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INTRODUCTION

LOCATION AND ACCESS

The Rat Lake map-arca hies between latitudes 562007 and $6°157 north and
longitudes 999207 and 1000007 west (Frgare 1), 1t is approximately 78 nules from
both Thompson and Lynn Lake and is readily accessible by air from these centres,
A well tavelled water route connects Rat Lake (o the settlement of Nebson House,
approvmately 30 miles o the southeast.

PREVIOUS WORK

The Rat Luke area was mapped on a reconnarsance seale of four miles to the
inch by Wright (1953). The areas adjoming the Rat Lake area to the west, north and
edst were previowsty mapped for the Manitoba Mines Branch at one inch o one
mule by Barry and Gan (1966), Pearse (1964, Mudligan (1964 and Carlson (1962)

AVAILABLE MAPS AND AERIAL PHOTOGRAPHS

The Uhtman Lake map (Natonal Fopographic Series 64B) covers this area at
a scale of 1.230.000 and ~ avatlable from the Map Distribunon Oflice. Ottawa or
from the Sunvevs Branch of the Mamitoba Department of Mines, Resourees and
b nvironmental Management.

Federal-Provincial acromagnetic maps 2387G. 23R88G. 2395G and 23566 at
one mile to the mch cover the Rat Lake and Peouchigaman Lake areas, An airhorne
magnetic and INPUT clectrtomagnetic survey ol a major part of the Southern
Tndian Lake project area. inctuding Rat Lake. was flown for the Mamitoba Mines
Branch by Questor Sunvess Limited in 1968 The results of this survey were released
m June, 1969 (Mamitoba Mines Branch, 1969)

Vertical aeral photographs of the area were taken in the fall of 1969 at a scale
of 1320 feet to the imch, The centres of these photographs are shown on Geologieal
Maps 71 2 2and 71 2 3.and 71 2 6. Vertical photographs at one mide to the inch
are absooavarable for this area. Both scales of photographs can be purchased from
the Nanonal Awr Photo Librarny, Ottawa.

PRESENT WORK AND ACKNOWLEDGEMENTS

The present work torms part of the Southern Indian Lake project (Figure 1),
Mapping was carnied out at a scale of one-half male to the inch, using base maps en-
larged from | 40000 Adsance Information Prints supplied by the Department of
F nergv, Mines and Resources in Ottawa The tinal geological maps (Maps 71 2 2,
TE2 3702 6and 712 7y which accompany this report are pubhshed ata sale
of 1S0.000. Adjomimg arcas were mapped by Campbell (19724 and by, Flphick
1972y Steeves and Tamb (1972) and Kendrick (1972,

Al outcrops on the shores of Rat Lake and the Rat River were examined in
detail. Inland exposures were mapped by conventional pace and compass traverses,
Laxd out on the basis of air photo and acromagnetic map mterpretations baellent
correlation was found between aeromagnetic data and bedrock geology . In areas off
comples acronuignetic patierns. traverses were spaced at one-quarter of a mile or
less, but ehewhere traverse mtenvals were greater Station locations were plotted
directhy on serocal aeral photographs and transtersed o transparent myvlar base
maps
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The author acknowledges the enthusisue and valuable assistance readered in
the tield mapping by semor assistant D, Baldwin dunng the 1969 and 1970 ficld
seasons, and by junior assistants H. Smuth. G. Wallace. K Kraveo, B Skinner.
G. Danel and K. Hunt. afl of whom performed therr duties in a capable and ethi-
cient manner.

GLACIATION

Glactal striae and e pobished vuterop surfaces were observed mall parts ot the
ared. Widespread glacial erraties range trom voleanie rocks to dolomitic limestones
The general direction of e movement was southwest (240 1 22%)

A large rdge of glacal drntt, appronvimatels |ooule i fength, occurs ot lantude
$6°09'N and longitude 99 S6'W and trends 222 Fluvial and or lacustrine class
torm Lirge deposits in the Suwannee Riverarea and where the mver enters Rat Lake
Clay nidges 40 o 30 feet thick are commaon solated clas nidges and knolbs are alse
present around the northern sezment of Rat Lake

GENERAL PHYSICAL FEATURES AND RESOURCES

The man wpographic teature of the area s Rat Lake. an srregular body of
water comprising 4 compley pattern of hnear bass and promontories. which retleat
the underhying bedrock lithologs and structure Phe Rat River tlows through the
lake. entering trom the north and discharzing o the cast The Suwannee and Read-
ing Rivers abo flow mte Rat Lake Twomaor canoe routes puss through the Leke.
one linhing Nelon House to the Churchill River v the Suwannee River. and the
other inking Nebon House to the settlement at Seuth (ndian Lake Other streams
i the area are onls partadly navigable, as they are shallow and obstructed by num-
crous rapuds and fallen trees

Outcrop in the map-area s generally zood. and approvimately 0 per cent ot
the bedrock i the area is exposed  The paragnensses and gramte rocks torm larae
ndges, some with reliet of 13010 200 teet above swanmp-tilied vadlevs South of
Penichigamau Lake. the ridges bevome more numerets and the terram more
rugged. The Susannee River valles and the southwest corner of the map-aread hase
lower reliet and tewer outcrops. while clay ndges and tlats are commen

Approvmatehy halt of the area bas been burnt over by torest tires The north-
west and southeast portions of the nup-area are the most heavily nire damazed
Outcrops in these arcas are exeellent. butaceess s hampered by tallen trees and Tow
serub growth. Acrial photographs ot burnt areas gne d talse impression ot open
treeless ridges, whereas almostall ndees have fow ack prne growth or patchy clus-
ters of burned trees. Most of the swamp-tlled vatless have thick arowths of black
spruce and jack pine The southwest and south-central portons ot the map-are
have good stands ot poplar and white spruce Somte o the trees have dameters of
erghteen inches at the buu

Rt Lake is the site of a small commercual tshing eperation A dean. well main-
tatiied ee-house on the north part of Rat Lake s used 1o prepare preherel white-
fish, wihbee and northern prhe tor shupment o Thempaon

P
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GENERAL GEOLOGY

INTRODUCTION

Precambrian sediments i the Rat Lake area have undergone poly phase detor-
maten and metamorphism. and have been intruded by o broad range of wneous
rocks. The resulung paragnenses and ampiubolites o Table 1) dare considered to be
the equivalents of Waschwan and Sickle Group rocks 1 the Suwannee Lake map-
area (Barry and Gait 1966: Campbell. 19720, This correlaton s based on the
stmilanty of the hthologie sequences and the assumed conunuty of hithologies from
one ares to the other. based on aeromagnetic data. The Wasehwan Group s repre-
sented by pelinic gness (hiotite-plagrockase-quartz gaciss) contaming vartable
amounts of garnet. slimamite and cordiente. and probably derved from meta-
arevwache. Magnetiferous quartzo-feldspathic paragnesses. contaning variable
Smounts of hornblende. have been correlated with the Sickle Group. Both these
major paragneiss sequences display varble degrees of anatens Lymy between
them s 4 sone of amphibolite and interlavered houte-hornblende-plagioclase-
UiItZ gnersses,

The paragnesses have undergone reponal metamorphism o the amphibolite
factes. The cordiernite-amphibolite factes of Abuhuma-ty pe metamorphism s the
muost evadent. The paragnerses were ntruded by large batholithie muasses of guarts
monzomite to granodiorite. and smaller stock-like bodies of quarty diorite and nunor
hasic to ultrabasie mtrusions. Tnital folding about cast-west anial planes caused
overturnimg of the Wasehwan Sickle Group sequence This inversion persists into
the Mynarshy Lakes map-area (Map 78 2 3. Subsequent tolding swas i part ssn-
chronous with the emplacement ot the bathelithic masses ol quirtz monzonte-
granodionite (loa. 73a) and was itselt followed by sheanne, and atinal phase of
open folding. lntersection ot the present dav eroston surtace with the resuiting strue-
tures has produced o comples distribution of rock v pes

WASEKWAN GROUP
PELITIC GNEISS (1)

Peliic gnerss v common in the southern part of the map-area and torms the
principal muap-umt i the southwest (higure 21 TUas correlated with Waschwan-
derived paragnersses of the Suwannee Lake ared (Barny and Gait. 1966, umt ™)
These gnersses extend into the Rat Like area and have a simlarly low magnetic ex-
pression (2200 to 2600 zamnmas) Fhe pelitte gneiss s spatially continueus with rocks
of 4 stmibar appearance and magoncetic mtenaty an the Mynarshe Lakes area
(Elphick. 1970

Fhe gness (0 s well Livered and consists o vartable proportions of pale gres.
tinc-gramed. weakly schistose Lavers (s plagiodase. quartz. hoate and arnet)
alternating with massive. white, quartzo-feldspathie i (Plate T\ Graphite v 0
commen comstituent. and oceurs as clots i the gramue s, or interleavyed with the
Motite 1 the fine-gramed Livers Vanatons an the betite content gives rise o
weak compositional Livermg an the tine-grammed portion of the rodk Gramte liis,
which stand vut on weathered surfaces, consist mainby ot coarse white plagieclase
and guartz. but are locally pale pink where microchng s present. Botite s coarser
grned where the iy are abundant, and torms selvages along ther margins
Lavered gness (0 grades focallsy e stronghy vened gness and white pegmatitic
granie with matic schhieren
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The typreal mineralogical composition of the pelitic gneiss. based on thin sec-
ton exannation, i plagoclase (4070, quarty (3090 biotite (200 257y microchng
(sporadicn garnet (30 and nunor cordienite, shmanite, muscovite and graphte,
Quartz and plagioclase form a granoblastic mosaie contwning porphsroblasts of
mame to red garnet. The reddish brown bioute shows preterred orentation paraliet
to both the nram laverimg, and to 4 secondary cross-fohiation The secondary cross-
fabric s wsaally paratlel o the axial planes of microcrenulations. Minor muscovite
and graphite are assoviated with the biotite, Graphite also oceurs as thin seams of
very fine grains paratlel o the kvening, Microchne varies from smail interstutial
gratns o shightly elongate idoblastie porphivroblasts. Fhe Latter are highly sieved
with abundant grams of gquartz, biotite and plagiockase. These spongy porphyro-
blasts have overgrown the mam hotite fabnie, although in places they abwo contain
the second biotite vross-habric, Cordierite oceurs sporadically as coarse grims and
porphyroblasts, Bt commonly includes fine needles of sillimanite which also may
veeur i porphyvroblistic clusters,

WASEKWAN AND/OR SICKLE GROUP AMPHIBOLITES AND
BASIC GNEISSES (2)
AMPHIBOLITE (2a)

A well lavered amphibolite (20 (Plate 1B) occurs at or near the major lithologic
break between the pehine gneiss ¢ (Wasekwan Group)y and the swvite of quart/o-
teldspathie gnesses (Sichle Group). The amphibolite oceurs either as a tairly con-
unuous marker zone at this sharphy detimed break in lithology or i places it oceurs
as discontinuous Livers i the pehioe greiss €1y up o one kilometre or more from the
Waschwan-Sickle contact. These layers range m thickness from 30w 830 feet (9
1530 m) and become more numerous towards the contact.

The amphibolite (2a) mav be eaither voleanie or sedimentary in origin. It is
black to greenish black with thin, pale olive green lavers. In plices. lensod patches
ot greennh brown granular plagiockase impart a streahy appearance to the dark
horpblendic lavers. Sulphides (mamnly pyrrhotite with nunor chaleopanie) are
sporadically disseminated throughout the amphibolite. The dark lavers are fine
gramed eguigranular and granoblastie. They contain 60 to 65 per cent stubby horn-
blende (pleochroie to greenish brown): 30 to 35 per cent plagioclase (andesime-
labradorite): and § per cent quartz. The pale green lavers are equigranular with fine-
gramed dropside and tremohte (20 to 25y evenly distributed throughout a medium-
grained mosaic of andesine-labradonte. The latter shows partial alteration to sen-
wite, eprdote and calate.

Hypersthene-bearing  phases oceur sporadically within the amphibolite as
greenish brown. tine-grained. equigranular lensoid zones from 10 1o 20 feet (3 6.m)
in length. Ther composition s S0 per cent andesine-labradorite, 30 per cent horn-
blende: 6 per cent quartz: 5 per cent diopside. 3 to S0 per cent hypersthene, 310 S
per cent brotte. 2 per cent tremolite and nunor disseninated pyerhotite, Both horn-
blende (strongly pleochroie to dark greemish brown) and hypersthene form stubby
rounded grains Examples of this rock type oceur at stations 24 0 1517 (lat. 99 8§
107 dome. 567°03°427), and 24 0 1896 (Lat. S67007157 long 99751°357) m the
southwest corner of Map 71 2.2, The finc-grained granoblastic texture and the
presence of hypersthene may be mndicatne of metamorphism (o the hvpersthene
granubite facies. However, it 1s uncertain whether the hypersthene-bearing lenses
represent basic infrusions into the amphibolite poor o metamorphism. or whether
they are focal developments or relies of a hypersthene granuhite facies.




