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GLOLOGY OF THI JUNPHISE LAXD sRISA, ULnis
Abstract

The cros lies 1n 4bitibi-East county, Cuebec, sbout 35
rmiles southwvest of the villere of Chibousersu end L0 milea
northwest of Quebec city., It comprises thres fifteon minute
sheeta (sbout 600 squere milean) mapped &¢n thse swmers of
1952, 1953 end 195l4.

All the consolidstod rocks of the srea ere of Precembrisn
reo,. They belorny to two differaent poolofie snd seopraphic
divisions of the Cuznsdlen shield, the Tirdskaning and the
Grenville eubprovinces, Sxcept for scattorsd outcrops, those
Preczmbricn rocks sre covered ty Pleistocenoe arift.

The rocks fn tho north-northwest half of the area are
Heeswatin-typo rociza snd bolong to the Timfslaidns cubprovince,
Thoy conalst rieinly of elterod levas rengins fron baselts to
rhyollitos, with sodimentsary rocks, pyraclastiecs ond intermodi-
ate to Laslo intrusives nsling up the ronwinder. Thess rocks,
for the nost part belony to the greoncchiet retoorphic fecios.

Tho rzouth-coutheast half of ths eres i1z underlain by
hormblende and blotits gnelssces which are Grenville-type., Thoese
rnoeisses belong to the anmphibolite matrmorphic feclers, snd in
places, they are cosrseo-greined and rich 4in gsrmet,

The Feowstin-type sedirmontary ond velcenic rocks prace
aegtwerd throurh ¢ zeone of trrnsition into the CGrenville~typo
blotite end hommblonde gnelsses end wiphibolitas. Tho zono of
tranpiticen, vhich separctes the ¥eouatin- end the Crenvillo-
typs rockeg, 18 2 to 3 miles wide snd crosses the sree degone
ally from the northecst corner to the rsouth centrel pert.
Thus, the Grenville-type gneisces ore the nmore highly nmotemor-
phosed oquivslents of the Ksewatinetype leves ond cedimentsry
rocks,

Tho Keoewstin- znd the Grenvillo-type rocks sro intruded
by ereniteo end rraonite rmelcg manses of differont verictios.
Late Procembrlen dledbase diltos intrude the gronite, cnd ere
the roungeat concolldatoad rocks In tho orea. They oy be of
Kewoenaswan a50.

Tho cast-trondiiy: Heewatin-type rockz sre not truncated
by the structure of tho Grenville-time gnoisssea. lost of the
Grenvillo~type gnolsson continue tho oasst-west trond of the
Reowntin-typo rocks, but in pleces. owing to tho northezst, the
chenge in strike beling gredusl, A feult end disbase dilzes,
trending northeact, are rsuperimmorsed on the ronergl easst-west
trend, lere, the so-called Gronville front is a :one in which
rocks of ono time-~ptratipraphic zeries pass from a lover to a
hirher grade of metemorphtem,

Numerous shear zonos in the XKeewatin-type rocks ere ninore
slized with sulphides snd gold, snd ney becone producers of
£old end coppor. Wrenium occurs in soro pormstites assoclatoed
with the rrantte,



IRTRODITION

The Surprise Loke rezion was studied peologicclly o
exenming end to mep the releotlonship bétween tle Yooustin
typo rocks found in the northwest pert of tho erea end the
Crenville-type rocks found in tho southoret peris The yola-
tlonzhkip bLotusen thoe Tirdslaming end tho Crenville provinces
of the Cancdien Shield is stil) ono of the rost puzzling probe
lonis of Pracombrizn peology, and 1t wes hoped thwmt Lurthor
work along the bLoundary of thoge two provincea might zhed
some 1lizht on the reletive crss of the differont rock types.

Part of the writer's work slso consisted of investipaw
ting snd studying the occurrences of rinerslized szcnes in tho
Kbawaﬁin—typa rocksz, end of determining 1f the ninorslization
exten&ad into the rogibn of the gnelagoa, |

Tho work wos dono in tho suwwers of 1952, 1953, and 195,
mnder the direction of tho fuebes Departmont of Minos.

Tocstion snd Access

Tho Surpfisa Lako eroa lles in 2bitibl-Last county,
Guabeos (Fice I, pe &) The conter of tho srea 1z located
about 2L0O riles northwest of Cueobea city ord gome LS riles
gouthwost of the village of Chiboupamsu, Tho rigp-eres ine
cludes the townships of Drulllettes end liszeur, large poris
of Oradis, Gsmeche, Lengloiserle end Pembrun, snd smelloer

perta of Crisefly end Mechault townships. It 1s bounded by

1stitudes LG° 15¢ gnd LSO 30| Hopth and by longitudss 7L° 30t
end T5° 15' Yest, and comprisez cbout 575 aquare niloa.

The esdloining eres to tho ezst was nappoed by Gllbert (1652)
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in the surmer of 1951, end pert of the ares to ths north was
napped in 1652 (Lyall, 1953). Tho northern boundary of the
Buteux Aros, napped by B.C. Freemen (1543), is epproxinmaetely
soven nllos south of the map-crea,

The eree is easilly sccessible, The 5t, Folicion-Chibouge
smeu glleweasther hiphway passes only 12 miles from the northe
east corner of the map-area. A side roasd, which lesves tho
hichwey at mile post 121 ( 1.e. 121 miles from St, Felliclen)
enters the northesst cornor of the srcs cne mile to the north
of Yeston lake. This side rosd, espproximetely 15 miles long,
extends only one mile west of Meston lake, snd the only prace
tlcal way of reaching the other psrts of the sroa 1s by soa-
pleno,

Lakos that sfford good lending places cre numerous and
well located to provide eccess to ell parts of the crea. From
¥indy, Coopatina, Surprise and Doda lskes, the grezter part of
the area is sccoseible by cance. There ars three short port-
szes slong the part of the Opswics rivef thet links Csopeting
and ¥Windy lskes. A single longer portage of 6500 feet offers
a sscond nmore direct, although more laborious, pessape between
these two lakes. There 1s but ocne short portesge between
Caopatina and Surprise lskes., Ceaopetina and windy lekes sare
also seperated by one short portsge. Travelling between lake
Surprise and lake Dode i1s most cesily done by sca-plene as the
canos routs involves six portages, onoe of which 1s nore than

g nile long snd over swarmy grounde The long bays of Surprise
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lake wers very holpful in covoring the scouth centrzl part of
the srom, IMmorcus other snaller leles can eloo Lo uzed for
nlene landings,

'.3319 tvo naln mvlgabm rivaers, the Opewlos und de 124010
rivors, pemalt ocsy eccesas of the scuthiosstern and soutlbwostorn
parto of the arsa ragpoctively. Thess rivers hevse naeny rajids
end falls bul cunoo portsges bLy-pass the hazardous placos,
These porieges, as wull ss thoso linking the wzsllor lekes end
rivers sre in good condition, The gmsller lebert and Loy rivers
perrdt ossy access to the weatern end south centrol psrts of
the grea respectivelye.

Previous Vork end istory of Develonment

The history of the devolopment of the Chibougemsu district
sterted in 1903 when discoveries of copper and ssbostos were
nado of tho shores of lako chibougemsu. Cubssquent £indings of
gold end iren led noro prospectors into the dletrlict. DBy 1X09G,
noople interostod in thé deﬁolc;mant or_t.‘;:ia reglcn naked the
Qusboe govemmient Loy ocnatxﬁcyticn of a reilroad to tho
Thibougensu arcee AR 8 i‘eéponaa to thla requsst, thae Jucbece
govermmant forued theo Chibougareu lining Corrdaesion, This com-;
rmigsion had to judge tho valus of tho discoverloz slrcady made
end eptimsts 1f future ninlng poasﬁnilitles warranted the cone
struction pf the retlrosde Tho report of the Nining Cormission
(Feribeult, Cuillim snd Darlow, 1911) did not favor tho irmode
$nte construction of rtha rallroad, 'm prospecliors, howvex‘-.

kapt g;oing into tho zres, end othor finds wore madc.
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In 1927, 1930 and 1935, The Ceological Survey of Canads
eent goolomists into the dlstrict to do more mappinge Geo;
logical Survey of Cansda merolr 105 on the Chibougemau Leke
HepeArea, (Mawdeley and Norron, 1935) and a preliminsry report
on the Opawlca~Chibougemsu lap-ires (Normen, 1936) wers pube
11shed by the Censdien Surveye. In 1930, two geologic maps on
the Chibougamau Sheet were 1ssued by the Jenadisn Dopartmond
of ¥ines egnd Resources (Mawdsloy and MNorman, 19389; Hetty end
Normen, 1938). Thoze two mapa pubnahed on a socele of four
riiles to the inch, ars acearponisd by marpinsl notes but no
final report has yol boen issuod. Discoveries of nsesivo sule
phldo rineralization with gold valuen in the sroa irmediately
south of lake Doda led to the geologie nepping of tho Buteux
aréa by the Quadeo Dapartnent of Minos (Frecman, 1943). ?ur-
ther dovelopmont of the reglon was grestly handicepped by
transportation 4ifriculties,

In 1949, the Quebsc Department of Minos comploted the
all-voather St, Fellolen-Chibougemeu hirhwave ¥ith cssier A
ceas to the arsa, o:plorntic:n,. progpecting snd geologlic mapping
was carried ocut at s ruch ancceleratsed pscs. This rencwsl and
intensification of activity rosulted in the dlgscovories of
neny irmortent prospects, samo of vhich were nade in the erea
covarad by this roport. Prior to and durlng the writert's ine
veatigetion, prospecting was carried out sspoclaelly in the
north and northeast parts of tho sres, CGCeophyslosl surveys
were also mads nosr lske d' Du and noar Moaton lako.

A progran of goeologle mapping was started by the Qusbec
Department of Mines after campletion of the highway.



Preocent York

Pileld work was cerried ocut in the swrmer ronthe cf 1652,
1653, and 195L. During cach ficld geason, a fiftcen ninute
sheot was coversd, Pprsliminery regorte (Grenler, 1653: De-
land, 1953) covering two of those threo sreas hove beon pub-
12shed by ¢the (ushoc Dopartment of !Mnoz., The third roport
covering tho westornmost fifteen minute sheot will bo svail-
eble in Yoy 1955,

A total of slightly more than 300 dewys wore gpent in ths
f1o0ld, Yhenever woather conditions were favorsble, two and
occasionally three partles were used for the nopping. The
area wes covercd by pmco end compraz treverses end shoreline
works 7Tho troverses woere spsced evory 2000 fuot to 2500
feot aport, snd whenever possible wore run in a north-gouth
“direction ecrosa the trendes of the formetions, This wves
found more profiteble than trying to wallr tho contmets Lo
cause the lotfer ero transitional and ere covered with gla-
clal drift in rost placoa. Much Information was derived fron
work along tho shorolinez where bedreock wess bobtor cxposed
than in the cross botwssn the lskes.

The traverzes cad ochoreline peolopy woere plotted on gn
acourato helf s mile to thv inch base map, The baso med wss
corplled in the offices of tho Qusbes Lopsrtiont of Mines
from proelimingry surveyod maps end & cot of vorticael aeriql
vhotogrephe teken by the lNoyal J:nadlen Ay Forcs., The posie
tions of nmile poests along the survoyed lines snd of boench

mark stations on the ghorelinasz provide good control &



plotiing the outcrops on the bLsse maps., Tho merisl photo-
grephs wore cerried in the field end proved very useful in
locating positions while meppins, Aneroid bercmastors wore
used to determine the elevetions of somo of the hirhost hills,

Laborstory work included a potrographic study of adbout
300 thin sections. Heavy liqulds snd mognetic separetors were
used in studying the minerals, The unilversal stage snd oll
frmersion mothods wore also used to deotormine the carmpositions
of scmo of the minorslse. The mincral constitusnts of 18 rock
spoclmens were cetermalned by xe-ray msthoda in the lsberstories
of theo {ueboc Depertment of Mines. The geolory was plotted on
a:: half 8 mile to the inch base map, end the mep wes then sent
to tho “uebec offica for raduction of amcale., The {insl mep 1is
on g scaly of one mile to the inch.

An sttermt was made to use the rock color chart distrib-
uted by the National Reseerch Council, The color chart proved
helpoful in determining the colors of the less metamorphosed
sodimsnts end of some lavs flows. Thoe chart could not be used
in deecribing the higher grade netemorphic rocks.

Fourteen serples {rom nmineralized zones wero slso snalysed
in thoe leboratories of the Luchbec Depsritmont of lines to do-
tormine the pregence snd smouwnts of pgold, silver, copper, nlckel,
lsad, zine¢, or ircne.
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DLZSRIPYICH OF ARZA

Tonorpashy

o sroo lics Imedlatoely west of tho Lolshteof-land
sepur-Ling tho ludeson Bay wend tho St Lezwrence Divor bosins,
South of Doux Iles luke, necr the boundiry of the map- sres,
the koirht-of-land ia only four niiea to the or=zte 7Tho aree
slopen very fgontly to ths northwost towardaARudson Sgye.e Tho
erog hea a cencral oelevation of 1300 foet gbove zoa lovel
near the c¢astern boundsry, end of slightly over 1100 feel
neer the wostorn boundsry. The elovstions of the raoin lalhos,
1toted frort onst-acuthoast to northwest, ars: Doux Iles -
12803 curprise - 1223: Caopetina - 1163: vindy - 1172; Doda -
1109, (1

(1) Zlovations of likes ero glvon on Chibowromsu-Nlover-
val theat, Hatlional Topogrsshic Zorlies - 32535, 1551,

The difference in elevetion bstween thre esstermrwst leke
and the westernmost ono 1s 171 feet, snd tho distence between
these two lakos 1s over 35 nmlles. 7Tho Cpewlca river which
connscts 8ll those lslkea thus has e gensrsl eredient of leus
then 5 feot per mile, reflocting the flstncess of the arou.

The toporrspliy of ths mep-sres 1o typlcel of this port
of tho Can:zdlsn cthield., The locel rolief L& not merked, and
tha land gurfece, in gonerel, 1s ronsrkebly flat. Closer
oxaninstisn, olther in tho fleld cor fron sorisl rhotos, shows
that in mont placee thies flet surfeca is slizhtly irresulsr
with reny low hills, Thoero ero plpcos whoro tracts of land

6 or more nilos leng can be followed without 2 chicime of 50
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feot in clovation. ozt hille have rcentle slopes, snd few
rise rmore than 100 feot gbove the pencrsl level cof the lekos,
A larce porticn of the mep-erer not covercd by bodles of wi-
ter conaista of awampé and rugkos or low ground. Thwere sro,
however, a fou hills thet constituts oxceptiong to this low
gentlo topoprechy. The highest hill in the sarees 1o cwbout cone
nile wost of the routh woust Yey of Curprise lake. This hill,
on which the Cuebac Depertment of Lende and Forests hes oroce
ted an obsorvation tower, rises 550 feat wbove the level of
lolke Surprise within & detance of s nmile. Anoﬁhar rideo bo-
tweon Renick and Yo Rock lske rilzez ebout 300 feet sboveo the
lovel of theee.lekos. On Towor peninesuls of Dode leke 8 hill
rizes 10O feot sbove tho levsl of tho lake sné %1g the site of
enother obsapvatlion tower, 4 third tower, eorsctad 1n the
surmor of 1955, 15 located on & low hill negr tho south eest
chore of leoko Casopatine.

In general, the loosl reliefl bosrs 11tile or no rolation
ta ths undorlying btedrock. Thus hills #nd low zwanny grounds
ero obunorvad over tho granitio sreas, £s woll as over the
Koowztin-typo recke or thelir motemorphosed oquivalents, low-
ever, whon deerlinz with individual rock oxXpostres, scme rocks
sro moro reelastant then othera smnd mey eccount for some of
the amsller topographic festures.

Lakes and Rivers

A striking fosture of the sres is the profusicn of lelog,.

More than 31 percent of the map-aros s covered by bodloes of



wetere The mnajor lakes listed on puge 9 sre all connected by
tho  pawlca river, whilch drains much of the oestern port of
the srop. Tho western part s drainsd by do 1t'riglo river, a
tributery of the Opewlca. From Dode lzlie, the Opsulca river
continues waztward snd then norithuwoard into Jomes Bay throuch
Woswanipl end Notteway rivers. .

The lukes en& ri#efs constituta g commplox droinege gysten
that cennot be placod 1nto ent of tho stondard dreineso pote .
tornge Sorwe of tho lerger lskos, like W ? awid Coopatinag aere
chanructerizod by very Intriqato shorelinos, Thore 4g eppurcnte
1y no structursl nor 1lithologic control ovor tho siies and
ghapoes of thoso lakes, UWindy lale occuplee o doprsasicn in
bodreck, ond its ghoros sre chersctorized Ly ncarly cantinuous
exnpomures. Lake Coopatina, on the other hsnd, occuples a base-
fn £111cd by gleciel material, and outcrops &ro Vory rore on
its thorelina, Doth these lzkes are sballow, and thio outcropas
of ¥Windy ps well sz tho boulders of Teopating nake travelling
by oenoe rather hazardous. Other lakos, such as Doda end
surorise, have beon only pertly £illed by drlft cnd thelr shoroes
ero partly recky end pertly rade of pleocial natorial. »Thoaa
two lekas sro deop snd conctituto excollent canoe routos.

maring tho uplift that'folluucd Qozleciotion, the Cpavica
end ds 1t2icle rivers beve decpencd tholr chemnnsls scross une-
consolidated glécinl mebtorial, The chennels aro twenty $o thire
‘ty foot deep in rost places, but whore the rivers cut through
coarger lacisl materiel, theas chonnela are not so doop, end
renids end waterfolle ere mmercus. lNoarly ell the rapids on

thae Opawica snd do 1tiigle rivers gre on coarse boulders,



Glnolsl Tonomranchle Ponfuroas

Looking at a gnzll scole nap of eﬁxbitibi;&:&éﬁt end Lobeorval
countioz, one la struck Ly the very pronounced linsstion of
ta';;agm;:}iic feeturvas. Thore 12 a naried m:rt:f;csst; Lrend of
rost of the ia.r,{:e lskeas. This trend 1s not indicated by ths
Iargé lskos in the nmep-aresa, slthourh th& non-rocky shores of
thace lskaez do ghow thig pronmruncad lineatlon. lost of ths
modiurt ond emeller size lakes show thils northosst trend, The
most strilking ploclal tonogpaphie fostures of the ares oro the
long northoast trending points on the north shore of lzlo
Caopsatina, |

relds from giving this p:*cm.;::unced lingaticn, tho gleclors
sloo contributod to flattening a surfsce tlhat wes slveady flab
bafore placletion. loot of tho pglaclel foetures of tho orea
are dopozlitionsl features snd they will be discusssd in thoe
sectlon on Cennzoic, |

Inhebitents, Climato snd Neascurcosn

Tho srea is uninhabitqd ssvo for ono indian famlily living
on the east ghore of Doda lske at t}:c reuth of thoe Qo 1tiiglo
rivor, During thé gurms monthé, the Cusbee Departmant of
Lands snd Forests oporatos threo obsorvatlon towers. Two men
gro stationod at tha' towers of Céopatina end furprico lakes.
The main cmp of this departmont in tho roglon is located at
tho z:mu’-.:h of the de l'ﬁigla rivor on tho owst shore of lako
Doda. Froa five Yo ten men inhebll this base cexyp during the
mummer nonths.

The clinmeto 1a rigorcous and tho surziers wrd short. %he



Tbreak wp" of the %ce oceurs in May snd the “froszo up™ in
Novembeor, snd the bost seeson to do £ield work is Lrom tho
first doys of Junu to the first doys of Cctobere Hight frosts
ere cormen in June und Septembor. _

Becguse of tho rigorous c¢limate, and tho lack_or good soil
or clays, thero ere prectically no egriculturesl possibilitics.
The Nuebec Department of Lands and Forests hos doveloped & gare
den on a =zendy wrea, ond has hsd sonwo success in growing potue
toos end othor vegeotablog., Wild Dlusberries end raspborrics
sro abundeant in gome perts of tho croc,.

The cres 1a thickly coversd by varicus cheractoristic trees,
Plock spruce 1s tho nopt stundant ¢reo and S’:‘;‘:w boautiful 5tandﬁ
cénsti’cuto large roserves for he pulp Industiry. Othor vericw
tios of conifers inoclude tho Jeckpine, tasercek, w‘aiia coder
end balsem fir. White birch end popler sro tho only Ceciduous
treos but thoy ere much loss corzion then tho conifora.

Falls on the de l'ifgle end COpawlca rivers conatitute a
potential gource of slectrical energy.

ri{gh sre sbundsnt 1n‘ai‘1_tha lakag; pike and plckerol ero
tho rwost cormon verictios. . Sturgoon and groy trout have been
causht occasionally. Drook trout have beon cuughit In some of
the emall croeks, ﬁut‘. thay are rare,.

fnong tho iarg;t;r ner sninals, £0050 &30 corzon, and black
boor raro. Eam?ér md ruskrat aré the rmost cormon miall fure

beering aninals.



GINEIRAL QEOLOGY

A1l the consolidated rocks of tho mope-sros sre of I'ree
cenbrian zro. The north and northwestern perts zro undoy-
lzin by an scoorblago of typleal Isowstin-type rockze Thoze
conglst roinly of altersd laves ranging from basclts to rhy-
oliteos with goedirenisry rocks, pyroclestics cnd intermodiste
to baslc fntrusives naking up the ronsindore “his coaplex
asscrdlepo hiss becn intonsely folded snd daformwd so thet
now the strata sre eithor stecply inclined or in a verticol
position end genorally striko easterlys Iuesr zonssg slsc
striko e¢asterly and are cormon in this northern half of the
srea snd many of them are ninerslized.

The south nd southoastern parts of the erea aro wnder-
lain by pnelssic granite, blotlle gnd hornblends parasnelsses,
hernblende gnsiss end erphibolits, Somse of thoso metmnmorphilc

ckg are rich in gernet , ere highly crystalline, and ros-
erible Grenville-typo rockae The perosnelssss cnd horndlende
enelss algo ponerzlly strilke esst; howovor, nocr the south-
sast cormer of tho nap-srea thoe formationa end tho schise-
tosity tend to assune s nerthencorthesst trend. This change
in the direction of the structure 1s rether greducl,. In the
gnelasic grenite, the gnelssosity is much loss regulsr, al-
though the essterly trend still seems to be the rule,

A fow dikes of diebeso, probebly of lete Precambrisn sge,
cut the gnelgelc grenits snd the Yeowatlun-{ypo rocks.

Very little prospocting was done in the part underlaein

by pnoicsca prior to the swmer of 1654 vhen uraniun was
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dlacovored in pognatites asssoclaetod with tho gnelssic grenito.

“ho Xeowatin-type rocks in the nopthern part of tho grea
aro located ut the pouthoastorn border of the Timiskeming
subprovince of the Canadian chield, and tho crystelline guols-
ses and grenite of the areas are st tho northwestern btoundary
of the Orenville aubprovinco. Thus, s segment of the postu-
lated boundery between the two subprovinces crosses the sros
diapgonally from the norihiesstern to thoe scuth centrsl pert.
Lithologic and structural evidonce indicates that tho motae
rmorphic hornblende snd biotite gnelsscs sre tho ristamorphosed
oquivalonts of thereawatin.lavaa end sodinmentsery rocks into
which they pess gredationally, Foulting forms only g ninor
part of the structural featuros.

Bxcopt for geattereod outerops, all tho Precandriun rocks
gre coverod by unconsolidstud glacial matorisl of Ploisptoceno
A 0

Tho mpjJor Uypes of rocks ero reprosonted in tho table

of formations (Tsble 1, p. 16).




Tasble 1

Teble of Formations

Cenozoic ' Pleistoceno clay, sand end gravel, till

Creat unconformity

- Lateo
Precerbrion | Kowoenawan (7) diabaso dikos
Intrmuelvo contact
Zorly or o ,
Lsto Cronville (?) fnolissic gronito, syonite,
Precarmbrien dlorite, pegsmatito, gplite
Intrusive contact
Crenville-tyns rocks
hornblendo gnaiaa
arphibollite
blotits ond/or hornblende
pararneizsos
(may be partily from source.
other than Keowstin-type rocks)
Zorly
Procarbrisan I'odifled Hoowatin~typo rocls

nica cehist

Lormmbloendoe schist
horiblonde-chlorite schist
oiphiboslite

Taowatin=-tyne yociss

sedimentaery rocis
gebbro~diorito nilla
bassalt, andeslte, rhyolite end

scmo pyrocleatic rocks

"rogressive rstarorghien
durinz Sranvills (?) orogenv

Keewstin(?)
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KEZIATIN (1)

Koswstin-type rocka undorlio a belt that tronds easte
vest across the northern half of the map;sraa. This belt is
edout thrse end a half miles wide at the esatérn boundsry and
1t atteins a width of elght milos st the wéstern boundery of
the areds l'eacursed from the weetern end of lglke Surprise
northwerd, the belt hee a maximum width of ebout ten miles,
Thé belt occuples more thsn one third of the mape-srea or about
225 aquere miles., It 1a the extenslon to the zouth end to
the west of the belts described by Holmes (1952), Lyall (1853)
end Gilbert (1652). |

The Keewatlin-type rocks consist essentlally of basic to
ecidic flows, small tmownts of pyroclestic ro¢ks, sedimentery
rocks, wnd intrusive sllls of netegabbro and metadlorite.
These rock units are nqt Intoerbeddoed at random but tend to be
crouped in sesveral characteristic sseocintionse Thus, the
iInterriodizte znd beslc leva flows are alweys intirmctely esso=-
cisted with £4lls of‘metagabbro end rictadiorites Thess sille,
on the othér hand, were never observed in contact with the
riore écidic flows. Rhyolites end trachytes form units that
can éasily be sepafated from tha endesites end baaalté. Pyro-
clastics such as volcenic broccia and sgglomerato'are assocl-
ated with the rhyolites snd trachytés. The sedimentary rocks
seem to have s more complex distfibution. Thej occur in thick
unita such as tho belt séuth of leke Cropatina snd tho one
north of lske Surprise, snd they also cccur In thinner umits

intinately associnted with the gndezites end besalts or with
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ocidic flows. Codimontsry rocks were never obscrved in cone
tact with the metegebbro end metadiorito.

