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ABSTBACT

A stock of quartz ctlorlüe, lntruslve lnto greenstone,

outorops Jusü souüh of E1þov¡ Lake, about l+0 mlles east of

FIln Fl-on, Manlüoba.

Fleld examlnatlon establlshed the lnËernal honogenelty

of the bod.y, the concentratlon of lncluslons near the con-

üacts anct ühe lntruslve oharaoter of the contacts.

[he d.lstrlbution of Jolnüs, faults and. follatlon was .:

nappeit from the aerla1 photographs.

A stud.y of thln sectlons revealeil that ühe texture ls

hypautonorphlc granular, wlüh euhed.ral plagloclase crystals.

Thls lgneous texture ls somewhat nod-lflecl by cteuterlc altera-

tlon.
the roaln ¡nlnerals are plagloclase and" quartz, whlch

occur 1n proportlons whloh are roughly that of quartz -
plagloclase eutectlc.

îhe varlatlons of mlneral composltlons show no regular 
,,

pattern. Deuterlc alteratlon oceurs wlth a concentrlo 
,

layered. dlstrlbutlon patüern, wlth the most altereil rooks

1n the center of ühe lntruslve bod.y.
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CHAPIER I

TNTBODU€TTON

A granltlc lntruslve rook outorops Ln the Elbow Lake -
Grass Rlver ar:ea of Northern Manttoba between latltud.es S|4ol+Zt$

54ot+9r g, and. longltucles IO0o49r ancL LOOo5Sr 1{, extencLlng

fron the south sld.e of EIþow Lake ln the north to Barb Lake

ln Ëhe souüh, and. from CIaw Lake ln Ëhe east to Grass Rlver

on the west. The lntruslon ls roughly pear ehaped- 1n plan

(see Flgures f ana 2), ancl. ls approxlmately p mlles long

north-souüh and. I nlles across east-west, coverlng a.\t aîea

of about ll0 square nlIes.
llhe lntruslon was mapped. as trQuartz-eye granlterr by

Stocicr^rell (L935). A.lthough nquartz-eyesrr are a promlnenü

feature, thls stock ls not a granlte by the petrographlc

d-efln!ülon, Eo the name rr$lbow Lake Stockn ls actoptecl here.

Thls reporü ts concerned. wlth the E1bow Lake Stook,

consld.ereÖ r¡nclerüfrye-ç maJor heaillngs: 1) f1eld" relatlon-

shlps anÖ negascoplc oharacterlsülcs i (2) textural ancl

mlcroscoplc oharacterlstlcs; and (31 cleutertc a]-teratlon of

the süock.

The flrst part of the study d.eflned. the contact relatlon-

shlps of the Elbow Lake Stock wlth the country rocks. The

stuÖy of lncluslons showed. ühelr abunilance ln the stook. The

textural and. mlcroseoplc stud.y estaþllshed a d.omLnant para-

genetlc sequenoe of the maJor mlnerals and. the varlatlons

*Flgure I ls ln back pocket
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ln hablt of each ruaJor mlneral. It lnclud.es a treatnent

of plagloclase zonlng and twlnnlng ancl the d.evelopnent of

perthlte. lhe study of alteratlon of naJor mlnerals

showeil a pattero of Oeflnlüe type. The concluslon ls that

ühls stock was of magmætlc orlgln and. lntrud.ed" lnto the

greenstone sedfunentary Eerles of tbe Precambrlan ShleLcl.

LOCATTON AND ACCESSTBÏLTTY

Elbow Lake - Grass Rlver atea ls about J8 nlles

east of Flln ¡r1qn and. aþout 90 nlles northeast of The Pae

(see Flgure 1). The Canad.lan Natlonal Eallway bra¡rch from

Cranberry portage to ChlseL Lake passes through fhe Elbow

Lake stock. The nearest rallway süatlon ls Rob1aytf.n, whlch

lLes on the westerrr bank of the Grass Rlver. The stock caÐ'

also þe reachecL by oanoe from both Cranberry Portager ctown

the Grass Rlver, and. from Iskwasun Lake, up the Grass Rlver.

Iskü¡asum Lake oan be reached. by an all weather roact from

[he Pas, whloh Ls abouü 90 nlIes. [here ls a Sood oanplng

grorrncL at Iskwasun Lake. The Grass Blvor flows southward.

from the Elbow Iake and. falle lato Iskwasum Lake, wlth

three snall portages close to the C.N.R. track.

From Iskwasum Lake, àt lts northernmoet end., there

le a foot þrac]g of about 4 nlles to the Barb Lake.

The qutckest mocle of access üo ühe area ls by alr-
craft from The Pas,
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TOPOGAAPHY AND DRAII{AGE

The area has ühe broafl ro}Ilng topography of low rellef

characterlsË1o of muoh of the Canacllan Shlelcl. lflthln the

arlea, however, two mlnor d.lvlslons can be nad.e ln a very

generâl- ÎrâÍr v[z., the southern half of the area has greaüer

rellef tlnan the northern part. The northern part, und.erlaln

þy the Elbow lake stook, ls. generafly rather flat wlüh

extenslve areas of nuskeg anct Swampg. The d-epresslons are

overgrown wlth small Spruoe, poplar and. r;nd.erbushes whereas

the rlil"ges are barren of trees except for snall hard.y pLnes.

Outcrops are more abuniLant ln the southern part of the an.aãt

whlch ls t¡nd.erlaln by vol-canles ancl metased.lnentary rocks.

There the terraln ls ruggecl ancl rocky wlth long narrow swanpy

d.epresslont.

The area 1s dralnecl by the Grass Rlver. There a.re a

number of small lakes wlthln the area trnd.erlaln by the Elbow

Lake sËook. A few small lnternlttent Streans clraln them, buü

lose thelr |dentlty tn a maze of swamps a.nÖ nuskegs. Hl1ls

anÕ pl-aüeeux of rocke rLse besld.e the maln water routes ancl

large lakes.

Glaelal strlae are preservecl on many outcropst espeo-

la]ly on the greensüone, and. lncllcate that the contlnental

Lce sheeü of Plelstocene tlne moved. Êouth 2J d'egteee west.



PREVIoUS WOEKS

Stockrmell (L935) was the flrst geologlsü Èo nap the

Elbow take aree of the Northern Manltoba. Prlor to Stock-

weIl, erçloratory works ln the area by Bruoe (1918) and

ALcock (L920) were ilone, and golcl was dlscoverecl at E1bow

Lake by Goröon Murray In l-92l-n SeveráL other go1d. deposlts

were founcl lnmed.laËely after the orlglnal dlsoovery eras

made, and the d"eposlüs vrere examlnect by Armstrong (L922)

durlng the followlng sunmer. Türlght (1930) examlned. a few

of the ileposlüs at Elbow anil Morton Lakes*

Prospectlng aotlvlüy was contlnued ln the L93Ors anil

varlous companles a"tnd. prospectors were granteil lease proper-

üles, The l{uctson Bay Mlnlng Gompany !úas the blggest leassee

ln the ayeàt and dld detalled geologlcal mapplng and. geo-

physlcal exploratlon works followed. by dlarnond. d"rllJ.lng ln

the area. No cLetalleiL geologloal lnformatlons of thelr
works were avallaþle to the author, Ehe northern haLf of

E1bow Lake stock ls lnc1ucled ln the v¡ork of ltlcGlynn (1959) .

PBESENT I'IOBKS

It was In the summer monühs of L965 that a geologlcal

survey party was iLeployed by the lvlanltoba Mlnes Branch wlth

Dr. G.H. Hunt as the party-ehlef, to carry out a d.etalleit

geologlcal mapplng ln the area fron the C.N.B. track south

to Iskr¡¡asun l,ake between Laültude s 5tto35t and Jîot¡5r N, ancl.

longltudes 1o1o0r and 101o45t, The report of the geologlcal,

napplng has not yet been publlshedo
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Durlng the summer months between June ancl å.ugust, L965,

the author stud.led and tapped. the Precamþrlan rocks of the

Grass Rlver - Iskwasun Lake ar]ea, Northern Manltoba, whlle

ln the employ of the Manltoba .Mlnes Branchn Df," G. H. Hunt

was chlef of ühe fle]d party oonslstlng of seven' personÊ.

Thls ls an example of a schene whereby grad'uate students

ln geology ln the Unlverslty of l¡lanltoba coulil cond.uct fleld.

napplng as a part of post-graduate stuclles at the Masterts

l-eve1.

Ðurlng the fleld. season of 1965, traverÊes were ruflt

where feaslble , ãE lntervals of flfteen hund.red and- two thous-

and feeü. The outcrops vlere located by pace and' oompass and

on aerlal photographs* Detalled napplng and sampllng of the

E1þow Lake süook was mad.e from the canad.ian Natlonal Ballway

traek.south toward.s Iskwasum Lake. A few samples were collected-

from the Elbow Lake stock north of the rallway traok 1n one

d.ay wlth a hellcoPter.

In L966 the wrlter undertook the napplng and deüalIecl"

sampllng of thls sLock, north of the C'N*B' track'

The results of the mapplng and. the süudy of aerlal-

photographs were comblned with petrographlc works, done ln

the wlnters, for thls thesls.

Approxlmately 150 sanples were collected to oþtain

representatlve specimens of the rock types and any variatlons

ln ühem. The locatlons of Ùhe samples are shown 1n Flgure 1.
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A¡o excellent cross-sectlon of the stook ls exposeil ln rock

cuts along the Canadlan Natlonal Ballway track (see Flgures

3 and. ¿l), fron ühe rallway nrllepost 12 to 2L. Samples were

oollected. aü the lnterval of 261+0 feet approxlmately, plus

ad.dltloiraL sanples for any looal varlatlons. Sarnples were

also collected. fron both north and south of the rallways

track by paee and. compass traverslng.

fhe hand speclmens were studleil und.er blnocular mloro-

Êcope. Thln sectlons $rere cut for peËrographlc descrlptlonst

Sultes of speclmens representatl\re of the contact phases ancl

grad.atlonal types ü¡ere stuclled.

ACKNOiÀlLEÐGEI{ENTS
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FIGIIAE 3. Ouücrop at B.R. fllllepost 15 looktng east.