CALC-SILICATE ROCK (2b)

This rock s of mumoer extent in the map-irea. but because of its distinctive char-
acter. 1t has been treated s o separate subumt. [eouterops at three localities i the
map-area; one mile south of the mouth of the Suswannee River (Map 71 2 seven
mitles southeist of the above location (Map 712 250 and 8 mules (13 hmy north of
Mismnagu Lake Map 71 AERIN

The rock comprises alternaung calate-nch Lavers and layers rich 1in hornblende
and diopaide. The layering o particularly prominent vn auterep surfaces owing o
the ditferential weathenng of the calate-nich favers. The latter are predonunanty
white. but contan prominent dark. hones brown coystals of dropside and scattered
amber coloured granules of sphene. Tremolte, eprdote. and shimmer aggregate
atter plagioclase are visible i thin sections. Lenses and thin discontinuous lavers of
quartz and microchne (4w 6 mn thick) within the caletie tavers.impart o nbbed
appearance to the weathered surtace: thin ~ections show the microchne o be tine
sramed while the quarts s constderably coarser and has strong strun extincton.

Dark Levers (3 to 15 cm thichy nchoin hornblende and diopside. are much more
resistant to weatheriny than the calate-nch lavers. They weather with o spotted
hutl colour, but fresh surfices are pale green w dark grev-green. The hornblende
greetish brown and plagoclase fughly altered o sencite and calute. Manor ron
sulphides and sphene are wlso presents the Latter avenly distributed throughout
the rock as cubedral to anhedeal grams wp w o0 Thin Lsers o quarts, abtered
plagioclase and calarte abso oceur i the durk livers. quarts i commoniy drawn out
mte lenses which detine o catachastic tohaton paralic! o the lavering.

A white acidic granitond rock ol to 4 mothicky o sporadicatly interlavered with
the calesthicate rock. TEconsists of quartz (o3 ), microchne (3371 botite (170 and
dissenuinated pyrchotte and pynte ol 270

The calesihicate rock veeurs s part ot the transiional sequence between the
Waschwan and Siekle-derned gaesses, formung discontinuous layers i the brotite
and hornblende-bearing gneisses tumts $hoand 6) o the Sickle Group. The rocks
on erther side o the cale-siheate rock are generally sheared and heavily mtruded by
microchne pegmatite. The cale-silicate umt el mas have been derved trom the
amplubolite of umt 2 by sheanny and metasontatisme which produced aosecondars
laserng detined by the catate and quartz-nuerochine basers

HORNBLENDE-BIOTITE-MAGNETITE-QUARTZ GNEISS (20}

This rock tpe s also of anted seeurrence and has been mapped moonly wo
places tyon the shore of Rat Lake. | nule ¢0 6 ko south ol the mouth o the Suwan-
nee River (Map 712 2y where it s mterhivered with the caleesthicate rock (2by
and Gy 51 mles 18 hm cast of the most southerly ap of Rat Lake tMap 71 2 2.
where ttoceurs os o Liver 100 teet 30 nny thick. interfavered with the amphi-
bohte (24

he gness swell Livered but weathers with an even surtace: Lavenng i detined
by vartations in the proportions of biotite and hornblende which vars iy ersely with
one another across strethe. The more hornblende-nch portions o the -__'ncm' com-
prise zrey and pitde greenish pink lasers, consnting of horahlende (lo 1370 bonte
(870, plagioclise and microchne (o0, quartz 20 and magnetite (v The
hotitic pertions of the gaess comprise |5 20 per cent hrotite. 3 5 per cent horn-
blende. and 3 per cent magnetite: Widels spaced pale pink microchne-rich lavers
alternate with the dark grey and weahly schistose botitie lavers




GNEISSES OF UNKNOWN AFFINITY (3u. b: 4)

These gnetsses, which occur mamnly westand noerthwest ot Ruat Lake (Map 71
2y comprise o helt of nghly gramuzed paragneses mtruded by guarts monzomite
tlowy and gramite (173 Because of the absence of the amphibelite ¢2ay i this area
and the ligh degree of migmatizanon. reervstathzation and petash metsomatsm
which these rocks have undergone. nerther of the two suites ot rocks can he readily
placed m the Wasehwan-Sichle Lthologic sequence. Uit 4 may represent ahiehlhy
altered pelitie gress oD o the Wasehwan Groupon contact with an arhose-denved
eness of the Sickle Group (Sap Alternatnelv. both vntts (h and (9 belony
to the Sickle Group. Father mterpretation can be accommodated in the structural
interpretation.

-

QUARTZO-FELDSPATHIC BIOTITE GNEISS (3.1} AND MIGMATITE ( 3b)

Phe gnerss s generally white, with a0 smoothlbsy weathered pale buth surtace It
sphts castly along thin brotite partings, spaced 2o S em aparts In places. these bro-
tite seams reach o thickness of S mme The rock s nine to medum grasmed and con-
sty of ohigoclase-andesine (433090 quartz GoO ancrochne 0 O and hotite
(3 10771 The mucrochne vccurs either mdistinet lavers orarrepular patches i the
gnetss: mequizranular quartz and plagiochise torm o mosaie tor the disennated
hrotite. The biotte s ohive brown and displavs o zood preterred onentation paral-
lel o the parting direction. Unst 3hos compositionaliy sumlar o umit Sa but the
brotite partings are more widely spaced and microchne-plagiochse-quarts fins e
anntegral part of the Liverniny

CORDIERITE-SILLIMANITE-ANTHOPHYLLITE-BIOTITE GNEISS ()

This highly varable umt extends iternutienthy southeast across the centre ol
the map-arca tor at least 15 nules €23 koo 1t occurs i detormed zone that has
undereone plutone intrusion and potash mctasematism, the goess et was de-
rved from a pelitic or sami-pelitic paragness through partiad anatess and
gramtization

Outcrops are butl colourad and have anibbed appearance due o ditterential
weathering The prinapal sock tpe consists of an mequigranular guartzo-telds-
pathic mosaic 730 wath onented brown brotite 113 207 and vanable amounts of
cordiernite (0 6 sillimamite 10 20 and sarnet ¢35 Fhe teldspar (30 33 con-
sists of vartable proportons of plagiochase and microdhne: Other minerals, tound as
focal segregations and alteraton products indude anthophyibites tremohte, mag-
nette. chlortte and muscaosite The tollomany nunceral assemblazes torm discon.
tunuous lavers and tin fenses
4 boute-plagtociase-picrochine-quartz with variable warnetc cordierite and silh-

mamte. gres to bl
by cordierite-garnetanthophvlhite. 2res-ereen,

o botte-cordieritesguartz-phegrodase. dark eres,
dr tremohite-beanny amphibolite. grey brownassociated waith o

In general the gneiss s heavibs vened by plagiochise-oncrechnequartz i
and o~ tolded inte tght o sochimal assmmetne tolds wath an aveal planar tolabon
An carly zeneration ot shmantte s tolded with the Livenmye and aseeond gener-
atton o sthmanmite s avial planar o these tolds The habit ot the sitlimanite of both
ages s vers sunilars i general both ocaur as clongate porphyroblists i guartzo-
feldspathic mosaie The sdhmanie abso occurs s smcared out sheetsin shear planes
which are parallel to the antad planes and hibs o the tght o sechnal tolds Fhe



shearing sppears to be later than the generaton of the axial planar sillimanite and
involved some recryvstathization of the sillimanite. Muscovite formed during the
later stages of the sheanng as felty sencite and large wdioblisue graims, Cordierite
occurs as fine to medium sized grains i folded quartzerich lenses and thin layers.
Smm to 2 em thick: and as elongate porphyroblasts parallel to the axial planes of
the tight to soclinal folds. The cordienite porphyroblasts commonly contain inclu-
sions of swirled and microfolded fibrolite. The elongation of the porphyroblasts
and the folding ot cordiente-quartz layers both indicate 4 phase of detormation
post-dating ervstallization of the cordienite. Garnet veeurs as clear porphyroblasts.
some with dioblastic nims. Two distinet ages of garnet growth are represented. the
idioblastic rims corresponding to a period of metamorphism under static conditions.

Three compositionally distinet types of lavers abso oceur sporadically in unit 4.
and are best exposed on the shores of Rat Lake. These Tayers are tightly folded. with
boudins developed on the told hmbs:

iy medium-gramned amphibolite. forming discontinuous layers which are com-
plexly tolded with the cordrerite gnens:

(i) black equigranular tine-grimed amphibolite. contwning red pin-head garnets.
This amphibohte, appears to form 4 tolded and boudined layer. 0.6 10 L3 m
thick. along the west shore of Rat Lake:

(ydark grey magneute-garnet-biotite granulite (textural granubite). forming a
laver 1S to 30 ¢m thick. with o maximum observed strike length of 60 m. The
granuhite » butl on the weathered surtace. hughly resstant to weathenng, and
v composed of magnetite (3 47 garnet (370, bwotite (137, plagioclase (30
S50, and quartz (239 The texture s tine grined granoblastic with weak
biotite toliation.

SICKLE GROUP
INTRODUCTION

Sichle Group rocks comprise a sequence of quartzo-teldspathic gneisses w hich
stratigraphically overlie the Wasehwan-derved peliic gnens (h. The division ot
the Stchle Group into umits s based on the sariable content of magnetite. botite.
hornblende and diopside. The weakls magnetterous quartzo-feldspathic gnens
(s light gres and contns up to 10 per cent botite and 1 per cent magnetite,
whereas the dark gres botte magnente gneiss ¢3hy contams 200 25 per cent botite
and 3 per cent magnente. The hornblende bronte magnetite gness (0) contans 10
per cent hornblende and 3 per cent magnetite. The presence of diopside s well as
hornblende. and a pronounced pink and grev colour banding, distinguish the horn-
blende-diopside gness (71 A pronounced vrange-brown colour. Liminated strue-
ture. and minor amounts of brotite and horablende charactenize the quartzo-telds-
pathie brotite-hornblende gneiss (81 In many locahties. rapid varatons n hiotite
content. on outerop scale. make the detimtion ot the boundary between gneisses Sa
and Sh ditticult. Bqual ditticults s encountered n detimng the boundary between
gnenses Shoand 6 due o silarly rapid vanations i the hornblende content, The
transional nature of units Saand 3hoand umits Shoand oo may rettect onginal sedi-
mentary tacies changes. On o larger seale, the stratigraphic position ot the gnersses
ot the Sickle Group vanes such that the quartzo-teldspathie gness which s an cor
tact with the Wasehwan pelitic gness 1) may be exther unit Sa. Sb.or 6. For the
most part howeser. the weakly magnenterous quartzo-teldspathic gness (S forms
the basal unit ot the Sichle Group
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WEAKLY MAGNETIFEROUS QUARTZO-FELDSPATHIC GNEISS (5u)

This unit occupies a large area m the southeast and extends mtermittentls
northwest across the map-area (Map 71 2 1) Other sizeable bodies oceur along
the Reading and Rat Rovers (Maps 7102 2and 71 2 3 In the extreme southeast
corner of the map-area (Map 712 3 Lirge mass of quartz monzonite cloa) s
separated from pelitc gneiss (1) by persistent belts (commonly about vne-quarter
mile wide) of unit Sa.

Outcrops are smooth. and weather buth to pale grey: they show granular quarts
and feldspar. and about 1 per cent disseminated magactte. Bionte v unitormly
distributed throughout the rock and abso forms thin Laivers or partings with highly
varable spacing. The maim constituents of the gneiss are microchine. plagioclase
and guartz. with ohve green to dark brown botite ( 3109, Stuned slabs show com-
posttional laserning detined by vanable proportons ot microchne and plagroclise.
Girain sze s tine o medium and the texture is mequigranular-granoblastic with o
weah preterred orientaton of the botite. Small amounts ot silhmanite oceur locally
and torm clongate porphyroblasts.

