly a grey to ninlt grenite of pronounced-
ly porpiiyritic charecter...this greanite porphyry...
is considered to be Algomen.

4. Thne youngest granitic intrusion...is a ninic to
red grenite...cle-oreined to peanetitic...it is
coinisidered to e Killerneean.?



..]_2_

Rock sequence in une Narquetce Discrict according to Zinn

(L 3¢):

Fleistocene -- Glocial sediivients
Uncouiocuity
Upper Cambrien --  Saadstong
Unconforiity
Keweenewan =- Ulivine diabese dikes
Erosian intervol
rost-iluronien foldiug end Killeri:2y grenite intrusion
Upper Huronian -- Upper liicaigemne quartzite and slete
Bijilkki iron foraestion
Lower licaigemnac sletes
Clarkscurga volcenics and intrusives
Greenwood iron formation
Goodricii conglonerate and quartzite
Uncontformity
tliddle Huronien --  Negounee irou rormation
Siarno slete
Ajibik quartzite
Unconformity
Lower Huronian =-- Wewe slete

Kona dolomite
IMesuard quartzite

UncoanLoraity Alzouan graunite eoad syenite
Tendskkaning == Sediments ¢ad volceonics

Unconformity Laurentian granite gneiss
Kecwatin -- Greenstone, laves, and volcanic

sediments
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Lower s rocembricn

Tie oldest rociks ia the Southern Co.iplex are mainly

hiornblendic and iniceceous Keewatin-tvrne schists. Many of

these scliists resenicle metawmorphosed volcanic rocks.
Several different ezes arc probebly represented.

Soine Keewatin-type schists have been intruded by a
granite (Laurentian?) to form migmatites.

A granite porpiiyry (Algoman?) cuts the migratites.

This pink to grey granite cxhibits large phenocrysts of
orthoclese, microcline, and microperthite, which often
show parellel lineation. This grenite is often deformed.

Tue Palmer gneiss is a Lelt of highly wetamorphosed

rocks irmediately soutn of tihe Palmer area. The gneiss
in places resembles metamorphosed sedimeiits and elsewhere
metemorphosed grenite. The gneiss is generelly pleced in
the pre-Huronian; however, Lamey (1935) lLelieves it

represents metamorphosed lower and middle Huronian rocks.

Middle Precambrian

Lower Huronian

Mesnard quartzite is the kesal Huronien formetionj it
lies with marked unconformity upon older rocks. Generelly

it grades upward from a basal conglomerate, through =2
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quartzite, to a slate.

Kona dolomite overlies the tlesnerd. Interstretified
witlh tlie dolouite are slaty and siliceous layers.
Fossille algal structures are prominent in some sections
of the formetiom.

Wewe slate overlies tiie Kona. It is derived from

pelitic sediments and contains slete, grrywacke, and chert.

liddle Huronian

Ajilik quartzite rests unconformably upon the lower

Huronian formations. A basal conglomerate with inter-
stretified slate and greywacke greades upward into a
quartzite.

Siamo slete overlies the Ajitik. It varics from a
quartzitic greywacke, though a massive graywacke, to a
fine-greined slete.

Negaunee iron foriation rests on the Siamo. It

consists of jaspilite, ferruginous slates, iron-silicate

sciiists, ferruginous cierts, end iron ore.

Upper Huronian

Goodrici: quertzite unconforimably overlies the
Negeunee. It is conglomerete ot the base, but dominantly

& quartzite.



The renaining Upper iluronian formations are missing

in the erca discusscad.

Huronian or Yost-Huronien

Intruded into the Huronian formetions are many basic

dikes and sills. Tihey are gencrally deformed and altered.

rost-lluronien

A grenite (Killerney?) has intruded and in some

places greanitized lluronian rocks.

Upper Precanbrian

Keweceneawan

Brown-weatirering, olivine diabase dikes cut ell Pre-

caintbrian formations in the district.

Aplites, peagmatites, quartz veins, end basic in-
trusives occur tiiroughout tiie Soutnhern Conplex; they may
e of many difrfer2at azes and, for the wost part, seem to

be related to the verious granite intrusions.



DEFIIITION CF 1008 TRODBLEN

The unusuel occurrence ol & lsrge lody of "quartzite"
in the midst of the grenites and gneisses of the Southern
Complex presents many interesting nroblems. TIrior to the
present investigation, the only available information
regarding tihis occurrence was the approximate locestion of
the outcrops and & verlal description of the rock as
highly quartzose.

The proximity of this occurrence to the controversisl
lalmer gneiss and to known luronien formations immedietely
sugrests the possibility that it is simply an outlier of
Huronien quartzite. On the other hand, this location may
be fortuitous. Reletions between this rock and the
neighboring grenites and gneisses were not known. The
very nature of the "quartzite" was an cnigma; it might be
a true quartzite, recrystallized chert, vein quartz, an
igneous rock, or a silicified facies of the granite or
gneiss.

Because of thne unusual nature of the rock and the
lack of previous descriptions of the area, it is the
purpose of this study to present:

1. An outcrop map of the area
2. A petrograpuic description of the "quartzite" and

associeted rocks
3. A discussion of the origin and agze of the "quertzite".

=]
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FIELD 1 ROCEDURE

Field work was accomplished mainly during the week-
ends of late June and July, 1953. Several days in early
September were spent rechecking field oliservatioms.

Frior to ectual field work, & study was nade of ell
aveilable mens anxl aeriel photograpus oi thie erea. A
composite field map was niade froa the U.S.G.S. Sands and
Palmer qurdrangle topographic maps. The locations of all
outcrops visible on ezerizl photographs were noted on the
field meap.

Several days werec spent in ¢ general reconnaissance
of the erea, prior to deteiled mepping. This procedure
provided a zood picture of thne regional geology and served
to delimit the outcrop areas of the "quartzite.® The
level, open nature of the lendscape and the numerous sand
roads allowed a very rapid examination of almost ell of
the outcrops in over iour sections. The general
reconnaissance disclosed that outcrops of the "quartzite®
were restricted essentially to Scc. 1, T 46 N, R 26 W and
2djecent portions of Sec. 6 and 7, T 46 ¥, R 25 W.

The SE corner pin of Sec. 1 was located and was used
as the origin of a nortan-souti: piciket line, established

along the eastern edgze of Sec. 1. East-west traverses
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2

were awa? at eightii-mile intervals Lron tie picket line.
l'ace and compass methods were used in rnapping; this was
considered sufficient becausc of the excellant control
afforded Ly the topographic maps, aerial puotographs, and
well-nerked section linecs. o abnormnel magnetic inter-
ference with the Drunton compass was noted.

A scale of 200 feet to the inch was uscd in mapping.
Cutcrops, topographic Lcatures, end specimen locations
were plotted directly on lerge shicets of % inch squared
paper, waich was carricd in 2 clip-boerd. Deteiled notes
were cntered in o field Look. Renresentative samples
were collected from all outcrops nmapped. Oriented samples

were talen in scveral places.



LADGRATORY PROCEDURE

Tiiin sections of 25 represeutetive samples were
preparced; tuese lucludad a thiorough sarpling of the

vquartzite™, sceverel sarmples of tie grendit

0

, end one of a
cross-cutting dike., ALl thin sactions were exaxined under
a retrosrephic microscone, and a standard netrogrephic
cunalysis was made of 2ll rock types present. DMineral
rercenteages were deternined Ly use of a2 Leitz integrating
sta~e. A netroiebric anclvsis was wade of one of the
oriented specinens; a Leitz four-axis universal staze was
employed. An X-rey powder diffrection nattern was
obtained from one specimen. Photomicrograpins of seclected
specimens were teken. Igneous rocks were namned according

to tiie clessificetion of Johsnnsen (1932).
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FHYSIOGRAFLIY OF TUHE FROBLEM AREA

The area studied is neear the contact of the flet-
lyinz Palcozoic sedinents of the eastern part of the
Upper Peninsule with the igneous and metamorphic Pre-
cambrien rocks in the west. Indced, tedrock in portions
of the arce examined hes been erroncously designated
Paleozoic on eaveileble published maps. The character of
the bedrock is reflected sorewhat in the topography.
Westward, across the Paleozoic-Precembrien conteact, a
level or gently rollirg lendscane gracduclly zives way to
the rugoed, rock-nob topography typical of Lake Superior
Precambrian localitices. Glacircl nrocesses heve modified
tiie landscape here as in other parts of the Great Lakes

region.