FIGUEE l+. Outerop at R.R. mllepost IJ, looklng west,
showlng well-clevelopecl ¡olnts.
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CÊIAPfEB II

The general geologlcal settlng of the E1bow Lake

Grass Blver area ls a nunber of east-west trencllng belts of

voloanlc ancl seðtrtientary rocks wlth lntruslons of masslve

aniL gnelsslc granttlc þod.les (see Flgure 2\,

The sed.lnenüary and. volqanlc rocks are lnterbeclcted

wlth one another, and. are of the same age. They belong üo

the Wekusko Group of the PrecambrLan. The Wekusko volcanlc

rocks are extenslveJ.y exposecl about Elbow Lake, CIaw Lalret

Iskwasuut Lake and Barb Lake. Ïhese rocksuJgre mostLy and'eslülc

a¡rcL basaltlc lava flows wlth mlaor agglomeraües ancl baslo

lntruslons. They have been netaraorphosed. to Oark green horn-

blend.e schlsüs, bancled garnetlferous hornþlencle gnelss, ancl

chlortte schlsts, talc schS-sts and. serpenülnLües. A few of

the anöesltlc and basaltlc fl-ows are porphyrltlc wlth pheno-

cryots of f eld.spars; ot,hers are anygÖaloldal- or exhlblt

plllov¡ struoüure. The Wekusko sedlments along the Grass

Blver near Iskwasun Lake and" east of Barb Lake are grey and.

black quartz mlca gnelss, schlsts and. quarþz|Ees. Beds and.

gnelsslc structure strlke north-northeast and' d.lp vertlcally

or very steeply.

Several large and snall bodles of quarüz-d-lorlte

and. granotd.lorlte, whlch were mapped. as rrquartz-eye çranltetr,

10
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lnclud.lng the E1bow lake sÈoek, outcrop Ln the area. Some

contact relatlonshlps have been reporüed. lçhlch suggest

Elnat granod.lorlte ls oLcler than E}bow llake stock (Stoeknellt

L935; Hunt, 1965\.

In general ühe El-bow Lake stook 1s oval ln shape,

eLongated. ln a northeast dlrectlon. 0n lts wesüern sld.e lt
has an arm oÉ narrow tongue whlch ls separatecl from the maln

bod.y by a thln septr¡n of country rock conslstlng of dlorlüe

and. sohlsts.

The aeromagnetle map of the ELbow Lake area (see

FlgUre 5) üras of asslstance. The quartz-d.lorlte stock 1s

clearly deflnefl as a negatlve plaüeau by the nagnetlc colÌ-

tours surrouncted by nagnetlo hlghs !n the greenstone. The

stock-to-greenstone þouniLary ls thereby sharply deflneclt

and ls colneldent wLth ühe bound.ary aÊ establ-lshed. frorn the

flel-d mapplng and. aerlal photographs. lhe magnetlc pattern

is oontlnuous from ühe maln bod.y of the stock lnto lts western

extenslon, (or arn) on ühe west side of the Grass Rlver.

The Preeanbrlan rocks ln the Elbow lake-Grass Rlver

area are thus divlded lnto two maln groups whlch are llsted.

ln Tab1e L.

Rlver area are

group of the
The old,est rooks ln

volcanlc,, âTrd. sed.lmentary

the EIþow Lake-Grass

rocks of the Wekusko
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Precambrlan. The earllesü hlstory of Ëhe area ls a perlod,

of volcanlo actlvlty. The rocks are largely flows of a type

bel1eved. to be forned. subaqueously, plus tuffsr pJrroclastlc

and. agglomerates. The surface upon whlch these were lald.

clovrn ls not exposecl, or 1f exposeit, has not been recognlzed".

Ðeposltlon of all ühese formatlonÊ was followed. þy a

perlod. of up11fü, eroslon and then by foldlng, faultlng,
anil regional metamorphlsm, PosslbLy ùhls d.ld not take plaoe

ln one great revolution, but ln two or nore, whloh acconpanled

the lnüruslon of the granltlc rocks of the masslve bathollths,

Ðurlng the rest of Èhe Precanbrlan, and up to the

lnvaslon of the Ordovlclan sea, the area was probaþIy under-

golng eontlnuous eroslon whlch flnally reduced lt to a

peneplaln of l-ow rellef and hummocky character much 1lke that

at present found. over the Precambrlan rocks. The aclvance of

the sea ln the Paleozole era upon thls plaln removed. from

lt most of the soll whlch nust have coverecl lt, ancl ln the

qulet but shallow waters of the Ordovlclan (Trenton) contl-
nentaL sea, oalcareous anit magnesian sedlnents were ileposlted."

ItThe volaanlc belts therefore, appear to represent

Superlor t¡smnantst wlthln the Churchlll Provlnce, and. oon-

sequently have passed through tr*o orogenles - the Kenoran

of the Superlor provlnce and. Huclsonlan of the Churchlllrr

(Davles, J.964, þ,663, referrlng to the FIln Flon-Snow Lake

volganlc belt, 1rr whlch thls areâ. lles).
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Oplnlons dlffer regar0Lng the age of the Elbow Lake

stock. The nquartz-eye granltesrt of the Elbow Lake - Grass

BLver area are lltho1oglcally sLnllar to trquartz-eye gran-

lterr at God.s Lake, to bod.les on Lookout and" fllssl Ïs1and.s

ln Anlsk Lake, anrd. to Cllff Lake !n the A¡nLsk-Aühapapuskow

Lake dlsürlot. tr{rlght (1930) glves evldence that the

granlte at God.e Ï,ake may be oliler than Oxford. secllments ancl

that the granlte on Lookout lslanil may be oLd.er than the

Mlssl sed.lments. Bruoe (1918) consld-ers that lt ls pre-

Mlssl, A,lcock (l-922) plaaes lt as post-Mlssl and. Wrlghü

classlfled lt as pre-181ss1. Stockwell (1935) strongly be-

lteved that the trquartz-eye granlten ln the Elbow-Morton

Lake area '1s olcler than the Mlsst sed.lments. The re]aülon-

shlp, however, can not be proved, for these sed-lments are

not icnow:a to oocur ln the Elbo¡s f,ake - Grass Rlver area.



CHAPTER TIT

STRUCTIISAT FEATUBES OF THE ELBOW T,AKE STOCK

The Elbow Lake stock ls nostly masslve and. honogeneou.s.

However, there ls sone follatlon, Jolnt1ng, faultlng and.

velns of pegnatlte and nbulltr quartz,

A statlstlca] analysls of lLneanents of the stock,

d.rawn from aerlal photographs, was mad.e ancL pl-otteit ln a

Rose d.lagram (see Flgure 6, ln back pocket)r Two sets of

llneaments are pronlnent, ühe most predomlnent one between

30 and 40 öegrees azl¡quüh, whereas the oüher promlnent

set ls between 290 and. 310 d.egrees azlnuth. Jolnts whlch

are actually observed. 1n the flel-d are plotüetl ln Flgure

7 (ln back pocket)" The csntôureil stereogram of poles of

Jolnts ln Flgure 7 shows that there ls a promlnent jolnt

set at strlke 35o, d1p vertlcal, and. another set, noü as

sharply d.eveloped, at strlke 3230, dlp vertlcal* The

colncld.ence between the strlke of observecL Jotnts anËl

llneaments ott the aerlaI photographs lnölcates that most

of the topographlc llneaments are caused by Jolntst

FOTIÁ,.rTON

Follatlon 1s not widespread. A few observatlons are

plotted ln Flgures 6 and l, fhls follatlon ls marked, by parallel

allgnment of mlnerals and incluslons. It ls nost clearly d.evelopecl

t6
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wlthln a few hr¡nd.recl feet of the contaot zones, and, la

shear zo:r¡eË. Whenever lncluslons are marked.Iy elongated,

the enveloplng lnüruslve rock ls fol-laüect parallel to the

elongatton of the lncluslotts.

Follatlon parallel to the contacü wlth the oountry rock Ls

pronounced. near the eastern and. southerra contacüs anil ls pro-

gresslvely less consplouousìi'¡ closer to the center of ühe

stock. Ihe foLlatlon |e best shotuï. by maflc lnoluslons,

wTrlch þecome progresÊlvely less tabular a.nc[ less abundanü

wlüh d.lstance from the conüaots vrlth the older rooks. Near

the contacts wlth the oliler rocks the foliatloa ls also shoun

by orientatlon of the maflc mlnerals.

The oentral part of the stock shotr¡s roughly east-

wesü follatlon, very weakly clevelopeil (see Fl8ure 8).

frhe nosü promlnent trend. of follatlon ln the country

rock ts northeast wlth a steep or vertlcal illp.

JOIN.TTNG

$lost pronlnent struotural features of the Elbow Ï,ake

süock ls the wlclespread. Jolntlng. Jolnt1ng ls heterogeneous.

Close-spaced. Jotntlng, largely-spàced- Jol-ntlng and. sheetlng

were for¡ncl ln the stook (see Flgures 3r4r9 and 10). They

aocount for most of the l-lneanents ühat can be seen ln the

alr photographs.

Two sets of Jolnts a.t rlght angles to eaeh other are

pronlnent, they strlke N30oE wlth surfaces steeply



FIGUBE B. Outorop at R.E. mllepost 14 showlng weakly
ileveloped follatlon.

FIGUBE 9. Outcrop at B.R. Mllepost L5.3 looklng north
showlng wld.ely spaced Jolnts whleh strlkee
N30oE and. d.lp sÈeeply to the west.





FTGUBE 10. Outcrop at R.B. mllepost 1I showlng
contacü between stoek and. greenstone
and jolnülng ln the stock ancl oleavage
ln the greeastone.
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d.lpplng toward.s southeast, and N50oW wltb steeply or ver-

tlcally ðlpplng Jolnt surfaces üowarcls southwest. A

ühlrd" set of Jolnts strlkes alnost east-west wlth nearly

vertloal d.lps.

Two promlnent seüs of Jolnts Ì{ere found to be para-

lLel to ühe follatlon. ThlE vras partlcularl"y notlced. aü

r"allway mlle posü 1I and. 21, and. sample 1ocat1on.A,-7 anil west

of Barb Lake ancl CIaw Lake (Flgures I and. 9). Ehelr fracüure

surfaces are granular anil rough. Spaolng ln Jolnts varles

from less than a foot to abouü 4 feeü.

Sheet Jolntlng was also notlced, the Jolnts are broad.ly

unitulaülng anð are roughly parallel to the surface of the

ground.. They dlvld.e the rock lnto flat sheets or lnto len-

tlcular slabs that l1e so that the thlck part of one rests upon the

thln end.s of the two r.mcterlyJ-ng lenses. The verülcal spaclng

of the blocks d"ecreases d.orrnward..

The steeply dlpplng Jolnts of the bord.er reglon of the

lntruslve body are not fllIed by the pegrnatite cllkes , quartz

veins and. flssures, whlch d.lp lnto the granlte body at an

angle beüween 30 and. 50 ilegrees. [hege could. be classed. as

marglnal flssures, probably caused by 1ocal stretohlng lnvolved.

ln the upthurst of theeruptlve masses.

FAUITING.

The faults shown ln Flgure 6 are well itevelopeil ]-lnea-
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ments, seen on the aerlal photographs, and lnterpreted to

be faults, Topographlcally, ihey are broad, vaIleys, several

mll-es Iong, wlth shearlng and. deformation ln the adjacenÙ

rocks. Thelr conti:rulty across extensive streüches of water,

svüanp or muskeg 1S a questf-on of lnterpretaülon, Thelr treniL,

roughly NJOoW, ls paralle} to the seoond. besü d.eveloped. Jotnt

seü.