Two tvpes of gramtic mobihizate oceur within the gneiss. pade. tlesh pink.
medwme-grained e and deep red. pegmatte, microchine gramite w hich oceurs as
lits. dyvhes and Larger irregular bodies which cut the carlier pink fus. The red peg-
matite gramte contans krge rregular cots of magnente. and the only observed
accurrence of cordiertte m unit Su forms small anhedral dark blue ervstads mthis
pegmatite. Green to reddish calaiumerich lenses up to 3 % Lorm oceur sporadically
within the gnens (Sa). These lenses are contamed within the layening i the 2ness
and are composed of plagiochise and quartz. The plagiochise s afmost completels
altered o eprdote. zontte and cinezosite.

BIOTITE-MAGNETITE GNEISS (h)

This unit occurs i the southern part of the map-arced. and inomany places s
m direct contact wath the pelite gness ch ot the Wasehwan Group. The actual con-
tact relationship, however, is obsured by mtense shearmy. mtrusions ol nucrochne
granite-pegmatite and quartz vems Outerops ot unit Shoare dark wres and weather
evenly. The rock s moderatels sehistose and thin discontnuous favers ot plagio-
clase and quartz impart o weak livenng Thin sections and stared slabs show fine
to medium-gramed ohgoclase-andesine A0 4500 quarty (8%, vartable amounts
of muerochne (1200 and botite (20 237 the latter showimyg a preterred vrienta-
ton. Magnetite (300 s untormiy dissennnated The texture is iequgranular gran-
oblastic with local crossconentation of bonte. A variable spotted appearance s
caused by the presence of 110 per cent plagroclase-quarts knots with cores
ol magnetite.

HORNBLENDE-BIOTITE-MAGNETITE GNEISS ()

e hornblende-botte-magnetite gneiss occurs in contact with umts Seand Sh
in the southern part of the map-area. [n the southeast portion of the Rat Lake area
(Map 712 20 the gness 0y s tighthy tolded and oceursan the cores of antitormal
structures, separated from the Wasehwan Group pehiie gness oy by unit Sa The
same relationship s present mthe southwest corner o the Mynarshy Lakes arca
(Map 7102 3 where the horblende-botte-magnetite gneiss tlanks stock-hke
body of quartz monzonie (low). On the basis o this relationship and the interred
structural inversion o the sequence, the hornblende-botite-magneute gnciss (0
has been placed within the Sichle Group. stratigraphically above the quartzo-telds-
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patiic gnerss (Sa) Inthe Suw antee River resion. however. Map TE 2 Dot o
lies between the pelite gnens thand the quartzo-teldspating wness (o T un-
certun whether this sanation e the stratizraphic sequence s due o Laaftme or o
2 sedimentary factes cange Uit s abse ocurs on the northwest arm ot Rat Lake
and mthe western part ot the Mynarshe Lahes areas Tn both localities s inven el
with the weakhy mgnetiterous guartzo-teldspathie gnciss 1500

[The enenss o varies fromwell lavered rock contimmg vnls 1o ES percent
pegmatite lavers o a lighhy mobidized diatesie m which only sporadic ratts and
sehlieren of the lavered gness remam The well bivered g consists o alternating
arev-pink and grev weathermy Levers The srev-pink bavers are e toomedium
sramed and consist of varable proportiens of micredine amd plagiockase ttovether
comprising S0 o0 ot the rock b quarts C2e7o broeht zreen hornblende oo s olne
Prown brotite (3700 maznetite o3 and apatite 0170 Phe zrey Lvers are thine
eraned and zranoblostc with o mederateh preterrad erentation o the hrotite.
parallel to the Lverme. The wres Livers are compesed of guarts (22000 boute of 3
2 brereht wreen hornblende ol maenetite o3 apatite ¢ o and sphene
(02 I general the horblende torms stubby orvstabs i both the e and pnk
Lavers but s pothiloblastic when e ocaurs i the sramtic sens ad ey Masneute s
very e eramed and evenly dissesnnated throusheut the prok and cres Lnvers

HORNBLENDE-DIOPSIDE GNEISS ™y
Outcrops ot this unmtwere teand el the viermty of Mistaea Lake oNMap 7

fon The thickpess vartes tronn 15 moon the Rat Rever o 3imme e the north end ot
Mismazu Lake Alternatny pade piokand pale sreen discontinueus lavers (23 10
TS am wider impart g proneanced colour banding on the weathered surtace The

> 3y The snenss s assocnated with uiis Saand oonte windh i shews acbaterad crada-

mineralomical composition of these fasers s shown an Lable 2

FABLE 2 MINERALOGIC AL COMPOSIHION OF CONTRASTING
EAYERS IN UNTE T

Green Laser Pink Laver

Plaimochase dov L
Microchne e Jir,
Quuarty NI Y
Hornblende . v
Biotite 4.
l)l\'p\ldc v,

Magnette 2.
ALLessories sphene apatte hlonie

tlute

Inequigranular teldspar torms o 2ranobbastic polvzonadd mosne tor stubby
cquizranular erastals of hoeht sreen homblende. diopside and olne brown buo-
tte The biotte shows a preterred erientanen parallel to the livennge Calate and
chlorte are alteration products of the hormblende. divpside and plagioclase




QUARTZO-FELDSPATHIC BIOTITE-HORNBLENDE GNEISS (N)

The main occurrence ot this rock pe san the southwest corner of the Mynarshy
Lakes area (Map 712 31 where itoceurns Aong the castern margim ot the quarts
monzonite stock (lo A smgle outerop of the gnens was abo found at the end ot
the northwesternmost arm ot Rat Lake (Map TH 2 2y whereatas associated with
units 10 and 6: The nature of the contadt rehationships with these umts at this lovahns
s uncertarn, Unit S s regarded as the appermest unit i the Swehle paragnenss
sequence.

Outcrops weather evendy o distnetiv e arange-brow n surtace showing rounded
qUirtZ grass. Hornblende 1~ 4 minor sartable constituent and torms small aggare-
gates. Maticlavers ¢fato Linch, 0.6 23 ameontanmg FS pervent brotite and 3 per
cent magnetite weather as pronounced trouehs compared with the more feldspathie
Lavers. Minor tobds wnd hasin and domie mterterence patierns are common i this
rock umit The muneratogical compostion s esttmated from thin sections and
starned shibs as 37 per cent eldspar (varnable proportiens ol mucrochne and plagio-
clasel. 30 per vent guartz. X pervent protite amd muscostte, 13 pereent brizhtzreen
“ubby ervstals of hornblende and 2 per vent magnelite

IMPURE ARKOSE; MINOR QUARTZITE 1xh)*. ARKOSE-DERIVED GNEISSES AND
MIGMATITE /8N °

These metasediments amd derised 2aemses tern J broad casterly trending belt
through Pemchizanau Lahe They appear toconstitute alarge roel pendantin the
ertensive batholine comples o quarts monzonite and granodionte w hich v vone
Hnous 1o the south inte e Rat Lake area ol I3y

Uit 8h consishs of 4 metasedimentan sequence camproiis mterlavered tm-
pure arhose or subgreswache. arkose and nner quartzite The Lever thichness varies
from SO et (13 nndown to P e 3oam I he meta-arhose and quartate dare contimed
mamly o the northern shore and the central mhamds ot the Like Crosshedding and
loud casts are preserved i these tacks but i msetlicient number tor meamngtul
op determnations to he made  The metasarkose wrades northw.rd o mpure
arhose or subgreswache mband trom the shore of the Like Tmpure arkose abe out-
crops alony the seuth shoere t urther o the north and southe the impure arkose
grades, with mereasing dmoants of granitic fiey amd degree ot recrvstallizanon. mnte
the detned gneisses and migmatites (NCT

W cathered surtaces ot the meta-arhose e smooth and prtk o 2revan colour
Pale pink srame i conshitute Lo per cent ot the rock

Ihe meta-arhose comprises o nne-srateed equigranula gquartzo-teldspathi

mostic consisting of mierochine with Tow 2V 30 357000 plazieclase ol vlive
sreen brotite £370L deeensernt nasnctite 1270 sphene oo, and apante oo The
pretetred orientation ol the Brotite mparts 4wk sahistosy e the rock

The tpure meta-arkose or suhgreswache weathers withan uneven NUJRINY
and comprises alternating piok quartzo-teldspathic Lavers, prey Botite lavers and
iternutient green hornblende-beanme Livers Pale pink gramtic it constitute 1O
IS per vent of the rodk

The muneralovieal composition of the impure mea-arhose v 3360 per cent
microchne and pligiochise in hizhiv varishle proportions. 20023 per cent quartz {0
per vent hornblende amd % Lo per cent onte The quarte and teldspar tormea e

S footnoete pase 4




to medium-gramed mosae tor the hernblende and boute The hornblende orvstals
are medium gramed. stubby and chiv podaloblste Both the hornblende and
brotite show o preterred onentation. detmimge the sehintosite whichon parallel to the
favering  Accessory aunerals are maznette 20300 sphene e, and apatite o170

all o which occur as very e dissenmnated 2raans

The denved gneises and nngmatite (Ncs oceur between the impure mela-arhose
(Nhy and the quartz monzonite - granediorite clow, [3ar alony the north and south
hores of the Lahe, and constitute the mam rock umit at the west and east ends of
the lake. The contact between units 3hand Se s gradational. the proportion o grant-
te s ancreases from [ per centin umit Sh, to 30 1o 40 per centmn the paragneises of
uit S and more than 60 per centn the migmatite: The denved gnerses and mig-
matite are pale pk o ceam coleured Medim e codrse-eraned potassium teld-
spar and plagioclase together comprise 4550 per cent ol the rock movarable pro-
portions Brotite o100 1570 and hornblende oo 100 ~how wpreterred onentation
parallel to the lavermye Mecesseny mnerals are masnetite (270 and mner sphene.

The arkosie rocks on Pentchieamau Lake were considered by Mallean ti904)
to be part ot the Sichle Group These rocks stroneh resemble the quartzo-teldspathie
suite o zieisses ot the Sickle Group on Rat Lake The impure meta-arhose or sub-
grevwaache of umt P simalar tothe Teast memanzed portions of antts o and 7.
while the mett-arhose compenent of une Shoresembles the gquartze-teldspathic

CnCises o wint Sor umt S

INTRUSIVE ROCKS
META-QUARTZ DIORITE i)

Several bodies of the metamaerphosed quartz duente 9 have been mapped in
the northern halt ot the Rat Lake area They tanee mosize trom stadl stocksap o
Uhm i dometer down tosidicr fens shapad bodies Tess than T o leneth and
D% ko oswidih Fhese bodies occut as mttusiens e the gquartze-teldspathie
anctsses v totm pattaily o completely mdaded bodies wathan the quarty monzon-
ite t1ou. /5 and mictedhine sraate 170 Phe smuldler bodies of quaitz diente methe
Gquartz menzemite clea [ a v e locails underzone partal anaess resultinge m
the tormation of winte pevmatte pplasiochase and quartzy contimmy hornblende
aivstals up to b S eneth The tvpical cutcreps ot the guarts Jrorite are
soothiy rounded and weather white sath pronunent cdots ot stubby 2reen hoen-
blende orvstals

The averare minctalosiead compestion chable S tor v samples chieure 3
ox per cent anhediad andesine Libradente: 23 percent elinve ereen hernblende. ™ per
cent quartz and 2 por centnrentiad betite wath accessens masnetie and sphene
The tenture s vpidomorphoe megquizranula camposme o nneetaned plone-
Clase mosaie o which the mediuneramad mane constitucnts toom fenses up o
Woom o deneth amd oommowide Fhose ferses e preterred cnentaton wingh

oives the tock aoarude sneessosiny

MAGNETIFEROUS QUARTZ DIORITE « 11v [ "v*

Fhis ok tpe Jistineushed trom the metaquarte dionee o by oats hieher
mavnehte content  The maenctterous gquatty dienite eveurs as v lens shaped
bodies. sevenal hilometres Tonye, Ivine between units St Shoamd Sooof the Sickde
Fhese bodies are one e te tour mles o oo kmooan lensth an sheet-like
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bodies. several kilometres long, g between units Saors shoand Sc of the Sichle
Group and the quarts menzonite L. {5 of microchne granite 1171 ¢g on Penn-
chigamau Lake (Map 71 2 6rand on the northern arm of Rat Lake (Map 78 2 20
(uiy large inclusions within the guartz monzonte tlod {50 and the micrecline
granite (17). The tohation m the quartz dionte v all three modes ot oceurrence 1~
paradlel to that in the host rocks. The larger bodies of magnetiterous guarts diorie
{10y can be disunguished on the Federal-Provincat aeronuagaetic muaps of the

arca (Maps 2387GL 288G, 23936, and 2396Gy by therr relatnely high magnetie
Intensity (3300 0 J000 gammuas).