All tho Keewntinetyne rocks heve undergone regional
retsrorshism end in riore deformed zones of the belt some heve
been sffectod by hydrothertal altsratlions As expocted, tho
acldic flows end the quartzo-foldspsthic sedirmonts have under-
fone legs chango than thse rocka of Interwdlcete to besic cone
neozltlion. Decouse of thia metaorphlsm, tho endosites end
Lasalts connot bo geperated ¢n the present cecle of nepping,
end thoy hzvo been grouped togethor on tke peologic mepe The
intrusive gills of gs’ebm-diorité haove buen diffcercentlisted
from the levas on the basis of toxture slons, but tho tepa-
ration 18 difficult in places, as a schisltosoc gebbro=diorite
may look vory much like s schistoso endesite or baeaalt,

indesiten snd Lesalts

Ocourraence

Tlows of endesitos snd basslts sre widely distributed in
the belt of Keewstinetype rockse Tho besat exposurses are cn
the shores of Windy lske cnd also on the hill caat of Lo Rock
lakos. It 48 A1fficult to reecoure tho thicknssses of individe
uzl flows becpuso z%gionai net}:m«.:whism hes oblitsrcted nemy
of tho contszct features that nicht heve been holpful in
goparoting ono flow from cnothare A continuous exposurs along
the east point of Windy leke g!.;.'oa somo cluo‘s as to the naturo
of these flows. The sequonce here from north to south, or

fron top to bottonm, is as follows:

v .tk bk M b e

S —
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andeclito, brecciatod 110 feot
rncoslite, schistoso 0 fLoot
endeslite, brscclated 120 foot
dloriteo, rosslve 15 foot
dlorite, spchistoso 25 foets
tndesite, schistose 25 feet
dlorito, nassivo 1L5 foot (lowsr €0 feot hus
disseningted sulphidesz)
andeglte, pillowsd <5 foot

Fron the exposures on the ghores of Windy lake 1t gppoers
that many of the individual flows ere from 25 %o 100 feet
thick,, This estimatod thickness rests cn very feeble ovie
dence, and sarto of the rlows might very woll fsll outsido this
renge., Dotallod mepplng in gh area northwest of lsko
Chibougenau (Graith, 1953, pe. 5) has chown that the individusl
lave flows hsve an pverage thicimess of ten to twenty feot
but thet zoms of then may Lo co much g2 & hundrad feot thick.
L113ipsoidal structuros sro tho most strllking primary fostures
of the intormedlats Lypos of lava, and vepicular cnd auysde=
loldal structurss ars raroes Flow structure was nover obeor-
vod in the field, end colurmar jointing 1s cdbsont, slthouch
basnltlic flows are generslly well Jointed (Pl, V-i)e.

Elldpsoidal structures are beat doveloped in ths sndew
sitos end, on ¥Windy lake, about half of the loss deformod
flows heve pillowed structures, The 1nd1vidﬁal oillous
(°l. II-s) sre generelly sbout ono foot long, slthouch neny
of them may rmessure as rmuch as five or six feots, The ollip-
solds ero scparaeteod by layors of darkor riaterial one half to
ono snd ong half Inches thicks. This noterlsl weathers nore
aeslly then the plllows thenmgelves and acconbuates the struce

ture, ("le IXI-D)s Two of tho naln typos of‘pllldwa degcribed
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by shrock (1948, p.séh) sre corrionly oboerved: ths balloon
type, which 1s the nost common, and the loaf-shapoad pillows.
Thece two typesz, howover, are not elweys oszily separoted

znd thoy grado into cach other. Ilany ;illéwa have beocn
doeformed ond strotched durlng the periods of doformstlon but
socme of thoe less deforrmed belloon-type aro useful in deter-
mining the tops of the flows. A few of the plllows sre chare
scterized by vosiculer structures noer their mergins and some
of the vesicles hasvo been filled vwith calcite.

Potropraphy

The sndesites and berelte sre fine-grolined, greonicsh
cray (SGYh/l)1 to dsrk gray (}3), end are generslly grouped

1. Oymbols are those of the Rock Color Chert diatributod by
tho Nationsl Resesrch Council.,

undar the goneral f1old tom of "preenstone™. Tho rock is
8liphtly schiistose in some pleces ond hiphly sehlztose in
othera,

Wiecroscoplce examination of tho loss schistose scndesite
end begalt shows thet the rock hsez a homogencous texturo con=-
sisting of & mass of secondary minarales. lost of théme nine
erals sre fibrous end hsve rendcm febric orioentetion =o ss
to glve tho sections s charscteriatic interwoven texturs,

In come of the mections, the criginal)l ophitic or sub-ophitic
texturs csn still be observed. Tho grein size is 0.01 m and
the individunl greins, whethor they are snhedral or fibrous,
leck sherp bounderies snd sewn to grede into esch other,
Tnder crozsed nicols, tho sections sre gray to very dazk cray,

g8 nearly sll the ninersls have low birofringcence. Velnlets
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of quartz, calcite, opldote end a few sulphidos cttect to the
awount of introduced neterial. MNany of the veinlets aro
rileroacopic in slzo and cemot bo ceen &n the hond speclinons,
The eszentlsl minersl constituents of theceo lavas are color-
less emphliboles, plsagloclase, epldote, chlorite snd ninor
quertz, and the accessorlies include btiotite, mzpnetite, pyrite
and aphena,

Colorleas amphiboles, 'moatly of the sctinolite variety,
ocour as fibrous or fetbhory grolna thet hoave a characteristic
wavy oxtinotion. The mineral has grown in a porphyroblestic
form but . there is no relict prinery ninercl to show whether
the actinolito i1z szocondary oflter a pyrozone, &n wphlbole,
or soria other nineral or nmineral epgregete. Actinollte tends
to form proinz that aro slipghtly lerger thsn the othor miner-
als., The leng nsedlo-like gralins give an oxtinctlon angle
ZAc of 10 degroes in sone sccticns but as ruch as 17 degrecs
in others., Thoe fibrous mineral s length-alow, and has rathor
weaak birefringence ranging wp to about 0,01. In some scctions,
the ermphibole is slipghtly pleochroic, from light greon to
nesrly colorless snd 15 belfoved to be tremoliteo.

Some ouhodral laths that ray be s much as 0.5 rm long
ara completely asussuriticzed plesgiloclase and ths compositlon
of tho original pleglioclsse cennot be deteruined., Other
graller pgrains of feldsper aro clear and enhodrel snd hesve a
nocativo rellof sgainst Cenada balsan. This clear plegloclace
18 twimnod in o lew scctions cnd has a cormposition of Anlo.

It &3 bolloved to beo socoundary albits resulting from the




alterction of a more calelc plezioclsaso.

The two varietlos of epidots, numely pistacito (iron
6pldoto) ond clinozolsits (iron-free epilidots) constitute the
next most corrron minerelz wnd, in somo seotions, ney account
for thirty porcont of the rock. The microscople oxenination
of the sndesltos and bsselts sffords a very pood 1llustratiocn
of the preat cesc with which epidoto movos or rencts to robta-
norphile condltions. In sae of thas sestiens, c¢linozoisite is
found purrowmded by agpregstes of ssussurite greins. The
clino:zolaite gralns are colorlecs, bilaxilel positivo, snd have
a 2V ol sbout B0 degress. Ipldote prows in e porphyroblastic
mannor gt the expense of cloudy greine of sgussuritits end
clear olinozolsite., The iron concantrstos in the cemtors of
these porphyroblests end gives ths preins e slight yellowish
pleochrolan end first order yellow to red interforonce colors,
vhersgas the borders glve wncualous greyish blue intorfercnce
colors typicel of elinozolislite. The Lorders of the porphy-
vublastsa still ;bou agoresate structwe but the centors do
not, Tho iren opllote 31s blaxisl negative, has a 2V of sbout
80 depruvos end has negetive elongation. lost of tho epildoto
19 deliniteoly secondary aud probably forted roro or lossg
directly from the alteration of plegloclace; however, some
Frains sro sseoclated with quurtz, calcite cnd sulplildos in
voinlets and may have beon introduced.,

Chlorite occura gs small fleloa that ere slightly plco-
chrole frem colorless to very light green, and hovo vory wesk

birefringence snd characterlstlice wavy extinction. Greonish
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brown and purplish gray sro tho most cormon intorforenco cole
ors but mncuslous berlin blue 1s occasionslly obsorved. oot
of the chlorite appoars to be of the clinochlore variety
although penninite snd prochlorite may slso be present. lMost
chlorite 18 secondary after hornblends.

Guartz 1s rere in the meta~andesites and mote~basslts,
¢nd was observed in only one of the sections, although 4%
maey be common in the cphesnitic groundmess. Tho grains are
¢loar and enhedral and ere very likely secondary.

fnhedral sphene, euhodral pyrite ond some gecondary L{ron
oxide, probsbly limsonite, sro tho gccomsories.

Mirwrel Agsenblseo and Motanorphic Yaclea

“hie poroocntonos of tho verious minersl congtituents in

thoe andosites ond bssalts oro hipghly vaerleblo as indlcatod

below: y
) actinolita-tromolite 2000
sopussurite and epidote Sali5
chlorite 0~35
alblite 0«30
calcite 0-10
biotite _ N 0-10
stimatad minsral ccnuoaitiona of fourtesn sections
ivo the following avoerszgo. .
cotinolite-trerolite 50
opldote mnd clinoczolsite 15
saussuritae 10
chlorite 10
albito

accogsesordes: sphens, calcita blotite
quartz, magnetiie, pyrite

This essonblegoe indicetos that theso rocks bolong in the
blotite~chlorito subfacles of the groonschist rseias for rocks
deficiont in potash and with excess silica ( ”urqar &nd



Varhooger, 1951, pe LE6-169),

Ilatearobbro ond Metudlorite

Cosurrancs

Wildoly dlstributed throughout tho intuimedieto and besio
loves snd intinstoly cssoclated with thom are sills and lenceoe
1ike bodlos of slisred gsbbro and diorite that, wharever obe
seorved, are ccnformable with the flows. Theso rocks wore noe-
whero seen in contact with thoe sedimenta or the rhyolites.

The largest single unit 1a sdboud 1500 feet wido end rore then
tvo miles long and 1g exposged slong the central pert of Windy
lelkos Yost of the Intrusive sills, howover, s£ro of puch =malle
er sizs send thelr width generally veries from 10 to 100 foot.
Thoy &ro thus too mall to be Indicated on the accorpenying
nape By using difforent symbols, an sltempt was made %o sop-
arate tho intrusive 21llz from the flows, although, as none
ticned previcusly, a schistose pabbro-dlorite rock cennot in
somo placos be differcntisated from a schilstoso andosito,

Potrorrachy

The gabbme&iorita rock 1s more cormonly massive thgn
schiatose, and has a greenish gray to dark gray color, which
18 very siniler to that of the iIntormsdiato and besic lavss.
Theoy are altered to a lerrely secondery minorel assenblego
end may be groupod with the andosites end basalts undsr the
torm "groenstono™., The masslve rock has a distinct granular
toxture and is fine- to modiwme-grainsed, In most of tho 56c-
tiens oxomined, ramaents of dlebapic or subedisbuzslc texture

ero presorveds Although this texture cen still be recognized,
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1t 12 now cubordinste to & new erystalloblostic texture. Tho
latter 1s cheractorlzed by large festhery hornblende porphy-
roblests, 1 to L mm in dlemeter, sot in z mass of chlorito,
plegloclese end epldote., The plsgloclass 15 highly aslterced
and forns lath-ghapod crystals that szro generally half o rm
long but thsat ney be es long as 3 rm, In some sections, the
new crystalloblastic fekric has obliterastod ell tracos of
primary toxturs ond 18 becomes irposasidle to estinmate wlunt
percontcoo of the gebbro-diorite rock originally had o dla-
begslc toxture, It would probebly be reasoneblo to essumo that
didbnsic texture was genersl in tho unalteored roock.

In s soctlions, pyroxene has not boon carplotely ro-
placoed but uralitization has procoeded far enouch to provent
the detoerminction of the composzlition of the oripinsl minerel.
The wralitlization of tho pyroxene end tho sguasuritizstion
of the plagloclase give the sectlions s very cloudy spposrance,
Tho thin sections show that the minsrelogy 1z quite siriler
to that of the extrusive andesites cnd baselts. The minercls
ere nearly all secondary, &nd consist of colorlecs to grocn
sriphiboles, ssussuritizaed and eclesr plagloclase, epldote and
ninor emcuntsa of chilorits, megrotite, wnd ilmenite, Tho
accessories include sphane, bilotlteo, calciteo, pyrite wnd
leucoxeno,

“ho enphibole occurs as large snhedrel grains thst are

eithor green or colorless,. leny of the gralns sro partly

greon cnd partly colorless with tho green color cormonly cencene

trated nesr the edges of the grainas. %he smphibolo 1a clearly




socoidsTy allor pyroxene, but 4t fo dif2icult to dotorzine

what verietios of aphibole end of pyroxene mro precent.
“he opticel propertles of the green waphibols graﬁw L4re £3
follouss

ploochreic formula @ zepreecn

y:groen

5acs20 dogreos n=very Licht grosn

{(~) 2v-E0 dagrazs

sbsorption z>y>=

Thase properties snd the comon o'ccurrenca of colorloss
srphibole indicete that the most corwwn arphibole 1z in ths
tremolito~octinolite rengio. However, scmo gections contain
rnuch darksr riphibols 1dentified eag hornblonde. %hie Lact
that pgroen und‘ grocnish wphiboles gre pregont in the intrue
sive sills snd noerly ebsont &n tho lavaes sugposte that tho |
Sebbro=diorite nmoy havo beon rore iroen-rich thon tholr oxtrue
cive equivalents or thst thoy hevo beon differently altoered.
“hoe first hypothesis 1s rore prodbeble,

The plagloclzse greing are found gz ouhedral letheshoped
crystels that erc highly esuscuritized, The corposition of
the ploglocluze 1a thebt of an slbite or sodic oligooleao
(Anjg to 4Anig) which 48 gecondery efter g more csleic plarloe
clese, Tho alterstion has not destroyed the original shepe
of tho crystsls, and in many grainsg concentration of epldote
hes been guch es to eccontuata the goned structure,

Fisteolto, clinozolsiteo end seussurdite havoe tho sine
oceurrencos o8 thoso obsgerved in the lsves, and cormonly
formoed zonod porphyroblesise

Chlorite occcurs nag colorloss to rreonish flekes or

g e wme




ckreds that liave & charscteristic wavy extinotion. The proe
portion of chlorite given below 1s lowor then that givcn for
the lavas elnply because gnly the maszsive varlety of zabiro
waz used fer thin pection etudlaes, The shliztose £ibbro=
diorito rock 1 rich in chlorlte.
| ho sccogzory spione 18 found either ez woll crystallized
dlemond-ahaped erystels or ss pnhodrul graing formdng at the
xpenss of 1lmanite ond locelly encircling 1t complotolye.

Hinsrel Ageenmblere end lolasporphlc  Facloa

Colum I below ghwows that the mineprals in thie alteroed
cobbro=-dlorite vary betwesn wlda 1limits, ead that the ninoral
pssunmblege i1a neerly tho gseme as that zivon for the lavas,

Coluwm XI siveas en gversgo of twenty estimatzd minersl conmpe-

ositionsa,

I Iz
rrrohibolo 2075 s2
plagisclass (An10-13) trace-LO 19
enldota & saussurite 0=l;S 12
chlorito C=15 &
querts 0=35 I
blotite - Owll bR
nymetito-1lnenits 0=5 1
accessories aphene

pyrite
calzlto

Thaso sltered gsbbro-diorits rocks epposr to be trenge
1tionel botween the greenschist send the alblte-spldote smphi-
volite facles {Turnor snd Verhoogen, 1651, p. LGO=L469), the
schistose verioty of gebbro-diorite belonging te the first
focles snd the nmsssive one to the second fecles, The preg-

ervation of originel texture 4n the massive Intrusive ghows
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that the rocka have not pagesed through a lilghor grodo of neta-
nogphiimy than thoe slbile~opldots srphilboelite facloes,

Tlecinz the massive gobbro=Adloriteo rock 4in the albitew
enidots armhibolite fucles end the surrounding aschistose cndow-
sites cnd besalts in tho grecnschist feclos secnis to Lo cone
trodictorye Illowover, the contrsdiction is not & vory sericus
one when one considers thet the two facfoes sro transitional
gnd cannot elwoys Yo ovaslly separated, It L8 therefore very
likely thet the Intimately sgsociated sills end flows were
regionény netgmorphosed undsy tha goro progsure and tammore
é.ture condltionse The most 1llkoly oxplanation thet cn be
sdvenced to enswer tho problem seens to bo thot, curing roeglone
al nmoebtamorphisn, the s11ls sctod as rezistant puttz'ossos, end
the intrusive rocks romaolnoed massive vheress the flowd gave
woy woro cwslly end the rocks bocuss schlstoso. Under tho
seme conditlona of terperasturo wnd prossure, thoe leves be-
come sltered to chlorite schilst and the intrusive sills changed
into srmphibolites, thus giving risze respectively to the greene
schist and thoe srphibolite facles.

It 1a slso e woll known fact thet rocks of a certein
metsmorphlic facles have not necessarily pessed throuh all tho
lower facies of metamorphimn, asnd It cooms that tho sills of
g&bbm;diorite here conatitute zn oxezple of this phenonenon.

fthyolites end Trachvtos

Qocurrence

Niyolites end trachytes undsrlle ebout ton sguare nilcs

1n tho vicinity orf lomick lakee Loroc, the rocks are



concentreted In eh ovel-sghaped nass thot 18 1n contect with
sodinentsary rocks on the ¢sstern side and Yordsred Ly sndoe
sltes on ull other sldese Acidle flows ere Jound nosy, tho
wostern subore of ¥Windy loke, closs o tho norshora boundsiy
of tho mep-cres whepe they Jorm o bold threo nilles leng and
levs then oae rile widos Thoe exposures ol Windy lake wro on
the extension of a northecst Lreadlng LelL neppud by Lyall
(1553, Pe L=5)e Other wore isolated oxposurss are found about
threoa miles northoeuat of Doda leke snd gboubl hall a milo eaat
of laiks Dernerd. All those exposures arv coaceuntrsted in ths
northern pert of tho belt underlain by Keaewstineiypo rocks,.
Another outcrop of scidic lave is found in the southiern part
of the Koewstin beolt whers 1t le inthietoly sssoclaled wilh
chlorite and hornblendo schistse This outcrop is loceled
sbout two miles woabl of the southorn ond «f Dus Cloudss leko.

Patyorranhy

In contraat with the endesiter end Lusalts, Lo rbyolites
end trachytes cre lighlecolored; scwe specluins gro cither
izt gray (W7) orv gieenlch gray {SC¥L/1) to Mpal greonish
crey (S0Y0/1), whorees others nro light bluish grey (557/1).
The rock cormwonly wesbthers & chayascterlstlc vory 1ight gray
(:18), and the weathersed surface 1s helpful in distingulshing
tho gcidic lsvss Irom the endesites end basalts. Aghly
sheered rhyolits s woll oxposad et tho fells on the Opawlcae
river about @ rille sast of Dods leko, Hore, the rock 1s pinke
1sh grey (SUn8/1) end very achlstose with much creunulation

end develoyment of telc. Subangular grelua ol quartcs can
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8t11)1 bo obrorved. In most places however, the rock is nas-
sive, hard to breglt under tho hermor and 1s rosictont to
woathering. The oxposuros northerat of tiindy lsle chov nuch
brecclaotion, ond 1t s pogsible thot, during tho poricds of
deformaticn, ruch of tho brecciztion forried in tho ecidlc
lgvoe whoreen schictosity doveloped in tho intormodiate cnd
bacic lavan, Part of the breceietion noy elro o tho rosult
ol tha cooling history of tho flow, but Lt 15 not pocsidble

to cotinato how nuch of the Lrecclistlon in the rhyolites 1s
prinary ond how rmich 1g duo Lo pubgequend deformotion. Tho
cloge azsocistlon of tho rhiwyolltos nnd trochytes with apglornie
erato and volcenic breccelis moy Lo en findlcstion of Lhie oxplo-
sive nanture of these acidic lava flows.

Thder tho microscopo, rost scotlions show a ceteclestle
texture snd a slight schistose structure that 1s not ceen in
the hand spocimens. lMany sectlons show porphyritic toxture,
Tho rhenocryats sre unhedrsl rreins of quartz or subledral
grains of plagloclagse that mey o os puech as 7 m long but
gro gonerally 1 or 2 rm. Theseo plegloclese end quartz phono-
oryats noy pecount for az ruich ez 70 percont of tho vociz,

The proundnass counazlsts of very snall (0.01 to 0,05 rn) anhve
dral and oquigranular greins of quartz and foldspare I non-
porphyritic varietios of ncldlc flows, there zocemz to be two
preforred grain sizes, 0.05 rm and 0,5 to 1 rme o litho- |
phyase were seen, but in ons of the thin scctions, fLlow
structure wos obgerved., Primary gquartz end pleploclese

graeins are nearly sll elongated persllel to the structure,
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vherens the secondsry needles of soricite have a randon
orfontetion,

Aside from quertz snd plsgloclase, which sre the nain
rock forrdng rzinoerels, nlinor trounty of sorlcito, opliote end
chlorits sre cboorvode Tho rhiyolitss do not conisin potash
faldsopor and ard sodn rhyvolites,

Tho plagloclase phivnocrysts ers olthor clesr or very
slightly altered, snd have ¢ rmodorate negative rellefl epeinst
Cenada balgai, 7Thoy ghow albite twinning end havo thoe cone
positicn of albita or oligocless (Any to Anyp).

Cuartz 1s found &8 cloar snhedrsl greing that ero cone
nonly sugon~like in formis Thia form 1s Lolloved Lo represent
formayr quarts fregrwnts or phanocrysts that were .cm:ahod AUl
inz the periods of deformation. In ono of tho pactlions, quuxrt:z
conatitutes only fivo percent of tho nminersls snd the rock
riight then bo clossified zs a trachyte. The plsgloclaze of
that socticn sccoumts for sovenly porcent of the rock, md
13 a sodic oliroclaso (An1y)e.

The eccossory mnixerals found in tho rhyolitos wnd troe
chytes include hornmbdlends, Liotite, nmaghotite, 1lnenlte,
pyrite, lironite, sphense, schorllite, calclto and epatito,

¥inernl Assenblare and letimorphic Facies

The niineral camposition of throo representatlive spoce
imena of sclidic lave asre glvon below. Column I reprosonts a
leva of trachytic composition, snd coluwms IXI and III give
the nmineral contents of rhyolites, ’
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I II III
% o A
plsgloolese 70 o5 60
quartz 5 55 15
zarlcite 10 10 -
epidota 15, - 10
cilorite RCOT 260, 10
blotite - : 10 g
hornblenda - - 10
accesrorics - pyrite sphone
lirienite pyrits
nzpnoetito
Yironlity
Composition of
plogioclase 11 AN10 Anio

1 Acce 18 the sbbroviation used for mccossorye.

| A8 shown by thswve ssserblepos of minerals, the acldic
flowa belong to tho chlorlite-muscovits subfacles of the
mresngchist facles (Turner end Verhoogen, 1951, p. L6G=4T72).
fheso rocks resresent a product of the lowest grads of re-
gional motemorphisa of qusrizo~faldspathlic rocks wilh excoess
81lica snd corpleto lack of CO2.

Pyroclastice

Matribution and Geavrroncs

A fovi moattered exposures of tulf, spglonerate, and
voleania breccls are found here wnd there intoerstratified
with the lgva flows. &in outcrop of tuff $a well expossd on &
gmall 1sland 4n ths central pzrt of ¥indy lake about 2000 fuet
frors the south shore., Tho band of tuffl herc 1a about two feet
wide and cocurs batween pillowed endesits snd a gabbro-dior-

1teo 5111, Exposurces of bdlack weathering sgolomorate sre found
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close to shiore tho Drulllettes-llazeur townchip lino nmoots thé
northern boundsry of tho ngp-srea. ﬁg)glémarato eleo crops
out at tho tip of tho long point extending from the east
shore of YWindy leke. Ilore, a band of about 100 feol wido 1ism
bounded on tho north by sckistose baselt and on the south Ly
plllowed endecite. 4 third exposure of egoglcomerste iz found
near rile post VIII 2 ntile and s helf northweat of Remlck
‘1zke., Volceanio breccio 18 expogsed sbout a mile snd a halfl
west of Nemick leke.

Patrorronhy

The tuffs aro fine-grainsd rocks, schistose, wnd they
bregk into slsbs parsllel to the bedding. Thoy sro rodium
licght gray (I6) to dark gray (23) with s fow yollowish gray
bods (5Y8/1). Tho tuffs arc finely leminated indicatling that
thoy wore wetorleid. A thin section from the Windy lelo expo-
sure chows that the grain size varies from 0.05 to 0.2 mm,
end that the msin rock-forming minerals arse sericlte (507),
plaglioclase (3X07), quartz (2057) snd socessory pyrite and
spheno,

The sectlion shows a characteristic loyered stiructure
with lpyers mnade of coasrsar-grained snhedral plazloclane (inyo)
and @ 11ttle szericite glternating with layers conslsting of
vory small sericite flskes end minor small qusriz grelns.
Spilgonetic cubes of pyrite have grown across the schistoaslty.