[he Grass Rlver follows a fault sysbem ln the southern

part of the area (see Flgure 2), Tt ls the most promlnent

anÔ well-d.efLned. faulü ln the areâ. llhe greenstone rocks

are extrenely sheared and deforned.. Thls fault branches

lnto two dlrectlons - one toward east and. the other towarcls

south. fhls fault d"oes not exüend. lnto the E1bow Lake stock.

Thls suggesËs that these fault systems are pre-lntruslve:'

.. 4

$hearlng ls very promlnent 1n the central exposure

(see Flgure lt) of the stock, along the track 1n rock cuts.

The shear planes strlke northeast, parallel to the maJor

Jolnt set.

coNrAcT RELATIOIISHIP

The characterlstle feature of the E1þow Lake stock ls

that lt ln part cuts across the beddlng and. cleavage of the

adJacent greenstone, and. the beddlng ln the greenstone ls

warpecl around. the outllnes of the stock.

[he cross-cuütlng relatlonshlp ls well shown at the

wesüern sld.e of the stock. .Aü C,N.R" ulleposü ]-3, the stock



FIGIIBE 11. Outorop aü R.R. nllepost L5.2 look-
lng north slrowing shearlng ln quarËz-
dlorlte rocks.
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cuts the follatlon of the greensËone (see Flgure 10). At

C,N.E. mllepost 13, the contact trends northeast at rlght
angles to the cleavage planes whlch were apparentlJr developed

before the lntruslon of the granltlc bod,y'

Warplng and. d"efornatlon of the eountry rock was also

found to oocur at th.e western shore of Barb Lake, where ühe

greenstone rooks lcere warped inteasely at the granlte

contact, Drag-fo1d^s of ¡a1nor lntenslty wlth vertlcal plunge

toward-s northeast are preseut" But away from the conüact,

defornation could. not be found., Slmllar evld-ence of sharp

contact occurs ln the northwest extremlty of the stock, The

country rock near the contact 1s hlghly warped. ancl" ctrag folds

of nlnor lntensity wlth plunglng axes towariLs northeast ls
notloed. The graaltlc contact here ls dlscordant wlth the

general follatlon trend. of the counüry rook*

Except 1n the souühern part of the stock, everywhere

the contact wlth the greenstone ls sharp, At the southern

contact 2 mlles west of Barb Lake (sample l-ocatlon, Q-50t

Flgure 1) r the quarbz-d,lorite has lntrud"ed. the layered. country

rock to forn an lnterbedd.eð sequence of 200 feet, The Ia'yered.

country rock at thls contact ls bakecl but no ehllllng effect

was notlced. ln the qua.rtz Õlorlte lntruslve rook.

DISTRïBUTION OF qIVOLITHS

Numerous lncluslons of the country rock of lrregular

shape, ranging from few lnches to about one to two feet ln
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ctlameter were seen ln rand.on patclres through the stock

(see Flgures 12 and, 13). There are good. exposures of

xenollths along the C.N.R. track. They are mostly 1n rand.on

orientatlon but some are allgned. parallel to the maJor sets

of Jolnts ln the sfock.

The concentratlon of the xenollths ls greaüesü ln

the outer marglns of ühe stock. For example, ln the erq)osures

of the western margln near the Grass Rlver and. along the south-

ern contaots, there are pronlnent concentratlons of xenol-ltbs.

At the eastern margln (C.N.R. rnllepost 2l)t ühere

Ls a contaot breccla wtth angular fragments of greenstone.

A small proportlon of these lncluslorr.s â.re elongaüe ancL these

are lnvarlabl-y allgnecl parallel wtth aay follatlon, þtaat

nay be preseut ln the quartz d.tortte. Thlrty feet fron the

contact, wlthln the süock, ühe fragnents are ror¡nd.eiL and.

smaller wlth d.laneter about 3 or 4 lnehes.

Ivlost of ühe lncLuslons appear to be greenstone whlch

has been recrystalilseÖ to a masslve or gnelsslc texture.

Petrologlcally they range ln composltlon from horrablencte

gnelss or schlsts to band.ed netasedlments (see Flgures LZ anð,

13). They are flne gralnecl,xenomorphlo ln texture a¡ld. com-

poseiL pred.omlnently of hornblende wlth pl-agloclase ln honr-

blend.e gnelss and. sehlsts whereas the band.ecl sed.l¡nents are

oonposeil essentlally of chlorlte.

Xenollths are llned up parallel to the contact at ühe



FIGUBE l-2. Outerop at R.R. nllepost 18.5 showlng
lncluslon of greenstone ln the Elbow Lake
stock. Looklng north.

F-IGUBE 13. Outorop aü R.R. nllepost L3t showlng
lncluslons of sed-lnentary rocks ln ühe
Elþow T,ake stoek. Looklng souüho
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wesüern bank of Grass Rlver. fhere are patches of xeno-

llths some of whlch are about a foot wlde, whlch have retalneÖ

the orlglnal orlentatlon, ühat ls, they have not been rotated".

It ls ¡ust a pushlng asld.e of the layereil greenstone ancl they

may be moveil a foot or so.

PEG},TATITE DTKES AND SUARTU TTEINS

The Elbow Lake stock ls cut þy plnklsh or rose coloured

pegmattte d.lkes ancl mllky whlte quartz velns. Some f111

Jolnt or fraoËure planes (Flgure 14). Sone of tben cross the

contaot beüween the lnürustve bod.y and. the country rocks (see

tr'lgure 15).

Pegmatltes, d.lsposed. ln d.lkes anit crenulaüe velns, are

from 2lnohes to abouË 2 feet wld.e. .A,J,though some have been

tracecl for several hundred. feet 1n areas of goocl exposure,

lt ls rarely posslble to d.etermlne thelr lengths. The d-oml-

narrt trend. of the pegnatltes ls north to northwest, mostly

across the general northeasü elongatlon of the stock. fhey

are dlstrlbuted. throughout the area, wLth no obvlous concen-

tratlon.
The mlneral eonstltuents of the pegnatltes are pred.o-

mlnantly alkall felilspars and. quartz. The feldspars are

d.eep plnk or rose ln colour, coarse gralned., gra.ln slze

ranglng fro¡n 3 mm to abouü 5 m¡n. No aecessory mlnerals

?rere noülced ln pegmaf ltes.



FIGIIBE L4. Otrtcrop at R.R. mllepost L3 showlng
quartz-veln a-long Jolnt planes. Looklng
soufh.

FIGIIBE l-5. Outcrop at R.Iì. mllepost 14,showlng pegßatlte
velns and. lncIuslons, looklng east.
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The quarþz velp.s are d.lstrlbuted throughout the area

of lntruslon wlth obvlous conoentratlon ln the central pant

of lt. ,, 
i

The quaxtz velns ra-nge ln thlclmess from half-lnch

wLd"e strlngers, to about one fooü. They also ocour as

patches wlth sharp contacts. fhe quartz velns are essentJ.ally

composed.ofqLrartz'verycoarsegratrred.,br1tt1eand'fractured.

!ühere they are lntrud.ed inËo fragments of greenstone lnoJud.ed ,ì,

lnto the lntruelon, they contaln sulflile mlnerals.

The looation of quartz velns along the C.N.R. track

, are plotted 1n Flgure 6.

Many of the quartz veLns are allgned 1n the maJor Jolnt

planes (see F!.gure 1/+). However, quartz velns at angles to

the naJor Jotnt planes have been oþservecl.



CHAPTER IV

PETF.pGBAPHY gF TrrE ELBOW LAKE STOCK

[he Elbow Lake stock ls roughly honogeneous, although

there are some grad.ual or lrregular varlatlons la texüure

and nlneralogy. The rock ls rnasslve or very falnüly follated..

ït ls characterlse€l by dlstlnot tteyestr of quartz and. hence

the fle1d. name as nquartz-e¡¡'e granlten. The rf eyesn of
quartz are blue or whlte ln coLour and. are very consplouous

on weathered- surfaces. In sone areas, parülcu1arly ln the

conüact areae, 1ü ls more baslo and. withouü nquarüz-eyeËn.

Pla.gloclase and. quartz are the maJor mlneraIs, blotlte,
K-felclspar, hornblend.e and. epld-ote are mLnor minerals, anil.

chlorlte, muscovlte, zolsLte, nagnetlte, sphene anil ganaet

are accessory mlnerals.

TÐETUBE

fa general, the texture of the quartz d.lorlte rooks

of the Elbow lake süook ls h¡rautonorphlc granular. Graln

slze J.s 1 to 4 mm. [he average graln slze of blotlte-rlch
rocks ls greater ühan the average graln slze of hornblencle-

rlch roeks. The graln slze ls stlghtly smaller olose to

the contaots. Bare1y, there ls an allgnment of the plaglo-

clase erystal.s ln a maorotrachytlc or flow pattern. ThLs

lgneous ty?e texture ls ln parü mo01f1ed" by hyd"ratlon alter-
atlons.

Plagloclase occurs usually ln euhedral to subhed.ral

crystals, reeËangular ln outllne. Plagloclase orysüals are

2g
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anhec!.ral when ln contact wlth other pl-agloclase crystals

but euhedral where contalned ln quartzrK-feld.spa.r or blotlte.

No rnlcro-lncluslons of any maJor nlnerals are found ln the

plagloolase crystals. Deuterlc alteratlon of plaglocLase

crystals obliteraües thelr euhed,ral shapes.

Quattz ocours both Ln clusüers of a¡hedral crystals

(tteyesrt) ancl lnterstltlal to the plagloclase crysüale. Quartz

may ölsplay parÙla} euheitrallsm where lt ls 1n eontact wlth

potasstum feLd.spar. It [s generally free of lncluslons.

Alkall feIðspars are completeJ-y anhed.ral and. lnterstltial-

to Ëhe plagtoclase crystals, 1rr an lntersertal and" evera

polkllltlc ma^nner (sL1d.e #e-]-?rFlgure 16). They are also

generally free of nlcro-lneluslons.

Blotiüe forms lnÕependenü flakes wlüh ragged. edges

or flne graln,ed., lrregular anÕ d-lscontlxluous frlnges on

hornþlend-e. They are lrregularly shaped. where ln contact

wlth plagloclasereuhedral agai.nsü quattz, otherwlse subhedral.

Large crystals oontaln numerous incluslons of plagloclase

crystals (see Flgure 17).

HornþIend.e occurs botb as falrly vcelL-ðeveloped'

prlsms, â1so as lrregular crystals lnterstltlal between p1aglo-

clase crystal-s. Regular form [s favoureð by abundant quarbz.