Goose Lake Outlet {lows southward through the problem
area and joins tiie East Branch of the Escanaba River.
Several srall creclis feed into Goose Lake Cutlet from the
west. The cutlet is a tightly neandering, shellow stream,
roughly 20 fect wide. Tue neander helt occupies the

entire width of the f[lood lein.



Sond T'lein Toporranhy

A renoriebly level sand rlain covers rost of the area
cast of Coose Lake Outlet. Infrequently, hills and nobs
of Ledrock pierce the blenket of sand. his sand plein

is a port of the extensive outwash plein drained by the
Escaunala River syster:, Dune=like accuruletions of sand

neve teen huilt up ageinst the larger outcrops. The wind

trs sandbllasted thic surfacos of outcrors; hence, outcrons

of the Lard, resistent "quartzite exhiiit polished,
facetted suricces. o strecms, othier than Goose Lake

(utlet, crce found on the sard nlain; this, no doutt,
reilects the porosity of the sand. Sowe marshy tracts
exist, but they are of little consecquence. A few suwell

T e v vtyae g PRV S o B .
L7x23 CCCUuY norceicaest oo LLL’, YO LQil LRl

v h I8 =Y gr
Rocli=2oh Tonorraniiy

Contresting witn the rionotony of the sand plein is
the hilly area west of Goose Lake Outlet. Sand is the
doriinant soil bhere e¢lso; imt, rether than blanketting the
surface, it fills only valleys and depressions and is
cenerecily sutordinate to Ledroclk exposures. Here the
bedrock determines topogrepiiic expression. Humerous
shallow, lineer vealleys, trending ¥ 45 ¥ and N 65 E, are

readily scen on ecericl photograpius of the locality; they
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suggest fhe developrnent of 2 strong master jointing in

DD
the bedrocli. Less apperent, yet smmerous, valleys trend
approximetely nortii-south e#nd west-nortnwest; these are

1y

1s

o
c

probaly expressions of tedrock jointing and/or
faulting. T.e sharply anguler course of tlic East Branch
or the Escanaba River appears to be controlled bty these
features. It is likely that the courscs of all of the

streams in ti.is area reflect the structure cf the lLiedrock,

GZULOGY GF THE TRODLENM ARDA

Distiributioi: of Rocks

i

Reddisui-orenge, gneissoid, porpuyritic granite
occupies the northiern part of the mepped arez (fig. 3).
Apparent intrusive contacts of tihis grenite with "quart-
zlte" occur at the eastern margin of Section 1. The
"quartzite" is cxposed for a distance of half e mile west
of here, and in snweller, less prominent outcrops elsewhere
in the mapped areaz. Two Lasic dikes, of differing age,
cut the "quartzite™. A Lroed Lelt of migmetite, or
injection gneiss, lies north, east, end south of the
"quertzite" and its associeted granite. A complex of

granite and granite gneiss lies soutih of the wmepped area.
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Dcscription of the Rocks

A thorouzh petrograpiiic study of a rock thin section,
supplemented Ly field data, generelly yields sufficient
infornation for an rfccurate identification of the rock
and Lor reascnelle conclusions regerding its origin. In
outcrop, tac Yquartzite', upon walcn tihis stuly is
focussed, exuibits little cvidence that would aid in its
identification; under the :iidcroscone, luowever, the
cowposition, structure, end soric of the hiistory of this
rock eare revealed. Associated rocks often yield pertinent
inforiction; this is true ol the grenite, lLesic dilies, end
nigiatite.

A discussion of the petrosraphy of the '"quertzite"
and its associaced rocks follows. It is hoped thet the
deteiled descriptions of a few representative specimons,
coupled with deta drawn from the field, will provide the

rcader with 2 suff
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ear and accurcte picture of

tnese rocks in their field seiting.

Specimen 5

In its northiernnost outcrop in the mepped area, the
granite is coersc and porpuyritic. Large, prominent

phenocrysts of reddisu-orange feldspar occur in & coarse,



orenuler groundmass composed essentially of quartz and
feldsper. The plienocrysts range in size from about 1 cm.
to over 7 cm. Grain size in the grounduess varies
considerably, but rarely exceeds 5 mna. Thain, irreguler
seans of ferromagnesian minerals impart o poorly defined
mueissoid eppearence to the rock. Rather intensc delform-
ation of the rock is indiceted by numerous shattered
riienocrysts. Quertz veins and aplitic dikes frequently
cut the zranite.

Under tae microscope, large masses of potash feldsper
arpeer in a corcrse to nediwa-greined, hypidiomorphic- |
grenular nmatrix of quertz, clbitc-oligoclese, some potasii
feldspar, end suwall emounts of chlorite.

he potash feldspar often exinibits the quadrille
twinning characteristic of microcline; frequently,
nowever, no twinning is apparent. Twinning is commoner
in the potesii feldsper greins of the netrix than in the
ruenocrysts. o indisputalble evidence was found to
indicate that the untwinned potash feldspar is orthoclase
ratner than wuicrocline; thereforc, lecazusc of this
uncercainty, 2ll non-plegioclase feldspar is called
sinply potash feldsper. TFerthite occurs, but zgood

cxa.ples are rerc. Occosionally,

@

all poikilitic messes

n the micro-

e

of twimned pleszioclase (.0-Y1 % Al:) occur
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cline vhicuocerysts, foriduny metch pertnilte.  The potesn
feldspar has a very {resh epnesrence; under plene

light the greins ore lright, distinct, #nd only slightly
clouded Ly reddisii-Lrown Keolin. Yrleagioclese, on the
otlier hend, has a tiighly eltered Frpecrence; every grain
is alterced in sone degree to nerasonice. Cloudy masses

of sausserite orten occur. Cleavere (s rerely apnerent
and orein boundaries are very lrresuleor. ALl ;legioclase
xnibits polysynthetic twioning., Allite twinning is very
common; coubination Alkite-Carlsled twinning is infrequent;
and T'cricline twinning coccurs rerely. liecasureinents of
extinction angles indicete a composition in the renge
56=-93% Ab, with 88% AL the most probable; the plegioclase
is tlierecore Albite-Oligoclese.

(uertz occurs in irreguler masses filling the speces

Letween feldsper grains. It coantains albundant inclusions,

frequently in linear errcugement. Dlargins of quertz

areins ere often grenuleted, and undulatory extinction is

U

almost always prescnt. Secoudary queortz occurs as

veinlets wiiich often follow Lractures that neve sliced

and offset twinning lermellece of feldspar greins.
Siireds and blades of chilorite occur infrequently.

Tiie culorite appecrs to be in various stages oi elteration

from a previous [erromngnesicn mineral, probetly Liotite,



-

eltiiourg none ol the original lacrel re eins. Tae
cidorite is plecochroic frow very ligit ycllow-zreen to
derker green; the inteusity of prlcocuroism is i

. §
T anc tine

veriable. Extinction parellel to the cleaves
enomelous Berlin llue interference color suggest that the

cnlorite is tue veriety renninite., Suerous rounded

|

reins of rmeenetite occur in the clulorite; the wmegnetite

g
is usurlly in sone stege of elteretion to rertite.
Aprtite, in smell su-hedrel greins and long slender
rrisns, is co.swa throughout the rock and nientiful neer
ciilorite greins. Zircon, protelly tihe nelacon veriety,
occurs in smell rouaded grains ang rarc terwinated prisms.
It genereily hes a cloudy, eltercd appeerance end is

1o

surrounded ty ¢ Lrowa, slig

o

itly jleocurcic walo.  Dpidote
&8 occesionalliy developed clong chlorite-plegioclase
contacts.

The following rwodal enalysis of tue rock indicates

“thet it is leucogrenite as defined Ly Johanusen (1$32).