The magnetterous gquartz dionte (1 n predomunantty owell tolted (wom-
monly schistose) matic rock. which w cathers with o dark gres prited surface. Masne-
ute. with butl quartzo-teldspathie coronds. torms course-erated spherowds which
give the rock wspotted appearance (Plate 200 A less commion leucocratic variets.
which may comprise as much s X0 percent ob some outerops. has @ considerably
lower matic content and v only weakls o moderately tohated. This leucocratie
vartets forms eregulariy shaped sones w hich erade inte the more matic rock.

The mafic variely comprises & fine 1o mediun-gramed mesae ot quarty and
plagioctase andesine) contaming Prown e olive brown hieotte and medium-
aratned ohve green pothiloblste hornblende  The sehistostts ot the rock i detined
by the preferred vneatation of the hotite and homblende Medium 1o coarse:
gramned microchne v vartable constituent ¢ 1000 Magnetite accurs ds codne:
grined spherowds and as disseminated medinme-sized grains Other munor consti-
tents are sphene (s nms on maganehte ofas disseminated cubedral gramsy and
apatite which tvprealls oeeurs s mnclustons 1 biotte and hornblende Alande.
eprdote. calaite and senate occur i miner amounts s aleraton products Modal
atalyses of this rock are Isted in Table 4

The leucoeratic variety of the quarts dionte weathers with 4 smooth piik o
light gres surface. [ ditlers trom the mahe varets muunls s lower hornbiende
content (Table 4. sample 6671 The hornblende comprises only e 3 pereent ot the
rock, and forms veny tine-graned green stubbycervstab Dissennnated ohive vreen
(o brown brotite constitutes £ to 20 per centot the rodk The preterred onentation ot
the brotite gnves the rock s weak to mederate tolratton. Microchne s 4 mmor inter:
ittal comstituent i the ting o medumezraned quartz and plaziochise vandesine
mosaic which makes up the bulk ot the rock Sphene.apatite and allanite are acees-
sory minerabs. The wllamite displass o ronad structure

Pearse (1964 suggested that this umtan the Pennchiramau Lake area was de-
rved tfrom Sichle sediments by contact metamorphism and metasonaate adteration.
caused by cmplacement of the adiomms quarts menzontte it {3a i this report)
In this area the magnetiterous quartz diofie ocears s sheet-like hodies between the
Stekle Group and the quartz monzentie A noted above, 1t oceurs nn o sumlar envie
conment 1 the Rat-Mynarshi Lakes area eMap 71 2 5 dnthe Latter area. however,
1t also torms fenseshaped bodies completely within the Stchle Grroup gneises which
completels precludes s tormatien Py contadt metamoerphisim

v

Modad and chemia! analvses ot sample 2409 138 rom g sheet-hke body on
the south shore of Pemichizaman Lake thivure Hoand sample 24 0 20408 1rom
one of the fens-shaped bodies i the Mynarshe Lakes areaare zoenan Tables 4 and
S These samples are sular i composition and n physical appearanee sugzesting
that they had . stmlar oriem Based on the chemical and modal anadyses this unt
has heen nterpreted as o quartz Jdonte which was mtruded as slls e the Swchle
Group rochs

i
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j TABLE 5. CHEMICAL ANALYSES OF MAGNETTFEROUS QUARTZ
DIORITE (10 12
|
Sample EUREE 240 20408
number
Location 1o 1 o 3
shown 6 16723 o021
Figure 3 GO 296" gy 267IKT
S$10; 366 S3N3
ALO: 173 1520
o I 6N 233
Fe.O; 36l 4.86
FeQ S 6 6 1Y
MO 0 Lo ul?
Mo 2.2 123
Ca0 403 S
NaQ) ln 10}
K-O 26Y A
P.Q. I 2ob
H-O o2 |29
CO: 026 0l
['otal uy g, gy X,
Total Feas be O, 04 1167
WHITE PEGMATITIC GRANODIORITE ¢ 11
The gres to white aranodorIte v s e e weakly toliated, medium-gramed
to peamatiic tock derned by anatens trom the pehitiv enens (b Te torms smald
srregular bodies inthe peliie gnens thand amphibolite (a1 ranging an s/e trom
thin B and discontinuous fenses. comprising IS per cent ot an cutdopoup o laryer
mappable bodies 10w hich the pehitic zneiss th ocurs s solated indusions
The rock comprises athite-oligoclase (4% s0r), mmcrochine (200 1800 quarty

(20 230y as anterstital grains and i mivrmekitic amd mucrovraphic intergrow ths
with the teldspar. red brown brotte (3N garnet i 2o cordierite (0 270 and
graphite (0 470)

TONALITE (1)

Fwor simall bodies ol tonalite veeur i the extreme wuth-central part et the auap-
trea where they are mcontact with the guarts menzonite Loan eramte t17and
granitized paragnesses 0. Sar Fhe contact relationships with the paragneises e
mdetermiate owing to lach ot outerep. the contacts with units T and foaare arada-
tonal The rack possesses a mederate roliaton defined by the preterred enentatien
of hiotite and horablende

Outerops weather evenls o putl colour The overadl texture s e te medium
sramed. hyprdiomorphic sranular The rock conssts ol 1% per cent olive green. an-

14
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hedral hornblende and [0 per centolive brown brotite. evenly distributed in g mosawe
of aligoclase-andeste (30701 and quarts (2370,

PYROXENE DIORITE (13)

This rock tvpe was tound only i the pelibe gneess southwest of Rat Lake (Map
71 2 ) where it occurs s 4 narrow Leshaped bodv. approvimately 3.5 hm long,
and a smaller ovord hods 800 m long. [n the immediate vicity of the smaller body
there are unmappable. discontinuous dykes. that cut the gners (D and are sheared
with the host rock.

The diorite weathers distnctivels o a butf-brown colour and s flecked with
dark olive brown clots of diopside and muinor remohite. up o T o 3em across. Pale
greennh diopaide and muimor by persthene are tinely disseminated throughout the
rock. The hvpersthene (1 2700 displavs vanous degrees ot alteration o magnetite
and serpentine. 6 torms mtergrowths with the diopside or oceurs as diserete tine
arams. Dwpside comprises up o 10 per cent ol the rock. Brown brotite (8 109
exhibits a4 wedk preterred onentation The equizranular. hypudiomorphic eround-
Mass consists of guartz (4% and andesine-libradonte (6301 showing albite-

Carlsbad twinning

OLIVINE GABBRO; HORNBLENDE GABBRO (1.1}

This rock tvpe was tound enly an the west central part ot the area where itoceu-
pres an area ot 06 X IS males ¢ 1 hm x 3 knn

The age relationships of amt T and the meta-guartz dwnte (9 are indeter-
mhate owing to beeh of exposare These two buasic units nu be rebated soas to torm
4 basic gneous complen, or thes may represenl o separdate mirasive cvents tnut
14u has been mtruded by the mucrodine granite (170 as shown by the presence of
dvhes of 170m unat Eaand inclusions of T the granite (170

Outcrops of ohvine gabbro display alternating gres and black fvers The
Lavers vary 1 thickness trom 13 to 3am The liverng s most pronounced near the
couthern houndary of the umt but gives was to a homogenceus blacks weakly o
non-folated rock towards the northern contact The gres Lavers are ohivine gabbro
cottsisting of olivie i85 N hvpenthene (38 N, and by tow mite-anortiite (30
$3%, 1 The black lavers and the weakly tolated homogeneous portion o the bods
are hoenblende abbro composed of mediome-gramed hornblende 40 4570 and
bytownte (33 60y

Both the olivine gabbro and hornblende sabbre have an ahiomerphic to hy pi-
dromorphie texture Lhe olivine and by persthene in the olivine gabbro posses augite
crms. which 10 many cases are thenselves rimmed by hornblende Sagste abo oveurs
as pale medim-gramed rstads with hourghass zoning The plagtoclase torms
medium-sized anhedral srans which display Carlsbad-albiie twinming.and con-
moenly contn miaute green mcdisions (possihls hormblender Where theinclusons
are abundant the twinmmy i the plagochase s oabsemt

META-GABBRO ({ih)

Sl bodies of highly altered metasgabbro ey were tound along the west
shore of Rat Lake, m the quartz monzomte cioan and along the contact between the
cordierite gneiss 4 and the quartzo-teldspathic muenette neess (30 The rock s
hlack. and m places reddish black where microchine has been mtroduced Exanmina-
non of then sections and staned stabs contirm that the potash metasomatism was
accompanied by senciization. chlontizaton and an merease the amount of mayg-

20




netite present. The latter torms arrerular aggregates and ine diseminated grams
The man constitents of the gabbro are stubby ohve green hernblende ¢300 700
and labradornte (200 30y The hornblende displavs varving degrees of adteration to
chlore: the plagioclase 1~ adtered W sencate and chlonte: Minor comstituents o the
rock are wterstial quartz ¢ N and e o medimegramed micrechne o 1000
oceurnny cither as small intersttal grans or as Lirger eresular onstals

ALTERED ULTRAMAFIC ROCK (1)

Two munor bodies of this umt vuterop i the map-arca One ot these occurs on
sl shand o the Rat River where it exats trom the castside of Rat Luhe eMap 712
2 brgure 3 Location 141 A thes locaton the ultramatic hody hies within amphi-
bobite (2a) and pehtic gness h The other body s exposed o sigle outerop on
the mast northerls arm of Rat Lake, where it oveurs within quarty monzonite { loa.

2

(Map T8 220 brgure 3 Lecanion 14020 The Rat River body weathers greenish

black whereas the Rat Lake occurrence o sreennsh gres. both exposures have u
prted surtace The rock hus aonbrous appearance ontresh surtaee

The Rat River hady consists of cumnungtonite (60 637 hvpersthene o)
P50 olnvme r300 diopside ¢ serpentine oy herasmte 130 magnetite 13 30y
and calate 12000 The rock 1s transected by discrete shear planes and serpentintzation
o hivpersthene and olivine fus occurred adone these shears The shears trend 313
and dip oo desrees o the northeast Fhe long axes of the commngtonite senerally
e waithin the plane of shearime Heravmite s dissemunated as vers nne grans which
are otented within the shear planes, some of them tornmng short conunucus nunerad
Lrams

Yo

The Rat Lake body s composed o Labradonte 1200 2300 amphibole cum-
mungtomite-tremobite, 4043000 dopside 03 N magnenite (8 107 brown bronte
(3 N and beht green hornblende 2700 The rock s toliated and has anmegu-
sranubar tevture Medtumesized srains of plagocases with o moderate preterred
anentition of therr caves, hie saithun o neegramed groundmass of cumaunaetonite
and tremolite. the Latter simularly showimy astrony preterred onentatien ot ther
lone aves  This amphibele schistosity s detlected around the plagioclise cestals
Irregudar lenses of mediume-graned masactte are vnented within the tohation

planes

HORNBLENDE SYENITE (1)

A pearsshaped body ot hormblende swemte occurs near the western boundary
of the map-arca, north ot the Suwannee Riser The body s clearhy denmed onthe
acromagnete map hederal-Provincal Aeromaznetic Map 2387CGoas anarea o
mtermediile Magnetic mtensity rangine jrem 2700 (o less than 2600 wammas The
hods appears o be bounded alonz s western marzm by tault s tndicated by g
strong north-trendimy tepographic hneament. and an abrupt deremaznete e
dient. The swentite s surrounded by quartz monzonite tloay and eramte o7y but the
contacts are not exposed  The posttion of the seathiern contact Tus been mterpreted
from the acromagnetic map The toluton o the surrounding rocks s contermable
with the muargin ot the svemite hods

W eathered surtaces of the sventte show apink teldspathie groundnnss distine-
tvels spotted wath greenish black hornblende and cut b tne-eramed nuorochine-
quartz veins and dskes Thin sections and stamed shabs show i wrresubar telds-
pathic mosaic o microchne 70 and plaziodase (25305 ) wath ne-sraned mter-
stitral guartz 370 chable 6 and Fazure 3 Homblende oceurs asarrezalar olive
sreen prans and as smaller bright ereen crvstals
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QUARTZ MONZONITE-GRANODIORITE (16a. [5a)*