The agglomersto exposed at the northorn boundary of the
nap-area consists of foldszpethic frggments from ono fourth

of en inch to four inches in length that havo beon stretched



perallel to the caste-west schistosity. Thio Lricnments ero sot
In o dark gray Crowndmzzs that 1s probably tho equivalont of
& baslic tuff. Vo bedding was sceen in these rocku. Noor
Remick lske, the frarments are enbodded &in & light groenish
grey rmatrix and make up SO percent of the rocke.

The metrix of the volcanlic broccla oxposed nesr Remick
leke looks vory much like a rhyolite end contalns omall ange
uler grains of quertz end feldspar. Tho fragrients which noke
up 65 porcent of the rock nre eithor vhiter thin the natrix
or dork fray to blackse Tho whito Lfripgmonts ers subengulss,
the bleck ones ansular with gherp outlineas, Ono of tho bleck
frocronts 1o obaldiene 7Tho ojoctod Llocks aversge three
'1nches in dimwter with como W te six inches, and they chow
no doefinite orlontation. Thoe derk fropments wostlior nore
ecslly than tho natrix, leeving somo depresalons on tho sure
faco of the roci, wherops the whito oneg are more reslcetsnt
snid form small raised arcsse.

fedimentary Nockse

Qccurrance

™wo geparate belts in the cenirel perts of the area ureo
‘undarlaln by sodinentory rockass Doth of theso belts trond
8lichtly socuth of cast and eltornate with the Londs of vole
cenlcs elready doscribed. The morthern zono 1o wboul eloven
rilog leng, loss then & milo wilde at 1tz vostorn boundary
nasr the ocstorn shora of Romick 1laito, ond broedona oastward
to & width of thres gnd m holf riles at Cropetina lske. The

gouthern bend 48 moro constint in breesdth being wbout two and
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a hslf rdllers wido over its covon ridlo lorngth. The bend
stretchoa fronm the nortihesst shore of Surpplre lske westward
to & point sbout two nlles northesst of loke Jey, Doth eof
thezo belta nees transitionslly esstverd into biotito psrae-
rmelzs, Qther smell sxposures of sedimentszry rocis are found
aszocleted with the laves, particulerly on the :lwres of the
central pert of Doda lake end =boubt two miloo esgt of llo Rocl:
leko, Theso exposures crnnotl be shiown sepirately on tle
acecorpanying map. The boegt outerors of sedinmentary rocks cen
Lo obzerved on tho south shoro of Ceropating lalke and neer the
survoy lino two miloa southwest of Windy leke.

o radirents on the norilr shore of Surpriso lolo hove
undorgone graatér mﬂtumﬁrphimm thiznn thoso of Caopatina laoko.
Cnly tho highor grede motsmerphoced equlvalsnts of this
groun are found esst of lake Ceopatline,

rPetrorranhy

Tho sediroents consist lerpely of @ well bedded assem-
blsge of repulerly clternating light colored foldspsthic
rocks und derk slztos (Pl., IV.A). Thoe Individusl leyors sro
from one to seven inchos thick. Differentisl westhiering lhics
sccentuatod the badding even wre, with reslistant quartso-
feldepathie laysrs e rmich ag five inches hipghoer then tho
gdfacent softer nlutes.

™o rockt of the quertzo-feldrpathlc beds o genorelly
nassive, very fine-grsined, aend sirmiler in hend spociren o
the scidle leveoe. The slely layers pre well lmminsted end

fissile, end the rock s flne-grsinced. Tho color veries fron



modiwm lipht gray (N6) in the quertzo-foldespathlc layors to
proyich black (H2) 4n tho slaty lavers. lost specimons are
rediun gray (Ii5) but soms havoe & brountsh grey color (57h5/1).
Tha scdinentary rocks lsck tho preenlch color zo cherascteristic
of the sltered andesites and bLagsalts,.

oross-bodding L1a notlcesbly gbeent end prain grodaetion
could vo ucad in only two plecos to detormine tho topa of
beda, Locally dlssominetod pyrite nay be cbundant end, by
gltoring to limonite, it gplivesn o plttcd wosthered curfece.
South of 1sio <aopsting, a few narrow baunds ol marmetlitewprich
gsodimanty wore found 1oteratretified with tlo quorizo-folds-
pathlc and slaty beds,

Conglomeraie ic woll exposod on sowo of i 1lslands in
the southern parts of Caopatinag lake., The gr;undmass 12 £ino-
prainod end veries fron e light gray foldegpathic rock to a
derker hormblende-rich rock. The pobbles gonerally reke up
sbout one quarter of tho rock but in one exposure they sccount
for alxty porcent, losgt of thes sre from one to two Inchos
long but scrm ere a3 mich na six inches long and three incdhos
wide. Somo of tho pobbles sro foldumm thice, othors sre rich
In emphiboles, 7This conglomorste occurs clong o zons of
ghosring (fl. IV.D), end many of 1Us oriyinal charscterlstics
have been chblitorsted. The pebblos heve been sirotched and
are now elongrted perellol to the zchistoslity. In places,
the boundaries between the fraeprmonte snd the groundmansa greo
not gharp. No evidunca of beddin: wes seen In iy of tho

oxpopures. TI'ron the number of cutcrops obssrvod, 1t appeunrs



that conglomerate and othoer cosrse greined rocks form only a
mmeall percentege of the zedlmentsry aessoxblaga,.

ot soctlona oxsmlned undor the nicroscopd show colipe
ositional levoring and the bedaAvary from 041 roa wwerds,

Tho texture 1g slightly echlstose, snd the schistosity, ule
thouwch genarall? perallel to the bedding, may form engles up
to 28 deoroes with the beds. Individusl greins sro arhwedral,
syulgrenulear, less thuin 0,05 r; in dlametor, nd segreguteo to
formt bends of different composlition, Thus, sone benda cre
compoeed entirely of sericite (S0 %), gquertz (L07), and some
epldote (107), others consiat of quartz (757) and soricite (25
). In darker layers, the epldote (plstacite ond clinozolzite)
incroases to 30 percent, Aslde from the essoentisl minersls
quartz, feldspar, serlcite, opldote snd chlorite, the rock
alzo conteins blotite, hornblende, megnotito, pyrite, calclte,
cphene end schorliito es gccaa&ories.'

Thoe plerioclass occurs eg gmell clear wnhodral grains
usually wntuinned, and has,indicés of rofraction closo to
those of quortz ocnd it is diffficult to estlimato tho rolotive
convant ef the two rinersls.

Mneral fAsscrbleacro ﬁnd'ﬂatshonphic Pacles

The nminernl bont&nta of three typlcrl soctions ere given

bolow and they indicato that osch minersl varlos botweon wldo
linits,.
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I Iz I
gquoris snd ‘
foldaper 50 15 33
saoricite L0 15 39
oepidote 10 60 30
Lornblende - 10 -
chlo rito - - S
accessories schorlite - syhena

Accossorlea in other gections include blotito, pyrito,
snd calcito,

Thesze sodirmonts have all boen motomorphosed to z slipght
degreo end bolong to tho groenschist facles (Turnoer snd
Verhoogen, 1651, pe L05«473) chersctorlized Ly abundznt mica
ol the ghzonce of parmmots The rocks are eguivelont to the
mu:;covita;clxlorita subfacles for quartzoe-foldspethic rocks
with oxcess silllcee aend deficlent potashe. The rocks darlved
from pelitic sediments contain rore epidote,

Doeposition of the Sodiments

The badded and lzrminated gtructures of tho scdimentery
rocks indicszte thst depcaltion tock place in bodlea of water,
The cccurrence snd nature of thess gedimenta glvo 1itilo clue
a3 to the neture end slze of the bodlos of water. One rmst
not concluda thsat & lens of sedirentary rocks two miles long
and one nile wide wes depoclited in a basin of thut sizo.

This conclusion could only be accepted in en unde formed terw
rain whero orosion has not teken place. [Horo, orosion has
necosserily boeon vory great and defomaotion has been Intengs,
Tho prosent nassoz of sodiroents therefore roprosent only rorie
nants of a sodimentory covor of nmuch wider extunt then whet

is now gecn in tho fleld., It 1s quite probeble that waler
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covered the area corpletely or neerly completoly at one or
rore perlods in Precambrien tire,

The composlitlon of the sgediments 1s qguito sintlsr to
that of the volcenlecs from which thoy wore probably derived,
ven aftor somwg roecrystallicetlon bins telon place, 2ll grains
of tho thin zcetionsg exgmined vary froz medlum si1lt to fino
311t to rrodins of clay slze, Althoush cosrsor vodincents of
send end peblle slzo zro seen, thoy sre ruch loss sbundond
then tho {iner paorticles. The sediments, therafore, ropresent
for the mogt part, very fire products of wogthording, Sho
rrein size, the very rorulsr bedding end thoe loack of crogse
bedding Indicate that accumulation took plsce under quiot-
watar cenditlonsz snd in ghellow besins, A gpeclmen of black
slate collocted on the zhoros of ¥indy leko probably hep a
hirh carbon content, Tho spocimen tncludes meny sanll dise
ssmlngted nodules of pryrite sbout cno elrhtih of on inch acroso,
Tho modo of ocourrenco 6f this 4ron sulphido surrests a prive
ary origin, depesition under foul botion conditions, wnd the
vopoibility of tho existoncs of organle 1ils in ¢srly Pre-

carbricn tine,



SCHS 0P TRANSITICH

Tho Xauewabln-typo sodimentcry roclig psgs gradationslly
sastwsrd into blotite und hornblende parsgnelsses, end tho
endaesiten end benelis grade eastword into hornblends grnoissos,
A zcone of transition, within which thils gredatlionsal chango
takes place, le showi on the accorpanyling mape. This 18 a
riore sccurate representatlicn of the geology than an eltompt
to £ix en erbitrary line of divislon Letwooen the Xoowatine
type and the CGrenville-typse rocks. 7The transiticon ons COCUm
pics an ocat-wost trenzii:ig belt that extends Llrom tixia gastern
bouwidary of tho azrca ono nwlle south of lieston laie to the
scuthern shore of Cgopating lsiko, South of thls lake, the
belt ssmmos a southwest-northeasst trond, and reachss tho
northsmm Louwidary of tho granitlc stock of Swrprleo lela.
Nocks charecteristic of thie group also gppoar south of Des
Cleudes lake whore hornblende schist, hornblende gnelss end
eriphitolita are intinatoly sssociszteds Although tho Ploisto-
ceno cover prevents the precisoc dolimitetlon of the zono of
trensition, 1t socems to chanpe in a regulsar wsy from ¢bout ono
rile wide at the eastorn boundary of the mape-zroa to two mlles
wide south of Csopstina lske. Aithough rocks balomging to
this rroup ere found east end southssgt of SJurprise lake, it
is vory difficult to dolinit the zone In this erce, nalnly
baecoure of the lerce intrusion of granitic rockae OCther oxe
pooures of schipts eore found outsido tho limits of the rome,
but thoy are riinor and connet be showm on tho asccompenyling

rspe 7Tho rocks of the zone of transition show the edvent of
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e rore advinced grade of returorphisn of the laves snd sode
Imontery rocks, end since no sharp boundaries oxtst totuceon
the verious faclos, the grodationzl contocts indicated on tho
nap ere orbitrary end rathor subjectivo,

“ho rac}m Lelonging to this growpy ere hiphly divorsifiled;
they Include aaphitbolitos ond maphibolito schists, horablends
schists, homblondoe-chlorite schists ond mlce schistas, fho
erphibolites pnd cmphibolite achists sppear to bo dorived from
a coarse greinod intrusive rock whoso original choracteoristics
and canposition are extmnoly'pmblematical. Tho lorblende
schists are derived from intermoedicte to baeic laves, the
hornblende~chlorite schists ere the myttmfp‘nowd equivalents
of both the lava flows end tho sodimentory rocks, end tho

mica schists ore motamorphoged sodimontery rockse

rreohdbolite oand friohdbollite Schist

Oseurrenco

All tho rocks doscerlbed undor thig heedin: are Lfound in
thio gzons of transition southeszt of lako Cropatinae Thoy form
a roctengular nmago measuring sbout five nlles leng ead one and
a half miloa wido. 7ho Lest oxposures can be cbserved halfl o
ri1le north of lske d'tu, on both shores of the Cpawlce rilver,
end onn the zouth shoro cf tho eoatern pert of Ceopating lekos
Potrocraphy |

The a~phibolite 2z a derk grey to dblaclk, heavy, and
medimQ to conrso-gralined rocle It £5 oither maselve or

slightly schistose mnd lacks bendod struolurc, IJone zonez of

shoering sre found in thoe roclk; thoy are generally narrow,
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verying from six Inches $o four feot Iin width end they wll
strive in sn easst-wost dlroction, thus sarelloling theo chosr
zones obgerved in tho Xoewstlin-type rocits. The surfoco of
the rock 1s rourh wilth hornblonde crystsls cne half to threo
quartors of on inch Iin dieroter otendling cut in strong relief
on tho westhored surloco, The rocl: iz very hard cnd Lrechke
in shsrn odpged irropulsr bloclia
Cnder the nicroscore, thoe crphibollito Lo egcon to conaicet
of secondary ermphiboleo (60-007%), minor qusertz (103), opidote
(¢S), chlorite (5%), and sccessory plepioclses, caleito, bLio-
tite, marmetita and svhene. The smphibole occurs #s snhodral
prains 2 to 6 rm in digmeter end they either form a rozsic
with 8 pgranular texture typlcal of deep-sosted intruszives or
they fornm porphyroblasts set in s vury fine-preinod grano-
bleatic groundmase, In tho schilstoco verdety of auphibolitoe,
he emphlibolo porphyreblests sre elongated subperallel to the
strucsturo,and 211 tho rdnersls of the groundzsss oxcept
gquartsz, oo elonguated in tho direction of thoe structure,.
In nmany soctiong, tho srxphibole 1s hornblende, which
surs as lerga ferthory or fibrous porphyroblests thet leck
eny sherp boundaries. It has the following propertics:

Ploochroic forrmle: ZEpreen
Y=blulsh proesn
Xwyollowish greoen

‘ukc= maxirum of 27 depross
(=) 2va {0 derrees
Abgorptiony Z2>Y > X,
Some of the bormblende prains sre very dsrk green, and
where emall openue inclusiens sro concentreted, tho dark

coleor has bsen bleached. In othor sectiong, the arphibole
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is tronwlito-cctinolite, The furr: of the grain is the semo
but tho color is nuch paler, oven colorless, snd the extincs-
tion anglo 1s smallor. Doth varietloes of arphibols are perily
alterod to chlorito,

Cuertz and plsziocluse gre both in the form of sninll
cloar anhedrsal mrainu; The plegiceclsse 1s untwinned and
unzoned, has indices of refrsction very closs to those of
quartz end 1t 1a difficult to ostimate the roletive sbundanco
of each of these fwo nindrala. Ag for ec can be ascoprbsined,
1t sppecrs thst quartz 4s rmoro sbundent then plegsiocclcso in
tho ratio of aboul five to ono.

Chlorite is roro to gbsent in the nessive verliety of
erphibolite. YWhore obsorved, it 1s secondory aftor the cmphle-
bole wnd alse after plegloclace,

Smell graing of zircon wore observed in meny sccilons,
They aro genoerslly dark grsey, cloudy cnd are metamict. They
ara optically iscotropic and esre surrounded by ploochrolc
haoloes 1f found in colored minerasls such &3 hornblende and
blotite, Some grains ere clear. These are short and tabulear,
end have a golden yollow color. The smaller cralng ere
solorless and haove vory high relief.

tnorel Asnorblere end lMetarorphlice Feclos

Tho ostingtod nineral) compositions of {ive reprcsentative

poctiong aro glvon below,
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5 v 3 e %
arphiboloe G0 65 8o 50 65
epidote -5 - 10 - 8CCe
quartz end :
plariocleze  acc, .35 10 25 10
chlorite 5 - - - -
calcite 8cCC, - - 5 8cc,
mernotite acce - ecc, g -
pyrite - - 8CC, - g
accessorics sphene sphene bilotite

blotite biotite

The armphibolite end smphibollite schist fall into the
albite-epidote amphibolite fecles (Turner snd Verhoogecn, 1$51,
re 162-163).

Oriqin _

‘The origin of this mass of arpnibelite and amphibolite
schist 18 highly conjectural. Theo sppearsnce of the rock
both in the field and in the hend specimen 1s atrongly sur-
gestive of an igneous origin, Microscoplic exemination also
reveals textures that asre sugpestive of igneous origin,

The originsl nature of this igneous rock 1s difficult to
determine, For three reasons the writer does nct belleve
that this Intrusion reprosents s metemorphosed gebbro-diorite
83111 such as those found in the belt of Keewatin-type rocks.
Pirst, the smphibolite south of lake Cmopatina conslsts rostly
of gmphibole end minor gquartz, whereas the sills of gebbro-
dlorite contain much plsgloclase (average 197) =nd epidote
(averare 127). Secondly, the gabbro-diorite c£ills show ren-
nants of ophitic and subophitic textures whoresas the coarser

texture of the arphibolite consists of a mosaic of snhedrel

greing of secondary srphibole., The third cnd probably most
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irportent ronsen 1s thst of tke occurrcnce, The pabbroe
diocrito rock found in the belt of Yiewstinetypo rocks forms
anell bodles rarecly more then a fow scores of foot wids,
wherogs this emphibollito 4is & wess five niles lonz end rore
thsn a mile wido,.

The rock mey roprcsdnt tho altored esquivslent of PTrUxe-
anite or peridotite &3 has bsen observed In tho Heswatinetypo
rocks of the Chibowrsmsu reglon (Sﬁrlow, Culllim und Foribsult,
1611, pe 167=17L). |

Yomblende Schists

stributicen

Fine-grained hornblende schlsts ers found ot the outlet

of Surprise lako whers they form o nerrow ssglewest trending
bsalt abcocut two miles long ond haelf s mile wide, 7The belt ig
boundaed on the south b~ metamsedimcents, Other oxgosures of
hoarmblends gchists ero found nesr thoe grenits stock on the
twvo lorpest islends of Surprise lsits, /nother group of horn-
blendo achists sre oxposed eest of Surnrise lsko end couth of

Das Cleudos lsio,

retrograchy

Tho Lorablonds schista ere similar in naay rospecis Lo
low grade motomndesitss and notabosaltss Thoy cro {ino-
greinod rocks, dark grsy to groenish blaeck, end hsve s pro-
nounced schistosity. The grecnish color is noticesble but to
o ruch lesser extent rs derkor colors sre beconing proedorge-
inant. The dark gray color 18 cdus to the zbundsnce of small

nesdle-like crystals of hormblende which, in sems gpoecimens,
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nay account for as rnuch ss 90 percent of the rock. SAside
from the sbundsnce of srmell dark noodlos of lornblsnde, tle
hornblende schista are cormenly chareotorized by tho precsence
of atringers of plegloelace foidepey a«nd plio of maall lone
ticuler or rounded porphyroblustrs of tho speme foldepor

{rl. V-L). Cutcrorne of hornblende schists with feldzpar
stringors are woll exposad et the outlet of Surprice lcke,
Lers, the stringers sré geonerally irrspulsr cnd discontinuous,
end ere ell slignoed parallel to the schiutosity., They are
narrow cnd rarely attain rore th:n ono qusrter of sn inch in
width. Theose stringers give the exposures the appeasrence of
bteddod ntructure but the complete laclk of beddins end lanminsg-
tion plus the irrss;ularity of the sgtringers rile out tho pos-
B81b1l1ty thaet the rocks ray be of sedinuntsry orlpin. lHomme-
blends schists with foldsper stringers are alco found neur
the grenite contsct on the two lergest 1slends of lurpricoe
laks. Other cxposuros ab this localily aore chorccterized by
the gbundsonhcs of lenticulnr crepny $oldapey porphyroblzsts
(Ple ¥=-B). 2sbout 100 feot Lrom the prenitoe conteet, a band
10 feet wide contains sbout 50 percent of theso feldspar
lenzes. Thiz bend 45 bounded to tho north by & coersc-
gratned hornblends~rich rock end to the scullh Ly fine-greined
kornblende schist devold of creemy feldsper stringers snd
lenres., This srrsngement is bolleved to represent a leva
flow ten feot thiek boundsd by o thin Intrusive chicst on tho
north and by another flow on ths south. The foldepar lenesa

gero white to cresm colored, one to three inchog long aend one
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to two inches wide. The lenticuler concentratiocns of folde-
spar era more corsonly eloncetod }arallel to tlov ochictoelty
then otherwizo, |

Practically ¢ll tho prirmery structuros cnd texturoes of
the lavas have beon obliterctoed et this stege of metamorphians,
Yeaicular and srrymdeloldsl structures are noilcesbly abasnt
end pillowsd ciructures were cbserved in only two localitles,
one on the scuth shors of Doa Clesudes lake and ths other on
the west chore of & smell lske half & nilo gouth of Des
Slaudes lsko. The netaorphicn of thoze laves must have
taken plécc, in the ebeenca of etronpg ponetrative deformatlion
in order to prezerve tho original olllipsoldel structures.

L thin section of hornblends schist shows thet 1t cone
slste ossentially of hormblends (60~70:) and of altered pla-
rloclace (25;355) and eccoscory quartz, chlerite, spliene,
opldote, gewnot, pyrite ond limonite. The structurc is
gchistore pnd tho homblende needloe ere srrengod parallol
to the structure.

Thoe mineral esgserblege, which 13 very eimller to that
of ths coarse-grsined wrphlibolite described sbtove, wnd the
appearence of garnet &3 cn accessory minersl indlcste that
ths hornblends schists belongs in the slblte-opldote mphib-
olite facles (Turner and Verhoogen, 1?51, pe h62-L63).

Nornblende-Chlorito Schists

Occurrenco

The hornblondo-chlorits schiats aro found in tho zcone

of trencltion epsoclated with fine-grained hornbleonde achilstas
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but they gro loss corroen then tho lettor. Deccucs of rare
ocecurrences, tho exposures of homblende-chlorite cchiats
could not be prauped topother ond forr: g seperoto msprabloe
unit. Reprezentetive spocinens were collected asround luio
‘d'Eu and north of the northern ghore of lLurprize lake.

Patrocrsahy

In the Feewstin-type rocke, many of the schlstoes lavas
ere very rich in chlerite and in the tranelticn zone, rocks
siriler to chlorito schiets in neny rospoects sre found, The
rocke sre proenlcsh grey (5Gv6/1) to preenich dblack (5372/1),
hichly schistose end haveo é pronounced cheen on flsl curfaces.
Tho rock 1s vory fine-gralnod end brosks in thin slebs uhen
atrucl by t%o hermer. A featuro that differentisten tﬁc
harnblonue-chlorite gehists from the chlerito sehiste In tho
bolt to the north 1o thst the hornblonde-chlorite schists
aye characterized by long thin black ncedles of hnrnﬁlenda
that stend out conspicuously on the woesthored éurfaca. ot
of the nsedles very betwoen one gquartor to one hslf 1n hin
length end they sre ovsrywhero rendonly orlented,

ﬂhder‘tha microscope, the prains in the matrix ero very
small (lesz then 0.05 rm) except for a few porphyreblasts of
biotite end susen-like atructurecs of grenulsr querts. Lerge
snhodrel rralns of horndlende as rrich gs 5 rm long have grown
in 8 porphyroblastic manner (PFl. VI-D). Aslde fron thelr
larre slzo, tho hiornblonde rraina are charactorized by thelr
cloar boununriua end tho cormwon pollziliitic incluviows of
quartz. The hornblonde is very llikely rlch in elunimm and

Iron g8 1t 1= quito dsri colored and stronugly pleochroic.
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Chlorite occura es very small (0.001m) indivicuel flcies
or &g larmgo espregates of {loliose IE hos olight plecchiroliaonm
fron lipght green Lo colorloss, end devk brown interference:
colorse The parigencels of the hornblende porphyroblaszts end
of the chlorite 1s rether complex, iost spocinons and thin
soctions show clearly thst the hornblende porphyroblasts
doveloped lator than the chleoriteo bub one of the spectlions from
north of Surprisoc lske shows aorme hormblends cut by later
chlorito., Thus, tho chlerite crystsls formed both before snd
eftor the development of the hormblendo porphyroblastz. This
surgests a local retrogrado effect,

Cusrtz and plegloclese both occur as clear anhodral
grains end, becouse of thelr cmall size cnd the lack of twln-
ning in tho plogloclese, tho reletive sbundance cf thesu tio
ninersls is difficult to estinate. Nowever, s in thoe lino-
grained hornblendos schists, the quartz apposrs roro sbundent
thzn the plagioclese in e ratio of sbout four or five to ons.
Calcite 1s vory corron snd 4s present in nesrly sll the gece
ticns exaninoed. Coarnet wes cbssrved in one ssction.

Minoral Agsermblere gnd YMetsmornhic Focles

The dark color of the hornblendo, the aspposrance of gore
net gnd the prescnce of epldoteo and chlorite indleste thst the
hornblendo-chlorits schista belong in tho alblto-oplidote aphe
1bolite faclos end aro of tho same wotsmorphlc grado as the

homnblends gchists with vhich they ars assoclsted,



}4ca Ccehigta

Qocourrenco

llcn schiats ocour irmedlately west of tho river floue-
ing betweon JSurprise and Cmopstina lskes, IHore, the rocks
form an 1ll-dofinsd northoasterly trending belt wbout ono to
two and a helf miles wide and four miles longe Tho bolt cove
ors approxinately five square nllos mnd exposures clong this
bolt arc notl camon, Othoer outcrops aro obssrved northoast
of lake d'Cu whoro thoy cro associuatod with kczrnblende schiots
mnd have been growned with thens The bost exposures gre found
on tho pouth ghore of Caopatina leke,

The rilca schists grede esetwerd into biotite porcenolesos
end westward into low gredo motasedivents. The msories of
exrosures slong the south shore of Ceopatinae leko ghows this
{:ransltion very woll., The aadimc'ntary assoenblege along the
southwosgtern part of the lske dlsplsys no bands that sro rich
in blotito, slthoush scattered flekes of this minercl have
dovelopoed in these rocks. lore too, gnelgsic siructure is
lacking. Farthor oagtuard, slong the coniresl porit 61‘ the lsko,
blotite bocores concentrsteod within cortzsin bends. P11l for-
thor eastward, bends rich in biotito are Just as sbundent as
tho quert: rich loyers. South and southoecst of leke dAtlu, the
sodinontary rocks havo bocome complotely changed over to blo-
tite porsgnalss. This rock s Qoseribed soperstoly in o sude-
sequont gection on higher grade metwimorphic rocka.