Mode ol Specimen 5

t‘{l—!prtz.........0.....0..028.'3,70
Potosil feldsmarieeesseeeaa38.2
Albite"OligOClase-..o.. 002906

A\pctiteooo0..0000000.0000 003
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'Photomicrograph (20X) of Spec. 6, a more gneissose
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Specimen 6

Closer to its contect witn the "quartzite® the
granite loses its coarse, porphyritic eppearance and
Lecoies nore decidedly gneissose. The thin seams of dark
constituents iecomc straizhter and more regularly spaced.
Grains of feldspar ond quartz in the groundmess are of
sore uniform size, end appecar elongate parallel to the
btanding produced Ly the dark seams. Although plienocrysts
of potash feldspar are still prevalent, they rarely exceed
5 mm. in lengtn; the average size of grains in the ground-
mass is about 2 mn.

Under the microscope, the texture is hypidiomorphic-
inequigranular. Results of deformation are more pro-
nounced than in the specimen precviously described. Quartz
appears as inequant grains exhibiting strain shadows,
undulatory extinction, &nd granulation. Feldspar grains
nave frequently been sliced by cross-cutting fractures,
and twinning lamelleze are frequently dispaced or warped.
Potash feldspar retains a fairly fresh-appearance, but

inclusions of suassurite and masses of paragonite suggest
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more prevelent perthitic intergrowths of plagioclase.
Plagioclese is usuelly badly altered to paregonite, and is
replaced occasionally by subhedral grains of carbonate.
Occasional rounded aggregates of epidote occur, but
chlorite is less abundant in this specimen.

The following modal analysis indicates that the rock
is leucogzrenite. It will be noted that the feldspar
content is almost equally divided between alkalic and
sodic varieties; hence the rock is close to quartz

monzonite in composition.

Yode of Specimen 6

QUATtZeeseoecoscososceaesslS b
Potash Feldsper.ceeceece..36.6
Albite-Oligoclase..ceee..32.4
Apotiteseesecseeccseseses 0.1
Chiloriteeseeeesesesseseses 1o5
MagnetitCeceeeeeoesoesese Tre.

Zircon.'l.....'.....‘..0. Tr.

Specimen 7

A striking example of a hignly deformed portion of
the granite occurs in an outcrop near the ‘'quertzite”

contact zone on the eastern margin of Section 1. Thin



bands of masiied feldspar and quartz grains lie in a

matrix of derk zreen, chloritic iraterial. The contrast of
the dark matrix with the reddish-orange feldspar intens-
ifies the cataclastic appcarance of the rock. Tle
chloritic material comnrises about 407 of the rock,
suczesting that much orf this material has been introduced.
The relation of introduced chlorite to deformeation will

be discussed in greater detail later.
Granite and "Quartzite" Associations

Contacts of the granite with the "quartzite" are
highly irrecular, and never in the form of broad embay-
ments. The grenite generally appears to intrude the
"quartzite" as snall veins and stringers brenching out
from a larger granite mass. Thcse grenite-"quartzite
contacts are sharp and well defined. Many granite
intrusions are bordered by chloritic aurcoles which
impart e green hue to the normally white "quertzite". In
addition to the cihlorite, an aureole often contains a
nunber of smell, blocky masses of reddish-orange feldspar.
Tnese "dents de cheval'" are in striking contrast with
their fine-creined "quertzite™ host. Specimens 2, 3, and
4 are representative sawples of the "quartzite" and

grenite frou e contact typical of that described above.
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In 2 nuriber of instances, small nods, lenses, and
stringers of granite occur as sul-parallel inclusions in
the "quartzite”. Contacts of thesc inclusions with the
host rock ore diffuse, and the inclusions have no visitle
connections witin a learger parent body; althougu, in
nlaces, the inclusions Lecome so numerous that the result-
ing rock is essentielly granite. Specimen 29 is a typical

example of this migmatitic association.

Specimens 3 and 4 - Contact Zone Granite

The granite occurring in the contact zones does not
nave the gneissoid eppearance characteristic of those
specimens previously described; however, it is similar in
most other respects.

Under the microscope, the granite shows a fine to
wediun-grained, hypidiomorpnic texture. Many grains have
suffered marked cate clasis, resulting in a2 wide renge
of grein sizes. Totash feldspar occurs in much larger
greins than does plagioclase. Microcline is present, but
most of the potash feldspar exhibits no twinning. The
plagioclase is albite-oligoclase (86-¢1% Ab), most
cormonly exhibiting albite twinning. Lobate patches of
quartz appear to corrode both types of feldspar elong

grain boundaries and cleavage planes. Small islands of
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very fine-grsinéd quartz, probebly remnents of the
"quertzite™ host, frequently occur. The most distinctive
feature of the contact zone granite is tlie development of
two types of culorite. Penninite occurs sparsely, and is
probably en alteretion of the original ferromagnesien
constituents. The second variety of chlorite (pro-
chlorite?) is very plentiful, comprising about 7% of the
rock. This nineral is ligiit green in color, feintly
nlcochroic, and has greater relief then penninite. It
forms radiating, fibrous clusters which form pestches and
continuous vein-like nesses. It is a late mineral,
cutting all other minerels in the rock, and is probebly
hydrothermal in origin. lematite (martite?) accompenies
this mineral.

With tihe elimination of the prochlorite (?) and
remnants of "quertzite™, 8 modal anelysis of specimen 3
demonstrates that the rock is a leucogranite of essentially
the sane composition as that of the specimens previously

described.

Mode of Specimen 3

Q‘lartz...‘..........0...'31.370
Potasih Feldspar.ceeeceeee36.4

Albite'OligOClase. ec e oo 03]-0 6
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Fig. 6 - Photomicrograph (20X) of Spec. 3 showing granite
with inclusion of "quartzite™.

Fig. 7 - Photomicrograph (60X) of Spec. 2 showing "quartzite"
with quartz vein and introduced chlorite and feldspar.
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I\Lp(q(;itCOQQOQ ® @ & 6 0 0 0 &6 0 0 0 o Tr.
Ciilorite (Penninite)ee.. 0.6
liaqlﬂlctite. ® 0 0 0 00 06 0 0 0 0 0 00 0.]—

Zircolloo00..‘.0..00..... Trt

Specinen 2 - Contact Zone "Quartzite®

"Quartzite" occurring near the grenite contact on the
castern mergin of Scction 1 is a dense, fine-zrained,
lizht green, quartzose rock, containing smell masses of
introduced feldsner, and cut ty & network of quartz veins.
These quertz veins also cut tine cranite. As mentioned
~reviously, en surcole is frequently developed in the
"quartzite" bordering a c~ranite intrusion. Within severel
feet of the contact, the normelly waite "quartzite
assunes a green iu2, which intensifies toward the contact.
Blocky, reddish-oraige masses of potesh feldspar are
scattered turoushout tihe aureole, end occur with greater
frequency toward the contect. hese "dents de cheval™
often sitain ¢ diamneter of 1 c». As seen under the hand
lenis, they eare actuclly intergrowtiis o notasu ieldspar,
wita lesscr quantities of cleer quertz and coreenisn-black
ciilorite. Furthur exaninstion reveels tinet they eore
closely essocieted with the muinerous quartz veins cutting

Lhe contrct esrea. Altuourh meny of tlhiese feldsper messes



ere enclosed in the quartz veins, the meiority appear to
lle concentrated just outside the vein lLioundaries.
Microscopically, the "quertzite" is an aggresate of
microcrystal line quartz and flakes of chlorite. The
clear, unstrerined quertz veins, with an average size of
0.02 'm., form a fine, even-textured mosaic. Much smeller
flokes of lisht green, slichtly pleochroic cihlorite are
rendomly oriented throughout the qurrtz mosaic. Many
quartz veinlets cut the "quartzite". Vein quartz is
reedily distinguished from the quartz of the host rock by
its coerseness, sutured boundaries, abundant inclusions,
and strain shadows. Coarse-grained agnaregates of poteash
feldspar, nleasioclese, quartz, and chlorite (the dents de
cheval) appear to be closely related to the veinlets.
Where they occur cs islands in the host rock, the acgre-
nates are surrounded Ly #n envelone of coarse quertz.
Potash and plrgioclese feldspers are both hishly eltered.
Patchy perthitic intergrowths of nlagioclase in potash
feldsprr are common. Quartz anpears to invode the potash
feldspar es loliete masses along grain boundaries and
cleavege traces. Shreds of chlorite surround meny feld-
sper greins.  This chlorite contains many smell enhedrel
nesnetite orains.  determination of the plecioclase is

difficult beceusc of the lacl of sufficient crainsg in o



red mweesurcients.  The

e

condition suitei.le for the raqu
~robebly unreliable results citeined indicete a
corposition of 92% 2l.. Tie extensive slterection in the

snecinen suggests theri sone of tne nlazicoclese is prohat:ly

secondery.