This rock tpe. together with mecrochne gramte (170 forms o large batholithie
mass 1 the nerthern part ot the map-area This hathohith extends north into the
Pemichigamau-barp Lakes arca (Kendnick, 19720 Steeves and Lamb. 1970 and
cast mto the Munarshi Lakes area (blphick. 1972 Within the map-ared. the bathe-
lith tor the most part s 0 contact with arhose-denyed gneses of the Sickle Group.
and 1 the northwest corner. with microchne gramte Uit Toa abso torms smualler
clongate bodies the paragnesses i the wuthern halt of the map-area. In the
couthwest corper of the Mynarsht Lakes map-ared (Map T2 Bt torms a stock-
hike protuberance. the Mismazu Lake stock. which extends south from the man
hathonth. The batholith v generally weakly foluated: some areds possess . penetra-
tve schistosity whide others are massive, (¢ contarns large relict masses of para-
gneiss (S 8a)* and quarts dionite (9. 100, particularly i the ares around the mest
northeasterts bay of Rat Lake (Map 71 2 2y and abo around Pemichigaman Lake
(Map 71 2 on The quarty monzomite-granodionte s cut by aplice and red pezmatite
dyvkes which have been Tolded passi elv 1 areas where the quartz monzonite-grane-
drorite possesses 4 well developed Whintosity These detormed dykes are themselves
cut by red microchne granite dyhes which show ne detormation

Aicrochne porphy roblists. some 4 v lenyth, oceur sporadicaliy. and are
best developed mareas where the rock v well tolated \ good example of this s
ween where the Rat River enters Pemichizamau bake o Map T 2 oy Here the guart
monzonite-granodionte has been altered W muscosite-microchine-gquartz schist
within naerow diserete shear zones ortented at HO [3NE and 300 13 NEMuwre-
Cine porphyroblasts are prosent s 14y s [0 teet (30w trom these shear
sones. Elsewhere, mthe muap-area mcrochne porphsroblasts oceur where small
ireegular ditfuse patches ot ancrochine granite (171 are present i the quartz moen-
somite-granedonte. particularly where the later well tohated. Conversels, the
porphyroblasts are abse present n unit Tou where it torms srregular shaped bodies
within Lirger bodies of the microchne granite ¢ 17y tor example. i the ared south-
wast of the nerthwesternmost aem ot Rat Lake

The smaller bodies of umt 1o that occur i the gacises in the southeastern part
of the map-trea. generally possess.omore well detined tohaton than the mam bath-
ohth. This tolation and the clonzation direction ot the hodies s parallel o the

regional toltation i the frost paragnensses

The bods 10 the extreme southwest corner of the muap-ares (Map T2 Ditrends
north-south and has detlected the fohaton m the host pehitic gieisses o) parallel
to 1ts contact However, the man foliation mamit loa trends north-northeast. and
Barry and Gt ¢ 1966) who muapped the western extensien ot this body i the Suwan.
nee Lake areds suggest that the mtrusive budvappears to have been subpected o
phase o detormation atter emplicement

The quartz monzonie-granedionte generaliy weathers with smooth pale
gres surtuce, but s pnk or red where hemante s present The schistosits s denned
by the preferred onentation o botite and codrse lenticular aggregates o quarty
grams. The fatter stamd outon weathered surtaces Thin section and staned slab
examination ¢ Table 61 show that the rock conists muaimly of medium-eraned anhe-
dral ohgochase-andesine (33 5370, wubhedral microchine o 1o and quartz (23
3870, Phe terromagnestan minerabs, abo medium sramed. are hrown to ohive green
hrotite (5 1190, olive vreen hornblende (0 ¥ and magnetite (St 2 Foas tineh

*See toetnote paze 4




Quartz

Quartz
monzonite
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Alaskite
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Syenite Monzonite Diorite 1
Amphbt
Potassium feldspar €5 35 10 Plagioclase

{mainly microctine
and perhite )
Figure 4: (1) Classification of granitic rocks (after Bateman. 1961) used in
this report.
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()  Ternary plot showing modal composition (quartz, plagioclase.
K-feldspar) for units 15, 16a (/5q). and 17
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dissemunated grains or coarse lenticular aggregates. The latter are oriented within
the plane ot the toliation. Modal analvses of unie 16, when plotted on a ternary dia-
gram ot quartz. potassium feldspar and plagroclase (bgure ) faflin the quartz mon-
zonite-granodionite tield.
MICROCLINE GRANITE (i7)

The microchne granite torms high promiment ridges with sparse tree growth,
It occupres much of the northwestern corner of the map-area and torms smaller
clongate bodies tn the southeasterly trending zone of quartzo-teldspathic paragnerss
which extends diagonally across the nup-area. The mam mass o granite 1 the
northwestern part of the map-area contans inctusions of paragners (34 and the
magnetiferous quartz diorite (10 Its relatonship with the quarty monzontte-grano-
diortte batholith (16a) 1s not clearls detined owing o the ek of outeropsan the con-
tact region. The presence of red microchine gramite dvhes m the granodionte s indi-
cave of 4 vounger age tor umt 17 with respect o umt 1oa. and as mentioned pre-
viowsdy i the discussion of umt 16a. the mucrochne gramite (17) contains large m-
Clustons of umit Toa (100 x 300 m), However, the gramite abso occurs as small patches
up to Y m square. within umit 16a. Where these patches are numerous they com-
moniy impinge on cch other, g the whole outerop surtace o weh-Lhe appear-
ance. The contacts between the two rock types are gradational in these areas, and the
generation of the microcline geanite (17 may thus be due i part to reersstallizanon
and potassium metasomatsm of umt Toa. [ thin section this potassium enrichment
can be observed as the growth of porkiloblistie grams of microckme. and as very
tine to tine-ernned mcrochne as nuns ongrans of plagochase.

In places where umit 17 antrudes the quartzo-teldspathie paragness. it contams
abundant mcdusions of the paragnenss: For example. to the north of the Suwannee
River. where umit 17 admost nings the quartz dionte body ¢, the granite contams
Large anguliar blocks, 60:m by 200me ol umt Sa. constitutinyg & Large seale agmatte. In
the northwest corner of the map-ared the gramite torms a compley with umt 34, 8¢
within the batholite mass of unit toa. The contacts between amt S Neand the
microchne grantte (171 are gradanonal and the relative proportions of these two
units wie difficult to determine \pprovmately 60 per cent of the compley consists
of microche gramte, which occurs as distinetaintrusions and alse appears o have
tormed by sty graniization of arkose paragneisses

Outcrops weather distinctively with anterstual medium o coarse-aramed
quartz standing out above the pink microchine groundmass The quartz surrounds
each nucrochne avestal envmy the weathered surtace a0 brack and mortar™ tevore
In general the granite s weakls o moderatels tolted with the preterrad onentation
of botite detimnyg the tolaation. Phe ancrochne envstals also show aoweak preterred
onentation Inoatew places the tohated granite 2rades nteo pegmatitic areas which
are massive The tolaton also becomes sers weak and dithoudt to measure moareas
where the hotte content s fess than 5 per vent The modal analvss of o tvpical
sampie ot the mucrochne granite s givenin Table oand Bigure 4
PINK PEGMATITE (1X)

Peymatite (18) s almost enoirely restricted to the Sickle Grroap paragnensses
and quartz menzomte clowr v single lirge dvke of pesmatite (1% occurs i the
peliie gness i the southwestern portien of the map-area (Map 712 2 and was
traced south-southwest tor one and one-halt mdes 23 ko o the southern map-
houndars  The dvke has o thichness ot less than 430 moand shows as oo magnetie
hieh on the aeronngnetic map Tecontams mclusions of @magnette-beanny gncss
which resembles umit 3h

(n general. the pegmatites in the arcaare deep pik o coloarand conton muwro-
chine and gquartz. wath mmer perthite, musconite and botite
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METAMORPHISM
INTRODUCTION

The metamorphic history of the area has been based on the dentification and
correlation of certain index minerals and critical mineral assemblages (Table 7 and
Figure 5).

Two main regional metamorphic events have been recognized and these have
been related to the deformation of the area (Table 9). The conditions of the first
phase of regional metamorphism (M) were intermediate o high pressure and high
temperature. characteristic of the Barrovian type of metamorphism. The second.
and dominant episode of regional metamorphism (M.) was to the upper amphibo-
lite facies of Abukuma-type metamorphism. under conditions of low to interme-
diate pressure (3-5 kb) and high temperature.

Overlap between Abukuma-type metamorphism and conditions of contact
metamorphism are indicated by the presence of the hornblende-cordierite-antho-
phyllite assemblage (6a) which is indicative of conditions ot the orthoamphibole
subfacies of the potassium feldspar-cordierite horntels facies (Winkler. 1967). The
contact metamorphism (My,. Table 9)1s related to the emplacement of the quartz
monzonite (16a. /3a).

Retrograde metamorphism (M) which resulted in the formation of muscovite.
biotite and chlorite. is restricted to discrete shears.

In the following section of the report. the cntical mineral assemblages in Table 7
are discussed in detail and related to the metamorphie and structural history of the
area.

TABLE 7. CRITICAL MINERAL ASSEMBLAGES AND INDEX
MINERALS IN THE RAT LAKE AREA

Critical assemblages Index munerals

1 garnet-hornblende-plagioclase hypersthene
2a hypersthene-garnet-sillimanite + cordierite anthophyilite
9 ., Hites- s oryet

2b anthophyllite-orthopyroxene garnet

2¢ anthophyllite-cordierite-hercymite

2d garnet-sillimanite-hereynite-cordierite sillimanite
3 sillimanite-orthoclase-garnet-boute cordierite
4 sillimanite-cordierite-garnet-microcline vrthoclase
S hercynite-magnetite-cordierite-garnet + andalusite
sillimanite muscovite
6a cordierite-anthophyllite-hornblende chlorite
6b hornblende-tremolite + diopside remolite

7  muscovite + chlorite-microcline-stilimanite-
magnetite

8 andalusite-chlorite-muscovite
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Figure 5:  Location map for metamorphic mineral assemblages.
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DISCUSSION OF MINERAL ASSEMBLAGES

ASSEMBLAGE 1: GARNET-HORNBLENDE-PLAGIOCLASE

This assemblage oceurs in an amphibolite which outcrops along the western
shore of Rat Lake (Figure 5. Locations | and 2). The amphibolite oecurs as discon-
tinuous boudined lavers 2 to § teet (0.6 1.5 m) thick within the paragneiss (4). The
amphibolite is equigranular and medium grained. -

This assemblage is signiticant in that it indicatve of high pressure and high
temperature Barrovian metamorphism (Table 81 In the Barrovian type metamor-
phism the almandine-hornblende tie line (Fraure 6a) is ostablished duning lower
amphibolite metamorphism and persists o the highest subtacies of the amphibolite
facies. Under lower pressure conditions of Abuhuma-type metamorphism. how-
ever, the persistence of the tie line plagioclase-anthophyilite. cummingtonute
through the amphibolite facies (Figure 6b). precludes the coexistence ot horn-
blende and almandine.

The conditions of metamorphism suggested by Winkler (1967) for this assemb-
Lage are pressures of § to 9 hilobars and temperatures ranging from 630 o 700°C.

The restriction of this assemblage to only two localities s admitiedly seant evi-
dence for a distinct regional M, metamorphism. However ey wdence for the M,
metamorphism elsewhere i the map-area s assumed to have been largels obliter-
ated by the overprinting of the subsequent M. rextonal event.

ASSEMBLAGE 2a: HYPERSTHENE-GARNET-SILLIMANITE + CORDIERITE
ASSEMBLAGE 2b: ANTHOPHYLLITE-ORTHOPYROXENE

ASSEMBLAGE 2c: ANTHOPHYLLITE-CORDIERITE-HERCYNITE
ASSEMBLAGE 2d: GARNET-SILLIMANITE-HERCYNITE-CORDIERITE

These tour unique assemblages occur at only one locahity in the map-arei. on
the western shore of Rat Lake 3.25 mules (5.2 km) directly north of the mouth ot the
Suwannee River (Figure 5. Location 31 The rocks containing these four assemb-
lages outcrop within an area of approximatels LoD square teet. They have been
assigned o umit 4. but have no counterparts in the rest of the map-area. The out-
crop comprises (Figure 7.

a) alens of massive magnette 60 feet (18 my long and 3 Steet ol E3m) thick:

by o porphyvroblustic anthophyilite schist. contuning varble amounts of

porphyroblastic garnet. cordierite and magnetite:

o) lasers of grey guartzite with botite lamnations and vanable but nunor

amounts of anthophyilite, garnet and magnetite:

dy cordiente-garnet-potasium feldspar pegmatite.