Iv]loro-lncluslons of najor mlnerals àr.e rare. The crystal-

shapes of þoth bloülte and hornblend.e are obllteratecl by

deuterlc alteratlon of these tw.fí-c mlnerals to chlorlte and.

epld-ote.
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16, Polkllltlc texture ln
plagloolase and, quarlz
by perthlte (#A-L?).

quartz-d.lor1te ,crystals enclosecL

FIGUBE I7. Plagloclase crystals surrounded. by large
Ulotlte crystals (#A-I9).
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The maflo mlnerals tend. to cl-uster lnto flne gralnecl.

clots. fhe maftc nlneral ls commonly blotlte, but may be

hornblend.e or þotlr. [he slze ,of the clots oorresponits

roughly to ühe average gralu slze of the rocks, but ühe

gralns comprJ.slng the clots are arranged" Ln ra¡rd.om patternn

They result, 1rr part aË least, fron the replace¡oent of

large hornblend.e crystals by blotlte. Ehe procegs apparent3.y

nay result ln elther one large blotlte crysüal pseud.omorphlc

afüer hornblend.e, or a pseud.onorphlc clot of snalL blotlte
crystals. frr sone thln sectlons flne gralnecÌ. blotlte le

strr.mg out along plagloolase crystal boundarles.

Rarely a cluster of chlorlüe crystals may have the

shape of a pseud.onorph afüer pyroxene ( see Flgure 18) .

Epldote appearÊ to form ln two ways clurlng the orystallLza-

tlon perlod". Large euhedral crystals of epldote, lnter-
stlülal to the plagloclase orystals and. between plagloelase

and. blotlte crystals, are lnterpreüed. to be prlnary lgneous

crystals. Snaller crystals of epliLote or zolslte, found.

wlthln plagloclase orystals ln zonally aruarlged alteratlon

produots, are lnterpreted to be l-ate lgneous (deuterlo)

hyd.rothermal alteratlon prod.ucts. Ûiagnetlte, apatlte,

zlrcon, sphene are assoclated. lntlnateJ-y wlth blotlte, or

ln graln bound.arles, fracture planes, suggestlng thelr late

crystalllzation.



FIGUBE 18. Pseuil.ourorph of ehlorlte after pyroxene
(#A-7).
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sIr\rEBAtOGy

DetalLed d,escrlptlon of the mlnerals are ln Appenillx

r.
Hod.a1 analyses were made ofl 55 speclmens of the E1bow

Lake stock ([ab]-e 2rþ.5]-) uslng a ttswlft .{.utomatlc Polnt

Counter[, manufactured by Janres Swift & Sons Ltd., London. Thls

r\ras mounted on stage of a mlcroscope. Each analysls was maite

by traverslng thin sectlons and. ldentifylng the mlneral

aþ the lntersectlon of the cross-ha1rs at every point orr

a grid. A sprlng stop is mounted on the frame of the stage

and. adJusted so that each translatlon of 0.3 nn ls slgnalled.

to the operaüor by a-n easlIy audlble cllck. A sl¡nlIar arrange-

ment on the rack and plnlon whleh conürols the vertical
motion of the stage lnsures equal spaclng of the traverse

llnes; thls wheel ls callþrated so tlnat each translatlon ls
0.J mm, and. the traverses r^rere systenatlcally spaced- 0.5 nm

aparl. For a È UV 3/4 lnch thln section, there may be ZOOO

to 3?00 polnts. Sma1l holes ln the sectlon may be passed

over; but lf there are many of them, the countlng was stoppeit

and a new traverse begun.

fhe tabulator wlll record, counts for six constituents

ancl a total of more t}:.an slx constltuenËs were to be counted

in the analysis, so that a complete blook of a separate

veed"er counter was used..

In the first attempù at Roslwal analysls of these
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speoinens, potash feldspar, plagloclase and. quartz were

d.lstlngulshed wlth d.lffleulty. To faollltate thelr d.lstlnc-

tlon, a selectlve potash felclspar st4ln was applled. to the

thln sectlons accorillng to the nethocl of Bally and Stevens

(1960). IIslng thls method. the author u¡s,s abLe to dlsü1n-

gulsh between quartzr plagloclase and. poËash feldspars.

As a consequence, the tlne oonsumed. ln maklng Roslwal anaS-y-

ses ls nueh red.ueecl. The method fol-lowed. by the author ls

shown ln Appendlx II.
Quartz, plagloclase, potash felcl.spars (orthoclase,

mlcroeLlne anê perthlte are lunpect üogether), blotlte, horn-

blende, epld.ote (both prlurary and. second.ary eplctotes are

lumped. togetber), opaque mlneral-s üIere counted. separatelyt

whereas the other constltuents were lunped together.

Mlnerals whlch had altered. from the prlmary nlnerals

(e.g. chlorlte from blotlte, serlclte and. zolslte from

þlaglocl.asêr and. epldote from þlotlte and. plaglocl-ase)

were counùed. as the orlglnal mlneral-.

All speeimens but one contalnecl more than 80 percent

of quartz + plaglool-ase + potash felclspar. In general.,

these rocks are clnaracterlsed by a hlgh content of plagloclase

and. quartz anð, low conteirt of potash feld.sparr so they are

quartz cllorltes (tonallte] .

PTAGTOCTASE CONtEI\IT

Plagloclase feld.spar ls ühe most abundant nlneral
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the Elbow Lake stock. The noi[al average ls 58 volume per-

cent, rangLng from 35 to 66 percent. OnIy one of the speol-

mens contalns Less than ¿10 percent plagloclase, and ln thls

rock much of the plagloclase has been ilestroyed by al.tera-

tlon beyond recognltlon.

Flgure 1p shows the dlstrlbutlon |n the amount (volume

percent) of plagloclase ln the stock. The d"lstrlbutlon

seems bo be allgned llnearly wlth the elongatlon of the

stock. The hlgh concentratlon zone ln the center appears

to be c]oÊely parallel to the elongatlon of the stook. The

ooncentratlon decreases towards southeast, formlng a small

lovr ooncentratlon, and. then lncreases agaln at the conüacf

reglon.

E.T'ABTZ CONTENT

In the JJ mod.es ln Table 2, the average quattz contenü

1s 23.8 percent, the range ls fron B percent to 39 peroent.

One speclnen that contalns 8.2 percenÙ quartz ls at the con-

tact zone and lt ls posslble that lt ls more baslc beoause

of contamlnatlon.

The contents as deüerÈlned. by Roslwa1 analyses are 
i

ploüted and. contoured. (see Flgure 20), These contour l-lnes

show a general northeast-southwest trenil, wlth some sllght

tenilency to concentrlc closure at the northern and southern

ends. There are two unconnected. Ithlgherr on the western

slde, both more than half a mlle lnsld.e the boundary" There

1s an elongated. trhlghn 1n the southeast, whlch has a trend.

parallel to the bound.ary and. lles about a mlle lnslde of lt'
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'FIGURE 19" CONTOUR'DIAGRAM SHOI,üING THE DISTRIBUTION IN THE AI,ÍOI]NT"

¡.
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FIGURE 20" COtirIOT]R DIAGRAM SHOWING DISTRIBUTION IN TTIE AI"ÍOT'NT

(votrrMB. PERCENT) 0F QUARTZ.

(
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POTASH FEËDSPAB COTüTENT

PoËash felcLspar lnclucllng perthlte averages 1.06

percent, and. ranges from l-4.0 to 0.0 percent. Iü varles

lnversel-y wlüh the plagloclase content.

In the d.lstrlbutlon of potash feld"spar (see Flgure 2.I)

1ü appears thaË ühere ls conoentrlc hlgh and. lor¡r concentra-

tlon of potash feld.spar south of the C.N.R. tracks, the

cenüra1 part'.,belng a low concentratlon. Potash felilspar

shows a hlgh concentratlon ln the southwesüern arn of ühe

stock. North of the C.N.R. track, the cllstrlþutlon shows

no d.eflnlte pattern.

I\,IAF'IC CONTENT

Blotlte ls the most pred.oninanü maflc mlneral, wlth
an average of t volume percent of total constltuents of the

rooks and a range from 1 to 16 percent.

The average maflc content (colour lnd.ex) ls 12 volume

percent. lhere ls no d.efinlte pattern ln ühe d.lstrlbutlon
of ühe amount of the maflc mlnerals (see Flgure ?2), except

for hlgher concentratlons at the contaot with the country

roek.

QUéETZ - PI"_AGI O CLASE - P O TASH FELD SPAR Ð IAGBAT{

Flgure 23 shows tlnat 6p peroent of specimens have com-

posltlons whlch plot on the quartz-plagloclase slctellne, anoËher

23 percetnt have Iess þlnan 2 percenü K-fe1d"spar, onLy I percent

}lave 2 to J percent potash felcLspar.



4o

FIGURE 21. coNTouR DJAGRAT'Í SnO!ürNG THE DTSTRTBUTTON rN TIIE AMOUNT
(VOLT]ME PERCENT) OF POÎASH FELDSPAR"
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å.ccord.lng to Batenan (1961):

The composltlonal classlflcatlon used. (see Flgure 24J
ls noÖal....The graaltlc rocks contaln at least I0 per-
eenü qluarbz. Bounclarles beüween the d.lfferent rooks ln
terms of the ratlo of potash feld.spar (lnclud.lng perthlüe)
to total f eld.spar as f ollows z quartz d.lorlte, 0-10 per-
cent; granod"J-or1Ëe, 10-35 percentS quartz monzonJ.te, 35-
6J percent; granlte, more than 65 percent.

lherefore, the E1bow lake stock ls a quartz d"lorlte - the

raülo of the potash feld.spar to ühe total felcLspar ls wlthln

0 - J percent.

EUABTU -FELDSPAR-I4AF IC ÐIAGBAI{

QuarÞz, feldspars (both plagloclase and. potash feld-
spars) anÕ maflc mlnerals (blotlte, hornblencle and. opaque

minerals lunped. together) are also plotted. ln a ürlangular

varlatton dlagram (see Flgure 25). All ühe polnüs are

clustereil close to the quarbz-feld.spar sld-ellne. Thls

lndlcates the homogenelty of the Elbow Lake stock ln compo-

sltlon. It oould. be lnferred from the honogenelüy of the

mlneral conposltlon of the granltlc body that the Elbow Lake

süook ls one lntruslve bod.y.

DEUTEBTC ALfEnATT0N OF Tim ELBOI'i LAI{q STOCK

A most lnterestlng ancl oharacüerlstlc feature of the

Elbow Lake stock ls the alteratlon of the maJor mlnerals,

whlch lncludes serlcltlzatLon, chlorltlzatLon ancl saussurl-

tlzatlon. No rocks rüere seen whlch hacL completely escapeil

these alteratlons.
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the lntenslty or relatlve amount of alteratlon was

estimatect for each thln sectlon, and they were Jud.ged lnüo

three stages of alteratlon, vLzz

Süage I:

Stage II:

Stage fïï:

Low clegfee of alüeratlon (see Flgure 26)

Zonlag and twlnning ln plagloclase are welL-

d.eflaecl, and onJ.y a few flakes of serlclüe have

grorlrn 1n them. Bloülte anil hornblend.e are unalterecL.