Potrogranhy |
Tho nica schists are 1ic;ht grey, fineegrainod, thinly




foliasted, snd havo rorments of prinary bedded stiructure,
Undor the rlcroscop;o, tho rock 15 soen to hisve e sirong: schige
toro siructuro end cormpositionsl leyoring thot pirobuebly repe
resents original bveddinge Tho schistoelity end tho corposi-
tional lcyoring sro genorelly parallel to ocach other but in
two of the soctions, tho schistosity 1o at englos of 15 to &0
degroes to tho boedding. In ono of theose socticnsg, an introe
ducod voinlet of quartz 1s parsllsl to tho bedding vhoress in
the other soction, a quartz voinlot 12 persllel to tho schise
tositye.

The greain size in ponoral 1s vory fino (0.0lxrm) althouch
epidote in placos forms porphyroblusts meecsizing es ruch aes
half a m in dilawwtore The main constitucnts conclet of
quertz, blotite, muscovito, plagloclaso end chilorito. Accop-
soriea includs calecito, epldoto, schorlite, nmognoetite, pyrite
cnd lirontita.

Iinorrl ‘Asscribleco ond ieterornhic Facloa

Mnlike the levas, intrusive sills and hornblende schists,
the ninerasl content of tho mica schigts doos not vary tetwoon
widae linits, Thros estinrated compositions sre glven below,

I II IIT

% A =
quertz 55 €0 55
pleglocluge S g5 -
biotite 20 10 <0
ruscovite 15 20 -
chlorito 39 £cCe 10
hornblende - - 10
gccepgories negnotito rugnotito oplcdoto

pyrite opidoto epatite

1imonito schorlito

opidote

schorlito
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Colwrm I wnd II rive tho composltions of tuwo upecimens
teken slory: two adjecent bends of tho gome cxdoauroe. Solwwm
I reprovents the ninerclosy of o gpeclien froir o dexl grey
bend vhcress coluwm II camovs from o 1ight groy bende ioco
Lo teblos show vory littlo chongo in tie composition, the
variatlion belns noticocble only in tie relutive svundconco of
dork and coleorless riicase. Colwm XII reprosonis thoe conpe
osition of s speclmien collected thrce end a half miles viost
of lake d'Zu on tho gouth thore of Teopaiina luko,

“ho nineral wasemblero of the nlce schista Iindicalon thst
the rocks belong cilthor in the grecnschist or in tho albitoe

epidote eriphibolito fscles (Turner snd Veriworen, 1651, pe L60-
L73)



HIGHER GUADD NIOTANORPHIC ROCKS

The rocksa described in this roction include blotito
porepneisees, hornblonde gnolscos and smshibolites but not
the gnelsslc grenite which will be discuscod soperatoly.

~ Zxposures of blotite znd hornblendo gnolsges gnd crphibe

olites form two oast-west trending bLelts in the contral part
of tho area, and dast of Vercheros lgikro, theso tuwo Leoltso
moree topother and continue to the esatern boundery of the
mep-prea nocr Doux Iles lake. The oustern extension of tho
belt of highor grade retrucrphic rocke wos nappoed by Gillbort
(1952). |

Gnolsesn end srphibolites wro elso found as inclusions
in the pronitic rocks, and these occurrences have beon shown
on the accompenying nep. West of Surprice leke Letwoen Das
Cleudoe snd Lve lskes, hornblende gnolssos and arphibolites
ero intirmately assoclatod with hornblende end hormblendo-
chlorito gchigts. A transition from hornblondo shiist Lo
hornblende gnelss to emphibolitc cen bo observed north of
wa leko. Amphibolite is found closo to the grenito contacts,
hornblende rnolecs farthor sway, end hormblends schlat still
mopre dlstant from the granito. Tlids chiengo tekes pleco In e
width of ebout one and a half fo two miles. I¢ wes found
Irmonsible to separate tlie hornblendo schist frvm tho horne
blende gnoliscs and smphibolite at this locality, and the var-
ious rock typeg heve sll been napped togethor.

Thero 18 no sherp delinmitation between the rwenings of

the torma hornblends grielss end srphibolite olther on the
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basls of texturo snd structure or cormosition (Holmss, 1620,
p. 110; Adems end Barlow, 1910, p, 163: ¥illienms, Turncr ond
$1lbert, 1654, p. L0-243). It sppecrs, howover, that tho
term bornblonde gnnisé places roro orphasis on tho ock struc-
ture whorcss arphlbolite refers mostly to the campozition of
tho rocl, btut both the structure ond thoe compozition of theco
tuo rocks ero highly v;:riz;;blo. Docaugo of their Intirste
ascociation in tho f£lold ond thelr verizble petrooruphlc
propertlos, the hormblendo gnelss and t."zé gphibolite sro
not napped separately,. |

The hornblende gneliss end erphibolite and the bLiotite
parngnoics are belleved to roprosent a rioro advanced stege
in the meturorphisn of the Keewatinetype volcanics, Intrusive
sand gedimentary rocks.

The hircher grade metororshic rocke sre divided Into two
groups: The hornblends gunoiss snd erphibolito group end the
b‘f.otita pszragneiaal gmup.'

1 Tho tom parsrmeisg 1o used hero to rofer to those gnelseces
daorivod fron sodimontary rocks. Guelssos derived fron lave
flowa c¢ro not considered parerneisges.

Hornblende Cnoisses snd Arphibolites

Qcourrencs

Approximateoly 50 gquere miles of the masp~arca are undore
1ain by hornblende gneisses and erphibolites. Those rocka
erop out in a more or leoss regulsr sest-waat trending belt

thset s divided into two sepments botwesn liassinoe and
Surprise lskes. Tho northern segmont extonds from tho norih



end of lossine lake to the northeast ond of Surpriso lake.

It 18 obout fon nmiles long and onoe to one cnd a ralf milos
wide, Tho soutlhiern segment oxtonds fionm south of Crinaldd
lake to the gouthwest shore of Surprise lske. From lsle
Crinaldl to Plerre lake, tho belt is cbout oipht milea long
end two nlles wide, end from Plerre leke to the socuthwest end
of Surprice lske, it 183 sleven nilos long end haelf g rile
wide, Those two sogmentsz are psparsted by the lMogsinoe lako

~ belt of blotite parsgnelss nesr thelr esstern purt, md by a
thros-mile~wide stock of graenite neer thelr western parti,
North of lske Oringldl, tho two segments join and continue to
the ezgtern toundery of tho rupesron oast of Doux Ilca lske,
In eddition to this mein belt, inclusiocns or rermanta of horne
blendo-rich rocks cro founx! in the grenitic rocks.

Petrorrenhy

“ho rocks included in this group are highly diversified.
Thoy show a wido range of compositions and ¢ greet verioty of
toxturea. They mey consist almost entirely of arphibole, orx
of sxphibole end plepioclase or of smhibolo, plagloclase and
quartz, They ney be fine- nedium= or cosrsee-grained, rmassive,
schistoge or gnoissic, equigrenuler cr perphyritic. They nay
show indications of piimary stratiform structuros althoush,
in rost cases, the origin of the rozk csnnot be ascoerteainod,

tost speci:mns‘ ghow a woll developed gnolssic and schise
tous gitructuro. lonsos cnd veinlets of qQuarts peralleling the
strmusturo aro cc:an Licht colored plasioclage foldopar is

corrwonly segroguted in parallel stringers ond lonses vory
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similsar to the structure observed in the horublende schists,
In genserel, the hornblends gnolsses gnd ermhibolites ore more
recrystsllizod thun tho hornblends schistes snd tho grein is
coarser. A fow spocinens from the smell inclusicng in the
grenito show no definite Laobrilc orlentation end ths anhodral
greins form a graznulitic texture, Al rellcts of prinex
strustureg sro wentling but 4t 1g probeblo, thoush foxr from
cortein, thot thoeso gramulitic rocks have pasted throwush o
schistose atege,

The individusl grains of the hornblende rnelescs &hd»
errphibolites have sharp bounderies end are in mwoth contacts
with tholr nelghbors. In most sectibns, the grains vary
between 0,2 rm to 2 rm, but in a few places large porphyro=
blasts of gernat snd hornblende sro es much es3 2 contimeters
in dismator. Most of thege porphyrobleats show no tendsney
to bo elongated parallel to ths aschlstosity thus Indlcating
growth under wnifom prossure conditions. In some spocinens
however, the large crystals of hornblende are oll elongatoed
pernllel to tho atructuro.

The egsontial minerals ocour in highly varliable propore

tiong an ghownt helow.

hornblende = 30«00
plagioclaze 5-30
quarts : - Sw50
gernet : 0=20
biotite " Q=10
epidote 0=5
sphicne : 0=5

accesasories celcito, tourmaline, epicdote
: ellonite, pyrito, nmagnotite
loucoxeno
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The hormblends found in the northorn parts of the ncin
velt occwrs s anhindral to oulodrel prains thet oro clightly
leyper then the other mineralse Iho hornblends is nerstally
preon, abrongly pleochrolc but mey Le colorless in places
and peppored with mgny'minute megnotite dotee In a fow placos,
1t 15 slightly chloritized, The grains of hornblende found
in the spcuthern part of tho belt occur ag large porphyroblasta
Nll of smzll poikilitlec inclusions of quartz. Thsy wre
chereoctorized by a darker color end do not have the colorless
spotsg of the hornblende found in the northermmozt parts of the
belt. The opticsl proportlss of this hornblende are:

- pleochrolc fornulg: é=aark groeen
y=blulsh groon
x=11igcht yellowlch groen
) 57550 keproos
sbsorptlon: z2>y2x

The hornblonde of the incluslong occurs as enhedrel
rowndoed grainsg thet havo sherp wnd smooth bounderica, The
greing alsc have poikilitic inclusions of qusrtz but they
have a darker color than tho hormblende grains found in tho
main belt. IExcept for the pleochroic formula, the optlcal
propertiss of this hornblende arc the game as that found in
the mein bolt of hornblende-rich rock, .

The plegioclase of all the hornblondo gneizses end arphie
bolites s found as anhedral olsar grains that have positive
rellef grainat Censda balsame Twinning, though betloer devole
oped in the more thoroughly rocrystallized rock of the Inclue

glons, 18 rarce 4 felint roning structure 4s occsslonelly



obgorved. There 1s no veriation in the composition of tho
plegioclsse to parellel the eppsrent varistion in the compoge
1tion of the hornblende, Thae composition of tho plagloclsso
varies unsystomatically botwecn that of a calcioc oligoclaoszo
(Anpg) to that of e codle endesinoe (inzs).

Epldoto occurs mostly in the northern parta of tho cone
tral bolt, 1s rarely obzorved in the southern parts, end s
venting In the hombiende gnolss found oo inclusiong in the
rrenits,  In tho northern part of the bolt, the two verlotios
of opldoto, pletacito and clinozolsite, have grown in o perphy-
roblastic mamer,

Suertz 15 found as cleor anhedral grains cnd 18 more
sbundant fn tho hornbloende gnelss of epperont sedimontary
origin vheross plagioclese prodominates in rocks which have no
rolict of sedimentery structures. |

Csrnot 1s found ga large enhodral perphyroblasta thatl may
moagure ss ruch as 6 rma in dlometor, It is charmctorizoed by
the larro number of poikilitic inclusions of quartz, plsglo-
clsgo, hormblende and magnotite. In some goctions, 50 porcont
of the porphyroblasts congist of those inclusions. The gornot
£3 2 rod variety and 1t hos a slight pinldsh tinge under the
rmioroscopes Tho index of rofraction (1.706) and the color
Indicate that tha garnot 1s slmendito,

Minors) fAgsombdlape snd Vetemorphic Feclos

Cne roprescntative smmple of hornblendse gnelss tekon from
sn inclustion in the granits two miles northosst of lske lonaco

wes seleocted for a Nosiwal enelysis. The soction is
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choracterizad by clesr wunanltersd equigrenuler enhodral graing.
Colwm I below gives tho mineral compesition ez dotermined on
tho wmochanlcel stage, and colum II pives the chomical compe
ositicn celculsted fyrom thoe nminerol compesition,

I II
volune % of welpht £
minerals
hornblenda Sle3 S40p L7.1
plagloclaze 16,0 41203  1h,.2
garnot 15.7 Fe03 G.0
quartz Ge3 Fa0 Ge7
bintito 0.7 g0 Li o6
epidote 0.1 Cald LS
sphono 0.5 Yaz0 1.5
negnotito 02 Rz0 Ol
tourrielino Ol Ti0p 0.2

Ag shown by toble I ebove and thot given on pege 56,
21l tho hornblondoe-rich rocks Lolong to the pmphibolito notoe
moruhic faeclese Sorne of them are oguivelont to the stourolitos
kyenito subfaclos derived from rocks doficlient in potash
(Turner snd Verhoogoen, 1951, p. LS2-45L).

Orisin of the llornblonde Gneisses esnd frphlbolites

The origin of tho hornblends gneisses and erphibolites is
one of the most interassting problens that haa sttrected the
attention of petrologists. It has long been reucornizod that
many different typea of rocks can glve risze to amphibolltoas.
Adems (1909, p. 1-138) 1iste three possible rwdes of orlgin
for the arphibolitos af tho Lourontlcn aroc,

"(1) by motarwrphisn and rocrystellization
aof frmmue caleoreous sodiments

{2) by tho altoration of Laslc dykoes

snd similor ignocoua intrusicns
{3) by the altoration of limoateno
£

hrough the asction of the intruding
bathyliths of grenite,” :



4Zdams snd Barlow (1910, p. 121-1£0) in their memoir on
tho Hallburton-Dencroft areas, monticnsd thst the horntlendo-
rich Inclusions found in the gray pnelzgee nay reproeent
basic differentictes of a grenitic mesmae Osbormo (1936,
Pe 202) bolloves that thoe arphibolites of tho Showinigen Falls
district aro tho motmorphosed equivelonts of Hoewstin leva
flows, boelc tufls and greywscke es well as baslc dykes and
irmpure ctlearcous codinmoents, The evidonces for the origin of
tho sphibolites in tho fhawinigen Falls district, howover,
geems to be less rolisble thon thezo found in the Hallbwrton-
Dsneroft aren, Further south in the Adirondsck reglon,
Buddington end Sederhiolm (1939, p. 12-13) beliove thet the
mhiboliiss gro derived from tuffs end lave flows., Thus,
hornblende gnelisees and srphidbolites mey bo derived fron ot
loast five differont kinds of rocks, Theso ares

(1; cglcarsous gedinents
gg; sggégnidék:-gcké
(S') ﬁ:ﬁaﬁgforantiute of a rrenitic nogno.

In the pregent rep-croe, tho emphidolites cnd hornblonde
gnoelesos ore believed to La dorived from ths four difforoat
typos of rockrs listod below:

(1) endesite end basslt {lows

il’; gubbro-diorito sills

3) tho ultrebasis intrusive south
of Caopating lske

(L) turfs end cedimentery rocks

(1) The sndesites snd basalts cre the most corron Keowotine
type rocks, snd thoy probebly sccount for the grostor pert

of the srphibolites of the eres. In the preoceoding pages, 1t
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wes pointed out thiat tho lavaes give riso %o chlorito schiét,
hornblends schict end {inally to hornblende gnelss and whie-
tolite, The tronsitlion from one end nexber to the othor can
te seezn rore ¢cslly whiere 1t tskes placo within o short dlse
tunce puch as half a nlle or soc. Thus, nesr the contacis of
the prenite on the shores of Dods leke, the progresaive chengo
of tho levaz Into hornblendo enolss end syphibellte can bo
followad without A1fffculty. Tho scrmo graodation belween chlore
1to schist, hornblende-chlorits schist and horrblonds gnolsa
can also be cbserved betwoen Des Cloudes and Uve lekes, with
the hisher grade metormorphic rocks bolng found closor to tho
grenito contacts,

(2) lsarly all the intruasive s8ills of gebbro-dicrite esso-
clatod wlith the volcenlcs have boen meteriorphoeed to waphie
bolites. 7The fleld occurrence and tho progervation of the
original ophitic texture lesve 1ittle doubt as to the origin
of thege srphibollitese.

{3) As'mcnticned in the degcriptlon of the rocks of the trane-
sition rone, tho coerse greinod erphibolite south of Csopstlna
leke 18 believed to be en ultrgbasio intrusive, The abime-
denco of srphidolor, togother with tho very low content of
plocloclase and quertz are very suggestive of an origlinal
ultrebagsic intiruaive, The abimdones of liphtecolored magnoge
{wi-rich aphiboles 1s clso indlcastive of o dorlvetion fron
ultrobssic rockse (Williams, Turssr and Gilbert, 1¢5L, p h3).
{;} Tharo sre also evidencoes thst scne ef tha hommblende

gneisses and smphibolites of tha eroe are derived Irom



sedimenterry rocks though this origin cennot be traced a3
osslly sa the igneous «rigin of thoe arphibolites. The eode
frentary oripgin of some of tho emplilbLolites fo uncorisin for
tvo reaanna. Tlrst, Irpurs cgloarcous ssdiments, wvhich 4in
meny places havo glven rigo Lo hornblende gnelss cnd emphie-
bolito, ero gboont in the bell of Keswslin-type rocks, Juc-
ondly, moast asdlmonts of the arom have bccn.nétanorphoaed to
biotlito parecnelas, snd only reroly $o quartze-rich hornblende
parasnoclss. Tho quartz-rich hornblonde paregnoelss contealines
as rmch ns 50 percent quortz, end it 1o Alfficult to roe how
the peragneiss could becoms freed of so much quartz end be
changed to erphibolites, Tho slatly layers that aro interbedded
with tho querize-rich beds mey have gliven rise té qunrrtzepoor
hornblande perngnoelsa end rphlbollte,

Tuffa of the sams goneral composition es tho intermed-
1gte gnd besic laves could also easlly bo treinsfoimed Lo exphi-
bolites. Lowever, becguse of tha pruclty snd smell size of
tha tuff exposures, tho derivastion of arphibolltes fronm tuffl
comnot be deronstrstod,

The problen of dotermining ths orlgin of tho anphlbolites
tocomos incrossingly Ai1fficult ss the grode of nmetamorphlen
incresses snd g8 the originel festurss of ke rocks sro odlit-
ersted., As noted by Adszns snd DBsrlow (1910, p. 16L):

"when the origin of a body of smphibollte 13 not
discovereble from its field relations, 1t is

impogsible to dstermine vhether 1t 1s an sltered

fgneous or & body of eltered sedimant”,

Thus in the grenitic sreas, the original naturs of the horne

blende pgneisses end emphibdlltes fowid &3 iInclusiong cannot
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be epslly ascorteined, There cro, howaever, soro criteoria,
althourh not very depondeble, that cen be uased to doternine if
the erphibolite ia derived fron sedirmentary rocks, wolcsnice
rocks, or baslc intrusives. A high péroent&ga of quartz for
instance may be sugpestive, slthough not a proof, of s sed-
incntary origine. The presonce of gpheno and opldote ney suge
gost a mediurte or hish-grede metomorphism of besic or napnesien
rocks, ss these minersls ecre common in the metemorphosed basic
ignoous rocks of tho emphibolite facles (Turner and Verhoogen,
1951, pe LL6-L60).

Cegrnot in roelastively low=grado hornblende pgnolsges snd
aohibolitos may suggest thet the rocks have boon dorived
fron alwminous sedinmonts probadbly nosr the composltion of
shale, Tho occurrencoe of garnot in en gmphibolite, however,
18 not 4n 1tself criterion of zodinmeniary origin. As mon-
tiocnaed previously, the gltered lavas of the transition zono
contain some zmell pernet grains in places. Howevor, where
the gernet 1s concentrated in regular bsnds snd where the
garnetiforous hornblenda gneiss 48 interbesnded with biotito
paragnoliss, 1t surpests sedimontary origin. DBacauso of its
mineralogy end its field occwrronceo, the rock whose Nosiwal
analysls is given on pego 59 &8s bellieved to be of scdinentary
origin,. |

In tho emphibolitos found &s Inclusions in the grenito,
the ovidenco of bodding has: boeon obliterated. Thero 1s,
as elroady notod, some banding and compogitional layering
that may sucgest sedinentery origin. It must be polnted ouf,
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however, that the bending snd composlitional lsyering observed
in tho grphibolitos end hornblende gnelsses 15 not & religble
criterion of sodimentary origine. It 1z obvious that & schiste-
oze lava czn give by metemorphlam and metazcematisonm bending
sinmilayr to that found in parsrnoluses, Tho nGW'ngtcrial that
is belng edded to the levas, whothur 1t 1s silics, potash,
soda, lirwe or other complexes, forms compounds thst would
tend to follaw tho plenos of schlztosity end give rise to
bonding snd compositionsl leyering. Similarly, metemorphic
sorrorsations of minerels will form perallel to thoe gtructure
whore pressure 12 lesst. Thoso injections and sogregstions
can gilve rise to compositionsl layering that mey under moge-
scopic end microscoplc exsminations be wrongly interpreted

as evidoences of formoer sedimentary structuros.

Biotite Parcrnoisses

Ocourrencs

Blotito parerneisses underlie about 20 scurre rmdles of
the map-aresz, end nost outcrops occur along threo epst-wost
tronding belts. The northormrwst one sdjoling tho séutbarn
boundary of tho belt of chlorite, hornblends snd rdca schiste,
and oxtonds oepatwsrd from tho river flowlin; betwesn Cuopating
snd Surprico lokes. This belt hae not been oxtonded to tho
eesstern boundzsry of tho mapQQrﬁa B8 glecisl meterial covers
ths bedrock completely, but its extenslon &z werranted Ly
the prosence of biotite persgnolss east of the boundsry
(011bert, 1952). The central end southern bolts oncircle

the granitié stock between Vercheras lagko end thoe weestorn
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shore of Surprise lsko. The centrsl bolt iz sbout tuelve
riles long, less thon hslf s nile wide snd 1s covered by gla-
cinl dedbrls in $ts central part, The southern belt is thir-
toen niles long end orne holf nile wido zsnd trends oagst-wost
vory regulerly. Jest of Vorchores laske, tho two belts join
end forri a U-shapod band, one-rnfle-wido, that ends north of
ilocsine lslkro. Othor oxposuros of blotite pareprnsisses forme
ing lenticulsr nesses in hornblends gneissos end echiastas,
gro found east of Doux Iles leko, oest of leko Plerre, wond
south of lLoel lgke. Incluslons of bilotite peragnelsses zre
alsoc obaerved in the prenite sress cest end west of leko
Mongco end on the south shore of Zva leke., OQutcrops of blo-
tite parsrneisses ere found in the two belts of horndblende
Fpneiszes espocially where hornblendo paresnelss predominctes
as on tho routh shore of Surprise lgke, The domercstion
between the Lliotite and the hornblende parsymelsses 1a gra-
dational in meny placos,

Potromravhy

The blotite parsrneiss is a8 light to dark gray, finow-
to mediun-grained rock conslsting essentlslly of blotite,
gray plegloclese feldsper snd guertz. Rellct bodding iz
indiceted by the rogular alternstion of bends rich in blotite
and othorsa rich in lightef colored minerals. In a few places,
the rock contsins red to reddish carnet (es much &8s 20 pore
cent) and the gernet prsins ere concentrsted slong cortsin
layers, furthor accentuating the ﬂlreédy pronounced bending.
Tho eoxposures osst of Vercheres leske end cround lossino lake

are characterized by s groﬁtcr sbundence of gernet, The
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arrangemant of garnet-rich bands altornsting with garnet-poor
bands 15 quite similer to the elternating beds of chsle znd
quartzo;feldspathic sodimonts seen on the gouth ghore of
Ceopatine lakoe Ths bilotite paregnelss ts a ruather frisble
rock that woathors gqulte réadily,'but tho rore resistent gore
nst grains stsnd out prominontly on ths woathered suxrface.
The rock has a characteristic rusty-woathisring surface 6yp1ca1
of mony blotlito-beering schiats end gnelsses. OGreocnish veine
lots of epidote, sither parasllel cor at variauﬁ anzlos to tho
atructure, are corron in the persgnolss neur the gronite cone
tact. In places, strongly elongated lenses of darkor gnolgsos
rich in hornblende zre embaddod within the blotite-richi rock,

seen wnder the rilecroscope, the rock shows & schlstoso
struasture snd granoblastic texture. In muny soctlons the
groncblastic texture 1s rore strongly developed than the
schiatosity. |

Cusrtz and plegloclese occﬁr gs anhedrsl equigronular
pgrains that have dicmeters from Q.1 rm to 0.5 rm1, snd tho bloe
tite flekos, which are rostly O.Smm long, are eligned parallel
to tho structure. Those three minersls are penerslly sogre-
gated into biotité-rich bands snd bends rich In foldspor andv
quartz. Epidote, garmet end tournsline which ore minor nine
orals also have tondencles to bo segrogated in layorss Accoge-
sorles include muscovite, c&léit&, megnotite, lironite, chlore
1te, sphone, soricite, zircon, ssusaurite aend pyrite,

In the grenuler as woll as in the schistose rocks, gearnet

has forrmed porphyroblasts that mnsy be as lergo ss 3 rm in
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dicmoter. Those porphyroblests, slthourh highly irroguler,

tend to be rounded, mnd erc cheractoristlcelly full of poile
114tic inclusions of quertz and foldsper. In places, uUsco-
vite snd blotite form porphyroblests thet ere peorpehdlculsr

to the pgnolssosity (Pl. VI-A).