The porphyroblastic anthophyihite schist ary contains the four critical assemb-
lages 2 b coand d. Baldwin 1971 has subdivided this uiit on the bass of textures
and vanations - mneralogical composition: these subumits have been combined
i this report o simphty the discussion. The porphyroblistic anthophyllite schist
is abo the most striking rock on the outerop because of its topographie reliel and
textures. On one part of the outerop (Frgure 7yt forms a knoll w hose crown stands
several feet above the rest of the outerop. The dark green to black anthophsilite
sehist consists of radiating acteular ersstals ot anthophyilite and contans abundant
porphyroblasts of garnet. cordienite. and magnette. These porphyroblists range
from one-half inch (1.3 ¢my o 3inches (8 cmin diameter. The gres-blue porphyro-
blasts of cordiertte contan granoblastic heresnite and some ot the garey-blue cordi-
erites contam cores of garnet. The magneute spherods in one place on the outerop
have a thin outer Laver of garnet (Plate 3A). Varnably sized garnets ale form contin-
uous verns which have filled fractures i the anthophyiite schist (Plue 2B).
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Andradite
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Calcite Tremaolite Anthophyllite
Cummingtonite

G Sdlimanite-almandine-orthoclase subficies of the almandine-

amphibolite tacies,

Sillimanite Orthoclose
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Anorthite

Grossularite
Andradite
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(b Silimanite-cordiente-orthoclase-aimandine  subfacies of  the
cordienite-amphibolite facies. Brotite may - co-enist with
sillimanite.

Figure n: Comparison of nuneral parageneses for Abukuma-tvpe and Barrovian

facies series: upper amphibohite facies atter Winkler. 1967).
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Figure 7:  Simplified outcrop map (after Baldwin, 1971) showing distribution of
main rock types; garnet-cordierite-anthophyllite rocks, west shore of
Rat Lake.

The cordierite-feldspar pegmatite is an equally spectacular rock. It forms a
small lens 10 feet (3.3 m) by 15 feet (5 m) and consists of pegmatitic microcline,
quartz, and cordierite. The cordierite occurs as clear, deep blue massive clots and
more rarely as euhedral hexagonal crystals. Garnet is rare, occurring as small irre-
gular grains within the cordierite.

Baldwin (1971) has proposed that the four critical mineral assemblages in the
porphyroblastic anthophyllite schist are indicative of two phases of metamorphism.
The assemblage hypersthene-garnet-sillimanite + cordierite (assemblage 2a) is
indicative of granulite grade metamorphism and was produced by the first phase of
metamorphism. The coexistence of cordierite, in this case a high magnesium cordi-
erite, and hypersthene has been attributed by Baldwin (op. cit.) to the unusual bulk
chemistry of the rock. The rock is high in alumina, magnesia and iron, and low in
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Figure 8:  Hypothetical diagram (after Turner, 1968) showing shape of the stabil-
ity field of cordierites (stippled) as inferred from geologic data.

Microcline occurs as interstitial grains in the quartz-feldspar mosaic of this
rock, and as larger ovoid porphyroblasts which contain abundant inclusions of
plagioclase, quartz, biotite and graphite. The porphyroblasts overprinted the S
layering and biotite schistosity and are therefore considered to be further products
of the M, metamorphism, specifically resulting from the partial anatexis which also
produced the quartz-microcline-cordierite pegmatites.

ASSEMBLAGE 5: HERCYNITE-MAGNETITE-CORDIERITE-GARNET + SILLIMANITE

This assemblage was found in the pelitic gneiss at only one locality in the map-
area, three miles (5 km) directly south of the most southerly point of Rat Lake
(Figure 5, Location 6). The pelitic gneiss at this location possesses a crude layering
defined by concentrations of cordierite and garnet porphyroblasts in one-half to 1
inch layers (1.3-2.5 cm) alternating with quartzo-feldspathic layers 1 inch to several
inches thick and containing only scattered porphyroblasts of garnet and cordierite.
The porphyroblasts are highly elongated parallel to the compositional layering (S,).
Five distinct types of porphyroblasts occur: (i) garnet; (ii) garnet-cordierite inter-
growths or garnet with rims of cordierite; (iii) garnet with rims of cordierite, quartz
and magnetite; (iv) cordierite with fibrolite inclusions: (v) cordierite with magnetite
and minor hercynite inclusions.

As in assemblage 4, the coexistence of potassium feldspar and sillimanite and
the presence of garnet are indicative of the upper amphibolite facies. It is also evi-
dent that Abukuma-type metamorphism (M,) causing replacement of garnet by
cordierite, succeeded an earlier (M,) phase of metamorphism during which the
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silica and very low in calcium. The other three assemblages. 2b. 2¢and 2d. were
formed during the second phase of metamorphism and are indicative ot the cordi-
erite-amphibolite facies. These are retrograde assemblages relative to 2a. Textural
evidence shows that the tollowing reacttons oceurred during this second phase of
metamorphism:

(1) garnet + SUMANIE e———cordicrite + herevnite

an orthopyroxene + SiO: + H,0 ——e————s-anthophyliite

(1) anthophvllite + herevnite ———e- cordicrite

ASSEMBLAGE 3: SILLIMANITE-ORTHOCLASE-GARNET-BIOTITE

This assemblage was tound only in the pelitic gneiss (D four miles (6.3 km)
directly south of the mouth of the Suwannee Rwver (Figure 5. Location 4).

Two phases of upper amphibolite grade metamorphism can be interred from
this assemblage based on:

ta) the coexistence of potasstum feldspar with sillimamite and the absence of

muscovite: and

(b) the texture of the mineral assemblage.

The rock is strongly foliated. Sillimanite knots and needles. and porphyroblasts
of both garnet and microcline are elongated parallel to the botite schistosty. The
garnets commonly contain swirled tibrolite. Microcline and plagioclise form an in-
equigranular mosaic, Small grains of orthockase were identitied (using the universal
stage) in the microcline-plagioclase mosaie.

The assemblage is indicatve of the sillimanite-almandine-orthoclase subfacies
of the upper amphibolite facies (Winkler. 1967). Subsequent metamorphism caused
inversion of the orthoclase to microchine but under P-T conditions above the stabil-
ity tield of muscovite. Both pertods of metamorphism are therefore assumed to have
taken place under conditions of the upper amphibolite tacies
ASSEMBLAGE 4: SILLIMANITE-CORDIERITE-GARNET-MICROCLINE

his assemblage s common in the pehtic gness ¢ in the southeast quadrant of
the map-arca. The specttic example of this assemblage discussed here oceurs three
miles (5 km) southeast of the most southerly up of Rat Lake (Figure 3. Location 3y
The coexistence of cordiente with the other minerails in this assemblage s indi-
cative of Abukuma-type metamorphism (Winkler. 1967). The assemblage el s
representative ot the upper amphibolite factes (sillimanite-cordiertte-orthoclase-
almandine subtacies) as shown by the absence of muscovite and the coexistence of
potassium tedispar and sdbmanite.

The cordierite occurs i three disunct AsoCkons: (1) as very Ccoarse gruns in
quartz-microcline-cordiente pegmatites which torm arregular lenses (23 8 em
thick) and cross-cutting verns: (1) as diserete grauns and porphyroblasts arranged i
lavers parallel o the metamorphie lavening (8,): and (o as nms on garnet. The
quartz-microchine-cordiente pegmatites are indicative ol partial anatexis. These
irregular-shaped bodies cut across the metamorphic lavering (8 ) and are theretore,
considered to be products of My metamorphism. The garnets nmmed by cordienite
are interpreted to be M, garnets which have been subsequently altered to cordienite
during M.. However. the cordienite overgrowths and detals of the relationships
were not studied. “In natural pefine assemblages (Chinner. 1939) cordiente plass a
role that 1s inversely complimentary to that o almandine™. (Turner. 1968). Cordier-
ite when compared to almandine s common i low pressure o intermediate pres-
sure high temperature assemblages and s notas widely distributed as almandine at
higher pressures and comparable temperatures (Figure ).
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Figure 8:  Hypotheucal diagram (after Turner. 1968) showing shape ot the stabil-
ity tield ot cordierites (stippled) as inferred from geologic data.

Microcline occurs as anterstitial grains i the quartz-teldspar mosaie of this
rock. and as larger ovoid porphyroblasts which contwin abundant inclusions of
plagioclase. quartz. biotite and graphie. The porphyroblasts overprinted the §
lavering and bivtite schistosity and are theretore considered o be turther products
of the M; metamorphism. speatically resulting from the partial anatexis which also
produced the quartz-microchine-cordiente pegmatites.

ASSEMBLAGE 5: HERCYNITE-MAGNETITE-CORDIERITE-GARNET + SILLIMANITE

This assemblage was found in the pelitic gnens at only one locality in the map-
area. three miles (5 km) directly south of the most southerly pornt of Rat Lake
(Figure 5. Location 6). The pelitic gnens at thiy location possesses a crude lavering
defined by concentrations of cordierite and g garnet porphs roblasts in one-halt to 1
inch layers (1.3-2.5 ¢m) alternating with qu.mm feldspathic lavers [ inch to several
inches thick and containing only scattered porphyroblasts of garnet and cordierite.
The porphyroblasts are highly elongated parablel to the composiional fayering (S,).
Five distinct types of porphyroblasts occur: (1) garnet: () garnet-cordienite inter-
growths or garnet with nims of cordienite: (i) garnet with rums of cordrenite. quartz
and magnetite: (iv) cordiente with tibrolite inclusions: (v) cordierite with magnetite
and minor herevaite inclusions.

As in assemblage 4. the coexistence of potassium feldspar and sithimanite and
the presence of garnet are indicative of the upper amphibolite facies. 0 also evi-
dent that Abukuma-type metamorphism (M) causing replacement of garnet by
cordierite, succeeded an carlier (M) phase ot metamorphism during which the
3s



garnet porphyvroblasts and sillimanite were generated (sitlimanite-orthockese-al-
mandine subticies).

The complex porphyroblists of garnet with cordiertite + magnetite + guart/
rims and o cordierite with herevnite incluswons implies the following reactions;
Step 1:

increasing P
almandine - magnetite + herovmite + gquartz + ud
decreasing £,

tobal
Step 2:
high P,
magnetite + herevnie + quary + fuide——————eFe-cordiente + heresnue
low pressare
hgh temperature
The final reaction step 2) would require o temperature of approvmatels 900-C
These qualitauve reactions are based on phase studies related o garnet equilibria
by Hsu (1968). The temperature and partal pressure of onveen duning these reac-
ttons increased while the total pressure decreased. As this assemblage was found in
the pelitic gnerss at one locahity only these condittons may hase been localized with-
e this one area.

ASSEMBLAGE 6a: CORDIERITE-ANTHOPHYLLITE-HORNBLENDE
ASSEMBLAGE 6b: HORNBLENDE-TREMOLITE + DIOPSIDE

These assemblages were tound in the cordiente-sillimamte-anthophyvihite gneiss
(umit v at Locanions 7.8 and 9 thigare 35 Assemblage oa forms thin discontinuous
lavers up to 6 mm o wadth, interlavered with quartzo-teldspathie Livers and mas-
sive cordiente-quarts favers at Locatons 7 X0 and 90 The horablende-tremohite
axsemblage (oby torms distinet favers 30 em to T m thick, which are interlavered with
the paragnenss (9 at Locations 7 and 8

The two muneral assembliages 64 and 6b hase been mterpreted together as be-
longing to the orthoamphibole subtacies of the potassium febdspar-cordienite horn-
tels facies (Winkler. 1967) of contact metamorphism (brgure 9y which overprinted
an upper amphibolite asemblage. The contact mctamorphism was produced by
emplicement of the quartz monzomite (loa. /3a).

The absence of garnet in the cordiente-anthophsihite asseablage s indicative of
contact metamorphiesm at high temperatures and pressures (Wankler, 1967, The
absence of primars muscovite and the coenntence of potassium teldspar and silli-
mamite mn the quartzo-teldspathie Lavers imoumit 4mdicate that the emperature and
pressure renuuned above the stabiliny ticld of muscovite durmg the contact meta-
morphism (M) Theretore the mummum condittons of the contact metamorphism
would be in the range of 640 6600 C and 2 10 2.5 kb

ASSEMBLAGE 7: MUSCOVITE + CHLORITE-MICROCLINE-SILLIMANITE-MAGNETITE
This s 4 common muneral assemblage in the weakly magnetiferous quartzo-
teldspathic ynerss (5a) o the Sichle Group (bwyguare $0 Location 10y,

Muscovite 1s present m these rocks but only as secondary rageed pothifoblastie
grams enclosing silhimanitz, or as shimmer aggregates. Chlonte has been formed
by the alteration of botite. Both the muscosite and chlonte occur in diserete zones ot
ataclasis (80, The assemblage v mterpreted as aretrograde upper amphibolite
facies assemblage (sllimamite-orthoclase-almandine sublaciesy. The museovite and
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Figure v.  Orthoamphibule subfacies of the potasstum-teldspar-cordierite-
hornfels tacies (after Winkler, 1967).

chlortte were produced by later retrograde metamorphism (Mo assoctated with the
(D cataclasis (Table 9.