In Flgure I8 there ls shown a mass of ,cLrLorlte and.

uagnetlte whlch has the shape of pyroxene pseuiLo-

norph. Sphenes are not coruod.eil.

i{ed.lurn cl.egree of alteratlon (see Ff.gure 27')

Plagloclase crystals shov¡ z,olaar- alteratlon to flne
gralnecl serlclte but stlll nalntain thelr orystal

shapes, twln lamellae ar.:ö. zotllrrg. Sphene crysüaIs

are found wlth reacülon rlms of llnenlte. Small

amounüs of chlorlte replace the edges of blotlte
ancl hornbLenile crystals.
Hlgh ilegree of alûeratlon. (see Flgure ZB)

Plagloclase crystals are extremely affectect by

serlcltlzatÍ.on aniL saussurlülzatlon, sueh t};;at

the outllnes of the euhedral crystals of the

plagloclase are desüroyed. The twlnnlng atrtð, zon-

lng are conpletei-y obllterated by sr¡ch aJ-teratlon.

Blotlte ls altereÖ to chLorlte ancl eplclote.



FTGUBE 26. Zoneö. plagloclase crystal wlth small
flakes of serlclüe d.eveloped- ln the core
ancl ln cerüaln zones. Alteratlon stage I.

u$-11).

FIGUBE 27. Z'oned. pJ-agloclase crysüal whlch has been
serloltlzed. ln the lnterued.late zones, ancl
replacecl by blotlte at one ed.ge.
Alteratlon stage II. (#¿-ff).
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Seconclary magnetlte usually accornpanLes

chlorltes, 1n thls zone of alteratlon. Sphene

ls nostl-y altered to llmenlte.

For more ilescrlptlon of the alteratlon nlneralsr see

Append.lx I.
The lntenslty of the alteraülon has a zona! or concen-

trlc pattern ln the süock, as show¡. ln Flgure ?9: The

greatest effects of alteratlondare found. In the corer ancl

the least effects near the edge. Thls pattern suggests thaü

the source of the hydrothermal fluld.s was from wlthln the

stock ltse1f.

PABAGtrT$ESIS

On the assu.raptlon that the mlnerals formecl by preclpl-

tatlon fron a ßa4ßa, the orcler of crystalllzatlon ln the

quartz d.lorlte rocks of the Elbor^I Lake Stock ls lnterprefed'

from thelr shapes ancl nutual relatlonshlps and. presentecl

graphlcalJ-y ln FJ.gure 30.

Epldote, zolslte, serlclte, muscovlte, chlorlte, oalclte

appear to be late, d.euterlc mlneral.s¡

*Flgure 29 ln pocket.
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CHAPTEB V

CHEI{ÏCAI, AI\ALYSIS

slx samples of the Elbow Lake stock, chosen to have

mlnlmun alteratlon and some ranLge of colour index, were

ehemlcally ana.lysed (see Table 3). Nlggll 4e¡¡¡5 âr€

llsted ln Table 4.

srl,rcA vAruttloN DTaGBAM

T'he varlaülon 1n the amounts of major elements of the

slx ohenlcally analysed. samples of the Elbow Lake stock are

plotted ln Flgure 31 agalnst s1llca content. Alumlna,

Ilne, magnesla, and. tota] lron shotr gerrerally conslstent

decrease wlth Ëhe lncrease of slllca content. soda, and

potash show a general lncrease with the lncreaslng slllca'

Titanlum and" Pr0t show Peaks.

The trend-s of maJor oxld.es are conslstent witb whaü

wou1d.beexpeoted.1nad.ifferent1a.tecL1ntrus1on.

aTKAIJ tll4E INDEX

Flgures 32 ls a plot of CaO ancl (NarO + K2Q) agalnst

5102. fhese curves cross at a sllloa content approxlma'tely

64percent.Iheva1ueofthea]-ka11-1ine1ndexofühe
Elbow Lake stock ls, therefore, 6LV a.aa oorrespond-s to the

oalcic group ln the classlf ioatlon of Peacock (1931) '

5o



Speolmen Nos.

A-1-65
&-3-65
a-t+-65
A-5-65
A-6-65
A-7-65
a-lr-65
A-l-3A-65
A-L8-65
A-t9-65
a-2L-65
A-24-65
Ã-26-65
Ã-32-66
A-3t+-66
A-35-66
a-36-66

^-37-66A-39-66
A-Lto-66
A-þl-66
A-t+z-66

Quartz PlaglocIase

ÎABLE 2

}IODAL A}üALYSES OF ELBO!ü LAI(E STOCK

25..12
23.?9
23..00
?.6.98
23,30
20.l+2
f-9.98
27,53
2,1.53
28.66
20.97
3L.67
26.95
25.0O
L9.15
23,78
20.03
22.90
30.t+3
27.23
2l+.39
2l-.63

55'.42
62.3o
63.5t6i.it
66.9o
60.zL
53.50
Lþ3.97
59.67
60.08
62.97
58,24
51.þB
57.77
66.42
6t+.65
62.73
6t. o3
57 .tr
59.67
5t+ 3Lt'
65.33

K-felitspar Blotlte Ilornblend"e fuldote

0.15
0.57
Trace

&.90
0.19
z.Lg
0.69
T.7L
2,96
2.67
Trace

Trace
o.62
Trace
Trace
1.78

lrace
0.85

I,83
9.36
7.12
5.80
2.1+9
9.r9

10.L3
LLt.g2
10.48
6.zg
5.gL
8.L6
0.13

10.43
7.93
6.93

L3.56
g,2L
B.g6
5.07

13.80
6.6L

tt. Ënry¡Jl

0.3,+
[raoe
Trace

ua9

o.1B
2.1+7
5.o5
2.81
2.10
9.85
7.16
2.71
5.zB
1.90
6.97
1.0
9.23
6.29
3.37
It,55
3.0t+
4.1+o
3.02
6.74
6.91+
1.78

Opaque

Trace
1.44
o.7z
0.57
o.1I
0.L4
Lr37
0.19
1.33
0,24
0.38
0.57
o.8o
Trace
Trace
Trace
frace
Trace
Tracê
Trace
Trace
Trace

others*

0.30
Trace
Trace

0,53
lrace
Trace
Trace
Trace

[race
o .sLt

1.41
o.40
2.22

Trace
Trace
Trace
Trace
1.00

Trace
Trace

contlnued

\¡P



A-t+3-66
¡'-44u-66
r-45-66
n-46-66
A-47-66
A-50-66
A-5L-66
a-52-66
A-53A-66
s-54-66

q-Ð-65
a-a5-65
q-49-65
q-5r-65
q-fi-65
q-79-65
q-8r-65
q-82-65
q-83.65
q-84-65
a,-85-65

B-1oo-65
F.-Lo2-65
B-104065
R-ro6-65
R-r-08-65

19.91
23.88
23,19
25.6r
26,65
]-9.92
18.99
tg,6z
20 ,28
l_9.84

63.92
59,52
59.-63
58.95
55.38
60.18
62.97
62.t+3
63.07
62.58

33.49
24.?5
l.5.60
2,0.50
3z.zh
r9,40
24.82
25,80
20.09
2'8.58
L7 .62

25.83
15.80

8,22,
2L.47
13,48

Trace

Trace

:
t:"o'

2.89

0.66
0.63
Trace
2.50

14.04
0.83
1.48
,:0,

*ir""
frace
Trace

54.76
56.70
58.20
59.411
t+6,27
58.t7
4L+.21+
47.08
58.oo
34.95
50.62

8,92
4.46
6.35
4.Bg

10 .74
].2.83
12.40
13.08
10.11
L3.50

2.76

'JrAOe

:

6,65
L.77

1.85

,ln
0.83
1.l7

6.go
35.6?
l+3,86
Trace
Traoe

t g.3L
52.16
þLt.Lþ5
50.73
63,L5

L+.lz
10'.73

7.87
6.1+8

10.30
B.l-2

tr.55
L5.50
10.33
LI.19
11.1-tt.

9 .00
10.11
z.4l

L3.7 5
8.07

3.69
6.32

J.0.23
]-0.62
?,57
5.22
4.62
L+.28
It.L5
2,79

o.42 Trace
o.88 4.92
Trace Trace
Trace Trace
Trace o.65
Trace 1.70
Trace 0.62
Trace 0.51+
t.35 1.04
Trace 1,24

1.14
Trace
Trace frace
0.99 Trace
Trace Trace
1.?8 o.70
o.50 1.06
frace 1.03
0.51 Traoe
0.46 Lþ.1+l+

O.72 [race

l.l2
frace Trace
Trace
L.23 Trace
Trace Trace

cont inued

3.60
7,70

10.81
10.06
10.Ll

7,1+3
3.80
8.40
8.79

L7.?2
5.O5

7.81+
6.20
1.06

L?.59
L5.oo

t-¡r
t\)



E-4-65
F.-]2-65
E-27-65
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ÐI FTERENTT.A,$TON INDE}C

The d"lfferentlatl-on lnd.ex (Thornton & Tut,tle, t960)i is

the sum of the welght percentages of CIPW normatlve quartz

+ orthoclase + a1blte + nephèIlne + leuclte + kalslLlte.
No more than three of these normatlve mlnerals w111 appear

ln any glven norm, thus the d.lfferentlatlon lndex ls slmpl-y

the sum of the percentages of the three normatlve mlnerals.

IË ls the opposlte of nbaslcltyrt.

The d.lagrams of Thornton and.,Tüf tIè (L960) , contoured. to

show the varlaülons of oxldes agalnst the d.lfferentlatlon

lnd.ex of 5O0O analysecl lgneous rocks (trfashlngton Tablqs),

are used. for comparlson ln tr'lgures 33 to 40. Flgures 33,

34135 and" 38 show thaü the contents of ß.20, Na20, CaO and.

FeO respecülvely of the Elbow lake stock pLot onËo a trend.

whlch ls slmf.J-ar to, but sllghtly lower values than, the

average lgneous trend. as shown by Thornton and Tuttle

conüours.

Flgures 36 and, 40 show tlna.t the contents of MgO anit

S10Z of ühe Elbow Lake stock plot onto a trencl whlch ls
slrnllar to but wlth sllghtly hlgher values than the average

tgneous trend. as shown by the contour llnes.
Flgures 37 ar:;d 39 show tlnat the contents of Fe 203 and-

41c0" of the Elbow Lake stock plot onto a trend whlch ls
slmllar to ühat of the average igneous trend, wlth a small
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anount of scatter.
The varlatlons of the maJor components lnillcate, þy

ühelr sinllarity wlth varlatlons in other lgneous rocks,

tlnat Eome relatlvely snall amount of lgneous iLlfferentlatlon
has ooourred, d.urlng the magnatlc eplsoiLe of the E1bow Lake

stock.