The plarioclsse of the biotiio parcpnolss of tho north-
ern belt 1s cleer, untwvinnoed, cnd hass 1ndicces of refrection
closs to that of balssm., It cannot bo rocdily difforentintod
from quortz prains with which 4t £a closely essocisted In the
fino~-grained groundszess. The plegloelase found in the blotlite
parsrneliss of Meszine ond Verchoros laokos L1s rore casily
daetemiined. The groing aie twinnoed here end thore, and hevo
indicog of rofraction hipher thcn belseme Tho composition
varles boatwoon thet of calclc oligoclaose (Anzs) %to that of
sodic scndesine (4An33), snd is thorefore noarly the samo as
that of the plagioclese obegerved in the hornblende gnelssos.

Tourmalinoe, sugrosative of metesonatism end contact rota=
morphic phaenomena, 1s observed in sbout & third of tho soc-
tions examined, In two poctions, it accounts for § porcent
of the rockx snd forms grains that aro gfa ruch eg Lell o m
in diameter. Tho tourmaline is the iron-rich veriely schorle
ito, and 4t ococurs ss enhedrel grains, rectanguler crystals
or zopherlical triengles. It has a merked pleochroimm f{ron
froy to licht gray with rectanguler grains showlng groator
absorption vhen olongsted perpondlouler to the vibretion
direction of the polarizor.

Minersl Assenblspe zsnd Metesmorphioc Facles

Column I below gives azn eversge estimetod composition
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of 13 soctions from the northern belt ond coluwm II, en cverw
ere of 1Ll gsoctions of bilotite parernelcs of the scuthern
belt, The msin differences betwesn thece two colums coons
to be the proster smount of chilorite in the northoern bend and

the hirhor proportion of epldote in the southorn bind.

I II
guartz ond et %
plzploclaosa  50-60 6070
blotite 15-25 5=15
riaacovite 10=159 S=10
chlorito G=15 0-5
epldcto Q=5 0-10
garnet 8CC. 0«5
hornblende £CC e 05
calcite Ow=5 GCCo
schorlite BCCe ECCe

Some of the gsrnetiferous blotite peregnolsses Lelong
to tho emphibolite metermorphic fscles equivslent o the
staurolite-kyenite subfacios derived frem feldspethic sand-
stone deficient in potssh (Turnsr end Vorhoogen, 1651, »n, L52-
LSh). Others belong to the slbito-spidots smphibolito facios
equivalent to the chloritold-alnandine subfacles derlvod Ifron
politic rocka hirh in A1203 end low in K0 (Turmer and
Vorhooren, 1651, p. L61-l(3).
Opririn

™o nrorithorn and centrul belis of blotite parermnelssas
form osstward oxtonsions of the two belts of sedimentsry
rocks proviously described. A complete gradation from aslightly
metemorphosed sedimentary rocks through fine-grained schiste
to gernetiforous parsgneisses exists ond cen be clasrly obe
gerved on tho gouth srore of Csopatina lslke. The Liotite

parernolss thus reprosents the motamorphosed equivalent of



gedirmentery rocks found within the belt of Xeewstin-type

rocksa,
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CRANTTLT

1. Unless spoecifled, thos terms pgronite end gronitic ero
teken Iin thelr broader scnse cnd Include nassive end gnelssic
soda pranito, sysnite, granodlorite cnd cuartsz dicrite.

Qccurrenas

Approxlmatelj 200 squere miles (ono third) of the nap=-
ares are underlain by grenite. The granitic rocks are found
‘in the zouthzrn perts of the azreas where they form sn cast-
west trending belt thst 1s 2 to L miles wide throughout rmost
of its lencth but stteins widths of 9 snd 8 mileu respectively
at the castern and westorn bounderies of tho nmep-aren. In
the ccnter of tho maanrea, tho msin bslt of grenite is bLor-
dered to the north b?;a belt of hornblende gnelssoes, lrmmodl-
ately north of which another bolt of gronite respposrs and
forms en egct-west clongeted stock sbout 20 miles long and
} to 3 miles wido., Other smeller granitic bodles are also
fourd in the Keowstin-type rocks snd in tholr motarorphoced
equivalents. Neer the western boundsry of the area, tho
Tower poninsule is underlein by granite, snd othor nmesses of
grenite crop out southeast of Noel lske, nesr lsko d'Zu, and
on & smell tslend in the northern pert of Csopetina leks. A
peophysical survey nade arcund lieston lelko sugaaats the proge
ence of grenfte undernseth the lsko snd immedlately esst of
£t. Ono outcrop of grsnite was submorged when tho level of
the loko wns ralzod to allow lsnding of hydroplanss.
Voariotios

The rocl:s cdoscribed in this mection includes the
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following variotios: quartz dlorite, rronocdiorite, zyonite,
soda granite, peguatite end splite, These rocks except for
the permatite and>nplite_and mogt of tho sode grenlto are
aither massive or have 8 wall developed gnaiéaic gtructuo,.
They csan be divided into two groups: an intursediste group
including qu#rtz dlorite, syenite snd grancdiorlite, znd gn
acidic group reprosented by’scda prenite, pepmrtite snd aplite.
The releticoncship between these two grouns is not s slinmple one,
In plnceﬁ, ﬁha soda grénite, permatite snd eplite cul Inteo
thé rocks of the more basiec group, wnd in othors they grade
into than. 7The rore scidie vérk:tiealof granite, houever,
gppear to bo o letur fecles of tho 1ntermediste gcranitic
rockas. The varlouws fecles will be dlscussed cepurately uder
tho l} follewing hoedings:
Intammmedlieto proup
leguart: dlorito-granocdlorito
e-gyonite . :
Acidlc grow
3-socda-granite. -

fj~pegmatito and splite
Sunsrtz NMorite~Granodiorite

lore than 50 percent of the gneissic pronitic rocks con-
slat of quartz diorite und grencdlorite. In the fleld, these
rocks werc raforred to ms gray granlte gneleg becgusze of their
characteristic gray color snd generally woll developed gnelssic
gtructure.

The prenodiorite end gquartz dlorite are composod osson-
tially of feldspsr, quartsz, biofite and hornblende with
sccegsoyy epidote end chlorite., In tivst of thoe rock, blotite
18 tho dominent msfic minerel, although in places, blotite
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snd hornblende aro oqually abundant end locally the latter
1o moro plontiful, Dilsseminstod sulnhides cro present in
places, especlally neusr tho bordors of tho intrusive masscs,
The rock 1s geonorally nedlwne-grsined, thoush somo fecles are
coarsere OCneigslc structure 18 ponerslly woll developcd. In
Placos, 1t i3 oxtremeoly cemplex gnd contorted with well dove-
loped pitypmatic folding., Raroly i{s the rock massive, though
in the finer-grained aspeocirens, tho gnoissic structure is not
sveryvhere obvious, ’

Thoe expossd aurfaces of the fine-grained rock esro smooth
and even, but tho coorsor grainod rock has a rouch end irropg-
ular surface, [xfoliation 1s not corzon bul 18 occgsiconelly
obaorved in the nors gnelssic rocke.

Under tho nicroscope, the rock 1a soen to consict of
arhodiral greins of quartz and plegioclasoe foldspar srranged
in a mooelc poattern, snd of bletiteo flelres, hornblendo mnd
opidote crystals thaet are carmonly elongated perallel or éub-
parellel to the gnoiscold structurs, C;uartz grainé. which
in gonersl are sraller then the foldsper greins, ney show
olongetion psrallel to the structure, Aécosaory minor:s:la are
apatite, ellonite end sphene,

Plaglocla;sa renges fran Anyy to Ainiy, end 1s found as
anhodral grains that aro cmnly twinned end nore or leass
pltersed to sariéito and epldolo,

7 Gpidote forms 1dioblastic graing, iz blexlsl negative
and is tho 4ron rich va:iety ,:.xistacit.o; Allenite graoins sro
light .to dark brown and are ahamct_arimd by high rolief end
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parallel extincilion. Yest graing sre partly or completoly
gsurrounded by epidote,

Serlclite occurs &s long flekes zs ruch as 1 rm long, or
28 vory snall secondary nosdles in pleglocleses. The lerger
crystels of colorloss nice formied later thon the Llotite
fleikoa end tho othor rock-forming minerala.

Hleroelino, which 15 not common in noegt of thees rocks,
has & replacorent rolation to plagloclase, In places, microe
cline glves tho rock & slight pinkish tingo,.

The estimated compositions of 5 representative scctions

are riven below.

I IT III IV Y
plegioclase 60 55 25 35 LS
microcline goC, QcCe 15 - -
quartz 20 o) 3 1.0 20
biotite 10 15 10 10 10
hormblende - 6CCe 15 10 5
opidoto 5 10 BCCe 5 GCCe
rmgcovito 5 © acC. - - -
agcengories zircon pyrite pIyrite rnernetite gphena

gpatite lironito  aphiche pyrito
sphcne
Comosgition of
plepinclase np <l a5 28 35

Speciniens of columna I; II, IIT and IV can bo tormed
prenodiorite snd specinen of colwmn V is a‘quartz diorite,.
Cyonite
South of Inde lake, exposures of massive quartz dicrite
end grsnodlorite grede into syenite. 7The mergling 1s very
ebrupt in plecos es one end of en exposurse nay contain 15 to
20 percent quertz snd the other end bo quartie={roec. Tho

syenite 18 a nodiunm- to coarso-greined rock, with muny
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ceryatals eca nuch o8 5 or oven 8 rm 4n diameter. Pink folde
sper end hornblendo are the cnly essentisl constitucnts end
quarts end epldoto ero the pccessories. The rock vaﬁios in
composition from 35 ?ercent kornblende gnd (0 percent feld-
spar to 35 percent feldspar snd 60 nercent hoymblende, - It
occurs oither &3 large mesges in the quortz diorits and grano-
diorito or as dikes cutting across the hormblende gnelsses.

The hernblends syenito is well exposod one nile egst of
the southern end of Doda lake snd about 6 milea south of the
boundery of the nmap-szroas on De l'iiple river. udar tho river,
the rock 15 massive with a rottled pcrey end pink color. Scne
pink foldsnar crystols, as much o8 2 or 3 an in dlawoier give
tho rock e porphyritic texture., Locelly, the feldspor pheno=
crysts constitute 320 percent of tho rocke ipldoto 1s corzion
end occurs oither as dissonineted greing or as velinlets cut-
ting the syenite porphyry.

A gsoction from the exposgures southeasst of Doda lzke slows
thst tho rocck consists of plegloclase (L0Z), microcline (35%)
hornblende (20%) ond minor quartz, sphens and epidots. The
gversre prain crosas-section 1s gbout & rm snd the rock has @
typical interlocking hypildiomorphis granitio fobrice The
plagioclase 1a strongly sericitized elbite (Ang). Tho grains
have a moderste nogstive relief egaoinst Cancda balaoonm and
thoy have Loecn partly replacod by rilerocline,

The rifcerocline, belleved to be secondary aftor plegio-
clago, is very cloegr, hes indicos of refraction lower thin

balsam, end shows the cheracteristic twinning.



75

The hornblende forma subhedral to euhedrsl greins thst
gre pleochrole from green to lipght greocn, end havoe mmercus
polkilitic inclusions of feldspear.

Sphene 18 tho nmost cormon accoscory, snd 1s gfenerelly
found es wolleformed dismonde-ghajped crystesls that have strong
relief and very high birefringonce,

Three rioro cxpogures of syenite sro found neasr tho oute
let of Surprise lake, st the contpct of the blotite persgnelss
with the greznite, The rock, however, 1g quite differont fron
the hornblends syenite just described, It is a medlume-gralned
gray rock that hss e well developed gneliseic structurscs Sone
of the light gray constituents have s slipght pinkish tingo.

nder the microsoopo, the rock is soen to conslel epsen-
tially of microcline (40f), hornblende (307), plegioclsse (103),
gernet (10%5) snd bilotite (57). The accessorles are quarts,
sphene, cslcite, epatite and pyroxsne. The rock may be tormed
& pernetiferous hornblende~pyroxens syenlte.

The plegiloclase i3 present es euhoedral to anhodrsl unale-
tered grains of coamposition Anpy, and microcline foma an snhew
dral clear grains that have thoe charscterlstic twinning.

The pyroxena iz diopside. It 13 plecchroic fram light
green to colorless, length-slow, blexial positive wnd has a
2V of 66 degrees end en oxtinction angle ZaC of 34 degroea.

The gernet 1Is seen under ﬁho binoculer mioroscope to be
2 brownish variety with e¢n indsx of refraction of 1.613. It
18 beliaved to be intermediate in composition between elnone

dite end spessartito.
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Soda CGronite

Most of the granits found in the bolt of Hesuatin-type
rociks belenge to this group. Tho beat exposurssz of soda
granite ere found on Tower peninsula of Dodm lake. Hore, the
rock 1z mpsslve, modium-rralned, pink to rsd on the frosh
purfaco and 1lizght pink to fray on the wostheored surfece,

The content of dsrk minersls i1s lower thsn thit in the quartz
diorite and granodiorite. Iight green epldots scecounts for
sbout half of the non-felsic¢ ninerels and itz content in-
cregses near the pgranite contacts., The rock i4s woll Jointed
gnd rcoms of the jJoints have beoon f1lled with quertz,

The grantte of tho rmall island in the northurn part of
Caopatina leke 13 nsde up of elbite (LOY), mlcrocline (157),
quertz (307), ruscovite (5%), chlorite (57) end epidote (5%).
The structure s gnolssic with bands of cuertz sltorneting
with feldsparerich bends. &Spldote slso forms layers parallel
to tho structure. The grain size 1a about 1 ma but cone
grains may be es much as 3 rma in diumster,

The pink rranite faecies is slso well exposed on the
southwestomn tip of the larse $zlend in Surprise leke, and
on the adjecent 4slend to the wast. The rock hers is finc-
to cozrse-gralined and lacks cny pronounced gnelsslic or
schistose atructure.

A thin section of the fine-grained voriety shows Lthat
the rock hes 8 woll developed granitold texture. Tho grelins
are 0,5 to 1 =1 in dismetor and sll heveo sherp boundarics.

A Rosiwal snalysls of the section gives the following nfneral
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campositicn:

o

~
Guarts 32.6
microcline 11.7
plsglooclase (Anls) 51.2
biotite 3.5
sphoene 0.5
epldote 0.3

From this mineral camposition tho percenteres of tho

various oxides were calculated and ere civen in colurmn I.

I II
F
F‘Q803 - lgh-ﬁ
e OQZL 1075
17220 - 0003
100 0.3 0.45
Zal 22.53 1.07
1;&’0 le QOl
P o A 7
}3;’0 / Ool 0052
210, 0.2 0.36

s T 9
Compared with the aversago of L sodaclsese granltes
(Johennsen, 1931, v. II, p. 112) listed in column II, the
rock 48 seen to be slightly rich in silica end calcofum ond
low in potash and &iron. The low content of iron and magho-
siwi 48 a reflection of the low mafic minorsl content of the

TOCK.,.

- Pormntito and splits

Tho compldn of guarts dlorite, pgrenodiorite, cyenlte
end goda granito 1z invsded by scattered bodles of pegatito
and aplite. Tho pepmatitic bodles oceur as $rregular lensca
or es dikss e2 ruch as ten fezt wide, 7The contacts of the

pegriatite maeseges are rore generally transitionel than sheorp,
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wWhille tho contools of the pplite dlikes crou churp.

rormatito is ratbgr syersely distributed within the grine-
1te ws woll ea within country rocks nesr tho granlte contectis.
Tho rock is pink end cosrso-groined with feldsper preing
mossuringe as ruch ag tuwo inchoes ina length, It ccnsiets mainly
of feoldspar snd quarts with ninor smounts of dsrk ninersls
guch g3 ilmenits snd msgnetite.

Cne thin section of cooree pormatite chows thot tho rock
conslsts osccntlially of pl&gio&leaa tn13 (L57), quarts (357)
end microcline (207), Thoe toxture o sunewhet cataclestio
vith grenulstion cormwn noar groin boundarics cnd with
streinod greing of gquertzse Plegioclasge ond 'quﬁrta corgonldy
o ryeokite interprovihs giving riso to nleropraphic
toxture.

Tho aplits, like the pormalito, 13 rsre and forma anly
pmall dikos cutting tho other granite or mmoll lens -like
masses meking up so much es 10 percent of sams osuteropse The
gplito 1s a rasesive, Cfino-gralnod, pink, sugary rock with e
low percentage of derk ninerpls. Two gpecimens asgociated

with the main ress of granite have tha following plnorel Ccorie

vositicns,.
I II
3 o
quarts o5 30
microcline 6o io
plegiocloze 10 EQ
anugcurito=esidote - : §g
nuscovito 5 20
acceagories parnet allenito
epidota spheno
topas
nmarnetiite
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ccryosition of pleglocleas . inyp Lmy 4 '

The presence of topaz in the spsoimen of column I i3
indicaztive of theo ndtion of nineralizers., Ths garnet 1s pinik
to red, has sn index rofrasction of 1,811 and is believed to
be intosrmediate in composition betwoen almandite end 8pGge
sartite,

femlancament of Grenite

Tho pink gronlte of the Tower poninsula 1 a nassive
rock. IHors, tho csast-ieat trending Keewstin-iyne rocks have
basn tmmcated noar thelr contacts with ths Intrusive, The
attitudo of the strota, tho schistosity end tho shesr zones
around the grenito conform to the costacts with the ‘truaive.
Apophyses of granite and pormatite end velnleta of quertz and
epidote projecting into the country rocks ere very cormmon ine
desd, The country rock. near the grsnite has undergeone cone
tact metsmorphisn, and the chlorite aéhiats have been changed
to hormblende gnelases snd enphlbolites.s All thess foetures
surpost thet the lava flows snd the sedimentary rocks around
the Tower paninsuln‘héva beon displaced but not replaced,
end that tho grenite 1s of megmatiec origin,

Tho pranito stock extending from Vorchsres lake to tho
eastern chore of Nool laoke is massive in itz wostern half
and grneissic in its castern hzlf. In the enstarn half, the
gnolssic structure parallels tho contscts of the intrusive
and 1s botter developed noar tho maigins than nesr the center
of the stock. The granite 1s in shorp contact with the coun-

try rocks and, like tha granite of the Tower psninsuls, 1t



has projecting spophyses that cut the structure of the coune
try rockao. This graonitic stock has been cuplaced partly in
low gredo notasorphic rocka of the greenschist faocles end
perily in bigher grode metumorphic rocks of the anphibolite
focless In tho wostern part, whors the granite 1z 'dishar-
ﬁoniouél(walton, 1655, pe 11), the gruenstone nesr the cone
tect hes been chenged to smphibolite., Tourmsline is a cozxon
nineral in the country rocks nsar the granite which indicotes
thet 1t wes introduced by megmatic gaescs. All thege foaturscs
susgest that the country rocks hsve been digplaced but not
roplaced =nd indicato thst the gresnitic stock betwosn
Vercheros end ¥oel lekes 1= of megmstic rathaf thon of neta-
riorphic origin.

South of Doda leke, tho mein body of granite has chearac-
teristics simllsr to thooe of the granlte mass Letween |
Yerchereos snd loel lekos. Nssr the south shore of Tods leke,
the 1lnves heve beon changed to hermblends gnoeisses snd amphibe
olitas end tho ecedlmentary rocks now coateln gerret and tour-
naline. It must be pointed cut, however, thst the contact
metsmorphic effects on the greenschlstz end on the ecdiren-
tary rocks are neither wicdecpread nor of too much intensity.

The pegmatite and eplito sssocicted with the granitic
rocks sre msszive end cut scross the gchistority snd gnolsse-
osity of the granite. The ¢plite dikes heve sherp boundaries,
and the pepmstite massepg gonerslly have grudetlionsl conteots
in the grenite but sherp contacty snd crocs-cutting relations

where found in the country rocka, Topsz formwd by the action
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of minorzlizers, and is Indicsetive of pnsumatolytic zction
during the leter sterss or cfter tho crystellization of a
rmcrma.  Doceuso of thelr occurrenco end compoesiticn, the peg-
matite gnd oplito of tho erca are telleved to ba of nmagnatic
derivation.

In the moin greniteo nacgs, meny outcereps are rorinsits of
tho volcenlc and zodinentery rocks found north and cast of
the rrenite conteoct. In somo outerops, howsvar, country
rocks end macmontic naterianl are intinatsly essocleted, snd
the nsturae of those corposite gnoisces 1s not oasily decl~
pherad, Tho mineralogy end chemical corpoeitions of certain
of these rocks may sugrest oither a marmsetic or a metamorphic
origin., Thus, the minersl composaiticn of tho garnstiferous
hornblande-pyroxene syenite given on page 6 18 rore indice-
tive of a composite gnelss than & rock of purely marmnstic
derivstion. The hipgh percentsroe of nmafic minersls, espe-
clally hormblendo, the ebsence of quertz, the high content
of potash foldsper end of garnet are festures thot, whore
found toprethor, ars sugrestive of rocks of composzite origin.

The gnelssic structure In eons parts of the nalin grenite
rase 1 very irreguler and highly contorted. This coamloeox
grnelssostty wes probebly caused not curing mugmatic crystalle
izotion, but by subsequent deformation, There 18 clso nicro-
scople ovidence that indicates thet the granite has been pro-
duced during metamorphism with ths introcduction of potessium
and the chznpe of plsgloclase to microcline. Menmy of the

thin sections give evidence of a foldspsthization process in
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the for- ‘
orm of plarioclaso greins only partly sltersed to micro

cline,
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- DIABASE DIXE

Cocurrence

Heerly 0ll tho diecbese dikes of thoe nep-cres are found
in the pranite or in ‘the hirher grado metsriorphic rocks.
However, two exposurss of disbase wers observed in tho
Koowgtin-type rocks. Ono of them 1s s dike 60 feot wide that
occurs in plllowecd lavas on the northecst thore of the egst
point of Windy lske, Tho othar exposure of disbasse in con-
tsct with tho Xeswetin-type rocks 1s found nerth of Moston
lske, where it occurs ss a J00-Loot-wide dike cutiling lsva
flows end tuff beds. The dike north of lMoston lgke strikes
northegatarly, tut the sttitude of the dike on the shore of
Windy leks 1s rot lmoun.

Elght other dlsbgso dikes were cbgorved in the gnolsslc
rocks, Nosrly all of tham strike in a genercl ¥ 30°E direc-
tion snd the dip, s far as cen be wsacertalned, is stoop or
vertical. (ne of the nein dikes west of lakeo Grimsldl
strikes slightly west of north. Only short serments of the
dikes havo been shoun on the msp, snd these gsegnments vary
likely extend ruch farther then actuslly shown. The most
extensivoly exposed dike 1s near Crlol lzke, It has a known
longth of more than ton miles end is exposed intermittently
from one mile north of Orlol lake to the southsrn boundary
of the map-ares esst of Noy river. This main diebsse dike
end thst of lMaston lske may very woll Yo the continuation of
the Dauversiers dike (Imbeult, 1651, p. 9). If so, tho dike
would be moro than 25 miles long end strike I L2003 wherever
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oxposed. The dike deoez not form a peprfectly sireight line
but bendz north of Oriol luke., Tho dike 1s rwore thon 500
feet wido on the esst shore of Orlol leke but its width gene
orelly vsries between 150 and 300 feat, Tho othar dikes are
nzrrover, snd the one ¢sst of Srireldl leke for instance is
only mbout 25 feet wide. The diabess dikes tend to form
resistant ridges but these raroly rise more than &0 feot
gbove the surroundlng country. No dilkes vero obsorved wost
of furprise loke,

Patmrrenhy

The dlabaces 13 & blsck rock, massive, heavy, and hus a
charasctoriztic ophitio toxtura. Tho grain gredation fron
coorso=-grained (5 r;) 4in the centor of ths dike to fine-
greined (1 rm) noer tho margins is clearly shown along the
goutharn shore of Criol lake particularly necr the westorn
contact of the dike. Tha ecsentisl mineral constituents are
plagioclease and pyroxeons with zcecessory quartz, blotite, mere
netite=-1lmenite asnd epldots,.

In thin sections, the plezloclage 1s more sbundant than
the pyroxene, Ths disdasic texture with lath-shsped crystals
of placiocolese snd intorstitisl pyroxene i1az charsctoristic of
all soctions examined. The plagioolage grains ore clesr gnd
the pyrozeno grains may be clesr or sltersd. Two ateges of
alterstion of tho pyroxzene worde noticed Iin the sectlons of
tho rore sltered dlsbase. In the first stego, thoe centors
of the pyroxene grsins cre elterod to trermollits, light-colored
hornblende, bilotite snd quertz. Ilbst of thsso secondary



rroducts form needlo-like greins or flskoa thet rediste from
tho centers of the greins. The first steco of alterstion may
elgo result In the formutlon of rimg of dark grecn hornblendo
cnéd Liotite. In the socond efsge of alterstion, tho horne
blendo 18 egltored to chlorite., Chlorite wus not observed &s
e zecondary ninarsal formed directly from pyrezenc,

Tho pyroxeone of theo diesbese s suglito, with a &V renging
fron L0° to 43°; Kys 1.661; ana birofringence, 0.,023. In
one soction, the dsterminantion of &V on progressively altered
prains peve the following velues: L0, L1, L2, L5 end 62 do-
rrees, The prein with a 2V of 62 degrees s corplotoly ale
tored to hornblends and trecos of the ordginal pyroxone ere
wznting.