SHreciren 29 - pfomstitic "Quertzite"

AT several locetions on the eastern merzin of the
wepoed erea, anundent strinners, pods, end lenses of
reddish-orauge grenite occur es sub-nerellel inclusions in
the "quertzite™. The resulting rock ncs a mimnatitic
epncarence., 1ilignatite, as used here, descrites rocks of
mixed igneous and non-igneous aspect, implying thet
igneous meteriel anpears to aave been iniected into tle
country rock. The granite inclusions are smell, never
nore tuan o few inches wide and a foot or so long.
Abundant potash feldsnsr occurs in e finer-grained
gsroundinass of plegioclase, quartz, and chlorite. Contacts
oL thesc inclusions with the "quartzite" are generelly
gredatioasl., The "quertzite" 1s a very Line-grained,
denise, wuite rock. Chlorite eppears to develop oniy in
tiie granite inclusions; aureoles do not seem to develop
in the borderiny "quertzite". At the locality where

specimen 29 was collected, the migmatitic "quertzite"
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credes into e rocik waicih is so cuoroumiily satureted with
inclusions ciwet it is, for all nracticel purposes, a
grenite.

Under the microscone, the uiecmetitic "quertzite"
exiiilits o confused jumble of tadly altered feldsper,
coerse quertz, end chlorite, set in ¢ groundmass of
nicrocrystalline quartz. Tue felcdsper-quartz-cnlorite
agrregates form vein-like messes and isolated patches.

he [eldspers are often suiiedrel, and fracturine end
grenuletion are prevelent. All of the feldspars have
altered in sorie daqgree to peragonite, and are repleced by
cinlorite and quartz; however, twinning is still visible.
Ciilorite contains abundent opeque inclusions. Feldsper
greins are usuelly surrounded by masses of quertz, which
often develop a distinctive, redieting comb structure.
Much of the coarse-grained ueriz occurs in linear, vein-
like todies. he gzroundmess is an equigranuler mosaic of
microcrystalline quertz, with en occssional flake of white
rmica. Greins of the microcrystalline queartz are un-
stroined, free of inclusions, and of rether uniform size,

. [
averezing 0,025 mm,

A Wole on Grenitization

The development of '"dents de chieval" and the
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Fig. 8 - Photomicrograph (20X) of Spec. 16 showing the
equigranular fabric of typical "quartzite™.

Fig. 9 - Phiotomicrograph (60X) of Spec. 20 illustrating the
mosaic texture of the "quartzite'.



vigmatitic cheracter of sone of the zranite-‘'quartzite
associations suggests that tuc "quartzite" lios heen
prartielly granitized. An increase in the effect thet the
granitce produces in the "quertzite! et tlie contact could
terminate in the devcelopuent of granite, and the present
situation may represent en errested nitase in & process of
grenitizetion. It has lteen cemonstrated that greanitic

i

neterial has been introduced into the "queartzite", but the

present study nes not yielded sufficient data to properly

eveluate the process by wiich this was accomplished.

lTypicel "Quartzite®

Specimens 16, 18, 20, 23, 24

The varieties of "quartzite! previously discussed
actuelly have very limited occurrence in the nepped area.
The bulk of exposed "quartzite'" is a white, homogeneous,
quertzose rock wilici sinows no evidence of feldsnethization.
Tais typical "quartzite" forus the ridge trending across
the north helf of Section 1 and the small hill in the SWg
of the section.

In outcrop, tihe "quartzite" is a strongly jointed,
messive rock, thoroughly cut Ty a network of quartz veins.
Hemetite staining frequently iwmparts a dull red color to

the rock. The "quartzite" siows no evidence of hedding or



ifoliation. Several zones werc noted in wihiich the rock was
strongly s:eared and brecciated. Turoughout iost of its
exposure, the "quartzite" nas a remarkebly uniform, [ine-

grained arpearance. Exposed surfaces have acquired a dull
polish, which eccentuates the sub-conchoidal fracture of
tiie rock. Brolken surfaces exnibit a fine, sugary texture.
Individual grains are not easily distinguishecd, even with
a hendlens. Close examination of a hroken surfece
discloses munierous small, anguler covities lined with a
coating of hemetite. These vuzs are small, the largest
rerely exceeding 1 mn. in diemeter. They probably mark
the occurence of an easily solulle mninerel, such es a
carbonate, which has since Leen dissolved. Henatite
steining, developed in minute rIractures and any available
pore space, is always precsent, often prevelent:. Quartz
veins vary in size from & frection of an incli to several
feet. Quartz crystals ere well developed in the lerger
veins.

Microscopicelly, the rock is a fine-grained eoqgregate
of microerysteclline quertz. he crudely polygonal quartz
forus aan equigranuler rnosaic febric. DEssentielly all of
the 500 grains measured in 5 thin sectiions of typicel
"quertzite™ [oll within tue 0.U25-G.050 mm. size range;

grains in tie 0.0125-0.025 mn., and 0.050-0.075 nm. ranges



comprise only 3% of the totel meesured. Tiere is no
noticeable variation in grein sizes between specimens.
The quertz is usually free of inclusions, elthough some
grains contein dust-like material (hiematite?). Individuel
areins exhibit uniform extinction under crossed; undule-
tory extinction and strain shndows do not eppear. Lineer
to strongly ltifurcating quertz veinlets are abundent in
all specimens studied. Veln quartz is distinctive and
easily distinguished from the nicrocrystalline quartz of
the groundmess. The greins are large and, as a rule, at
least five times lerger than the microcrystelline quartz
‘orains. Inclusions are runerous and neterogeneous, with
hemetite dust the most comnron. Vein quartz grain
boundaries are geiierally sutured, in contrest with the
sharp, straight lLoundaries of quartz veins in the ground-
ness. A rudimentary cockscomb structure is developed in
tue larger veinlets. Stirain shedows are prevalent.
Sericite, hemalite, and rare chlorite ¢re the only other
minerals of significence in the "quertzite'™. All appear
to te secondary. Smell sericite flekes occesionally occur
in the quartz mosaicj; nore couraonly, the sericite fills
thin seams which randomly cut the fabric of the rock.
Hematite, in concentrations of dust-like particles and

small anhedral greins, occurs in the vein quertz and es a



_44-

coating in cross-cutting frrctures. In several instances,

nincii~and-swell

¥

henetite wes observed in long, slender,
concentrations, apperently following minute fractures. An
interesting, but uncommon, occurence of hematite is as
dust-like concentrations outlining a hollow rhombohedral
form, superimposed on the quartz mosaic. It is possible
that the rhombohedral outlines are relics of a now
completely replaced carbonate. This is substantiated by
the frequent angulsr cavities visible in hand specimens.

It is difficult to determine whether such ¢ carbonate was
an original constituent of the "quartzite" or was later
introduced. It may be significant that the outlines

appcar to have no definite relation to the present vein-
lets. Chlorite appears in specimen 13, which was collected
from the outcrop on the SW% of the mapped area. The
chlorite occurs in patches of small, lignt green, slightly
pleochroic flakes which have formed along fractures in the
rock.

In summary, the typical "quartzite™ is a fine-grained,
equigranular, massive rock containing 97.5 - 99.5% micro-
crystalline quartz; 0.5 - 2.0% hematite; trace - 0.5%
sericite; and 0 - 1.5% chlorite. Vein quartz is abundant

in all samples.
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Photomicrograph (10CX) of Spec. 23 showing modes
of occurrance of hematite (black) in the "quartz-
ite" (grey). The rhombic outline may represent

a relic carbonate crystal.

Flg, 1l =

Photomicrograph (32X) of Spec. 41 showing the
cataclastic nature of the groundmass of the
pseudoconglomerate.
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Deformed "Quartzitet

Specimens 9 and 41 - Pseudoconglomerate

Intense deformation of portions of the "quartzite
body is indicated by zones of a distinctive, highly
brecciated rock. This rock resenbles a badly deformed
conglomerate and is called, for convenience, pseudo-
conglomerate. An excellant example of a deformation zone
containing pseudoconglomerate is exposed west of the ridge,
in the western portion of the mapped area.