In flgures 36-40 the conËour llnes are taken dlreotJ-y

from .lhornton and ?uttle. . (1960) " They eontoureð ðenslty of

frequency of oocurrence of plots of 5000 lgneous rocks.

Thelr contour lnËerr¿al is 2J poLnts per 0,16 percent area,

exoepü ln slllca d.lagram, whene the lntervaf is 12.5. points

1n tire same area. rHr equa.ls hlgh concentratlon of polnts.
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CHAPTEB VT

CONCLUSIONS

Ttte ELbow lake stock ls lnterpreted. to be an lgneous

rac]N, as lndlcated by lts textural, mlneraloglcal, chemlcal

and. structural cttaxacterlstlcs.

The texture, wlth euhed_ral crystals of the naJor mlne-

ral plagloclase formlng a network of the crystals wlth
other nlnerals flIllng ln lnterstices, 1s characÈerlsülc

of lgneous rocks.

The mlneralogy ls slmllar to other quartz d.torttes.
The shapes and. slzes of each of the mlneral components flts
the pattern establlshed. for igneous crystal growth. The

nature of the alteratlon of ühe maJor ninerals ls characterlstlc
of late stage lgneous hyd.ratlon reactions. r\rrthermore, ühe

conoentraflon of thls alteratlon ln ühe center of the stock

lnd.lcates an lnternal source of the agents (nrO, etc. ) of
alterat f-on.

The chemlcal composltion 1s typloal of lgneous rocks,

and ühe varlatlons 1n the amor.mts of the uajor elements flts
the patterns establ-lshed for the oËher igï.eous rocks.

Ehe lgneous lntruslve nature of the stock ls establlshed-

by the observatlon of lncluslons of fragments of oountry rock

and. d.eformatlon of oountry rock at ühe oontact. other struc-
tural features whlch are cha.racterlstlc of lgneous rocks

6Lþ
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ãTe the roughly homogeneous oomposltlon, the lack of any

regular pattern ln the maps of varlatlon ln ¡nineral content,

and a pattern of two major vertlcal Joints.
lhe ELbow Lalxe stock contalns stralned. and slLghtly

granulated- quartz, but no other evidence of defornatlon

except ln the shear zones a.dJacent to ühe large faults. It
ls, therefore, lnterpreted that afüer consolld.atlon, the

stock was subjecüed. to relatlvely llght stress, buü not

exËenslve lnternal shearlng or deformatlono

The quartz d.lorlte has not been subJeeted. to metamor-

phism, excepü for the alteratloas whlch have been d.escrlbed.

as late lgneous (cteuterlc). The only reorystallizatlon that

can be found. that may be post-rnagmatlc ls the growth of

epld.ote ln Jolnts and" fractures. Iþ ls, therefore, lnter-
preted. thaü the lnüruslon of the stock was after the reglonal

nretamorphlsm of the country roek.

A rrquartz-eye granltert ln the thlsel Lake are&, 60 mlles

easü of Elbow Lake, was stuailed by Wll1lams (1966\. He

conolucled. that the rock was a netanorphosed crystal tuff, anÖ

that lt musü be re-naned ilquartz-eye gnelssrt. Hls lnter-
pretatlon ls based uporl structural, textural, Ðd chenlcal

fea"tures. Struoturally the Chlsel Lake Itquartz-eye gnelsstt

ls a s1lL or flow-shaped bed" concordanüIy lylng ln ühe

layered Anisk Group, ft L¡E,s been fold.ed wlth thls Group.

From lrregular nlneral d.lstrlbution, variable graln slze,

paüchy and. porphyrltlc texture he polnts out the lnhomogenelty
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of the rock. Chemlcally the rock conposltlon 1s relatlvely
rlch in S10, arrd Na20, ancl relatlvely poor ln 4L203 and

KZ?,' These characterlstlcs could- flt elther a rhyollte or

an unusual sed.lment, He polnts out (p.14-15) the unusually

hlgh soda-potash ratlo, varying frorn 1.05 to 10.25.

In contrast, the trquartz-eye graxllterr of the E1bow

l,ake aeea has cLraracterlstlcs of magma.tlo orlgln. Thls

magmatlc orlgln of the Elbow Lake stock ls basect upon the

typlaaj- hypautomorphíc granular lgneous texture, honogenelty

ln nlneral composltlon, ühe concentratlon of Lnnumerable

lncluslons near the contact wlth the country rocks of the

W'ekusko group, ôlscordant contact relatlonshlps wlth the

country roclcs, generally masslve texËure wlth some fo1lat1on,

strongly d.eveloped Jolnts, and both osclllatory ancl normal

zoning ln ühe large euhedral plagloclase crystals. The

sod.a/potash ratlo ln the Elbow Lake stock ls snâIl ln
oontrast to ühe quartz-eye gnelss of the Chlse1 Lake, Tt

varles from l.O? to l rll wl-tlt an averåge of only I,33, The

chernlcal composltlon flts wlth other lgneous rocks*

It appears t}rat iþoks of d.iverse orlgln ln Northern

Manltoba have been mapped. as rquartz-eye granlterr" guartz

eyes may be strlklng ln appearance, buË they may have

dlverse orlgln", It ls recommended that tlr.e use of the tern
ttquartz-rye granlten be de-emph1slzed..
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APPENÐIX I

DESCBTPTÏON OF THE MJ,NEBALS

PL¿}.G]OCT,ASE TET,DSPAR

Plagloclase ls the most abundant mlneral* Some of the

plagloclase crystals are fresh and. some are extrenely

alterecL (see desorlptlon of alteratlon on p*43). The

fresh plagloclase crysüa1s are euheilral to subhedral, large

and tabular (paralleL to 010) ln hablt, but the alüerecl

ones are subhedral. Plagloolase ïs euhedral agalnst

quartz, poüasslun feld.spars, hornblend.e ancl blotlte.
They are usually polysynthetlcally twlrneit (alblte

and./or per1ollne). Carlsbad. law twlns also oceur, but

they" are not conmonr

ZonøL structure ln plagloclase ls very conmon. The

zonlng ls regular oçelllatory and. the zones nay be concen-

trlc and. contlnuous or lrregular and. velnlng" In some

plagloolase crystale, apart from the alteratlon prod.ucts,

round,ed" quartz gralns are lncluded. la the outer rlns of

the plagloo1aee.

The effects of straln are seen ln und.ulatLng extlnotlon

ln some of the thln sectlons, breaklng of orystal-s, and bent

twlnnlng lane1laer

There ls evfdence of a reaotlon beþween blotlte ancl

plagloclâ.s€+ It appears þlnat blotlte replaces plagloclase,

both Ln s¡nalI lrregular embaynents anô aleo 1n zones ln the

7L
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pla.gloclase (see Flgure 2? ) ln a manner slmllar to serlcl-
tízation. Epldote crystals have grown aü the bound.arles.

uoNrNG IN PLAGIOCLASF

Zoned plagioclase crystals, both nornal and. oscillatory,

are abr¡nd.ant. The osclllatory type of zonf.ng ls conflneil to

the cores.

There are also , ra.rel'y, veln-Ilke replaoements of the

core by sod.lo plagloclase of rlm composlülon, and. ccmmonly

the connectlon wlth the outer r1m ls vlslble.

LAMELT.AE TWTNI\ITNG TN PLAGIOCLASE

Twlnnlng le abund.ant and. lamellae are rlridest ln the mosü

ca.lcJc zones. Calcic plagloclases oornmonly have one set Ia¡nellae

of halr-Ilke flneness wlth þroad- lnterspaces whereas Sod,lc

plagloclases are conmonly valthout twlnnlng or have numeroris

flne larnellae of nearly equ.al wld.th.

BELATIONSHIP EiEBI^IEEI{ IJU{ELLåB fwINi\iING ANÐ ZONING

Emmons and" I{ann (l.953) suggest, rr..,tLøþ the nature of

the zonf:ng ln plagloclase reflects the cond.ltlon und.er whlch

the crystals grel,ù, (2) that polysynthetlc twlnnlng replaces

and. is consequent on zonlng, (3) that the spaclng Of twin

lamellae may ln turn reflect the nature of zonlng ln part

and. hence the condltlon under whlch the crysta.Ls grewr and.
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(4) that polysynthetlc tv,iir:nlng and. zonlng ln pla.gioclase

feld.spar may be used- as a petrographlc ald ln d.eüermlnlng

the orlgln of gra.nlte.

The most lmportant observation on the plagloclase

crystals ln the twln-zone relatlonshlp ls that lamerlar
fwinning tenils to destroy zottjrng, ZonLng 1n certaln cases

1s present onry Ln one set of IamelIae, while ln others lt
has been ellminated.. More often the itevelopmenü of twin
lamerlae only d.ecreases the range of zonrng, and. does not
d.estroy lt. rn such cases the d"Lfference Ln extÍactlon
angle lrom the core to the rlm may be as much as 10 degrees less

Ln the new lamellae than 1n the rernnant plagLoolasêr

Because üwlnnlng ls commonry sr4nrlmposed. on zoned crys-
ta.ls, rt was posslbte to traee the devel-opment of twlnnlng
through most of lts stages. The process ls outllned, by

Flgures &t to l+6.

rn Flgure 41 twfu:nlng beglns as very narrow streaks,
development f lrst ln the rim of ühe plaglocIase. cornmonly they
pa.raller 010, but sometlmes they follow ra;rer twlnnlng planes.

The new twln lamellae üaper ancl d.isappear towarcls the core of
the crysta.Ir

In Flgure 42, a l,ater stage, they have wj.dened and. thelr
wiðth ls falrly unlform throughout. In these neïü l_amellae

the zonlng has been elther conpletely d.estroyed, or red.uced. 1n

range. The orlglnal zonrng remalns sharp and- olear throughout

the rest of the crystal. The fa.ct that zonrng may be preserved
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ln the new lamellae lndJ.cates that they have been formed

by dlffuslon which acted most vigorously parallel wlth the

composltlon planeo

In Flgure I+3, ühe continuatlon of the proeess prod.uces

a crystal composed. largely of broad. new lamellae wlth a few

Ð.arrow, old lamellae representlng the former zoneð, crystal.
As twlnnlng contlnues to d-evelop, lt generally desüroys

ltsel-f by ellmlnatlon of the lnterspaces (Flgure ÞLI). There

ls some lnd.lcatlon, however, tlnat ühe process beglns to repeat

ltself when the new 1amellae reach a certaln wld-thrbut the

process is then dlfflcult to trace because llttl-e zonlng remalns

to separa.te the first separatlon of larnellae from the second..