ASSEMBLAGE 8: ANDALUSITE-CHLORITE-MUSCOVITE

This s & retrograde assemblage. which oceurs i comunction with the normal
high grade peline gnems awemblage of garnet-sitlimanite-cordiente-botite. The
wotal mmeral assemblage, which clearly nondicative of disequilibrium. was ob-
erved at only two Tocahities (Frgure 5. Locations 11 and 123 The hugh grade nuner-
als are hughly altered and the characterstios of the alteration are very silar at
hoth localities. Cordiente i altered along fractures and commuonly s completely
rimmed by pinite. Broute » partially or completels altered o chlonte, and musco-
vite, which 1y sporadic 1 1ty oCCUTFente. OCeurs Js oile of the alteration products of
cordienite. The muscovite torms irregular-shaped patches 1n the cordiente and also
oceurs s irregular pothdoblistic grinms. Andalusite forms fine grams, enclosed n
muscorite. 10 the most intensely altered portions of the rock. Its development ap-
pears o have been related to the formation of the muscovite. rather than bemng the
result of 1nversion of sillimanite

SUMMARY OF METAMORPHIC EVENTS
The criical mineral asemblages have been presented i order of decreasing
metamorphic grade:

(1) assemblages 1. 2w and 3 (Table 8y are dicans ¢ of Barrovian upper amphi-
holite facies metamorphism (M), Locahized granulite facies metamor-
phism tassemblage Za) was controlled by the unusual bulk chenustry of
the rochs:
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TABLE 8. CONDITIONS OF METAMORPHISM

Metamorphic Type of
event  Assemblage  Pressure Temperature metamorphism
M, 1 8 Y kb 650-700¢ +1°C  Regional. Barrovian.
upper amphibolite
facies
M, 2 6 8 kb: 650 7000 +1°C  Relict assemblage
P <2 kb indicating local

granulite facies

M, 3 650 700¢+1°C  Regional. Barrovian.
upper amphibolite

o tactes ]

M., b, 2¢. 2d 3 35Kkb 600 630-C Regional. Abukuma.
upper amphibolite
tacies

M., 4 335 khe 670 680-C Regional. Abukuma.
upper amphibolite
facies

M., N 2 4 kb 800 900-C Local (7). upper

. high Po. amphibolite tacies

M., 6. 6b 225 kb 640 660°C Contact. orthoamphibole
subtacies K-teldspar
-cordiente horntels

o tacies

M. 7 2 4kb 90 S500C Regtonal. upper green-
schist to lower
amphibolite facies

M. & 225 kb 90 505 -C Local. upper green-
schist tacies

(i) assemblages 2b. 2¢ 2d. 4 and 3 (Table 8) are indicative of Abukuma-ty pe

upper amphibolite tacies metamorphism (M), The temperature range -
dicated by assemblage $ s hugh compared with that tor the other assemb-
lages of the M, metamorphism. and the ovvgen partial pressure required
to account for the complex breakdown of garnet s anomalous. These ap-
pear o be localized conditions but they cannot be explauined on the bass
of the present study:

(iit) assemblages 6a and 6b are indicatve ot the orthamphibole subtacies of the
potassium - feldspar-cordiente horntels facies of contact metamorphism
(Table 8, My

(iv) assemblages 7 and 8 are indicatne o lower amphibohite or upper green-
schist facies of metamorphism (Table ¥). These asemblages were produced
by retrogressive metamorphism (Mu) which overlapped m time the local
effects of the contact metamorphism (M), and was retated to Docatactasis
and D, folding.

These metamorphic events and ther relationship to the structural and plutonie
histors of the area. are summarized m fable 9.
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STRUCTURAL GEOLOGY
INTRODUCTION

The map-area lies on the north side of a major easterly trending Precambrian
sedimentary basin which is bounded the south by the Flin Flon-Snow Lake green-
stone belt (Bailes, 1971,

The paragnetsses in the map-ared are the high grade metamorphic Jdervatives
of the Wascekwan and Sickle Group sediments (vee pige 5). The contact between
these groups has been mapped trom Lynn Lake to Granville Lake (Milligan. 1960:
Campbell. 19724) and into the Suwannee Lake area (Barry and Gait. 1966). Lack ot
outcrop prevents precise focation of the contact or determination ot its attitude n
most of the region between Suwannee Lake and the south end of Rat Lake. How-
ever. the toliation and metamorphic layenng m the gneses of the map-area gen-
erally parallel the contacts ot the major units. Thus. from the attitude of these planar
structures in the gnemses closest w the inferred Sickle-Wasekwan contact. the con-
tact west of Rat Lake appears to dip to the north so that the Sickle Group gaeisses
appear to overlie the Wasckwan pehitic gnems. The sequence iy theretore overturned.
Similarly in the southeastern part of the Rat Lake arca (Map 71 2 2) the structure
has been interpreted as representing o complete mversion ot the sequence. such
that the Wasekwan pelitic gnens (1) appears 1n structural basins surrounded by
Stckle Group gneisses.

Recognition of the Wasekwan-Sickle contact. the disposition of the magor litho-
logic units. and the apparentinsersion of the stratigraphic sequence in the map-area
are the principal factors which torm the hasis tor mterpretation ot the earlier strue-
tural events. The intensity of later detormations has made recognition of mesascopic
structures assoctated with carlier epiodes of tolding very ditticult to wennty. The
main structural and refated metamorphic and plutonie events in the Rat Lake area
are summuarized 1 Table 9.

D, DEFORMATION

[t~ assumed that the apparent mversion of the stratigraphic sequence was
caused by an early (D,) phase of deformation. Although no corresponding F, tolds
have been recognized. all the maor folds Wenutied 10 the area detorm an already
inverted sequence and. theretore, were not themselves responsible for the nver-
won. Furthermore, the carliest recognized folds o the area (destgnated F.ydetorm a
pre-existing metamorphie lavenng Sy, which asstmed to have been produced by
an carlier metamorphism M, approximately contemporancous with the carly
folding (£ This layering s parallel to the maun hthologic contact. indicating that
the F, folds were isochnal. ftean also be postulated that the large recumbent sochnal
E, folds trended east-west, parallel o the avs of the man sedimentars trough which
lay to the south.

The detormed S, metamorphic lavering v 2nemsic avering. detined by the
alternation of quartzo-teldspathic favers and Lavers contwning varable propor-
tons of matic minerals. The tabular and platy matic munerals have a preferred oren-
tation parallel to the layenng.
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D, DEFORMATION

The S, metamorphic lavering was detormed during the D. deformation mto
tight upright isoclinal tolds (F.,) about casterly trending axial planes (Figure 10).
The F,, tolds have been locally moditied by D, cross-folding (Fu) at right angles o
the F.folds. and by the emplacement of the guartz monzonite (16a. [3a). specr-
tically the Misinagu Lake stock (Figure 12). The latter appears to have been em-
placed contemporancously with the cross-tolding. afthough precie cause and etfect
relationships have not been determined.

The F. structures were subsequentls moditied by a third deformauon (Dy)
which caused extensive cataclasis and faulting. and specifically appears to have
produced a major structural break. reterred to here as the “Rat Lake tault™* which
cuts diagonally across the map area (Figure 10). The fault. which has an arcuate
trace and dips to the east, etfectively separates the area into two distnct structural
subareas (subareas A and B, Figure 1),

SUBAREA A

The F., longitudinal folds are preserved i the northern halt’ of this subarea
(Figure 10). The folds have verncal or steep northerly dipping avial planes and
plunge at moderate angles to the east (Frgure 1h. North w northwest-trending
cross-tolds (Fu) tn this subarea are assumed to have tformed contemporincousiy
with the longitudinal tolds (F.,) largely because retfolding relationstups between
the tvo fold sets are lacking.

The Misnagu Lake stock forms the core of one of the northerly trending o,
antitormal cross-tolds and s flanked to the west by asecond northwesterly trending
antitorm (Figures 10 and 12).

SUBAREA B

West of the “Rat Lake fault™ structures interpreted as £, folds trend obliguels
to therr counterparts m subarea A tFigure 10y One possible explanation ot this s
that the Dy detormation produced an apparent clockwine rotation of the structures
of subares B relative to subarei A** accompanying the lett lateral displacement on
the “Rat Lake fault” isee below). Thus, the aval traces of the b, and Foy tolds in
subarea B now trend southeast and northeast respectivels

From nspection of Figure 10 and Map 71 2 2 the metamorphie Livenng S,

in the Sickle-Wasekwan Group gnesses immediatels to the west of the ault, has
heen deformed tnto an interterence pattern of small domes and basins apparently
resufting from the nteraction of the Fuoand by folds, The longitudinal aaal planes
(F.,) of the basins dip steeply to the northeast: those of the cross-tolds appear to be
nearly vertical. The basins are occupied by Wasehwan pelitic gnens (1) and amphi-
bolite (24). both of which normally have a fow magnene expression. However, the
Federal-Provincial Acromagnetie Map 2387C, shows only o moderate depression
of the magnetic intensity over these structures, suggesiing that the Wasehwan rocks
are underlun by more highly magneud Sichle Group rocks, and the sequence s
theretore inverted.

*Note This fault, wiich s only partalls shown o Geological Map 1 22 toflows the contact
between the Wasehwan and Sichle gneisses i the evtreme eastern pact ot the Rat Lake map-
sheet

sonote This rotatton could abso be explaned by regronal Dy tolding about o northeast-trending
aual plane However this would require that the “Rat Labe tault™ continued to act as a mapor
structural discontinuis . i order o explan the non-continmts of such Dy tolding mte sub-
area A

40



TABLE 9.

SUMMARY OF STRUCTURAL. METAMORPHIC AND PLUTONIC EVENTS

Deformation Fulding 2‘;’:?: Metamorphism Structure Metamorphism Plutonism
D, F, S, Formation of recumbent
vaxchinal folds about casterls
staking aval planes S,
maindy parailel w S,
(bedding)
M, Regronal metamurphism
Barrosian. upper amphibo-
hite facres (sbhmanite-
aimanding-ofthoclase
y subfacies)
D, Sy [} Foermanon of tight
richinal upnght lungits-
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SUBAREA |
353 poles to foliations contoured at 1%, 3%, 4%
e Girdle axis
+ Axis of minor fold
O Linear structure (mineral lineations, microcrenulations, rodding)

Figure 11: Equal-area projections of poles to foliation planes minor fold axes and
linear structures, subarea 1.

Southwest of the interference folds, the F,, cross-folds appear to die out and
only the longitudinal F,, folds are developed (Figure 10). The latter are tight over-
turned folds with axial planes which dip to the northeast, parallel to the longitudinal
axial planes of the basins and domes. A weak axial plane schistosity, S,. is developed
in the F,, folds.

D; DEFORMATION

The third phase of deformation, D;, caused fairly intense cataclasis and shear-
ing, particularly in a 12 km wide zone which extends southeast from Rat Lake to the
southern edge of the map-area. All rock units within this zone, with the exception of
the microcline granite (17), are affected by the cataclasis; the microcline granite dis-
plays only minor shearing and is considered to have been emplaced during the wan-
ing stages of the D; deformation. The northeastern edge of the zone of cataclasis is
marked by the “Rat Lake fault” (Figure 10) which follows an arcuate southeasterly
to southerly trend across the area. Although the actual fault is not exposed, an in-
spection of the cataclastic foliation planes (S;) in its vicinity indicate that the fault
plane dips northeast to east at between 60 and 80 degrees. Subsidiary discrete zones
of cataclasis in the rocks to the southwest of the fault show approximately the same
orientation as the fault.
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Figure 12 Diagrammatic representation of the Misinagu Lake stock showing ity
4 g ! £ E
relationship to the F: folds.
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The apparent horizontal displacement of the “Rat Lake fault™ may be inter-
preted as left lateral. as shown by the 11 km displacement of the Wasekwan-Sickle
contact (A-A"in Figure 10)*. As noted above. this strike slip movement appears to
have been accompanied by clockwise rotation of subarea B relative to subarea A
[n subarea A (Figure 10). the trace of the fault s parallel or subparallel to the struc-
tural trend of the Fy, cross-tolds, but truncates the Fo, longitudinal folds. Immedi-
ately southwest of the tault (subarea B). the axial traces of the Fy, folds have been
rotated into parallelism with the trace of the "Rat Lake fault™. and the F, tolds are
transected by the Si toliation. This tendency towards parallelism ot the F, struc-
tures with the trace of the tault decreases towards the southwest.