A zone of pseudoconglomerate, approximately 5 feet
wide, strikes roughly east-west and dips steeply to the
north. The zone is flanked on both sides by typical
"quartzite". Contacts are gradational and appear to be
irregular, both laterally and vertically. Angular to
rounded fragments of white "quartzite”, in a great variety
of shapes and sizes, lie in a greenish, fine-grained
matrix. The matrix weathers easily, causing the "quart-
zite" fragments to stand out in bold relief. The
fregments appear to have a vague E-W lineament.

Under the inicroscope, the rock is seen to be composed
of angular to subrounded fragments of "quartzite" strewn
about in a fine matrix of granulated quartz and small

flakes of chlorite and sericite. The marginally granulated



fragments of '"quertzite" clearly demonstrete the cata-
clastic deformetion of the "quartzite®". Undulatory
extinction has developed in some of the quartz greains of
the fragments, but it has developed to a much greater
degree in the fine quartz grains of the matrix. The fine
quartz grains of the matrix appear to have resulted from
the milling and crushing of the rock; they are exceedingly
fine-grained, generally smaller than 0.0125 mm. The
chlorite occurs in small flakes and radiating, fibrous
clusters; it cowprises as much as 207% of some of the
specimens examined. It is the same chlorite previously
described as prochlorite. An X-ray powder diffraction
pattern discloses d spacings of 13.9 X, 1.54 X, and 7.08 X,
indicating that the mineral is a chlorite. The mineral
has probably been introduced, and is prevalent in those
portions of the "quartzite" which have suffered deforma-
tion. Sericite occurs in thin seams and scattered flakes
throughout the matrix. Lamination, which would be
expected in the matrix of so deformed a rock, does not
appear; it may have been destroyed by the development of

the introduced minerals.
Dike Rocks

Two cross-cutting, basic dikes occur in the Mquart-



zite'". Rock in one of the dirkes is schistose and highly
altered, btut the rock in the other is undeformed and fresh
in anpearesuce. The leck of detormetion ond elteration in
the letter suggests that this dike is nmch younger than

the altered dike.

Specimen 15 - Meta-diabase

The older dike occurs on the small hill in the SWj
of Section 1. The rock is deeply weathered, and the
location of the dike is now merked by a trench-like
depression in the "quartzite". The 7 foot wide dike
strikes N 45 W and dips approximately 70° NE. Boundaries
of the dike are irregular, no doubt a reflection of the
deformation the rock has undergone.

The rock is a dull, green-weathering, fine-grained,
schistose meta-diabase. Abundant dark grains of ore
minerals pepper the fine-grained chloritic matrix of the
hand specimen.

The rock reveals its altered character especislly
well under the microscope. Infrequent, large laths of
altered feldspar and abundant gresins of magnetite and
rutile are imbedded in a felty groundmass of chlorite,
altered feldspar, quartz, and albite. The large, relic

feldspar laths, occasionelly 2 mm. long, are now an
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azzregate of abundent carbonete, sericite, some epidote,
and albite (?). The groundmess is cormposed almost
entirely of secondery minerels; tlie opeque minerals also
show signs of alteration. Rounded magnetite grains often
alter to martite, and the twinned rutile needles are

frequently surrounded by cloudy masses of leucoxene.

Specimen 1 - Olivine Diabese

The younger dike occurs in the western pert of the
"quartzite” ridge in Section 1. Contacts of this dike
with the "quartzite" are not revealed; but the rock is
typical of the brown-weathering, olivine diabase dikes
which occur es the latest Precambrian intrusives through-
out the Lake Superior region. The rock has a very fresh

appearance and shows no evidence of deformetion.

Quartz Veins

Quertz veins are prevalent throughout the mapped
area. They range in width from fractions of an inch to
over 3 feet. Generally, the veins are strongly bifurcate,
and cut the country rocks randomly; some of the thinner
velns in the "quartzite" appear to folléw old joint

patterns. As a rule, the veins are composed of subhedral

to euhedral crystals of clear to milky quartz, always with
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Fig. 12 - Photomicrograph (60X) of Spec. 15, from the meta-
diabase dike, showing relic feldspar laths in a
groundmass of saussurite, rutile, and martite.

Fig. 13 - Photograph (0.5X) of typical migmatite showing
bands of light quartzo-feldspathic minerals alter-
nating with dark ferromagnesian bands.



some nematite mineralization. Frequently, the hemetite

is so common that it coats the quartz, producing beautiful
red quartz crystais. Radisting clusters of greenish-black
tourmaline crystals occur in one of the veins examined.
Quartz veins occurring at the grenite contact previously
discussed contain feldspar; these veins are probebly
silexite. Field relations indicate varying ages of quartz
veins. Further study will probebly disclose severel

genetic types of quertz veins in the area.
Migmatite

A broed belt of migmetite lies north, eest, and
southeest of the "quertzite™ outcrons. Tie wlgmevite is
cheracterized by alternating bands of ferromagnesizn and
quartzo-feldspathic minerals, giving the rock & gneissic
cppeerance. The proportion of iight and dark constituents
is hignly varialle witihin short distances. Banding is
always steeply dipning, end examples of comnlex folding
ere numerous. The reddisii-orange porphyritic gneissoid
grenite is found cutting tine migmatite in Section 36.

The ma jor constituent of tiie [erromacnesian bands is
mmedium to coerse-greined, sublhiedral to euhedrel horn-
blende; liotite, ciilorite, and {eldspar are of minor

importainice. Pla;iocicse feldsper is pnrominent in the
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Light Leuds; quartz, noteshi feldsnar, and some chlorite
appear less frequently.

Exaiaples of mignetite from sScction 36 are described
Ly Sahekion (1959); he calls the rock an injection gneiss;
and considers it to le ~n injected Keewatin-type green-

stone schist. !

Greanite end Gneiss

A complex of granite and granite gneiss lies south of
the mapped erea; these rocks were not examined in deteil
during thie present study. Severel varieties of rock
occur, and field reiations are complex. Some of the

orenite gneiss is probably migmatite.

Structurel Inferences

A deteiled study of the structure of the area was not
sttempted in thg present investigestion. The regional
structure is undoubtedly complex, end locsal structurel
elements are seldom sufficiently revesled to permit velid
interpretations without deteiled study. Tue following
discussion is, for the most pert, a compiletion of
inferences besed on widely scettered ol:'servatiomns.

The "quertzite" exhtitits no definite foliation,

lLedding, lithologic varietions, or other plener clements



thet would eid in determining its structural setting. The
linesr, east-west gspcet of wmost of the "quertzite?
outcrons may rerflect the striie of the formation. It is
intercsting to note thot, althouch the migmetites ere
hisaly contorted, thcey occur in e telt which curves in e
sentle rrc, enclosiog tihe ar2e of "juartzite" oxposures.
The "quertzite" nay be part of the sane sequence #s the
wlgiatites.

The “quertzite" is strongly jointed; but, with the
excention of uproninent E-W, varticel joints, no pettern is
apncrent. A deteiled study would protelly disclose such
s natitcern., Siroas wmester jointine in the district is
readily szen on eeriel rhotogreniis. No direct evidence

1

of feulting is found in tiie erca studied, lTut the highly
deforred nature of some of tue rocks indicetes that
feulting ayv hieve playcd e prosinent role in the structural
developiient of the sreca. Taults of considerclble naznet-

itude occur in ti:e Peliver ereza. Sleer zones deform tiwe

Tgquerlzite” et scverrl plrces. Figure 14 is a disagrem of

2%

quartz c-axis oricntation in the mylonitic groundmass of
the rock from one of tiiese zones. Tie dimrgram shows a
veak preferred orientetion of quartz witi, respect to the

=4

plane of the si.ear zone.



Lower Hemisphere ’3-2-1-0 %

COMPOSITE DIAG6RAM
ORIENTATION 600 QUARTZ C-AXES

Spec. 9a,b

Figure 14. *



e el
ccteornaac Raan

A11 0of tae rocks exanined in tue prescnt study lLecr
evidence of wmetenorphism. The occurrence of calorite in

thie grenite, migmatite, and dike rocks, end the fine ~rein
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size of quertz in the "qguartzite!, indicet
{ ’

retenorphism typical of thie cnlorite zone.