Second. generatlon of lamellae were recognlsed., hovcever, ln
a number of crystals that showed. good zonlng ln lnterspaces,

falnt zonlng ln broad. lameIIae, and none ln the fev¡ second

generation laneIlae.
The availabLe evld-enee suggests tlnat the formatlon of

twin Iamellae ls a grad,uaL process, not an lnstantaneous

snapplng lnto place of the crystal lattlee ln response to

exterlor stress. Because zonf-ng 1s actually destroyed by

fhe process, lt ls assumed that some for¡n of dlffuslon ls
operatlve. Yet d"lffuslon ln ltself cannot be tha whole

explanatlon of twlnnlng. An lmportant factor ls that the

dlffuslon d"oes not take place Ln a closed-system. If lt
did., the rlms of new lamellae should become more caIc1c

as the core becomes more sodlc. But the rlm d.oes not beco¡oe
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calolo ln the process; 1t seems to remaln the same and. both
twln and. crystal become relatively more sodlc. Thus, sod.lum

thet, leaves the rtm to d.lffuse üowards the core must be

repraced by sodium from the crystal, and the calclum tha.t

ls d-isplaced from the core ls forced" out of the crystal.
â.lthough no reason ls obvlous why the crosed-system

should. oause lnverslon of a crystal lattlce, open-systen

d-lffuslon lnvolvlng displacement of calclum by sodlum and

change ln total compellsatlon of the lameIIae mlghü set up

straln wlth respect to adJacent areas to effect lnverslon,
the lnverted poslülon belng one of less straln,

As previousry nenüioned-, very thin ramellae separa.üed by

þroa.d, lnterspaces are characüerlstlcs ln the more calclc zones.

fhis ls interpreüed to be lmmed-late stage of d.everopment, lrr
whlch ühe narrower porsynthetlc twlns have not yet d"eveloped..

As both lnterspaces a.nd nertr lamellae âre consld.erecl together
in rerferriç* Èo average wld.ths of lameIIae, and because one

grolrs narrower as the other becomes wld.er, the average

larnellae wld-th 1s progressively control]-ed by the number

of lamellae lnltlated, and. the temperature of ühe pragLocrase

clurlng twln formatlon.

S.UARTZ

Qu.arüz occurs both lnterstltlally to the plagloclase

erystals and- ln ovar pod.s or neyesn. und"er the mlcroscope

each ttquart,z-eyer' ls seen to be an aggregate of smal1 quart,z
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gralns wlth wavy lrregular bounðar1es.

ïn general tquartz-eyesrt are nore abr¡¡nd.a'ü in the cen-
tral- part of the Erbow Lake stock. More preclsely, 1t ls
nore abundant ln zone of hlgh alteratlon¡ whLch ls the
central part of Ëhe stock. The rquarüz-eyesn are less
abundant ln the med.run zone of arteratlon and ultlmatery
become scarce ln ühe contact zones. Moreover they are more
abund.ant ln the blotlùe-rlch rocks than ln the hornblende_
rlch rocks.

$lost quartz grains are stralned, wlth wanderrng extlnct-
lon. colncld.enü wlth these straln shadows , quart,z usually
show anomalous blaxlal character. Large quarhz crystals
have been broken lnto smaller gralns a¡rd. thelr boundarres
Ltave a sutured. appearance,

A. feature of the ,quartz-eyes, ls ühe smoky bl-ue color
þlnaþ can be seen ln ühe hancL speclmens, fhe cause of the
brue colorati-on could. not be determlned. mlcroscoplcalry.
Posslbly lt could. be d.ue to maguetlte dustr or black carbonaeeous
materlals. To explaln the posslble reason for ühls coloratlon
of quartz grains, Rod.d.lck (tg65, p.121) quoted work of the
Pennsylvanla State College in 194g whlch suggested., rr.,.iü
1s d.ue to slight d.istortlon of the sltloon lattioe by
certaln foreign catlons presenù in exceed.ingly small anountsr,.
trlost lntense blue coloratlon ls found, where quartz ls fairly
a.þund.ant ln the centrar (most altered.) part of the stock.



78

PoTASSIï}I{ Fff ÐSPARS

I¡Juch of the potash feld.spar 1s microcllne and. perthlte,

' àl-though orthoclase ls also present. ft occurs lnüerstltlall]r
between the plagloclase, and consequently lt shows no crys-

tal bound.arles except agalnst quartz,

The perthltes conslst of small b1ebs, flIns, sürlngers,

rod.s, velnIeüs, and patches of albite ln potash feld.spar.

The perthlte lntergrowths are fine grained. and. evenJ-y d.ls-

tributed- through the K-feld.spar crystals, only in part

patchy, and. are, therefore, lnterpreted. to be of exsolu-

, ülon orlgln.
A close assoclatlon was noted. betrrieen coarse gralnecl

r perthite and. grld- f;wlnnlng ln the microcllne.

In thln sectlons ln whlch hornblend.e exceeds or equ.als

blotlte ln a.mount, the poiash feld.spars conüaln no perthite,

or only fine grained. alblte components. 0n the other hand.

' medlum grained. perthlte, coarse gralned perthlte, and. gr1d.

twlnned. potash feld.spar are all restrlcted. to sectlons ln
whlch biotlte exceeiLs hornbl-end-e. Ïlhen quartz 1s exceptionally

abuniLant, the potash feld.s^oar ls commonly non-perthltlc.

SERRO IVIAGNESÏAN IìTf }i'gRAÏ.S

B]OTTTE

Bi-otite is the most coamon" ferrornagneslan constituent

of the granltlc bod.y. T:rr sone areas north of the C.N.R.

traok, it ls the only fenlc mineral. In most cases blotlte
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1s very unlfornly dlstrlbuted" ln no partlcular orlentatlon,

ln some sectlons lt has paralIel orlentation where üreak

follatlon 1s d.eveloped. ln the rock.

In co10r lt ls brom. or red_dlsh brown anð sometlmes

green, anfl strongly pleocirrolc. In sone cases brown and.

green blotltes are unlted- ln parall-e] lntergrowüh. The

crystal shapes of þioülte nornally range from very lrregu-

lar to regular slx-sid-ed euhed"ral crysta.ls ühat are usually

tabular or prlsmatlc 1n hablt. Another common hablt of

biotite ls that of formlng clots of small crystals, The

crystals wlthin the clots are generally arranged. ln a

random pattern. lhe size of these lnd.lvld.uaI blotlte gralns

ls much snâl1-er tktan that of the average fel-slc crystals,

although the dlmenslons of the clots themseLves are about

the same.

Blotlüe orystals appear to have lots of lnclusions.

M[cro-tnclusions of plagioolase are common. The mlnor

a.ccessorles such as magSietltie, a.patite, zlrcon and. sphene

are lnc}ud.ed. ln the blotlte. Apatlte ls frequently very

abundant, anð nay form rather long needle5 ln no particular

orlentatton with respect to other apatite crystals, or to

the crystallographic d]rectlons of blotite, I4agnetltes

usually occur aS ScaËtered grains throughout lt. Zlrcons

are a]Êo comnonly for.¡nd. ln blotlfs and. are usually suffound.ed.

by the pleochrolc halos.

Narrow projectlons of blotltes commonly exteÌld. outward.
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from the maln crystal to flll lnterstlces between plaglo-
clase crystals, and. 1n places fll_Ilng fractures ln that
mlneral. The larger biotlte crystals comnonly contaln

euhed.ral and. partly replaoed. plagloclase crystals,
Blotlte trunoates the zonf.ng of the plagloclase and.

replaces the soÕlc rin 1n preference to the core. The

shape of the replaclng biotite is eontrolled. by plagloclase

cleavage, resulting ln many euhed.ral replacements remnan.ts

of plagloclase.

HORNËI,ENDE

Hornblend.e 1s the characterlstlc rqlneral ln ühe

south and- southwestern part of the lntruslve bod.y.. It ls
usually green or þrounalsh green to brown ln coLor'. Hor:rblend"e

crystals are usua.lly large prlsnoatlc, wlth well-d"eveloped.

sldes but no termlnal faces. Tlvlnnlng on (fOO) ls seen ln
some sectlons. Zonlng d"ue to ûlfferences ln color occurs ln
some thln sectlons.

In most of the sectlons hornblende appears more or less

equlvalent to the plagloclase ln graf-n slze and. d.evelopment

of crystal form. However, hornblend.e also occurs lnterstiüia1
amoiig plagioclase crysta.ls. Plagioclase crystals r^¡lth

angular corners jut j-nto hornblend.e. fn some thln sections

lnterstltlal hornblende ls ln the form of clots of fine
grainecl orystals.

The hornblend.e-quartz relatlonshlp ls that hornblend.e
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ls embayed" by quartz. It ls evid.ent that hornblend.e ls
old-er than quartz,

In the normal hornblende-blotlte relationshlp, the

mlnerals frequently lte ln contact wlth each other. Inter-
growths wlth blotlte occur, the pr'lsm faces of hornblend.e

usually belng paralle] to the cleavage of blotltes. Some

horreblend.e crystals ârê frlnged by blotlteË.
From the above observatlons on the maflc mlnera]-s lt

could. be summarlsed. that (1) blottte ls more abr.¡ndant ln
the Elbow Lake stock than horrrblend.e; (i1) hornblend.e ls
abund-ant only ln the south and southwestern encL of the

lntrusive bod.y and at the contacts withln the country rock;

(fff¡both mafic mlnerals are commonly lrregula.r 1n shape

and. contaln numerous plagloclase lnclusions; (lv) ln nearly

all ühe thln sections examlned. the ma"flc minerals oceu.py

a paragenetlc posltion between plagloclase ancl quartz, a¡rÖ

(v) the rnaflo mlneraLs commonly repla.ce plagloclase and.

are themseLves replaced by quartz anð. potash felclspars.

ACCESSOBY IVIÏNEBAIS

There are two groups of accessory mlnerals, those that
are conmon accessorles ln lgneous rocks, whlch are scattered

throughotrt the Elbow Lake stock, and those whlch occur only

as alteratlon prod.ucts of the maJor mlnerals. The flrst group

of accessorles lncl-ud.es apatlte, magnetlte, lImenlte, sphene,
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zlrcorr an"d. garnet. The alteratlon prod,ucts are serlcite,
muscovlte, epld.ote, zolslte, chlorite and. calclte.

APATÏTE

Apatlte ls wlilespread throughout the stook. ït ls
usually found. ln nlnute slx-slcled prlsmatlc euhed.ral crys-

tals. They ìrsually occur as lncluslons ln the f erromag-

neslan mlnerals, some are ln plagloc1ase. In whatever

mlneral lt 1s founcl, lts orlentatlon seems to bear no

relatlon to any crystallographlc d,lrectlon of its host.