The plezfoclase praing cheracteristicslly reriofn vnsle
torad, Tholr composition varics from dike to dike botween a
calcle endosine (ing) to o sodie bytownite (ingp)e The
greins oro nostly twinned. Aside fron the sccessories al-
rosdy mentionod, the sltered dlsbass conteins ruscovite,
chlorite, loucoxene end sphenoc. |

Tabulation of minersl percenteges of 11 gooticns show &
strikingly umifornm campbaition. qual gnrlysas of three rope-
regentative specimons ere given below, Column I znd II are
tnalyaes of specimens fron the mein dike, and colum III of a

grecimen fromt the nsrrow dike jJust wost of lske Crimaldli.
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I II I1X
4 & 4
plegioclase 50.9 52.5 55.0
pyroxone 39.2 L .0 35.
quertz LS 2.3 1.0
negprnotite 2.0 1.5 L.6
biotite 3.2 0.7 3.0
epidote - - .5
‘Canositicn of
plegioclace Anggn Ang o Ay g

1. All opeque nminerals are considersd to Lo magrnetite ol-
though they mey include llmonito, For thet reazon no T10,
&3 shown in the following chenmicsal compositions,

Prom these nlneral cortcositlons, the following chemicel
corpositions woere ssleulsted, The opticel propurties of the
suzite show that 1t conelsts of L2 percent lg5103, L0 percent
Ca3103 end 18 percent Fesidiy. The percentege of the differont
oxides In the auglite 1s teken 2s §10p = 50%, Cad = 2073, MO =

21%, and Feld = ¢%,

I iI ITI Iv

% lid ;": ‘75
510 S2.7 52.1 0.6 50,10
Aofy  17.5 15.8 16.5  15.3%
PQZOB 1.3 l.1 E.E’ 30{%
rel h\QS !-;..S ’oa ?‘07
10 Ge3 93 7.0 579
CeQ 13.0 15.2 12.6 .64
I:F.EO 300 2.2 303 3097
120 0.6 truca 0.0 1.L9
TiOQ - - - 10&5
Iino - - - 0020
ons - - - OQES

tn eversgo of 90 mnelyses of digdbace (Doly, 1933, p. 18)
is givan in column IV for compericgon. Tho dladbess of the
map-area hes s higher Ze0 centent but lower FeQ end Toz03

contents thsn the sversre diedbersc,.



The disbsss i3 the youngest consolidsted rock of the
nep-ares, end the dikes heve dlscordsnt rola ticmchips with
the rmeisslc siructure of tho grunite gpainst which thoey
have chilled bordera. Tho dlebeze diltes have undsriona very

14t510 doformation and wlisrcilon after thelr emplecement.
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CLIOL0IC

Piatribution and Qccurrence

Tho rreeter poert of the mgp-sren 1z mantled with glselisl
t111 ond fluvio-glaciszl deposits of varying thiciknoss. Tho
donzse cover of treos rnd wndergrowth togother with thoe lack
of roads meko g study of the glaclel fostureus rothier diificult,
Cnco racormdzed in tho fleold, however, rgny of tha pleclsl
foaturos ero bast studied with the eild of sorlal photogrephs.

In gonoral, tho nmwmtlo is rathor thin noar the hill tops
vhere cuterops ere mwimorous. In the low areas, like asround
Jsy, Ho Rock and Dva lokes, the nontle, if not thicker, is
gt leasst & lot more continuwus, end the bedrock 1s nol exposed
ot theze locslitles. A L5 dogree dismond drill hele, one mile
weat of Meston lske, went through ¢0 foet of glaclsl t1ll
before rcaching the bedrock, indicsting thet the runtle is
over 60 foot thick ot that loculity. It 1s elso reported LUy
Rivorside Chibouzomeu Ninos Linited that the overburden is
100 feot thiclt on the south sido of tho Opeulcs river, Just
osst of Vindy loke. It Ls probeble thet this 1s near the
noxirar: thiclmoss of tre "lolstocenc, but there is no ovie
denceo to prove thst 1t ccnnot to ruch thicker locully.

The distribution of the older rocks hae no control over
the thickness of the Plelstocens cover. The lsrper boulders
do not show evideonco of long trensport snd they cen be used
to s limited extent in mavping the underlying bedrock. Thus,
southesst of Dods leke, and west of Eva lske, lerge granitic
boulders are cormon south of the pranite conteet but thoy

gre rare north of that pumo contact.
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Glecinl ¥nterisl

The glaeclel nmatericl consists rostly of $111 renging
from boulder to fine s1lt in sice, In places, sorted mstorial
such es boulders, gravel, ssnd end clay nay form sccwnmlations
but theosoe ere rere and of gmall extent in comperison with the
ungortod drift,

Yorma of Olaclel Donositn

Tho wnsorted drift occurs for the rost pert es pground
roroine forning a pently wdulating topography of very low
reliof. Srell hilla or depressions ghow no pearticuler form
and pattorn,

The t411 4in placos forms low dmmlinelike ridgos. Cood
exsmples of these topograsphic forms sro tho long points ox-
tending southwestwards frorm the northeast shore of Ceopatlng
leke., HMeny sinllsr forms sro dlstributed threughout the aroa
but they are not =s oassily rocognizod, liost of theso drumline
1iko cccummulations ere less then one nile long but sorme may
bo 23 much as threo miles in leongthe Their width varles bow
twoon £00 and 3000 feot end thoeir hoizht roroly oxcoods 50
fost oven in the leorpest onos,

Accmulat_fionn of bouldors vore ccoasionally observed in
the gronitic aress. The boulderas ere subsngulazr end avercge
about two foeet in dlumeter. 7The bouldsr pccumulations do not
form elongsted narrow tracts Lut sro more or less ovzleshaped
or rounded masses. lo £leaclal strice wore observed on theso
boulders,

A few send plains occiur within tho nape-orease Th0



doposita sro ronorikably flat and genorally cover logs thon
two squore milos. Ono such doposit s found at the northe-
wogt cornor of tho mop-crca irmedlatoly northwest of Doda
lako,

Matratified clays ero scattarod.thrcughout tho mroan but
thoy too ero rare., Sone gray clay was cobgerved less than six
niles scuthwest of the height-orblnnd. Clgys aro elso prose-
ent st tho following locelitles: south of lloel lslwe, on the
west phore of leke Proust and along the amall atroans {lowe
ing from o Fock ond Jey lakes into De 1taigle »rlver,. Thosgo
cloy depositas £roe not covered by younger drift.

Egkors wore noted especlally in tho eastorn partis of the
nep-eraoa but none wore rocognizod wost of Surpriso loke, The
ockers are composed of cilt, sund end grovel, and do not chow
vory fine sortinz, The sinuous ridges trond couthwards to
pouthwestwoirds. OSomo of the eskeors ure 20 feet high ond 30
foot wido at tho base, others are sz hirh ss 60 feot and as
ruch ap 100 feot wide et tho bgso. The slopos of these
ridcos ere falrly stoop, being around LO to L5 dogroes., The
eskors 1ilze rost other glacial feactures sre best studied from
seriel photogrsphse. Tho longest esker occursa northoaat of
lako Monsco, cnd it measures over two niles in longthe Othor
eskers ero shorter.

artall rounded hills and deprossicns ore cormwen in the
goutheast corner of tho map~grea whoro they form kaze and
kottle ﬁopography. Theso kaawwg ond kottles and tho eskoras

ere Lcoecontoct featuwros, md wore probebly furmed by =
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stegnant masa of 1ce (Flint, 1949, p. 151),

Fesor theo northuwest corner of the nmepeares on ono of ths
ssnd plaing, ere thros ridres that trend FLOoL, These ridpes
mré atudied from aerialphotos only., Thoey are sbout 2000
foxt epart, 200 feet wide gnd pppomr to bo low, Althouch
they trend In a directicn that parsllels tho elorgation of
the drmmling thoy are not belicved ‘to bave becn produced dir-;
cotly by moving gleclors, These ridges are thought to ropro-
gent tronglitional dimos. Thoy are located betwoen S to 10
milos pouthwast of the esstern shore of formor lake Darlow-
0Jibway (fig. 2, pe 92), and the send plein on which those
rideges formed mnay very well reprosent a formmsr bosch along
the shores of the lasko, VWestorly winds blowixﬁa; from the |
leke nmay have formod these ridgos,

™Mrecticn of Ico Movemont

The direction of movenent of the last 1co ghest 1s ine
dicated by the trend of the drumlins, by glaclel strise end
Cleclal groovese Tho long polnts of Caepatling lake trond
525°y4, and .othar less rsliablé dotornminationa on tho rest of
tho dmlhl;like ridgos show elongetion varying betwgcn 5309
end sl.ooy, i‘ho glaci#l strice end glaclel grooves '(P»l._ I 'A
end D) neerly 8ll strike 335°%,. Stoss end loo toporrephy
ghows that tho last movenont of the ico cheot was southwost- s

wurdsae
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78° 7% 79 7z

Fig- 2.—Location ot area in relation to height-of-
land (Antevs, 1925, fig- 27) and shore

ot former lake Barlow- Ojibway (Dresser

and Denis, 1946, fig- 2).
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ATTINPTS AT CONNALATION

Thoe word corrolation as usod in this roport has no tine
Irplicatlon but merely reprosents tho equivalence of rock
units on the beals of 1ithology. Tho dilagtinction boetwcen
the terms Hoowatin and leewgtin-type and botwoen the tems
Grenville and fGronville-type should be pointed out here.

The words Heewatin end Grenville irply & speciflc geologlc

ago when applied to rock formations whoreas the toms
Keowatin-type and Crenville-typoe do not necesesarily indlcete
are oquivelence but rather lithologlc gimilerities. TZho

torm Xoowatin-typo 1s sppliod to thoso rocks of the Surprlse
lalro arca that are sinilar to tho dominuntly volconle rocks
found in the throo wostorn subprovinces of the Ste Lawaence
province of the Csnacdlen shicld. The tomm Gronvillo-type is
applied to those gnelsses typlesl of the Gronville subprovince.

Tho correlstion criteoria are litholopic sinllaritics,
dogroe of metamorphiam, snd physlcal continulty. These cri-
taria ere not hold in voery high eateem by stratigrachers but
they are nevertholeass the only tools at the disposliticn of
the sooloriats working in unfoscilifeorous snd metarorphosed
tarrsins of the Pracarbrisn. For thege roasons, tho correlo-
tions aro puroly tentativo.

In thoe Surprise lake sres, two main difficultilcs hinder
stterpta et correlstiocn. The firat onoe ls the poucity of
outcrops. In motamorphozed terrzin, ono of the be:t weys of
mapping differont formations is Lo walk tho contects. In the
area studled, howevor, this mothod of napping {e nol only

trpracticsble but elrost impossible boceuse of tho lack of



exposures, Tho socond difficulty consists 4n tho coriploxity
of the structure end tho lack of merker units. Not only haove
pll tho rocks been corploetely deformed but nmetemorphism has
obliterated nmost of tho straticrephic and strusturel critoria.
In thoe bealt of Koeewatin~type rocks, for instance, the volcon-
1e, sedimenteary, pyroclastic and intrusive rocks sro sll
intermiixed, nezrly all motermorphossd to the semo dogree, snd
the normel sequence of deposition cannot be unrkéd out accu=-
retoly,

The problenm of correlation in the Surprice leke crea hes
three different aspeats:s
1) correletion of the differcnt formations within the eresa
2) correlstion of the different formatlons of tho area with
those of othor aress end thelr nasigmtuent to the oppropriate
zubprovinco
3} correlation of the different fomstlonz of two googreph-
1cnlly end goolegically aoperste divialons of tho Senadisn
Procambrian shiecld, neamoly tho Timisikaming end tho Grenville
subprovinces (Wilson, 193%, p. 239)

The problem of correlstion boconea Incressingly diffi-
cult gs largor and lergor aress zre considered end es the
rolation or stratigraphic position of the FKeewstin-typo and
Gronville-type rocks are exsmined.

I1story ond Nomenclature

Tho original mesning and subsequent expenaion of eech
term that mey bo applied to tho roclo of the map-srca aro

raviewod‘bflafly hereo.




Feswatin

“he vord Xeewatin was first used by A, C, Lawson in
1035, Vorking in the loke of tho VWoodz reglon of Cntario,
Lawson rocognlzad o thick series of closely folded lava
flows snd sedimentery rocks thet he nemed Xeowatin. Il
writes (Lewson, 1885, p. 14-15):

"The most eppropriste neme for tho serles that aurgests
1tsolf to me 1s 'Keewatin', tho indian name for tho
Yorthwost, or the North-West wind which hsso boen
appliod to the district within which thos rocks occur.”

According to CGunning snd Amdbross (1939, ». L1), W.H.

Perks in 1604 was spperently tho first peologist to use the
term to doseribo seme similer rocks i{n western Zusbec. The
torm was sgoain ucod by DBrook in 1907 end by Wilson in 1910
end kept being used more c¢nd more frequently. In 1931,
Jooke, Jsnes and Mewdeley, 1931, p. 25-53) tha lsva flows
end sedirontsry rocks of the Rouyn-Harrlcansw reglon, Quobec
were correlated with those found by Lawson. Pour years
latsr (llawdsley end Normen, 1653) the term Keowstin (?) was
tantatively applied to the greenstones of tha Chibougemen
leke srea, (uebac, Mewdsley snd Normen write (1935, ». 11):

"The oldest rocks, the volcunic flows &nd minor inter-
tedded pyroclestics and zedimsnts form sn sltored
sssemblepo that 1s similer to thet termod Kocwatin
creenstonss in other perts of Cueboec end (ntorio®,

Mawdsley and Normsn then rofer to the Gealogical Survey of
Ceneda Momolr 166 by Cooke, Jemes end lawdsley sid write:

"A rether full discuzsion of rociks of this character
8 given in tho report on the Rouyn-lLarricenaw roglion
end the deacription prosentsd thore doplct very well

the main fostures of the old volesnic sssemblege &n
the Chibougamsu District®,
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“ho Chibougensu shoet, west and osat halves (lcwdsloy
end lormen, 1933 and Retty end Normwan, 1933) also refor to
thego laves g5 Hoecwatin,
Tirmt skerdng

W.Ge Millor (1911, p. 648), working nosr lake Timigkuning,
epplied the torm Timiskeming to a serles of /rchesn sediments

assoclated with but spparently yourger thon the Kaewatin lava
flows. Tho term Tinmiskening never gelned ths widospread
usgre that Keewstin did and 1ts stratigrsphic position in r¢-
lstion to the Xeewatin 48 not perfectly krnown, Dy dofinition,
the Tirdskaning sedimentary series is quite different lltho-
logicelly from the aszemblege of the Xeowatln volcenlc sories,
gnd rests unconformably upon the Hoowstin lava flowse In
places howvover, tho Timiskamding-typo sedimontsry rocks are
found intirestoly easociated cnd seeningly in conformable cone
tact with & Koowatinetypo volcanic sories so that in somo
placen, thoe relaticnship between the netasediments snd tho
volcanics is wncertain, In thesgo ploces, the use of the term
Tiniskaning 1s not warrantod.
Orenville.

| The torm Cronville wes firat uged by W.B. logen (1863,
Pe 113 ond 836-839) to describe a thick serles of motwworphosed
sodirmontery rocks that he found in the Grenvillo township of
southern Cuobec. In 1910, Adams end Darlow (1910, p. 36)
geve the dlatribution and eerial extent of tho Crenvilic &ow
ries but the westorn limit of tho serles could not be located
vory accuratelys. Coologle mapping slong that westorn boundary
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hes boen errctlc, end infroquent, In 1939, data, though
atill'vcry incomplete, wero sufficlent to allow M, L, Willoon
(1939, P« 239) to locnte tho weatern boundary of tho Crone
villo subprovince moroe gecwrately, /fumong the rocks typical
of tho Crenville sories are coersely crystsllino lircstens,
quertzite, ond gernetiferous snd 21114rcalte parzgnelscos,
hornblends gneisgos, snd smphibolites, rAnorthosite end gnolca-
sic grenite form conepicuous nassea within the Grenville
rocks, The Crcnville subprovince has besn divided into four
diffarent roglons (Dresser end Denls, 1%L6, pe 197), ono of
which 28 & berder zone in tho Grcnvil}o subprovince boundod
on tho northwest by tho Tinlskaming subprovince. The southie
eantern pecrt of the Surpriso lake arec is within this berdor
zone, .

roewsenesucn

The torm lowsengwWwsxn wag Lirst used by Drooks (1376, p.
210) 4in his description of the coppor besring rerles of levas
end conglomerctes of Xeweenew peninzuls, Ilchigen. The torm
wen later spplied to rocks on the north shore of leke Iuron
gnd 4n the Sudbury district (Cooke, 1947, pe 30). Tho
Kowoonswsn period oceupioes tha upper pert of the Proterczolo
ora ¢nd 4a cheractarized by great ignoeocus activity that gove
rige to basaltic lavas, snd hypabyssel snd deep-gonted basic
intrugives, 7The term Kowconawsn has becn mppliod hemm end
thoro to dlabase dikes thst sre in the upper Precenbrien part
of the geologic colurm, In most of the geqlogio reports cov-

orinz arcss in nortliorn Quobes and Mtarlo, most lsto



Trocanbrion dicbose dikeos ore tervied owocnauon vithout any
diroct evidenco for tho ceorreluticn othor than thelr disbesic
chinracter snd tho fact thct thay oro lator thn the other
Pracembrion rocls,

Caoloric Perlodn Used 4n tho Trble of Poreatlions

In tho teble aof formatlonsz, the term Keewstin (?) 13
used to refer to the tightly folded vsodimants ag well ee the
lavas, snd the %erm Tiniskeming hae boen cmitted, Some of
tho hirher rrede gneisses have boeen referred to as Gronvilloe
tyro. The grenite hes been clessifiod g2 Grenville {2).
Yeueconecwan (?) 1z arplied %o tho lato Precarbrian dislase
dikesn,

Thero ere two mein recocns why the term Noewstin (?) is
oplied to the asgerdlsro of levas ¢nd codiments, In the
first pleco, !Mawdaley end Nomian (1938) and Retty and Nomsn
(1933) who mepped these rocks have alreedy roforrsd to them
gs Koeowotin. Secondly, the rocita of tho mup-ares corrszrond
very closely to the descriptions of typlcsl gaserdlepes guch
a2 the cne gilven by Cooke, Jemes end Mawdsley (1931).

The torm Timiskeming 15 not epplied to the sedimentery
raocks of Surprise and Caopetine lekes. Previcus msepping of
there sedirmonts (Mewdsley snd Normen, 1938) indfcotes that

thase rocks are:

in part probebly vounger thsn Keewetin but in part -
noosibly Koewotin™....."Tho sedinmocztary rocks aro
noasibly equivelenta of the Timlslkening acdlirents
in tho Nouyn-Cell river rogion of western Cuetec,

~ They eppescr to llc in eynclinel structures end to

bo yox'.;.n,r_:or then the groster port of the Xoewatlin
laves”, «

o unconformsble rel:ztionship was noted between the
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sodimentary rocks and the adjccont voleocnlcs, ocnd 1t secns
probeble but faor from certein that the two typos of rocks

are interstretified end of the swmo genocrel once Docouso of
tho closv and intinmato association of the sodluentery rocks
end the lave {lous, thé vwrlter prefors to place tho two typos
of roclka wdor the term Kevwatin, The rocks of tho trensle
tion zoneo have slco been grouped with the Heowstin (7) in tho
tablo of formaticns as they cro tho seme rocks btut hovo been
nstarorphosed,

Thoe higher grade metamorphic rocks found east of Surprige
leke wors roferred to by Mawdsley cnd lorman (19303) as
"Archeen snd/or ?rotarox:b!.c." "It has beon chown in a provie
ous asction of this report that the hornblendo gnolsses cnd
sphibolites reprosent, at lezst in pari, the notawrphweged
equivelents of the laves end relstod intrusive rocks =znd that
tho blotite parsgnoissea exre metawrphosged Yoowntin-typo sod-
iruntae "se}l(ﬁtllﬁl“ or not rll of thege highor grade nmotasorphle
rocks are actuelly motawrphosed vowalin-typro rocke cunmot
bo sscertained, end bocsuse of thias wncerteinty, thozo Creone
ville=-typo rocks have beon 1cbelled Keowatin(?).

A major problem eroso in constructing the geologioc cole
wn end in trying to apply torms denoting sge to the varilous
rock wnits. An Archewn-type rock may becomo by metarmorphian
in rroteroiolic tire a Protsroroic—type rock but 1f Archoean
rocks ere motoncrphosed in Proterczoic time thoy remain
Archesn in c6. Thus, the Keowgtin (7) rocks of the araa do

not baéor.ze Cronville (?) rocks but tho Keoewstinetype rocls



nay Locorw Cruawillo-type rockse. An Archon rock cau givo
rigo toAa rroteroiolc rock only by erosion and roedoposition
in Protorozoic timoe, There are, howsver, sorw rocks that nay
consist primarily of Archocn moterial which has Loon modified
and to which materials have bdoen sdded by later notormorphlc
end mogmatic procossose. Those rocks cro compocito ond cennot
be aasily plecod in the goologlic colwminn,

In the Surprice lako crou, the highor grade notenorphic
rocks do not include the threo nost cheracturistic typos of
rociks found in tho typo locullity of tho Grenvillo nanoly tho
crystalline limesgtono, the gquortzito and tho sillirmenite
cneigoe liowover, tho grrnotiforous lLiormblendo gnoilsses and
bilotite parcognelsses and the eaphibolites east of Surpriso
lske cro cormwon in tho Crenville gubprovinco snd thsy are
considsred Cronville=type rocks. Other workers who rogerd
aimilaf rocka of the surrounding sreass &8s Cronville-type aro
Gilbert (1952, p. 2), Imbsult (1551, p. 7), and Hoale (195L,
Pe 5)e In thia report, tho temm Cronville is not spplled to
these Grenville=-typo gnelssos mainly bocsusze of tho strong
evidences that thess gnelisses ropresoent at losat 1in psrt
motarorphosad Keewatin (?7) rockse

Although covidonces are not too rolicble,vit BOCNIZ rage
gonablo to cesuwe that tho granitlie rocks of tho arcs aro of
one ago, though the intrusions nay spon a congldierable ine
teiwval of time, Tho graniteo is definitoly younger then the
Keowatin (?) rocks end, ss ghown by tho Towor peninsula ine

trusion, it is also younger than the porlod of deformation
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that rosulted in tipght folding of the lovas end godluwnts.

The pranito haes intrusive rolation to the hornblondo and bio=
tito gnolsses, end is thorofore youngor than tho perlod of
roterorphlsm that pave rico to the gnolsses, It i, howovar,
vory difficult ¢o plece the time of intrusion in the goologic
coluin,. Radloactlive dating 1g probably the only meens ab our
disposition to date theso intrusive rocks. Mawdsley and Normen
(1938) have placed the granitic rocks of the mupwsyroa as
Archesn and "possibly not &ll of one spo®. There 13 s atrong
pogsibllity that theso granitic rocks are younger than Archomn
and should probably bo placed in the Proterozoic. The resson
for this 1s that the largo msin belt of grenito has caousod
rotemorphlic offocts In its western pert but not in tho castorn
parte The asstorn part of tho pronite thoreforo was Intruded
In homblendoe gnoissos end amphibolites end 1f thoso rocls
woro metemorphosed in tho frotorozole time (Cronville ()
tirne), and they probably wers, then, the cranito also would
be Proterozoic in pgee Tho grunite is clesesifiod with the
Crenville (7).

Thoe disbage dikaes ero definitely tho yourgest consollie
deted rocks of tho nep-srea as they cub tho gnelgsslc structure
of the pranits, Thelr constsnt compositlon indlcatos that
they are co-nsgriatic snd probably of tho scmo egs. liswdsley
end Normen (1938) have found that theso dikes are later than
the Chibougamau sories (oquivalont to the Cobalt gorics,
Ironian (7) ), though in part thoy mey bo pro~thlbougannu,
Inbault (1951), Cilvert (1952) and Lyall (1953) o hovo
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nepped adfecont aree.s,‘tcntativoly correleted tho diebese
dikes with tho Yoweonawsn (7). Althoush there 1s no ovidonco
to show that these dlkes were ectuslly intrudod in Yoweenawan
timo, tho cormion practico of assigning these late Procorbrisn
rocks to that period 1g adoptod.