CRIGIN OF THao "QUARTZITE"

Lack of diegnostic or distinctive features, such es
bedding or relic structures, precludes a ready identifice-
tion of the "quertzite™; and it is necessary to consider
2 number of alternstives from emong known highly quartzose
rocks. Field relstions suggest thet the "quartzite! might
be interpreted as

1. An izneous rock

2. A large nass of vein quartz
3. True quartzite

4, Silicified tuff

5. Recrystallized chert

In the following discussion, e~chi interpretation 1is
considered in light of the date derived from the present
study, and conclusions are drewn regarding the feasibility

of each interpretation.






An Iocneous Rocle

Highly quertzose rocks of igneous aspect, althougnh
rare, aeve beeil noted at verious locelities. Johannsen
(1932, ». 4-25) discusses meny examples of such rocks. He
stetes (p. 4) that:

"they occur in the form of dikes,

segrezated nasses (sometimes quite

large), end replacements, but do not

form typicelly plutonic or extrusive

bodies."
With tihe exception of greisen, which is simply an altered
granite, the quertzose igneous rocks described by
Johannsen heve the sane mode of origin as pegmatites; thet
is, they are of "aqueo-igneous magmatic origin."

Tolmen (1931) reviews available literesture concerning
rossible ignecous quartz masses. He remarks oan tiie peucity
of precise and deteilcd descriptions of the field releations
of supposedly igneous quertz bodies; he lists very few
criterie whicihh could Le considered definitely diagnostic
of igneous qua;tz Licsses; yet (p. 297), he apnears to
favor the idea that tnere is a complete gradation, with
increesing quertz conteat, from tynicel igneous rocks,
thirough pegnatites and quertz-rich rocks, to hydrothérmél
quartz veins.

Many workers dispute the existance of a truly igneous

rock composed almost wholly of quertz. Furnival (1635,



p.505) suinmarizes tiis view, stating thau:

"no occurrence of a lLody of quertz which

hes undoul:tedly formed by tlie action of

wepmetic process, that is bty direct

crystellization from en ignecus megnea,

has teen descrited in thie literature."
Furnivsal considers sucl: quertz niasses, as well as pegme-
tites, .uydrotuernel in origin.

The present writer egrees essentially with Furnival.

Thie terms silexite end eswerelditc, as defined by
Jounainnsecn, are used in the succceding paragrephs with this
gqualification: they ere igneous rocks only in the sense

that they werc forned Ly solutions, perhaps relatively

viscous, which emanated froin a magmatic source.

Greisen

Assoclation of the M"quartzite" with grenite suggests
thet the rock mey be a2 greisen. Johennsen (n. 6) descrites
greisen as:

"quertz-rnice rocks which origineted along

fissures in granite by alteration of some

of the minerels of the pre-existing rock."
The essential constituents are quartz and mica, with quartz
generally in excess. The guartz is similar to that of
granite; the nice is generelly zinonwaldite. Feldspar,
wnen observed, is greatly eltercd. Cassiterite often

occurs. Greisen exhibits a typically grenitic texture.



Tiie secondery neture of greisen is usuelly apparent, and
gradational contacts wita the pre-existing granite ere
Lrequently exuilited.

IL{ the "quertzite" were greisen, remmants of the
pre-existing granite should occur within the "quartzite™
iess ) however, uowhere were such features observed. There
is no evidence thnat the "quertzite" is derived from a
sranite older then the present intrusive. Coutacts of the
“quartzite™ with the present grenite cre not typicelly
gradationel. Where contacts are gredational, es in the
mignetitic '"quartzite, grenite oppears to develop in
froectures in thie "quartzite'"; the situation would Le
reversed in e greisen; [urtheraore, tne grenite is younger
tuen the "quartzite". Finelly, the fine-greined, mosaic

texture of the rocli is not o texturc typicecl of greisen.
Silexite

Jonennsen (p. 11-17) describes silexite as an igneous
rock couposéd essentielly of rrimary quartz, practicelly
free of pneuawrtolitic wminerals such as nuscovite aund
tourneline, end containing no more than 5% feldspar. He
states thet the diifference between silexite end vein
quartz lies in the origin of silexite from juvenile

(mezmatic) waters. It is very difficult to scpereate the
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cwo tynes of qurriz;

"only by trecing the counection in tne
field from pegmetitic rociks, tuarouzn
aenibers poor ian frldsnsr, to nure qurortz
rocks can tue origin (of silexiie) be
definicely estetlisied.”

Joluwnasen furthier descrites the rock es exhiliting
alliotronic grenulsar texture, approaciing cne sutured.
The quartz is typicelly igueous, contsining meny in-
clusions wiiich ofien lie in streight lines. Bodies of
silexite rre not lerze; nenerclly, the rock occurs as
veins, dilkes, or inclusions in grauite nesses.

Fiiller (191¢) descriles & tynicel occurrence of this
rock witii its aplitic ~nd peg.atitic ossociates. Thae
messes of silexite wiicu iie describes are quite swmell,
being aweasurcd in teas of Leet. Tiey lieve the easpect of
inclusions in tlic wein greaice riess. Greadationel contacts
the silexite with greaitic rocks frequently occur.

Arthough the composition of the "quertzite' is
similer to Lirt of silexite, the rock does not appeer to

)

e silexite for 2 nuuber of reessons. The [ine-greined

woseic texiure of the

3

‘quertzite" does not resculle tiie

.

arcorce of irreguler greins ciheracterizing the

)
IR

junuled

'

texture oi silexite; Leldspar is mol present as a primery

1

coustituent of the "gurrtzite"; thie guartz does not

conteain the ebundent incluslions so cuerrscleristic of the
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quertz of silexite; no gredetion of tue "yurrtrite" with
nows granitic rocks is apporent; o~una, finelly, the sreatc
sizc of tae “quertzite" nasses 1s not cynicsl of knowm

silexite occurreaces.

Esnierasldite

Jolimimsen (p. 19) descriies esiwcrcldiin as:
L0s¢ qunrtz-muscovitc reclis waica cceuy
es dl=scuistic maestis o lerase bodlies or
es dicscaistic dilws, and waich mey be the
result cf orizinel differentiation or of
resorlt ion processcs antedating the comnlete
consclidetion of iLne rocik."

Csuicreldite 1s ¢ rine to coersc-zreinced rocii composed

-

ecssoniislly ol quertz end rwscovrite.  The Gqusrtz and aice
wasielt tynicecl igncous corrsctars and occur in varying
nooportions.  Tuae rocit often occurs as & tordar phase of
srenite.

lucn tue saase crguaecints as were used in the case of
greisca end silexitc cen e usad to siow thet Lhe fguart
ite is not eshecelaite. Tae "quertzite sinply does not
exuibit n~ ioucous cuarecter. In addition, tiie "quertzite®
does not coittein ehundeuc nrincry nice, such as one would

cxpect in csuereldite.

«

A Lar~e liass of Veln Quertz

HQuortzite™, which Ls "aore resistant to crosion then



tue surcowiding rochs, Lors tie lLowg, linear ridge
exterding across Sectioa 1 in Lie wepned area. Tihc
stronsly lineer espect cf tils occurccuce reseridles that

of a lerne yuertz vein. Such s quertz wein would heve

V]

minimue width of 150 feet end a length of over helf e
Alle. uartz velns of suciit mesnitude ave rere, but do
occur. Furiiivel (1¢32) descriles leryg
occupying Zeult zonecs at Greal Sear Lake, wilch attein
Dexditum widtins of up to 10CU0 fcet and lengiis measured in
miles. e scates (p. 847) that the veins

"oenerally coasist of two parts; the main

nert is composed principelly of quertz with

winor emounts of veln bLrecciaj tuis is

fleniked by stockworks of (uartz stringers

on one or btoth sidecs...Minerals other then

qurrtz are snerse. They are speculrrite,

bornite, chelcopyrite...”
e finds that the quartz of the veins is of two main
types: messive and banded. The banded quartz is cither
millky or trensparent end colorless; bended quartz is
coarse-grained. e messive quertz is medium to coarse-
greined aad milky, shiowing no uniformity in texture. le

also notes chelcedonic quertz, which is a metrix for

quortz frazments.

rn

Adams (1920) discusscs tiie microscopic features o
thie varieties of quertz wilch ocecur in aydrothermel vein

deposits. lost of the verieties e descrilbes exhitit
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properties, sucit &s coib structure, wiich ere typicel of
minerals growing in open speces.