MAGNETITE

Magnetlte occurs ln the form of lrregular graim.s. Iü

oocurs þoth as prlnary and. alteratlon mlneral-s. As altera-

tLon mlnerals, magnetlte Ls d.erlved. from the ferromagneslan

mlnerals and ls then usually accompanled. by chlorlte'

sPflqNE

A.s a- prlmary mlneral lt occurs ln euhed.ral crystals

tlRab have an acute rhomblc cross-sectlon, or ln irregular
grains and. granular aggregates, Most conmonl-y they are

red.-broi¡nr ln color; pleochrolsm ls weak to strong depend.lng

on the color of the mineral anil" thlckness of the sectlons.

Usually they have a rea-ctlon rlm of llnenlte, whlch

forms as part of the cleuterlc alüeratlon.
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E?ÏDOTE

fn thln sections prlmary epldoËe ls found_ as ollve-
green to yellowlsh green, pleochroic, subhedral to aggre-
gate crystals. rt is lnterstlülal between plagloclase and.

blotlte. fn some sectlons lt ls arso seen as euheilrar crys-
tal wlth strong pleochrolsm. Twlnnlng and. zonlng 1n epld.ote
are also seen.

sÐry

Garneü ls not a common mlneral 1n the süock. rt ls
not found" ln any of the thln sectlons. Euhed.ral crystals
rrrere seen. ln sample #A-LZ ¡ whlch ls locateä near the cenüer

of the stock.

SECONDART IETNEBALS

SEBTCTTE

Serlclte ls the most abund.ant procluct of the al-teratlon
of the plagloclase orystals. It ls most conspl_cuous ln the
cores of the zoned, crystals of p1ag1oclaÊ€¡ lühere the plaglo-
clase ls sharply zoned, serlclte ls largely resürlcted. to
the core or an lntermediate zone. lio example was founil wtth
serlcltlzed outer zones of a plagloclase whlle the core

remalned. unserlcitized. The reactlon posslbly 1s as follows:

6caAl2slzo8 + 
.Z.Q.Hzo 

+ z/3Kzo: 3CarAtrS\.0.12(oH¡
anorühlte ãollltê

+ zKLl3Sl3oro (oH) 
z

sericite
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when A1 is replaced. by ¡'s t t t

OR

Epidoüe.

zeaAlzsleo3 + ÈHzo :* cara1rs130r0(oH) + .4.rs103 
5(oH)

anorthlte zolslte

3taAL'Stz0g + Kr} +HrQ 2K413S13010(0H), + 3CaQ

anorthlte serlclte
Numerous examples v¡ere notecl. of a sharpry zoned plagloclase
crystals wlth a relatlvely large core, lD whleh only a part
of the core was serlcltlzeô., although the core appeared to
be of unlform composltlon, Such patches of serlolte seemed_

to be lndepend.ent of the boundarLes of the cores, but many

are shaped. Ilke a snaller core that no longer exlsts.
These observatlons suggest that thls partlcular type of
serlcf-te formed. before the present crystal structure of the

plagloclase and ls, therefore, a rellct mlneral, remalnlng

from the serlcltlzatTon of a forner plagloclase crystal.
Ïn a few seetlons, the serlclte ls restrloted to the

very narrow lamellae of the crystals havlng 1amellae of
wlde1y d.lfferent wldths. hlhere the twln lamel1ae are

largely equal 1n wid.th no relatlonshlp was noted. The d.ls-

trlbutlon of serlclte 1s probably lndepend"ent of non-Iamellar
üypes of tnlnnlng.

Serlclte 1s also found. to occur ln pa.tehes, tralns and

thln scatterlng. These occurrences of serlcite are appàrently
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unrelated to any zonrng or to any structure rrow vislble
ln the thln sectlons. fhe sertclte patches are nornal]-y

Ia.rger than the average gra.ln size of the rock and. cover

all or part of several- pragioclase crystars but d.o not over-

la.p J.r::.to other mlnerals. In plac.es the concenüratlons of

sericlte ln these patches ls very hlgh buü rarely as high

as sericltlzed cores. frains of serlclte may be conflned.

vrlthln a single plagloclase crystal or cross several crystals.
They are not controlled. by any struoture nor do they ha.ve

any regular shape.

Exoept along fractures at crystal contacts, serlcite
was not seen ln potasslum feldspar, but the contacts 'oetrrueen

potash feld.spar and" ehlorlte are ln'rarlably sites of serl-
cítlzatl^on'. No sericlte forns ln the contacts between

I

plagloclase and. quartz.

The concluslon ls ühat where serlclte ls found ln pla.gio-

c1ase, two possible sources of potasslun i¡¡ere avallable, vf.z.,

a solution, and the plagloclase crystal ltself. Calclc

plagioclase is less capable of retainlng potasslum 1n solld-

solution than is sodic p1a-gloelase. Consequently lt ls
Ioglcal tlnat serlolte should" be concentrated ln cores a.nct

calcic lntermedlate zot:res where potasslum nlght be provld-ecl

by exsolution d.urlng a perlod. of fa}llng temperatures. Thls

üheory find.s favour by the marked selectlvlty shown by serlcite
ln replaclng calcic parts of zoned. crystals. Honever, water
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musf be lntrod.uced regardless of the source of potasslum.

EPÏDOTE-EOTSTTE

Hpld,ote and zolslte are present as an alteratlon
prod.uct of plagloolase. They occur Ln clusters of smalr
grains, between gralns of plagioclase feld.spars, as a prod.uct

of saussurltlza.tlon. They are also found ln fractures a¡rd

iolnts ln thln coa"tings of ollve green, fine gralned but
al-so ln lrregular patches and" spheroldal nodures.

rn thln sectlons epldote ls pleochrolc, colorless to
yellowlsh green. Thts ls often zoned. weakly, wlth the
core stronger ln pleochrolsm ühan the outer rim, This
reflects a progresslve a"ltera.tlon. [winnlng ln epld"ote ls
coûlEtolî..

zolslüe ls rather colorless and. occurs ln corumnar

aggregates. Ivlost of the zolsltes and. epldotes are prod"uced.

from plagioclase as a result of saussurltizatlon. Hyd.ro-

thermar solutlons ln contact wlth anorthlte wllL extract
ca(OH)r. rt ls posslble that ln natural rocks the pore

solutlons will be aIkallne. Thls rea.ctlon 1s a.s fo]-rows:

3caÂ1 zSIz0B + 0a(0H)z: zca.zLt.,stjorz(oH)

anorthlte (Xf¡ zolslte (Xl)
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rf ferrlc iron is present, epld.ote rather thtan zoislte rsl1r
forn. lrfater will a.ct on pragrocrase by transformlng the
anorthlte end. rnember lnto zoislte v¡ithout affectlng albite.
The caLcium ls extracted and. the remalnlng crystal becomes

more sodlc.

rn most of the thln sectlons zoisite was arso found.

to occur along cleavage .oranes of the praglocrase and very

rarely in twlnning planes.

Epf.d.ote ln well d.eveloped- crystals occurs at the contacts
between bloülte and, pIagloclase, and mlxed ln wlth ch.lorlte
whlch has replaced blotite.

CHÏ,ORITE

chlorite occurs ln o.lusters wlth the shapes of pyroxene

pseucLonorphs (see Flgure 18). some of the thln sectlons
exhiblt wld.espread. chlorltlza-tlon, Thls ls assoclated. with
epid.otizatlon and- a1blþIzaLlotr. In some of the thln sectlons
chlorltlzatlon 1s so lntense that the ferromagneslan mlneraLs

are conpletely artered- to chlorlte, epid.ote and. magnetlte.
Blotite 1s the most abundant ferromagneslan mlnerar

whlch may be conpletely altered. to chlorite plus dust par-
ticles of magnetlüe. Llke blotiËe, hornblend.e 1s a.lso

susceptlble to chlorltizati-on.

CA],CTTE

calcite 1s a rolnor constituentrenrlched in the central
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zotae of the stock, vrhlch is the zorre of most fu:.tense altera.-
tion.

cal-cite ls found, in many of the thln sectlons as

aLteration prod.ucts of plagioclase. They are mostly found

1n the large euhed.ral crystals of plagloclase, especlally
ln the core, but arso ln the intermed.late zones. posslble

reacflons are:

caAl 25t20g + KzQ + coz: serlclte + caLclte



APPENDÏX TI

SELECTÏÏE STAÏNTNG O.F- POTASH TEI,DSPAA.

- A prellninary microscoplng examlnatlon of the thln sectlon
was mad.e , and- the mlnerals ld.entlf led_.

stalns were applled- to thln sectlons whlch have been pre-
pared wlthout cover glasses.

- The exposed. glass of the srld.e !¡as covered wlth a thrn
coating of oeIIurold.. The celrurold. soluüion protects

the gla'ss fron the effects of the hyd.rofruorlc acld during

ühe subsequent fumlng. It was applied wlþLt a caselrs
harr brush. Ariy laxlty d.urlng thls part of the method was

reward.ed by thtn sectlons whose backs were d"eeply etched.

- The thln sectlons were carefully drled., and. then placed

wlth thelr fa.ces d.own over the prastlc beaker contalnlng

52% inydrofluorlc acld. to about ltt of the toÞr and etch

them for 30 üo ,+O second.s.

- lhe sl-1d.es Ìrere l¡omersed ln the saturated" soLutions of
sod.lun cobalülnLtrlte for 15 to z0 second.s. lhe saüurated

solutlon of sod.lum cobaltinltrlte was mad-e by addlng. 15 cc

of water to I2.5 grams of Co(mOr)2 ana ZO grams of NaN02.

upon stand.lng a yellow preclpS.taüe ls developed ln thls
solution. The solutlon was apparentry stabre in contact
wlth thls precipitate and" should. not be filtered..

- The sectlon was washed" very gently, rlnsing ln a beaker

of water, as the staln nnight ftake away easlly.

e9
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rt seemed apparent tlnaþ etch. resld_ues left after the
hyd.rofluorle aold- treatment are stalned and not the
f eld.spars thenselves. unetched f eld.spars were not vlslbly
stained. rn etchlng v¡1th the þd"rofluoric acid vapour,
sll1con was removed as the voratile fluoride, reavlng the
other elements on the feld.spar surface.
Resldual potasslum from the potash feld.spar reacts wlth
sod.lum cobartinltrlte and the potasslum feldspars vüere

evenl-y stalned. light yellow.



FIGUBB 1

ilMap show-ing the location of salnples

from the Elbow Lake Stocktt

To aecomparry (in pocket at back)

the thesis of A. A. QuaraíshÍ
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FTGURE 6

!¡Map of Linea¡aents d-rich ear¡ be seen

in aerial photographs of the

Elbow Lake Stocktt

To accompany (in poeket at back)
the thesis of A. A. Quaraishi
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FIGURE 7
t&fap of observed joints

in the ËLbow Lake StockrÌ

To accompa,ny (in pocket at back)

the thesis of A. A. Quaraishi
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rrMap of Intensity

To accomparry (in

the thesis of A.

FTGI'BE ?9

of Deuteric Alteration

pocket at back)
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