The S, schistosity comprises discrete shear planes along which the S, lavening
has been transposed (Plate 3B) Augen schists and gneisses contaiming mucrocline
porphyroclasts, have been produced along linear zones of cataclasis in some ol the
paragnetsses and granitic intrusive rochs. Elsewhere 1 the Sickle and Wasekwan
paragneisses and metatexites. cordierite porphyroblasts and sheets of silimanite
are present in the shear zones. As the grade of metamorphism decreased however.
chlorite was produced by degradation of biotite. and muscovite ervstalhized as felted
masses. shimmer aggregate and sieved porphyroblasis.

D, DEFORMATION

Fy tolds oceur only in subarea B, They are Lirge wave length, moderate ampli-
tude folds. with steep or vertical axaal planes stoiking northeast. and axes plunging
moderately to the northeast (30 35 The by told i the southernmost part of the
map-area (Figure 10) has refolded the Fy, tolds abouta northeasterly trending axial
plane. Poles o foliation planes (8, and 8.) from subarea 2 (Figure [0y fall on o great
circle whose axis plunges to the northeast at 30 to 35 degrees (Figure 13), parallel to
the D, linear structures and minor folds,

The F, tolds possess o moderitely doveloped avial plane schistosity (8,43 de-
tined by the preterred orrentaton of bwotte and hornblende. parucularly in units 10,
12, and 16. The §g schistosity s more poorly detined in the paragnesses (units 3a. 6)
as i weah strinn slip cleavage. Inthese rocks it mtersects the pre-existung S, and S,
lavermg and toliation to produce a hineation. best deseribed as 4 rodding of quarty
and biotite aggregates.

D, DEFORMATION

The tinal phase of deformation caused taulung and shearmg. North-treading
faults cut across the pre-exnting structures. and localized siliaitication and retro-
grade metamorphism o lower or muiddle greenschist tactes s associated with them,
Some of the north-trending lincaments indicated i Frgare 10 have beeninterpreted
as late taults,

*Note The apparent displacement could alse be aterpreted o nght lateral based on the 14 hm
disphacement of this same contact A ALLin Frgare 100 Such o sense of moverment however
would reguire o more comples model than the one postulated above noeder to accomme-
date the movement in relattonstup o the deselopment ot the other structures n the area
Consderably more work s required to resolve this problem
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SUBAREA 2
109 poles to foliations contoured at 2%, 4%, 8%
e Girdle axis
+ Axis of minor fold
O Linear structure (mineral lineations, microcrenulations, rodding)

Figure 13: Equal-area projections of poles to foliation planes. minor fold axes
and linear structures, subarea 2.

TECTONIC SYNTHESIS

The structural pattern in the Rat Lake area has been interpreted as resulting
from the refolding of early recumbent folds, followed by a phase of shearing and
faulting, and a final phase of folding (Table 9). The early recumbent folds (F,) pro-
posed for the Rat Lake area, were formed by tectonic transport in a northeasterly
direction, from a geosynclinal trough located between Rat Lake and the Snow Lake
area to the south. Stocks and sills of quartz diorite (9) and sills of magnetiferous
quartz diorite (10) were emplaced after the early folding.

A second phase of folding F,, resulting from north-south compression, refolded
the recumbent folds into a series of upright isoclinal folds. Cross-folds, oriented
about north-south axial planes and of local extent, appear to have been related to
the period of east-west isoclinal folding. The cross-folding produced an interfer-
ence pattern of basins and domes in the southeast portion of the map-area. The local
extent of the cross-folding suggests that it was not a regional event, but rather may
have been just a local “wrinkling”, about north-south vertical axial planes, of the
main east-west isoclinal folds.

At this point in the history of the area. large intrusions of quartz monzonite
(16a, 15a) were emplaced along the main east-west fold trend, and a smaller stock
was intruded along one of the north-south cross-folds. The intrusions were not en-
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tirely passive. but exerted lateral and vertical pressure during their emplacement,
causing enhancement of the antiformal structures and attenuation of the svaforms.

A major phase of shearing and taulting. Dy. together with intrusions of micro-
cline granite post-date the intrusion of the quartz monzonite (16a. /5q). A major
northeasterly dipping structural break. the “Rat Lake fault™ was produced at this
time. The sense of movement on this tault appears to have been left lateral. The
area east of the fault was only weakly deformed by shearning, whereas the zone to
the west was intensely sheared. The shearing caused transposition of the lavering
in the gneisses, and the presence of cordienite and sitlimanite in the transposed layers
indicates that pressures and temperatures during the shearing were initially high
enough to allow the reerystallization o these minerals.

The orientation of the shearing and taulting may have been controtled by the
large bodies of quartz monzonite (16a. /5a¢). which acted rigidly because of their
more massive character. The paragneisses and migmatites. with well developed toli-
ations, offered the casiest path tor stress release.

The final phase of folding F,. about northeasterly trending axial planes. was
restricted to the area west of the "Rat Luake fault”™. The tolds appear to be of regional
extent, however, as they continue into the map-areas south of the Rat Lake area.

Faulung with associated retrograde metamorphism and silicitication com-
prised the final phase of deformation (Do) in the map-area. The faults trend pre-
dominantly north-south while some of them are parallel to the older Dy trends.
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ECONOMIC GEOLOGY

The number and the varving ages of claim posts observed in the Rat Lake area.
indicates that considerable éxploration activity has taken place over 4 number of
vears. However. there is no record of cancelled assessment wurk. done prior o 1969.
on open file at the Mines Branch in Winnipeg. Interest in the area was revived with
the release of the results of the Manitoba Government airborne INPUT clectromag-
netic survey in June. 1969 (Manitoba Mines Branch. 1969). and a number of claims
were staked in the area at this ime.

The most persistent zones of mineralization in the map-area are the amphibo-
lite (2a) and the cale-silicate lavers in umit 2b (see Table 10 and Figure 14). The min-
eralization consists mainly of sparse but widespread disseminations of pyrrhotite
and minor chaleopyrite. The sulphides tend to show a greater cOnCentration in Zones
affected by tectonic and metamorphic processes. For example. where shears inter-
sect the amphibolite (2a) or where the amphibolite 1 mtensely folded and sheared.
gossans and concentrations of visible pryrehotite oceur. Furthermore. the hyper-
sthene-bearing lenses in the amphibolite tsee page ) show a higher concentration
of disseminated pyrrhotte than the amphibolite itsell.

Local occurrences of molsbdenite and sphalerite were abo found in the map-
arca. The molybdenite was observed in zones of stliattication at three locations (ee
Table 10 and Figure 14). At Location 1 the hostrock s mucrocline granite (17). The
molybdenite forms large spectacular clots of very limuted extent within quartz veins.
Similar local oceurrences of molybdenite clots oceur at Locanon 1 and Location 3,
where the silicitied host rocks are hornblende-brotite-magnetite gneiss (6) and
quartzo-teldspathic gnenss and nugmatte (3) respectivels. The mols bdemite miner-
alization 1n all cases appears W have been a late stage event.accom pamed by local
retrograde metamorphism along the quarts veins. The coarseness of the molyb-
denite suggests that it ensstallized trom late magnvatic Hunds.

Sphalerite occurs on the northeast arm of Rat Lake at Location 4 (Table 10 and
Figure 14). as clots and veins o steeply dipping joants. oriented at 240 degrees and
290 degrees. 10 a leucocrane quarts diorite. The leuco-quartz drorite, which forms 4
narrow contact phase between the quartz donite (93 and quartz monzonite tloa).
is altered alongside the sphalenite vemns and clots Plagioclase s altered to eprdote
and caleite. and chlonite forms venlets which are most pronounced close to the
sphalenite-quartz dionite contact. but hecome thinner and Jie out wathin it distance
of 4 few centimetres. An INPUT electromagnetic anomaly . and corresponding mag-
netic anomaly. were recorded off-shore tfrom this oceurrence ot sphalenite.

In evaluating the INPUT electromagnetic anomalies in the Rat Lake area.
prionity should be given o anomalies Iving i or near the amphibohte (2a). the
assoctated quartz norite and the cale-siheate rochs (2by and also to anomalies such
as that accompanying the sphalerite occurrence. The fatter type of anomaly does not
fit any apparent pattern of stratigraphic or structural control. Another anomaly of
this type oceurs in the area of microchine gramite ( 17y and gramtized paragnerss (Sa)
in the extreme northwest corner of the map-area (lat. 36 147307, long. 997357307,
Ground follow-up was meonclusive owmg to lach ot outerop.

Anomalies in the pehitic gnems (1 are considered feast stigniticant as they are
commonly caused by graphite. The anomalies are numerous and the conductors are
parallel to the foliation. Sulphide conductors. it present. are vbscured by the gra-
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phite but the presence or absence of an acromagnetic anomaly may be a means of
distinguishing anomalies of interest. The only sulphide mineralization observed in
the pelitic gneiss occurs in microclinized shear zones which contain thin lavers of
pyvrrhotite and minor chalcopyrite. together with graphite. The mineralization was
observed in drill core stored on the shore of a lake which lies 7 miles (11 km) south-
east of the mouth of the Suwannee River (Figure 14, Location 15). The only infor-
mation available on the location of the drill hole is that the core comes from an area
within a 6-mile radius of the core storage location (personal communication).
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Figure 14: Location of sulphide occurrences.
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TABLE [0. SULPHIDE OCCURENCES AND RELATED GEOPHYSICAL ANOMALIES

Location
shown in
_F_igure 14

Latitude and
longitude

Type of
Mineralization

Rock type

Associated INPUT electromagnetic
anomaly and magnetic correlation®

b
’.

13

14

56°07:00"; 99°44°40"
56°13'48"; 99°47°15"
56°1230”; 99948'30"

5621132 99°3329”

56903'50"; 99°47°20"
56°05°10": 99°4745"
56907°25": 99°29'30"

56907725 99°30°10”

5600743 99°1925"

56°04'45": 99°46'25"

56°07°20"; 99°2825”

56°05°42"; 99°31°55"

5690500, 99°49°25"

§6903'55": 99°53'00”

molybdenite

molybdenite

molybdenite
sphalerite

pyrrhotite
(disseminated)
pyrrhotite
(disseminated)
pyrrhotite
(disseminated)
pyrrhotite
(disseminated).
graphite
pyrrhotite
(disseminated)

chalcopyrite
(minor small
blebs)

pyrrhotite
(disseminated)

pyrrhotite
(disseminated)

pyrrhotite
(disseminated).
minor
chaleopyrite
Minor
disseminated
pyrrhotite

Microcline granite (17) with abundant
inclusions of the weakly magnetiterous
quartzo-feldspathic gneiss (5a)
Quartzo-feldspathic gneiss and
migmatite (3)
Hornblende-biotite-magnetite gneiss (6)
Leuco-quartz diorite contact phase
between quartz monzonite (16a) and
quartz diorite (9)

Amphibolite (2a)

Quartz-microcline layers in cale-
silicate rock (2b)
Amphibolite (2a). sheared

Amphibolite (2a) and pelitic gneiss (1)
both sheared

Lensesof amphibolite (2a) within pelitic
gneiss (1) intersected by fault zone

Pelitic gneiss (1): silicitied and sheared

Amphibolite (2a) and pelitic gneiss (1)
sheared

Quartz microcline fayers (similar to
those interlayered with the cale-silicate
rock (2b) within pelitic gneiss (1)
Amphibolite (2a)

Amphibolite (2a): tolded and sheared

None

None

None

5-charnel. offshore: direct magnetic
correlation

3-channel: direct magnetic correlation
3-channel

None

4-channel: direct magnetic correlation
3-channel (large clusters of anomalies
directly to the east and south of this
sulphide occurence)

None

2-channel

4-channel: direct magnetic correlation

4 and 6-channel

5-channel. Immediately to the south of
this occurrence is a string of 5 and 6-
channel anomalies with direct magnetic
correlation, corresponding to a linear
topographic depression

*Data from airborne INPUT electromagnetic survey and aeromagnetic survey. flown by Questor Survess Linited n 1968 for the

Department of Mines and Natural Resources (Manitoba Mines Branch. 1969).
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PLATE 2

AL Magnetterous quarts diorite 1101 showing guartzo-teldspathic coronas around
magnetite grans, station 2400 186207 mules (11 kmo southeast ot the most
southerly up of Rat Lake

B Anthophyilite schist ) with garnet porphyroblasts and vens. westside of Rat
Lake (Frgure 5. locanon 2 station 2400 WO2E  Photo 1 Haughy
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