Aside from the lineer nature of tiie outcrons, there
is little cvidence thet the Mquartzite! is o wvein deposit.
10 banding or stockworks, as descriltied ty urnivel, arec
found; and tace ratner uniform grein size of Lhie "quariczite®
coinirasts witii thie wide grein size veriatioan in the
messive (uartz at Great Boear Lake. Conib structure,
coarseness of ~rein, end otuer cvidence of open-space
agrowth is leckiag. No diagnostic uydrotueruiel nminerals
are associated with the guartz. Quartz veins which cut
the "quartzite! exaibit typicel properties of vein quartz,

cad are in marked contrast with the fine, even-grained

texture of tue "guartzite!.

A True Quartzite

Quertzite, in the strict sense used nere, is a
metanorpuosed sandstone. Tiie pre-existing sandstone hes
bLeen partially or completely recrystallized to form a
granvlar aetanorpaic rock consisting essentielly of quartz.
Ti:e composition of quertzite reflects thet of the pre-
existiug sandstoue; tius, the abundant quartz in a
quartzite is accompenied ity small anounts of feldspar and

otiwer detritel nmiinerals. Cerenting mrteriel of the sand-



stoxc nay Le ve-ceystellized in the quertzite, ond new
minerels mey Le introduced Ly solutlons. Criginel
structures of ti.¢c saudstoae, suciit as hLeddinn, cross-
Ledding, and ripnlc merks mey e prescrved in the quartz-
ite. Where metemorpuisn nas not been intease, & quartzite
cen e treated in the field as a sadimeuntary rock. With
increesed metamorpuism end deformacion, quertzite gradually
loses its sedimentary cuarecter, foliction develops, and
the rock graduelly lecones a qﬁartz schist, then a quartz
gueiss.

Under the awicroscone, quartzitce generally exiiibits a
sutured or iwsaic texture. The rounded greins of the
sandstone lLirve been squeezed togethier end enlerged by
sccondary srowtil. When & rmosaic texturce hes developed,
the origiarl rounded grains mey sppear as muclei in the
new nolygonel grains. Asswning thet no large-scrle

fracturing or graunulestion occurs, the renge in grain size

C2

cf a qucrtzite should reflect that of the prior sandstone.
Increased deformetion ceuses a development of leanticular
grains arranged in sub-perallel fashion, and unduletory
extinction and strain sinadows becone prevelent. Intense
granulation end nylonitization sharnly reduce grain size.

Altiougn the "quartzite™ is similar winerelogically

to 2 very pure quartzitc, few of its remesining properties
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closcly zescuble those of a irue quertzite. Evidence of

riuary sccicentery features is lecking in the field and

g

“J

in thin section. Even if sucli stcuctures hiad Leen

.

destroyed Ly rietamorphiism, relic bLeddiag, in the form of

roliation, mignt be expectead. ile "quartzite has no

e

visible foliction. Under the ricroscope, tlue “quartzite"
exiiibits a finc, equigrenuler, mosaic texture; close
exaination discloses no evidence of originel rounded
greins. Virtually all of the greins iu Lhe rock 2re Lelow
0.08 mm. in sizej tiius, disrogerding seccondary eniargenent,
original scdimentary greins would have to have beenn close
to silt size. It is iwprobable thet a formetion as thick,
pure, end uniformly textured as tie "quertzite” would have
develoned from very fine-grained cl:sstic wneterial. The
euhedral, unstrained nature of tue quartz, and the lack of
foliation or recognizable oricntation do aot suggest the

developuent of the f{ine grein size Ly deformation.

res

Silicified Tuff

It is possivle that the 'quartzite" and the migmatites
arce pert of the same sequence, although the present study
discloscs no dircct evidence of such a reletion. Weverthe-
less, tne "quartzite™ occurs in ¢ terrain dondnated by tae

idometitess field reletions derwastrete that the reddisna-



-0D-

orcuge granite is not geneticelly releted to either rock.

The Lilgh proporilon of ferrorcincsicn coustituents and the

v

relict folictioa in tue wdoaatite wrender It likely thet

OC. A0S Leca & Trecnstone scuaist. A volcecenic
cuareclter is inderrad, warrentiag conslaerstion ol cthe

1

Tquartzite? ¢s a possiile silicified volcanic rock.
Silicified volcauic roclis occur in the freccaikrien of
wany rejlons, notably iu Scendinevis.  Scderhiolm (1¢30)
descrives Lhe gradatlon of strongly wetanorpiic lentite
inco slimhitly iwctesorpldic nillefliata. Leptitos are
urriz-Leldsnar rociis cerived
oriacipally IZro. ccid volersaics. dllerliata is a fine-

croined metauorpnic rock of voircoalce derivecion, and is
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"Gl oL Chi2 eorlicest cucnnes in tuifs is tle
Jenosition in tllen: of hiydrated silicr-opel
anc chalcedon, . Conxlotn sillceivicrtion
Loads Lo the covversion of Lhe Irienle,
~orous tull to o Jense [lincy roct whilch
closely wos=z. i las wiyolice, novoculite,
,
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horocks it e ficid.  In thid
scction, hwwever, cuc vitroclestic cherecteor
may remain and this .ecivre togsliior with
the composition and form of the associrtaod
crystels and their chemical composition
wvill serve to prove their nyroclestic
orizin...Devitrificetion coimonly sccompenies
the alteration...Caresul study in ordinery
Jizht nay disclose siwrds, turecads, cusps,

'\
I



vesicles, and the like, of the oriainel
rleoss. he devitrification nroduces a
montnorillenite clay...lletamorphism
superinposed on other alterations mey
completely obscure the vrigincl nature
of the deposit.m
Fetti iochn (1$43), in his excellent treatise on Archean
sedimentation, descrilies the alteration of Archean
volcanics in the southern Canadicn Shield. He mentions
that, elthougih ninerel clionges are pronounced, the

renescopic textures and structures are well prescrved.

Adars (1920, p. 642) finds that in silice replacenent

"wiicre there is o veriection I: the cihwcracter

cf the original contituents, the grain of
replacing silice mey change acco ng t

Y
the perticuler portion of the wrocl cttecked.
Thus felds»rer silicified in o tuff ey te

repleced Ly corrser greined que 1ien the

~roundness. !
Tiz jeologic environrent of the "quartzite" is
considered fevoreble for tihwe developinent of volcanic rocks,

cind it is possilile thait the "quartzite" is a silicified

A

tulll. Crenitic rocis of severel croes are nresent in the

* 1 - < v R I i} < 3 e
district, and nay represent @ ow@aiilc sources Lor e
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silice. IL is nossible, 1T the Vrravtzite! cond tipratite

Coiiclusive aovidence ol ¢ wolcaunic orizin of tac Myuertzite

is lec™dog, nowever. IJiructures resenblin~ wolicts of tlo



Lr5s, crysocl Sramoocts, ond roc delris wihico would te
Imerited Ico ¢ poc=omistiag cvi vore ot olscrvad in
the Iiue, cyui-srenular fobric of the "querizite™. The
uastralaad guariz roclss cliio non-Ioliete charccter ol

Peotuertzite” Cololc Jo uot Indlcate defornntion of o

condtude suificiont to dosiroy reolic Luill siruciures such
os ranlncrion,  Tie oxtrore ourity of Loe "guertzite!
would on Do oenroctled Inoa sillcllled wuily sipgaliicant
c..ounts ow aluniing, sode, ond Thia goouvlid anpear,

o~ . AR . HERSR R B W Ny T . N r

Ll s & Lla8C8, clLZein) SLLlCOOlg TOC.. COIBOSsSluL O
Aivem T AT Ay ey RN R ol T H A Uy P Tyune
CUTLCIUOR SNl CYPLloCTsUc Ll qUuariiZ, nng cuerts

coniain onclive Lwaoteriel wilch ~raduclily lescs its water
corien’ cid Uecoies crystalline.  Under e nicroscope
caert is & colorless, cxtroiel:r Tine-greoiraed, dcro-
cryscelline wociis Cavtonntos, clar ciacrels, or iron
cxnides nay e nresort as canixiures in the chert,
Jlctamorpiiist of cliert Induces recrystellization to a fine-
prained qurriz nosaic.  AlL Irvecenlrien clhierts emnilit
recrysitallization,

The present siudy hies shown thet the Pquertzite™ is

& wessive, donsce, Lisidy quartzose roclk, the fobric of

wiich is a fiue-zreiuned wmosaic cf quartz.
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ite" was orizinslly denosited ¢s chert., Chaert tynicelly
occurs in the Irecan!cicn of northern Michizea as noduler
iaclusions in verious nete=sedinentory rocks 210 #s a
raytlinicsll s lended, thin-reddad iroun formelion fecices.