Dolirditatlion of Fecwatin-tynoe and Grenvilleo«typo Pocla

It 18 vory di1fficult Yo pleco tho boundary betwoen the
Xecwotin-typo and Grinville-type rocks of the Surprise laoko
area on tho basio of lithology alone. The granitoe gneolan
thet spensg the goutliern part of the area shows no noticeable
changoe in lithology from the epstern to the westorn bounde
aries of the msp-;area, end thorofore it ccnnot be used in
geparating tho two types of rocks. As pointed out in tho
degcription of the verious rock types, thore 1s & gradation
betuween tho Xeswatinetype rocks and the Gronville-type rocks,
end the only roalistic way to delimit the two typos of rocks
15 %o ostadbligh the transition zono shown on the sccompenylng
mope This zono, which msasurea from two to throe miles in
width trends sasterly botweon tho esstern boundary of the mope
aros and the mouth ghore of leke Ceoputina, Iouth of this
leke, the belt sssurws a southesasterly trend as fsr es Dva
and Dos Cleudes lukes, and it ebuts sgsinst a grunite intrue
sion south of those lakoes,

A grsdation between rocks of the Timiskeming subprovince
gnd those of the Orenville subprovince has Loen mtpd by nany
goologists, Cuirke snd Collins (1930) in their forous momolr

on tho dissppesrcnce of the Huronisn were gmongst tho first



to conclude that tha rocks of the Granville subprovince yope
roesent metanorphosod and grenitized sedimentayry rocks of
fluronien pze. A numbor of Cuebec Departmwent of linss reporte
show that in verilous plecosg, e predation exists betwesn rocks
of the Timiskamine subprovince and thozs of the Crenville
subprovincs., fnong thom thoe followlng cen be montlonods
1) Lowther, 1936, Villobon-Danain Map-irea
2) Precnan, 1943, Duteux Area
3) Yohl snd Osborne, 1950, Cawatose Lap-Area
) Ci11llos, 1552, Canimiti liver irea
9) lleale, 1954, Dollier<Charron Arca
loro recontly VW, G, Johmston (1954, p.v1072) hag ghown
that east of lako Temegemi, Ontario: : ‘
Tgomo of the Cneissos 4{n the Crenville subprovinco pi‘o-
bebly resultod from the moterorphism of prenite of the
semo o6 s tho gresnite in the Timisksming subprovince®,.
Ceologints, workiu‘g near Surprice lake from the Crcnvillo-
type rocks towafds tho Xeewatin-type rocks would tend to in-
clude the zono of trsnsition with theo Creavilloetype rocks,
snd geologists working in tho opposlite dircction w:aﬁld tend
to place the zono of trensiticn within the bLolt of Keowatine

type rocka,
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STRMCTURAL GREOLOGY

The Surprise Luke area lies within two mejor structursl
divisicns of the Cenedion shield, the Swuperior cnd tho Crone
ville .pravinces. ‘Theso nones wore proposed by 0111 (1949,
pe 61=68), nd the boundary botwoen his Superior snd Grenville
provinces coincldes with the boundary between Wilsen's Time
1skeming and Oretiville subprovinces of the 5t, Lewrence prove
ince (Wilson, 1939, pe. 237-239). Wilson's subdivizicns cre
goologicelly end geographically different reglong whereeas
6111's provinces sro bassed moetly on the dominsnt structural
trends. Aa indfcated by 0111 (15.9, p. 65), the gonerslized
dominent trend of the Superior province 1s cost-west whoroas
that of the CGrenville province 1s northeast, It 1s also
penerally belleved that the toctonic disturbances thst took
place in the Gronville province are younger than thoss of tho
suporior nrovince,

Pocaupe tho proa balongs to two structurally different
provinces, the ctructural feztures sro treated separatoly in
two zezsrato sections undsr the hosdings "Folding of the
Keawatinétypo Rocké" end "Structuro of the Cronville-type
Rocks". The relationship between the structures of the two
provinces is briefly discussed in a third sectlion,

Polding of theo Xaswatinetype Rocks

Structural Features

Az shown on the regional structure map (Fig. 3, Pe 117)
the Keswatin (1) leva flows und goedimentary rocks hove cn
sast-wost trend, with strikes reanging betweon :H.70°C. snd



105

S.70%24e The chief exceptions to this egzaterly trend cre
found nasesr the northern psrt of Doda lake ond south and west
of Noosl 1ake where the attituda of tho flows snd cedimentory
.rocka conforms closoly to tho contzcts of tho noariy younger
grenite nascoge

e dips of tho flows and beds are elther verticsl or
stooply inclinolde Dips generslly ronge betwosn 70 ond O
derreog althoush sorme dips north of the east e¢nd of Ceopuating
loke may be ¢z low es 25 degreas; such low dips are vory raro
indeed, Tho leva flows clong the northern boundary of the
map-eres fron leston lske to the western shore of Dodz lake
conslstently dip to the north. South of this north dipplng
bend, the sodimentary rocks snd schists extending fron the
westorn shoro of Csopsting lgko ocastwerd generslly diy steeply
to the south: wost of tho leke, howovor, the sftcep dips ere
to the rorth.

.Thc Fooswatin-typo rocks of tho sroa are generally schise
tose, ond neasrly overywhero the schistosity conforms Lo tho
attitude of tho flous wnd scdlmentzry bteds. Around the grone
1to of tho Tower peaninsuls, whore the strata psrallcl the
contast of the fntruslon, the schistoslty also conforms to
the trend of the flows. Dacause of thls parsllellism, tho &t
titude of the flows, especially uhers the contacts of indive
2 gl flows were not recognized, have been inferred fronm the
gttitude of the schistosity. In a fow places, Lowovor, as on
the southern shore of Czopatina lske, tho schiatoelily dlverces

ss much ga fifteen dogrees from the attitudse of tho godinentg.
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The flows and scdimonts, in many places, have been very
intensely deformied end drecg folds and crenulstions have formed
(Pl. III A end B). The plunges of the azoé of the drsp folds
ronge between 1,0 and {0 degreos to the northesst, wund the
axlal plenes generally strike east end are verticel. In scme
places, howsver, the exiel plunes of the dreg folds strilke
northeasterly,

zZones of ghegring are cormon in tho bLelt of volcanic end
ssdinentary rocke, end many of them ere loceted ut the contacts
of tpe lava flows end the si1lls of netugebbro-metedicrite.
Most of tﬁe shear cones trend easterly paralleling the sttl-
tude of tho gtrata ocnd of the echistositye Cno sheoar zone on
tro eaztorn shore of Dode leke strilies north dbut 1t elso pere
allolan the trends of the leva flows end schistosity thst wrap
around the intrusive of the Tower peninsuls., Ths sheer zonss
aro from 2 to 100 feet wids, and ccrmrmonly show relatlvely
sharp contects with the adjacent rocks, Though present
throughout the belt of Keewstin-type rocks, shear zones sreo
concentreted in two main locslities, Ons is in ths centrsl
pert of Windy laks where a rore or less continuous zone of
shearins extands esstward from the westsrn gheore of the lake
for & dlstsnce of esbout eix miles., Tke other zone of shear-
ing, traced only throuzh widely scettered outcrops, extends
from the eastern shors of Doda lske throuvgh the falls con
De 1%.:31ple river to north of lake Jaye. Thls zons 1s elso
about six mlles long.

Jointing is nost pronounced in the Heeswatlnetype rocks.
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Besnltic flows are Jointed in places (Pl, V-A), ond somo sod-
Iments mey have o folnt Joint set perpecndiculer to tho boda.
All Joints ere steoply inclined to vorticsl,

Yo evidencs of major faulting wzs observed in the
{eeyatln-typa rockges Minor faults oro undoubtedly quite cone
non, butl 1%ke thoe shour zones, thoy probably generally strike
perallel to the flows end scdimentary beds.

Tho boat top determinatilonsa on lava flowa were obtalned
from pillowed andesites exposed on the 1glands end shores of
Windy lake, All top doterminations here (sbout 25) show that
the flows face south, end as the flows s’trike He7592, end éip
70 to 00 degrees north, they are overturned. Thosze top dote
‘eminations cre spread over a width of sbout 8,000 foet rogs-
ursd gt right engle to the strike of the flowse. Ancther top
dotermination cn andegite sbout two nlles east of Nio Rock
leke whoro tho flew here atrikes 5.70%Z., end dips 80 degreocs
north, shows that the flow faces south end 1s slso overturned,
On tho eastorn shore of Doda leke about cno nmile aaut‘:h of the
routh of the Opawica river, tho flow strikes N.,10%%,, dips (O
degreos west end also faces west,

only three top determinaticns have beon obltained fronm
ssdimontary rocks showing graded beddinge. The sodimentary
rocks on the southeastorn shore of Ceopatina lalko atrike
5.,00°8,, dip &0 deg::eea south, fece north, wnd cre thus over-
turned., One rile southwest of Vindy lake, noer tho survey
lino, emsterly striking sedimenta are alse overturned as thoy

Alp to tho north snd face south.
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Interosrotation

Thogse top detormingtlons cn ecndesites and sedirentery
rocks, snd tho other structurel festures represent & rather
smell cmount of d:zta from which to #6rk out an interprotia-
tion of‘the ria jor strugture. The lack of nmerker beds or of
an easlly dlstingulsheblo rock unit also mesks the structure,
These factors together kith the paﬁcity of outerops ond the
prosent scale of rapping hinder the interpretation of the
sfruature, and nzke it quite gpoculetive,

The penersl east-wesl trond of the XYeswstin-typso rocks
suprests that tho essemblsge of lava flows snd sedirments wes
folded in posponze to northegouth stresses, Tho gtoegpness of
thovdipa indlcstes that the strate have Leon tightly folded.
If wo adcept ﬁho hypothosis thet the drag folds rcprésent on
a sriell scale tho structure of tke major folds, the latter
ghould bLe plunging LO to 80 degrees to the ncrthesst like the
dreg folds, The dregm folds also anggest that the major folds
ére uprirht., If horthosatsrly plunging ngjor folds are up-
rirht they should give rise td northeaesterly tronding atruce
turesy they could give ris@ to euaﬁérly trending atructure
only if thé sxial planés dipped to the nmrih.‘ A fbu north=
dippingAaxial plaones were recorded, but they cre roro cone
pored with tho varilcel onles. Thsfa ia thus &n apperont cone
tradfotion 1n the atructuro os indicetod by the drog folds
end that indicated by the trend of the formatlons. A possible
éblution to this contradiction may'ﬁo that the northossterly
plunging dreg folds snd the major folds were formed at



109

different poriocds of doformation cnd by etrosses ccting in
differsent direoticnsa,.

The structural features of tho lavo flowe of wWindy leke
show thet the streta strlke easterly, dlp steeply to tho
north, and facoe south. The top detorninations sre gproad
over a width of 0,000 foet scross tho strike of the stirata,
snd no north facing flows have bsen observed. Thesge atruce
tural foaotwroes indiccte thet the individual levs flows nay
form o continuous soquencoe that L8 exposed ovor (,000 fect.
Othor detomminations on tho gttitude of thoso Heewstin-type
voleanics north of the northern boundary of the arca (Lyall,
1653), suggost that et loast 3,000 feet more shculd bo added
to the top part of the ¥indy lake sequence. If this thicknoss
of 11,000 foet of wolcenlics 18 in sequence without any repoti-
tion, it would then be locested on en inverted northorn limb
of a syncline whose axisl plsne would be south of the lako.
The strike of the axiasl plane of this syncline could bo ton-
tativoly placed along the esst-wost gurvey line sbout onc rille
south of Windy leke. The writer thinks 4t mors likely, Imw-;
aever, thst the exposures of ¥Windy lske do not all beleng to
one limd of a najor fold but rather foxm parts of neny cmell
1s0clingl folds, bub boeceuse of the leck of Information a
firm conclusion cannot be rosched on this point,

Although sequences of sedimentury roocks and lava flows
bave been known to regch es rmch ss 30,000 feet in thicknoas
{Park, 196, p. 307), it &8 doubtful that the Lindy leke so-
quence iz ectually 11,000 foot thick, ospecially 1f wo
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conslder tho wide distribution of the Keewatin-typs volcen-
1ca. It is more likoly that repetition both Ly bodding foults
end 1zoclinal folding has tsken place here., Tho ovidenco
swporting the hypothesis of repstition 1s that south of tho
assumod nrxial plans, tho sedimoentery rocks dip steoply either
to tho north or to the routh, and face elther norith or south,
This errangonent susgests rather strongly that the Xeewatine
type rocks are fsoclinally folded. It 1s quite probeble thst
more detalled mepping will revesl the proesence of north
:ncing flows in ths Windy lske scquence,

Structure of the Grenville-tyne Nocks

The moin atructursl feature of the higher pgrede meta-
morphic rocks is the sttitude of the gnelssic structure that
mey reprosent primary secdimentery and ipnecus structures in
somo placos, snd cecondary motsrorphic features in othars.

Throughout rwoat of the southsgast part of the nap-ares,
tho hormnblonde end blotite pnalsses sirile east-west veory
resularly. Tho élps are to the north snd generslly cre vory
stoop, wvarylng from 45 to 60 degrecs. Scuth of Vorchores
lpke, the dips are cither verticsal or to the south., The
horanblende end biotite gnelsses ere bellevad to form s merles
of east-woat tronding isoclinal folds quite similar to those
postulated in the belt of Xeewatin.typo rocks.

Structures trenaéarse to the esgterly trond occur between
'Vbrcheres‘and Yogaine lakes and moro probably have been cgusoed
by tho intrusion of granite. The transverso structures cone

-

fann to ths contacts of tho granite. Dsst ond eouthosst of
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Varcheres lake, ond gouth of liossine lske, tho eaétcrly trend
of the hornblendo and blotite gnelsses chenpes to northeonste
southwost snd cven to nerthesouth, end the dips wro to tho
caste ©One nllo scuthesst of Vercheros legke, the chango 4in
trend s rather ebrupt vhoress south of legssine loke 1t 1a
nore graduale This chango in the trend of the gnelsses could
be explalned by & fault. o evidences of faulting wore ob-
served, houovcr,‘and the structure 1s more likely to bo that
of a folds Thus, the blotito persgneisses near the scuthsast
end of Vercheres lsko form an open gnticline plunging southe
easte The dips of the blotlte parcgnelsges incroase progrote
sively fron IS dogrees near the granite contact to 00 degiwos
forther eastwards

In the grenito, the atiitude of tho gnelsslc structure
45 ruch less rogular although general tronds cen gtill bo
rocognizeds Thus betwoen tho southwest bay of Surrrlso 1lsko
end loke ﬁonaco, the gneissic structure of the grenito strikoes
egat;uaab. Yorth and oasst of leke lMonaeco, 1t assumes @ north-
northesazt trend that parellels the contact of the hormdblende
gqaiases. Thoe dips of the north-northessterly striking grane
1te gnoiss ere stoep to the socutheasat,

Linsation in the hirher grade metenorphic rocis wes
moaauréd on.elongated hormblends ciystals end on plumges of
dreg foldse The mumber of measurcments is small but 2ll tke
recordings made show plunges peralleol to ths northeast plungen
observed in the Keowntin-type rocks. Plunges aa low as 15

dogroos, however, worse rocorded In tho gnelssos, wherocas thoso



in tho Roewatln-type rocks are ruch steeper,

Sheuring, vwhich 13 go corrion in the leve flowa to the
north, 1a rarely observod in the highor grade motarorphic
rocks and in the granite. Only two shear zonss wero obzorvoed:
ong sloiyy Roy river in tho narrow bend of horablonds snd blo-
tite gneolsses, end the other in the gronite west of the long
13lend in Surprise leke. Doth theso shoar zones strlke north-
ogsterly and appesr to be minor.

In only two places could evidence of transverse faulting
be found. The first locality is glong leke Plerre whore
thore 13 cumuletive evidence of s H.20°Z. atriking fsult.

The feult extends from the north end of leke Plerre to choutb
ono mile north of the zouthern boundary of the map-srecg.
Mrst, a bandrof hormblende pneiss 1s abruptly truncated at
thils lelw: eamst, Lt 40 cbout threo miles wido bul to the wost,
1t is only throe quarters of s milo wide, Second, # sudden
chanco in strilie is concentrated in the vicinity of leke
Plerre. The chonge in strike 1s not reroly elon; the contect
of the granite and the hommblende gnelsses but slro within
the granite snd thé homblende gnelases ;hemaelvea. Third
end quite sismifiosnt, mylonite cropa out slong the shore of
the leke especislly nesr the south end, The rock 1z very
hard end britﬁlo, end hes banded structure cln racteristic of
neny mylonites. A thin ssotion of this rock chows strong
cataclestio structure. The shepe of lake Plorre wlich 1a
over threae riles long end sbout one qusrter of g mllo wilde,
end transocts the osst-wost structure can be considored indi-

voct ovidence of foulting.
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Tho other place uhsre avidence of fzulting has been
fourid 13 along the southwaat‘bay of Surpriss lgte, bul evie
dence hare ig not es good as that of lake Plorre. Thore iz
no noticesble change in the trend of the structuwro kors, snd
no abrupt tormination or truncatlon of formztions. Iylonite,
howaver, is noroe cormon than st loke Plerre, end 1a uoll ex-
pozed noar the southengtern pert of the nerrows lesdins inlo
the southwsst bay of Surprisze lekos, Thoe outerops of mylonits
form roglistant scerpse The gorge at tie satrenes of the baey
ray be consldored indlrect evidence of foulting parsllel to
the bey, The sastarn side of ths gorpge consists of bedrock
vhorens outcrops sre wanting on the wostern slde,

Polationshin batwoen Folding of the Feswatinetyne

Nockn nnd tha Atructurs of thoe CGroenville-tyoo Cnelssoes

As shown on tho precesding pages, nosrly zll the horne
blondo. and blotite gnelssea strike esst-west, tho only noticoe-
oblo oxcontlon beilng the sren betwoen Verchoros ond lessline
lalwes, lere, tho changevin trend is abrupt’naar the grenite
contnct but pgradusl gwey fron L, and wos probebly eanusoed by
the grenite intrusion. North of Vercheros end Messins lskes,
the belts of hormblende snd biotite gnelasses strile eastorly
end parall&l the belt of Kaewatinptypa rockg. Therc is thus
no sharp snd continuous dbrogk in the trend of the formations
¥ ono‘gooa from the Keeﬁatln-typo rocﬁs into the Gronvilloe
type roeks., Enst of ths mopesren (Cilbert, 1952), the struc—
tural trcnd'bacamau rore cormplex, but in neny places tho goene

ergl strike 1a séatwsde
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7he chenge from the eaaterly trend of ths Keowstinetype
rocks to the northoesterly trond of the Gronville-type phelse-
ses has been interprotod ss u uperposition of northeusaterly
nountsin structures on tho already oast-uest trending folds
of thoe Superior province. DBell {1932, p. 70-73) end Normen
(19L0, p. 522) have found this rolation beliuoen tho two pore
1o0ds of folding in vorious erocs of the vrovince of {usboc,
G111 whwo gupports this hypothssis writes (1910, p. 29):

"This (northeastorly) trend cuts &irectly ecross tho
cast-weat trend of the Xeowatin snd Tirdesleming-typo
rocks elong o line extonding from the north chors of
icke Nuron to lake !Mistasesini., Theso relstlons
strongly surpest that the Grenville subprovince nmarks
e Lete Precambriasn mountsein bulli belt with a trend
later followed farther to the gouthezast by tho
Paloozolc rountsain system.”

In tho map-gres, the Gronville-type rocks troend cacatorly rore
then northossterly, khere they trend northoasterly, thoey do
not cut the coat-west trend of tho Neowatin-type rocks; 1in-
stoad the chongo in trend is mradational cover e width of
cbout two nilos or nore, end no ore rolation botweon the
aasterly end northessterly strustures czn be estsblichod.

If the granlte responsible for the transverse structuros
oast of Vorcheras lako iu reh ted to the Grenville rountein
bullding period, then the northoesterly trend could be intor-
-prated as superimposed on tho easterly trend., Another evie
dence thst northeast struqturoa heve beon suporirmposed on the
onst-wast structure 1s that the youngesat consolidate& rocks
of the mup-ares, the diebase dikes, trond northeasterly and
cut the ecst-woat trond; The foult bloﬁg leke ilorre 1s also

o sﬁperposition of northeastarly structure on tn cast-west
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etriking formatlon. The Crenville structurel province uéuld
thus eppesr to be tactonically younger then the folding of
the Xeowatin-tyre rocks,

Tha Orenville Front

In mazny places along tho boundary sepsrating the CGrone
ville and the Superior provinces, major faults hgove been rece
ognized, Such faults have boon postulated in the Chibougcneu
roglion not far to the northogst, dbut in the vicinity of
Surprise lake tho rolations do not indicate fuultinge. Normen
(1936, »e 123) writes that, nscr Surpriso lake,

"Tha 'contzct! botwoen pre-furonicn rocls and the gnolise
cog 48 a trensition zone rothor than s llnser fegture,
though, in comparison to the extent of the pre-luronien
rocka woestward and tho gnolsses ogstward from it, the
trensition zono with 1ts meximm width of two to three
rilez, 12 remsrkably narrow,

South of Cpawlca river, particularly near Surprlce
laoke, pre-Huronisn lavaes and sedinments spparently grado
sastward into parnetiforous gnolisses end schlats, Fure
thor study mcy show that the gradation is nterrupted
perticularly as the apparent continulity seems to bve
broken by fsulting nesr & =il body of intensely crughe
ed graniteo st tho southweat cornor of Surprise lske.

A few hundred feset west of the crushed grenite dense
massive greonstone and coarze groinsd metsgebbro occur,
vhorens east of the grsnite, hornblendo schisis cxtend
eastwsrd in a nerrow bolt aiong tho couth side of
Ssurprise leko cnd pass without interuptlion Into gornot-
{farous mphibolites.” o

Ividence of Lsulting hes baen noted along the soulhwest bay
of Surprise lake, but thore 13 no mojor transverse fault,
Iomblende gnolssos snd gnphibolites sre found on both asldes
of the boy; osast of tho bay hornblendo gneisses Increcse in
metrmmorphic grade to gormetiferous giphibolitses, vheroans wost
of the bay lower grade metemorphic rocks, such as hornblende
schists are found, but the change is gredetional. The ssnme
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rolationshilp botwesn thoszo rocks cen be obLsorved to the nerthe
east at the outlol of Swrpriso 1lgke, and thers poein orodow
tional conicetz instosd of faults sopartbo tho rock typose

In tho Surprice Lekie aros, tho Crermville frount 1s a zono
of trensltion 2 to 3 nllos wido that svoperctes rocks of the
Crenville«typo fronm thoso of tho Heowatine-typo. Along the
southorn boundery and tho centrsl part of the mgp~sroa, ine
trusions of granite followod tho metsmorphisnm end the fortie
ation of the trensition zone, A northesst trending foult
slong lake Plorre, tnd a northesst striking disbaso dike wero
then suporimposed on the grenitlic intrusivea. Fron the north-
eastorn end of Surprise lske castwsrds, howover, tho motomore-
shicm end tho transition gono wore not obliterated by intrue-
sions of grenite, ond there cro no suporlinpoued northoast
structuro horge The northosat trending fault ond the dlabaso
diko along Plorro and Orlol lskeos do not colncide with tho
zono of transition (Fige 3, Pe 117)s 7Thus, the so-celled:
Crenville front 1s a netamorphlic fMont in this arca, It is
not the boundary betwecn terrains of difforont time-strati-
graphic rock units, nor iz it s =zone of sitrong dislocatlion,
llere, tho Grenville front 4is a zono in vhich rocks of one
| tinmo-gtratigrzphic serios pass from a lower to a hicher grade
of motemorphlimi,

Blsowvhore slong tho Crenville front thers is ovidenco
for strong faulting or other formis of dislocctlion (ﬁémmn,
| 1950, pe. 522), but the relationships in the Surprise Lake
area would sugprest that theso cro socondary toctonlec features
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suporlmpogod on, or pérhcps corrclative with, what 1c ezson-
tiolly o motimorplifc focleu chasnpe. OStrong corroborstive
ovidence for thia may be drawn from the fact thet sll slong
10 Grenvlille front the so-celled Crenville-type rocks do not
comparo clogely in lithologic varioty or seguenco with the
aagorblere of rocks identificd wiith the Crenvillo serles in
coentrel Ontarlo end sgouthern “ucboz. Along the Zronville
front tho rathor siriking crystalline limestonos, guartzites,
~end 211limeniteo-boering alurinous schicts ara cbsont or vory
subordinata. Anmphibolite, hormblonde schist and foeldspathic
biotito rneilesss nmulic wp tho bulk of tho Groenvillis~Li7poe rocks
gt tho Crenvillo front. Thls would suroot tlat tho Sronville
sories g5 & timo-strastigraphic ontity kes soumeowhiat moro
rastrictod distribution than the Greavillo subprovince ws &
toctonic unit, Thus, the term Gronville subprovines dofines
the sresal extent of e motsmorphic snd dynsnlc eplsodo that
affectod rocks of the CGrenville serles efe bubl slso affected
othor older rocka beyond the prosent limits of tho Crenville
sorios propor, The tom drenvillo serics consoquently 1dene
-tirios en cssoxblago of rocks Wet forms a tine-stratipraphic
unit which 13 differont fronm other tirms-strstizrephic units

alro found in the Grenville subprovinco.



LOCROMIC GLOLOCY

Minorslization in tho Hoewatin-tyho Nockas

Occurroncosa cnd NMatribution of Minoralizod Jonos

During the passt zevorasl yonrs, considersble prospocting
has beon carried ocut in tho Zurprise loke und nearby map-
arcase. In the summer of 1951, with the discovery of mineral
showinga in the Brogniert-lescure ares to the norih (Lyall,
1653), sctivity in the Surprise lako rsgion Incressed, and
most of tho ncrthern pert of tho mape-srea from Windy leke
vastward has been stakod. Theo develorment worlk carrled out
so o hes consisted of trenching, blasting, geophysicel sur-
voys and diormond drilling. Somo encourasing gold waluca have
beon found nd conditions gppear favoursble for the Linding
of doposits of interest.

Sulphide nmineralization is particulurly widespread
throughout the laves and to r lesaer extent in the scdimentery
| rocks. Disseningstsd sulphidsc, mainly pyrite, ors alce very
common in the gabbroediorite intrusive gills. lost of the
obsorved chear zones show st loest some sirn of rminerclizstion.
In many placos, hydrothermel action has strongly cerbonitized
and ailicifficd the country rock. lMeny of tho rmest favoursble
shoaeyr zones ococcur at the contacta betweon gabbro-diorite
bodies gnd the lavs flows, Ten apseys taken Iroam differont
gshoer zonds revealod the prosence of gold in only cne place,
& 11ttlo sllver end traces of copper, nickel end zine in the
“othors. =&omo of the stronger shoars end minorallized oxposuroes

- sre indicsted on the sccompanylng mep.
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tn tho south shore of Caopatina lcke, a fow nerrow beds
of mapnetito-rich rock occur in the sedimentary sorics. A
greb scriple of this matorisl esseyed 39.30 porcent iron. The
peucity of exposures in this pert of the areca 1g o hindrasnco
to prospecting but 1t 1s of interest to note thet difficulty
was oncountered in running traverasc lines, dus to tho strong
neenetic ettraction on the neodle.

Danda of tale, up to two inches wide (Pl. III-B), wore
found in ono oxposure on tha west eshore of Windy leke, They
occupy the noses of smoll drag folde In schistose endesito,
As the tale end narnetito occurrences are opparently szall
end rare, they aro procontly of no cormmorcial value.

Cold-tulphido liineralization

The gold-sulphide mineralization in the Surpriso leke
reglon prosents many of the charscteristic features cormon
in rmost gold producing districta 6f the Cansdisn shield.

Six of these features sr¢ givon below.

(2) The rining propertios descrided in subsoquent pages aro
all located within the belt of Keewastin-type rocks. The
country rocks consist of sltered volcanie flows snd sllls of
gobbro-diorito, and rninor sodinmentary rocks, Alterstion of
thoto rocks gove rise to chlorite end hornblende schists.

(b) Tho gones of minoralization in the Surprise Lske area
corraspond with casterly striking shesr zones. The zones do
not sppoar to bo major structursl broeks, but thoy novertho-
less represont chennelwsys for the migrating mincralizing

solutions.
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(c) Tho country rocks have been sllicifled cnd corbonatized.
(@) A11 the doposits of the Surprise Locke ares ere located
near tho contacts of pronite intrusfons., At Meston loko,

showinzs (1), (2), (3), end (L)1 aro within 6,000 foot of

1. Rumbers in peronthesos correspond ts numbers con nap.

the grenito obscrvod around the lako, Tho showing of loston
Leko iinos Lirdtod (6) s within tho granito 1tself. Sint-

- larly tho showings of Hazour Chibougmneu jiinos Linited (5),
Flamic Chiboupanacu liines Linmited (7). cnd Riverside
Shibouguriou idnos Linited (J) ore within three ond a holf
miles of exposures of grenite. Tho granite contacts ray very
well be rmuch cloadr to these prospects then indicetcd on the
nap s flaclel rateriesl iz thick over nost of tho ninerslired
localities. Tho gold velucs found at Des GClsudos lake (9)
aro located within 2,500 feet rwasured horizontally fronm the
granite contact.

(o) Tho gold occurs with gquarts, colcite, pyrito, chalcopy=-
rite ond othor minor sulphidos. Tho quartz end calcito nay
form voinlots thaot follow thoe cones of fracturcs or Irrogular
bloba. In gonoral, tho dbest valuos ereo found in tho snmller
voinlots vhoroas the lorper massus of quartz oand calcito sro
not minorelizoed. Mo largoe vein of quartz snd celcito on
ono of tho contral islends of Windy lake occurs in achistose
netsgabbro-netadiorite. Thoe vein 183 5 feot wide and over
100 feet long, snd contains no sulphides. 7The lurger blobs
of qusrtz on ths propoerty fomerly held by the Surprise Lako-



Minos Lirdted (9) ero barren, vhercas pold iz found in the
81l1icified country rock.

(£) Tho distribution of tho pold vcluos i3 crratic with vory
rich zcneos found in rocks dovold of rold.

Tho gold-zulphido occurrencos cen bo clessified as lodo
fissurc hydrothormal reoplacement (Bateman, 1951, p. 363-30L).
Tho proxirdty of the mlnorzlized zonos to the intrucive rocks,
tho lacic of cruatificaticn end crvity £1llings indicate that
the mctorisl wes doposited in deep-ceuted voins. Svidencos
of roplecement such as doubly terminzted crystals, snd tebular
orystsls intersocting the structure of the country rock cocre
corrmon,

The concentration of minorslized conos in the Keewatin-
type laves wnd schists instosd of in tho hishor grade nmota-
morphic gnolsses affords & good oxample of the influenco of
the couniry rock on doposition of minorals fron rinerslizing
solutfionas. Tho chlorito achistz ere nuch rore suscoptible
to replacomont then tho gnolsses end smphibolites, Tho snmall-
or numbor of ghoar zonas in tho gnolsses and smphibolitoa
nay account to a linited eoxtont for tho lack of ninsrallza-
tion in thoso highor grado metemorphic rocks,

The proximity of the minerclized chear zones to tho
franite may suggest, elthough not prove, thet tho velin nster-
10l was introduced from sn outside sowurce apd probably from

tho grenite,
Iron-boarine Soedimentery Rocks

Tho two iron minorals obscrved in the sedimontary rocks




123

sre pyritoc snd mopnetite. The sodirontery occurrcnces of
both pyrite and nmacnotiteo are snall and ruare.

Pyritic blecit slats was found in only one locality on
thoe north Lound:sry of tho map=arce, 1,200 foot woutl of nile
post VII west of Windy lekoe. lHore, the slato 45 interbodded
with quartzo~foldspathic beds, cnd intimutely escoclated
with the lava flows, «nd intrusive £i{lls of nstegebbro-nota~
diorita. The pyrito occurs as nodulez gnd mekes up 15 to 20
poercent of the rock. Tho nodules cre roundsd or usllghtly
elongetoed parzllel to tho bvedding, ero evenly distributed
end sverage one qusarter of un inch in dicnotor,

The sedinentsry rocks containing tinsnotito aro found on
the south shore of Ceropatina lako, end ero interbeddod with
black slates and quartzo-feldspetkhla layers. Thoy aroe, bow-
evor, loags intirimtoly associlestod with the levas thin the py-
ritic alute, Tho bods rich &n ne;notito oro thin ( 2 of wn
inch or less), and in sharp contacts with tho sdjscent bods,
They are noroe of the "even-bedded" typo than tho "wuvy-beddod”
type (Jzuos, 1954, p. 265 end 289). The magnotite-rich beds
consist of magnetito (60%), calcite (25%), and silicates
(15%). The marmetite grains are oquidimensionel (0.5 rm),
have irregulaer snd Jarged outlines. Tho adjacont beds sro
finor-grained (0.1 rm), and contuin only about 25 percont
macnetite snd sccessory calcite. The finor grolins of nmegno-
tito keve the scme forma ez those in the coarser-grainod
nagnotite~-rich bvods.

Trho pyritio slato and the magnotite-rich bods belong
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regpoctively to the sulphide and oxide redimentery facles of
iron formation (Jarws, 1954). Tho pyritic slato haa very
1ilkely formod undor strongly recusing sand scld conditions
with low pIl gnd th., (Xrumbein and Garrels, 1952, p. 9-13

end Iuber and GCarrols, 1953).

The original naturs of the ircn minerel in tho magnetito~
rich bods 15 less oeslly aescertsinsd. Tho marnotito may bo
prin;ary. Althouvgh oxperimente (Iluber and Garrele, 1G53)

. show that maznetite doos not procipitato diroctly from solu-
tions, Jemos (165L, p. &57) lists & nurber of iron formae
tionas whore mogmoetito 1s considered to be a primary minorsl,
but stroases that the supporting ovidences are not sz cbun-
dent a3z for prinsry homatite., Decause of tlw courser wnd
Jerrod nature of tlis rizpetite tnd the occurraance in slightly
neterorphosed rocks, it seenms moroe likely thét tho preveent
magnetite ney ropresent the metumorphic product of somo
formior iron mineral. This minersl mgy hseve boon hematltio,
es herntite enslly recducos to mspnetito olther by diegercsis
or by metsmorphison,

, Decsuse of the closo associetion of the iron-besring
Sadi;:ientary rocks, eepeclally the pjritic slato with lavs
flows, 1t 13 rossonsbls to belleve thst volcaniem playod a
mnajor role in the formution of the iron-bearing sodinats.

¥inoralization in tho Cneisascs

Lornblondo gnelssos, bilotito porsgnelsses es woll es
comoe of the less wclidic granite fecles are clco nlnorallizod

with sulphides slthough losa corrwnly then the levaes. Tho
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culphlido ninorellizstion in tho gnelssos wnd granitic rocka
conzlsta mostly of diseeninatod pyrite end minor chalcopyrite,
Carbonlzatlon snd sllicification of tho gnoizses 45 vory rsro.
Tho sulphides sre more concentrsted nosar tho southesstorn
snd southwestern shorea of Messine leke, wnd sbout 1,500 fest
south of Vercheres lske, /nelysos of gsrples {rom thoce
localitieoa show tha proegence of silver, copper ¢nd zinc but
all in very mmall sisountas, Three othor occurrencos of sule
rhides in the gnelsses ero indicated on the ccectipenying map.
Theso are located on tho south zhore of ﬁvé leke, ono mile
ooat of lako Plorro and sbout four miles northwest of tho
north end of tho swmo lgke. Traces of cilvor, copper, nickel
snd zinc are prosent on the south shioro of Lva lgko,

| In tho lete suwmmer of 165L, redloasctive minerals were
diacbvcred by privete interests in tho vicinity of Yvormne
lake sbout six miles south of Cve loke. Considorsble ste-
king followed, end by Octobor several hundred clsirms lad
been reglstered, Tho originsl docovery is in thoe Dutewux
aron, mepped by Froeman (1943, p. §) who described the
country rock:as "red perriotitic granite", Tho Durnat lMinos
Limited reportas (unpudblishied information) thzt tho pormatite
conteins magnetito~ilnenito intorgrowths with wixddch vory

fine ureninito ;rystnls oro sssocistod. Two sumplos nogsuroed
by rodiomotric tosts showed o Us0g content of 0.6L percent
and 0.33 porcent éebpectively. Allanite crystals up to helf
e inch in lengih haveo also Veon identiflied.
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Doscription of Proportion

Adnor Mnos Linited (1), (2), (3}

1. Numbers 4n pesrentheses indicate chowings end/or drill holos,
end correspond to those on tho eccorpenying ned.

This corpeny holds a group of 2Y cleins in tho northeast
corher‘of tho map-eres. Due to tho pouclty of tho exposuraes,
the contacts havo boon postulated fram a ng-notormoter survoy.
The survey rovoals thoe presonce of basic, intsrmediste cnd
acidle lava flows striking ocazt-west pcross tho property end
dirping stocply to the rorth. Bands of tuff are cormonly
interbended with tho lsvaa. Thoso cest striking rocks hove
béon cut ty a northesst striking dlebese dike which shows
very littlo cvidence of shesring. heering zones 1n tho
flows, however, sre intense esgpoclally in the Centrsl port
of tho property., Three gold-besring zones numberod (1), (2)
gand (3) and locsted on tho accompenying rop have rocelved
rore sttontion. Cchesr zono (1) veries in width fram 6 to 10
foot, snd contsins nirwerous voinlots of quartz, vkich rerely
oxcoed 6 inchos in width., The country rock hze been carbona-
tizod end siliciffod. A gold-bearing zone (2) 1s ox;osed
along a trench 230 feot loﬁg that tronds north-south. The
rocks ero eltered volcanics consisting of carbonated snd
81licifted hornblondo end chlorite schists cut by four shecr
zonos whose widths very fron 2 to 10 feet. Tho sheur zones
gonerally atrike esst-west. A grab ssmple taken from tho
second northermost of thosg sheers on anelysis revosled

0.2053 ounces of gold por ton, ' Dlamond drill holes {3) wore
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borod to dotermine tho possible oxtension of tho gold-boaring
zong of Chibouganau iHinos ILimited, whose holdings lie to the
ocast of tho map-srea. Cno of tho holes cut a section oneo
foot long that sssayed 67 ounces of gold et a depth of 2,100
foot, All the othor holesz failed to encountor eny gold-boar-
ing zons. In tho spring of 1953, L5 holes totslling 20, 326
feot were bored., Lxcept for the one foot section ulrecdy
menticned, no vplues of note wore found.

Vrirht-larrronves 'ines Limited (1)

Irzmodistoly wost of the Adnor Mines Limitod,‘six clains
belong to tho Wright-Hergreoves lines Linited. A ghosr zono
(L) occurs in lpovas essoclated with s8illz of gsbbro-diorite
that strikes U 70% sna dips 80°l4, Tho country rock noar
tho zhesr zone hee beoen silicified and carbonutad. Sermplos
tsken from that zone asseyed 0.4 ounces of pold to tho ten
over a 3 foot width,

Hezeur Chibouramsu lidnes Limited (S)

Of the 2 claims held by this compsny B8 sre located in
the mepegres, the others lie irmedigtely north of tho nsp-
area. Tho compeny's main showing (5) llee on the rorthorn
boundsry of the area sbout 2,000 foeot cast of nile post VIII
north of Cropstina lske, Here, tho lsvos heve becn ul tered
to corbonote chlorite schists whose cchistosity ctrikes
n 657V end 3T 75%, snd dips baotween LS® snd 65° to the north.
Cuarts velns corrying gelons ond pyrite parsllel tho schiste-
oaity, but dip only 20° to the nerth. This schistoso zono
18 cut by a north-south left kand fzult end by s quartz vein




that strikes N 10°%i. A quartz ssmple from the northern end
of tho main sheer zone has ssseyed ono ounce of pold to ths
ton. Gold wss slso reported sbout 200 foet southwust of the
southarn odpre of theo main showing.

Veston Lske Mines Lintted (6)

Tho rsin showing of thils compony (6) 135 located on the
northeast shoro of losgton laxo., A gold-berrimn cquartz voin
wgs discovered in a grenitic rock., Dizmond érillins during
the wintor of 1652 did not pive encouraring results,

Plonic “hibourcmeu inos Lirdted (7)

The proparty of Flomic Chibougamau lidnes Limitsd consists
of o group of 20 clzims aitunted weet of tho leston Like lidnos
proporty. Seventeen dismond drill Loles totelling 8,L29
fout wore bored in tho winter of 1952, Basic volocsnics and
gabbro wore oncountored in the cores but they are reported
to Le rore massive thsn those found oastwards on the prop-
orty of tho lNeston Lske liines Linmited.

Riverasida Chibouprmau Mines Linited (8)

Tho proporty's holdings conzist of & group of 10 clains
locatod in tho extrerie northsrn pert of Hazour towashl) on
the south side of tho Opawica river Just cast of Windy lako.
An electric roasistivity survey wes nade durdng June 1954,

The survey fndicatod tho presence of a posslible sliesr sons
trending ¥ 5572 and moasuring <00 feot in width and ebout
1,300 foot long. The conductivity wee of sufficlent strength
to indicate the presence of sulphide rminsralization. Tho

zono of conductivity coincides with a zone of cerbonsts
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schists., The first hole (8) has penatrsted only 31,8 feet in
bedrock and has yielded two core lengths of 8 inches snd 2
feat respectively that essayed over 330.00 in gold. The two-
foot long core also conteined 1,5 cunces of silver, 1 percent
lesd, and some zinc. |

Loke Surnrise liines Limited (9)

At Des Cleudes leke, & group of 25 clains was formerly
held by the Lake Surprise Mines Lirmited. Tho conpenyt!s rigin
showing wee on the lerge point on the gouth shore of the lake.
Strinpinz, troﬁching end blaating were done, cnd in 1950, ten
dlarond drill holes totalling more than 3,000 feet were bored.
The maln showing consiﬁta of a bend of dlorite 7 feet wide
within s black hornblende schiat, Both rocks ere schistose
end silicifted. The diorite has sharp contacts parallsl to
the schistosity, snd includes sorie lenticuler nasses of lorn-
blende schist, Very fine-grained distceminated pyrite, chal-
copyrite, snd other sulphides occur in both the diorite end
the enclosing rock, The dlorite shows rusty woathering wnd
some conper colors concentrsted in a zone about three feost
wide., Ono preb serple taken by the writer sssayed 0,270
ounces of gold per ton, O.éh percent copper, end 0.2 percent

zine for a combined gross vslue of $1l,.70 por tonl. Similer

1, The following veluocs were used in the calculatlions;
gold-335,00 per ounce
copper-30 cents per pound
zine-12 cents per pound

values were encountered in li of the 10 drill holes, &nd in

esch of them, the maxirmum thickness of minerslization cut by



130

the drill wss four feet, The truc thickness of tho mincral-
{1z0d zonos mey be less thsn four fost es the holos probebly

i{ntersocted 1t st oblique analea; or'a total of 3,089 foot

drilled, only 31 feot of minord ized rock were cncountorod.

The aversge gold content of theso 31 foet s 0,155 ounce

of gold per ton,



IBLIOGRAPIY

Adane, T,D., 190%, On the origin of tho criphlbolites of the
%gurontian area of Csnada: Jour. Goology, Ve 17, pe 1=

» and Berlow, A.3., 1910, Geology of the
i{laliburton znd Bencroft aress, Oat.: Geol, Survey
Cenaeda Men. 6.

Anteve, Ernst, 1925, Rotreat of the last ice-sheet in eastern
Cenade: Geol, Survey Canada lorm. 1l6.

Barlow, A.E,, Guillim, J.C., snd Paribault, E.R., 1911,
GCeologpy end minersal resources of the Chibougamau
reglon, GQuebec: Quebec Dept. of Colonization lilnes
end Filsheries, Quobec lines Dranch.

Batemsn, A.M., 1651, Zconomic minerszl deposits, 2d ed.: New
York, John Wiley snd Scns, Inc..

Bell, A.M., 1932, Assup River esros, Quebec: Dur, lilnes Amn,
Rept 1932 pt B, p. 61-G2.

Brooks, T.3., 1676, tn the youngest Iluronien rocks south of

' lake Superior end the ege of the copper-bearing serles:
Ang“Jour. Science, 3rd ser., v. 11, art. XXVIII, p.

20 "211 ]

puddington, AF., 1939, Adirondack igneous rocks end thelr
metanorphism: Geol. Joc. Amarica lien. T

Cooke, H.C., 1947, The Canadlesn shield, in Goology snd eco-
noriic rminersls of Ceanads, 3rd ed., p. 11-97: Gool.
Suprvey Canada, kco. Geol. Ser. 1.

,AJhmes, W,F., and lMawdsley, J.B., 1931, Geology
and ore deposits of Rouyn-Harricenew region, GQuebec:
Geol. Survey Canada Mom. 166.

Daly, H.A.,-1933. Igneous rocks and the depths of the eerth:
New York, McCraw-Hill Book Compeny, Inc..

Delend, A.N., 1953, Preliminary report on Surprise laks ares,
Quobec: Cuebec Dept, Iiines Prelim. Rept. 292.

. 1955, Preliminary report on Gradis-Machaylt
area,)Quobec: Quebec Dept, lidnes Prelim, Rept. iR
Preosg) . :

Derry, D.., et al., 1950, Tectonic map of Canadat Proc.
Geol. Assoc, Canada.




Dresser, J.A., snd Penis, T.¢., 1946, La geologie de Quebee,
ve. 2¢: Lucbec Dept. lidnos Ceol, Rept., 0.

Flint, R.F., 19,9, Glacinal geology and the Plelstocens opochy
llow Yorlk, John Wlley and Sons, Inc,.,.

Froenun, B.C., 1643, Duteux ereg, Guebec: GQuebec Dept. lMinea
Goeol, Ropt, 15, '

Gilbert, J.Z., 1952, Prelirinary report on Rohault sres,
ueboec: Cuebec Dept. lines Prelin. Rept 267.

G111, J.2., 19,8, The Canadien Procambrian shield, in
Structural Geol., of Canadien Ore Depozits, p. <0~
;8: Yontresl, Mercury Press.

1949, Hatural divisions of the Cansdisn shiolds
Trans. Royel Soc. Cenads, ser, IV, v. L3, p. 61-69.

¢ 01111es, U.B., 1952, Canimiti River area, Quebec: Quebec

Dept, }Mines Geol. Rept 52.

Grenier, P.Z., 1953, Preliminery report on Ganache ares,
Quebecs Queboc Dept., Mines Prolirm, Rept. 284.

Cuming, H.C., and Ainbrose, J,V., 1939, The Tiniskenlng-
Koowaotin problen in the Rouyn-Harrlcenaw region,
uebec: Trens. Royal Soc. Canade, ser. IV, v. 33.

Yolmes, Arthur, 1920, The rnomenclature of petrolony: london,
Thorlﬁﬁ 1‘:111'1)}’ and C0.0

Holmes, Stenley, 1952, Preliminery report on Fancarp-ilsily
area, Quebec: Quebec Dept. }inea Prelinm. Rept. &71.

Huber, H.K., and Gerrels, R.M., 1953, Relation of pH and
oxldation potentiael to sedimentary iron mineral
formatlons Zecon. Geol., ve 48, p. 337-~357.

Imbeult, ?.E., 1951, Prelininsry revort on Queylus aroa,
Guebec: (uebec Dept. Mines Prelim, Rept. 250,

Jemes, H.L., 1954, Sedimentary faclos of iron-formatlion:
Econ, Ceol., v. L9, p. 235-293.

Johannsen, Albert, 1931, A descriptive petrogrephy of the
igneous rocks, L v.: Chlceogo, Univ. Chicezo Press.,

Johnston, W.G., 195, G&ology'ofAthé Timiskaming-&rcnville
contact southoast of leke Temazami, Ontaric: Geol
S0C Anmerica 3‘-111., Ve 65, Pe 10(&7”10730 '



aebeln, V.0, end Gerrels, R.il., 1652, Cricin end classifi-
catlon of chomlical codinonts in terms of pi ond oxi-
datlon-reduction potentials: Jour. Geol., v. 60, p. 1=~

33.

Lawson, A.C., 1005, Doport on tho goolory of the Luoke of
the VYoods rogion with spoclsal rofercnco to the
eewatin (Iluronian ?) belt of sArckosn rocks: Geol.
Survey Csnads Ama. Ropt., v. 1, pt. c¢, p. 1-155.

logan, Y.3., 1863, Goology of Ceneda: lontreasl, Dawson
Brothors,

- Lowthor, G.X., 1936, Villebon-Denain map-sree, Cuabec: Quobec

Lur., Nines Ann, Rept. for 1935, pt. ¢, pe 29-52.

Irall, M.B,, 1953, Prelininsry roport on PBrogmiert-Loscurs
area, Quebec: Quebec Dopt. Iines Prolim. Ropt 205.

Mawdsley, J.B., end Normen, G.W.H., 1935, CLibougmncu Leke
nap-srea, Cuoboc: Gool, Survey Canada lton. 105.

y and » 1930, Chibougamau sheast,
east half: Geol, Survoey Consda liap 397 A.

11110x, W.G., 1911, lotes on tho Cobzlt area: Qy. md lin.
Jour., Ve GO, Pe 6}45"’6&9'

, and Xnight, G,V., 191}, The Procszrbrien goology
of southeastern nterio with on gppondix on tho corro-
lation of the Proconbrisn rocks of Cnterio, woastern
muaebece ond gouthssstern lanitoba: Cnt, Bur, lilnos
Rept 22, pt. 2.

Normen, O.U.H., 1935, Proeliminary roport on ths Opawlca-
Chibouganeu nap-aerea, northorn Quebeo: Gool. Survey
Csnada Paper 36-6,

, 1936a, Northoast trend of late Precarbrien
Toctonic foatures in the Chiboupnmeu district: Trans,
Roysl Soc. Csnada, ser. IV, v. 30, p. 116-128.

, 1930, The lsst Plolstocone ice-front in
Chniboucomeu dlstrict, Guebec: Trans. Loyal Soc.
Canade, sor, IV, v. 32, p. 69-06.

, 16,0, Thrust foulting of Grenvllle gnolssos
nortnvostward ageinst the !istassini serlios of
"1otoooint lake, Quobec: Jour. Gool., ve L3, p. 512-535.

. 1946, ilnjor feults, 4Abitibl roglon, Quebea:
Ganrdlan Institute itn. otallurgy Trans., ve 49,
pt 1‘?9"1“‘.



Nesle, L.R.W., 1654, Preliminary roeport on Dollier-Cherron
ereg, ‘ucbsec: Cuoboc lTept, llilnos pPrelim, Rept 299.

Csborne, F.P., 193}, Ltinnonciation mep-cros, Guebec: GQueboc
Zur, ldinoa Ann, Rept..

» 1936, Potrolony of tho Chawinigen Falls dis-
gg%ct: Geol. Soc. 4merica DBull., ve 47, No. 1, pe 197=

Park, C.F;. 1946, The spllito snd mongonese problenm of the

-

Olymplc peninsula, Weshington: Am. Jour. Secl., v. 2Li,
p. 305-324.

Quirke, T.T., end Collings, ¥W.H., 1930, The disappecrence of
the Huronisn: Geol. Survey Csnsda lom. 160.

Rett‘y' JOA.' end I‘:Omgn. G.k’.ﬂ., 1938. Chibcua&ﬂﬁu 8h°0t,
waat helf: Geol. Survoy Csnasda lMsp 398A.

Smith, J.R., 1953, Preliminery report on southweat gusrter
of YcKonzie township, Chibouvgemau reglon, Cuobec:
fuebec Dept. Mines ?relinm. Fept., 288.

shroclz, R.R., 1643, Sequence in layered rocks: Now Yori,
¥cCraw-I1111 ook Corpeny Inc..

Turner, F.J., end Verhoogon, Joan, 1951, Igroous and motamor-
phic petrolopny: New York, MoOrsw-ifll Dook Compeny ince.

Vshl, ¥.C., and Csborne, F.F., 1950, Cawstosce nap-aords, wusbec:
Gueboc Depte Mines Gool. Ropt. L.

Walton, Matt, 1955, The amglaccment of granito: Anm. Jour,
501.. Ve 253’ E). 1"'1 .

williams, llowel, Turner, F.J., snd Gllbert, C.l., 1954,
Petrography: San Francisco, Y.ll. Freercn and Company.

Wilson, M.E., 1939, The Cansadien chield, in Goologle der
Erde, Geology of north smerica I, p. 232-311: Berlin,
Cobruder Borntraeger.

Winchell, A.N., 1951, Eloments of optical minersalogy, pt. II:
New York, John Wiley &nd Sons, Inc..






















e NS

IR R L TR ey ARkttt ied Susdotam A AR S R A

[FE e

C L s iy (
e lan 3 gl vy g et

i

N i T N N . - -
. : : R .
f
N . o N . . i .
: H ) . : P ' :
- " N . ‘ K g :
NN : E Y it .
. ' i P p v,
. N N N
v - . 1 B B
: . . \ . \
. o o
: . B . :
. . . . .
f . P : 5
i [ . . B N N ’ N
o : ,
v i ’ N b
! .
. S
o . ’ .. Yy
1 e A . . .
. 13 ' o . .
N * " . N
K
. . I . L
- .
i N o y
. ?
i : /
' ' . . . c N e
5 ‘e . 1 N kN
. ; . ™ Lo .
. : - P . ' .
e L R ; .
. : ! ' i A
y . t " - . M
N ' ¢ » , . i .