I contrest, the wessive "quertzite" forms a taick Lody
snowing a0 cvidence of a motiuiic, thaia=tedded chirrccter.
Therelore, o conclusioa turt cue "yuertzite" was originel-

1

1y deposited £s ciert sust be lcsed oa e satislectory

zxo>lenetion of tue enoielous thick, wessive character of
tihe formacion.

The properties of e sedireatary rock reflect the
tectonic enviroirent in wiiich it wes deposited; uence,
tae thin-hedded iron formmation cherts .oy Lorm in an en-
virorwent diflferent Lfrom thet in which a thick, inessive
Lody of clhert night form. Tettiiohn (1943) and Jainas (1954)
heve shown that tihe neta-sedirentery and volcenic rocks
of the Lake Superior regicn cen te grouped into orogenic
and epeirogenic facies.

Tie epeirogenic facies is typicel of steble shelf and

restricted besin environnents. Carbonates ond well-worked

clastic sedinents are deposited ia scas whicli transiress



-59-

low, slowly sulsidiag laadiresses. The development of re-=
stricted basins or the extreae pleastion of a2 landmess may

e merked by meinr cuendicel deposition of iron end silice-

r—l

ricli sediments. It is in tais eavironrent that raythmicelly
Feaded, thin-ltedded chierty ivon formetion is deposited.

The orogenic facies is & cheracteristic of the repidly
subsiding, volceanic, eugeosynclinal environment. Foorly
sorted clestic sedirents pour into e repidly sinking tasin,
and are Laterledded witn laves and nyroclestic sediments.
VYillow levas, essocieted with radiolarien cherts, argillites,
aad graywaclkes, occur in tiie deeper protions of more rapidly

susiding cuvceosyiclines. {a) 35 .56) mentions tae
! % euseosynclin K 1951, 5) t taet

some eugeosyaclines way have nreat

ol tliiclmesses of cerlonetes

and aluncdent chert whea sinlkiag of tue lLasin was independ-

ent of any rising of positive lelts. Tulck formations of

-

edded cuert occur in nany known eugeosynclinal telts, for
instence, e#s in tue Franrsiscan btelt of California {nd the
Cucchita systen of Arkansas and Oklahowna. Tue occurence
of noveculite in the Cuechita system is of particular in-
Lterest. loveculitc is a dense, hiéhly siliceous rock,
_ssentially 2 thickly !edded chert. Griswold (1890, p.94)
stetes:

"Five or six huundred feet is the most common
thickness of the novaculite f{ormetion, which

generclly includes some flinty sheles and soft
suhales or sandstones. The novaculites proper
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arc tlic prominent memters of the formation,
liowever, and occur in massive beds from a
few incues to twelve or fifteen feet in
thickness...The nmassive beds are so closely
associated tiiat there often appears to be
no parting between them, but stratification
lines are indicated in quarries by thin
seants of clay.”

It is evident Irom the above discussion that the
thick, massive character of tue '"quartzite" is a prorerty
also of novaculite. The anonalous nature of the rock is
simply an expression of its origin in an environment
differing frowm tiiat of the typically thin-tedded chert
occurring in northern liichigan. A description of the
"quartzite'" as recrystallized novaculite hest explains
all observations rade on tie rock during the present

study. The tern neta-novaculite is suggested to describe

tie "quartzite" more adequately.

AGEZ CF THE I’ETA-NOVACULITE

Radioactive age determinations of tiie granites in
thic district are not available, and the writer rust rely
on more qualitative meiliods in an attempt to establisu the
age of the rnieta-novaculite.

Pre-Keweenawain age is indicated by tue presence of
the olivine diatase dike.

Pre-Clarkslurg age is prolLably indicated by the

siieared, rieta-diabase dikke. Tuis dike represents two
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delornational periods, and is obwiously older than the
undeforned olivine dial.ase cike.

Ire-lluronian age is suggested by several lines of
reasoniings

Tie preseaal study nas cstanlisied that the malacon-
veariag, reddisu-oraaie, gucisscid, porpuyritic granite is
Jounger ti.an cae umeta-novaculite. Tue presence of malacon
iandicates a later pre-iluronian or uroniza age according
to Tyler et al (1940). 1llost worlkers recoguize only pre-
.uronian and post-iluronian granites in the district (James,

650). It is improlalle that post-Huronian granite would
have the highly deformed character exhibited Ly the reddishi-
ora,ge -ranite l:ecausc its emplacerment would nhave leen
coatenyoraneous wiki Uhwe latest orogeny La tie area. Tae
wriler cousiders lLiuc reddisa-orange jranite to Le of highly
preiable pre-iluroanian age.

Jan llise aad Zayley (1.97, p. 23¢-24C) note tue occur-
av.ce ou clhert aad "quartz vocl" Ifragrents in a conglomerate
a4t clissicr Lalwe, avout > uiles "UIE ol tue tluesis area.
1oy vanped the coazloscrate as lasal llesnavrd, and note that
¢ opeLiles are wot Zoww in the tasal Tesnard on the
norti rin ol the larguette synclinoriwi., It is possille

that o oonta-ueraculite 1s {lie sourcce of thie cliert and

"quartz rock! Lragments wmentioned Ly Van I'ise and layley;
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and, 1< tue congloiwerate is teuly tasal lesnhard, a pre-
Jronian age of tae reta-uovaculite woula Le indicatad,

The writer postulates a cugeosyaclinal depositional
envirom:ent Zor the wmota-aovaculite. Deposits characteris-
tic oi tiis enviromient occur in the Marquette district,
imt they are resiricted to the Upper (luronian slate-
sraywacke-volcanic seqieace. It is doultiul that the
ieta-novaculite is that youas. Lower rrecanlrian terranes
o the Lakr Supurior region are typically of the eugeosyn-

clinal facies (Lettijoim, 1%43).

fossil:le Countoemporary Rocks

Friedman (1959) descrilies a recrystallized chert
facies in a greeanstone-tuif-sirale environment north of
Lake lhiron. Tuls occurrance is similar in many respects
to tlie neta-aovaculite,

Laney (1935, p.ll153) descriies quartzite occurring in

part ol the Talner Gneiss telt. Althoush he considers this

to be llesnard quartzite, nis description of the rock is

=

suiificiently sinilar to that of deforied portions of the
neta-novaculite to warrant a closer examination of that
occurrance.

Janes (1955, p.31) mentions inclusions of quartzite
in a strongly deformed Lower Drecamblrian granite gaeiss

occurring in Dickenson County



COMNCLUSICONS

~

Thue present study discloses that tie "quartzite"

occurring

in the Sout'.ern Coiplex near lalaer, llarquette
Jounty, liichigan is a massive, fine-grained, highly
silicoous rocic that is essentially an equigranular fabric
of nilcrocrystalline quartz.

[t is concluded that the "quartzite" is a recrystal-

lized novaculite, called neta-novaculite, of probable

Lower Irecaririan age.

SUSSLSTICIS FOR FURTHIUR STUDIES

Thie uorthweastera portion of the Soutuern Complex
s virtually unmapped, and tie aany squarc niles ol
couplex igncous and netarorpiic rocks present a challenge
to the Frecambrian gjeologist. Aside from general mapping
of tue Coiplex, tue writer reccowiends tihe following:
1. Close mapping of tihe wmigmatites to establish their
relation to the meta-novaculite,
2. An examination ol the quartzite occurring in the
Falner Gneiss belt to deternine watlier it is meta-
aovaculite.

3. A study of the granitization and contact paenonena

at reta-novaculite-granite coantacts.
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