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l'cldspar mincralngy of the Strange Lake complcx, Québec-Labrador 



\BS 1 R.\C r 

Lablador) document a transition t'Will carh l1\pCI .... llhll~ ~t,llllk .. III Il,1I1''''\lhu .... gl.lIl1l~'. 

pcgl11atltc~. 1 hc Id.,lc and malie mincl,lI" clln.,II.1111 Ih~' tCIllPl'J.lIl1ll'" 1l1l'I~sl,t1II/.III(l11 

or the dilTcrcnt IInl\'-. 1 hl' h:- pCI"ch th ~Ialllic Il,,,, a .,oltdu" ahl'\ l' Cl')()"l '. ,1I1l! 111l' 

pegmatIte has a ~olidu" hclll\\ _)9()o(' al 07 khar 1 hl' le'\.tlllai Il,111''111\111 .md Il'dun.:d 

,>nlid! of the unils arc e\plained hy an 1I1C1easc III (Na t K)/AI and 1l1l11111lL' III Ihl' 

evol ved grani tH': mcll. \\ h ich allO\\ s CI) stalli;ation tll Ill\\ cr kmpcralllll':-'. and 1 hu" 11ll' 

Iluclcation or t\\ 0 separate pri mal') fcldspar'i. l'he rompu", t 1011 and <"1 !llcl III ,II :,Iall' 01 

the feldspars of the pluton indieatc templ'latule~ 01 equilth1iltlon 01 - ,()()" tll I()()"(' 

l'he increasing K/Na value or the hulk. li:ld'ipar 1.., expl.ll11ed h). 1) the ..,1111'1 \II thl' 

haplogranitc mil1ll11ul11 tO\\ard the ()l/·()r ..,Idelllll' due 10 the addillon Oll'\Cl:"'''' alk.lll .... 

and 1) thc los~ of Na h) tlcgas<.,ing. 1 hl' hig,h lkglec Ilf' older in the K-Icld<.,pal 1 ... 

atlribllted ln the prescnce or an aikallllc Illlid phase l'hl' geochrllllcai evolulllIll 01 the 

alk.ali fcldspars IS l'on"istent \\ Ith t\le rraCllOnUtlon or il "'Illgk hatch or cvol\'ed l'IUllltll 

magma. Dega"s1I1g or the magma ILd ln an Impoltant II1Clèil<.,e III 110,). and to tlll' 

escape or the f1eralkaline IlUld into the \\;Jlllock., Mlllcralllatloll III the cOlnplcx l', 

attriblltcd ln the laie re-di'itllhutlOl1 or OIT c()nqltllcnt~ \'/(f a conlalllllwted )1L'lalkalllll' 

Iluid. which gainccl Ca, Sr and Mg by 1 nteractiol1 wlth the.: cOllnlr y loch 



RESUMI: 

Le,> qL'atn ~ ul1Ité" du complexe hyrerakallll de Strange Lah.e (Qlli~bcc-Labradnr) 

d~/1l()nt/ent tlne Iran<"ltlO/1 de glill1lte hyper,>o!\ LI'> il gra/1/te transsol\'m, à un granite 

~UIN)lvll'> plu,> é\oluc cl. finalement. li de,> pegmatite,> e\.trl:mell1ent f:nnchie,> en K. lxs 

millé/tltI\. kl'>ltjuc,> ct malique,> e~',(!recnt de" contuunte,> ~ur les tenlpé/ature,> ~;\~ 

crJ'>lalll~all()n de" (lIflé/cnte,> llllllt.':<;, Le glanih: hypcl~ohus a un ~,oltdus ~lIréricur ù 

(»OOC, ct le,> pegmatIte,> ont lin ..,olidus inférieur il -590°(' il une prcs~lon de 0,7 kbur. 

l ,;1 tllln~iti()n te:-.turalc cl l'abaIssement du ~olidus lé~ultcraient d'une augmentation du 

lappOlI (Na 1 K)It\1 ct de la teneur élevée en fluor dan.;; le magma grallltJque le plus 

évolué. ce qUI prolonge le COUI" de cristallisation il des tcmpératUles plu,> basses. Ceci 

a permIs la nistallisatioll de deux feldspaths pril11aire~ distincts dans le granite 

'lllhsoJ\ us d les pegmatite., La eOl11po~ition ct l'état ,>trllctural des feldspath~ alcalins 

dll pluton IIldiquellt des tell1pélatur~s d'équilIbrage entre -300° et 100°C La hausse en 

K/Na des concentré" de lC\d~path sel aIt due: 1) au déplacement du minimum 

haplogl<lllitH.lue \er'- le côté QV-OI par l'e:-.cèdant en alcalis et 2) la perte <.;e Na par 

déga/age 1 e dL'!~II: (1' llidre élevé du feldspatb potassique est altt ihllé ü la présence 

d "une pha ... e <lqlll'lI~e a !cal! nL' l' é\'olution géochi nmJue dL's feldspaths est compatihlc 

a\l'e le t'l'actionnement d'une ~euk \enue de magma gra!11tlquc ~\'Olllé, Le déga7uge a 

mene Ù ulle hall<;se Importante ell f(OJ et à la flIIte du fluide hypcralcalin dans les 

roche,> ellcalssanles l ,a mlnélali~atlon du complc:-.e est attrihuée à la répartitIOn des 

L'onstltuant~ du minerai dans la pl1.lse Iluide hypcra\calinc contaminée en Ca, Sr ct Mg 

pal IIlteract Inn a\'ec l'encaissant. 

tl 
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PREJ'ACI~ 

" hi" thc!'>Î,> com,ist!'> or a brie/' IIltrodUCtlO11 (Chapter 1), two manuscnpts (Chapters 

2 and 1), and cO/ll.:lu<.,ions (Charter 4) Dr. R.F, Martin IS second author on the 

mtl/lll!'>cnpt!'>, 1 f1~ contrIhution to the manusèripts consisted of help in e\ aluatmg and 

interpretlllg the data and advÏce in the orgal1l/'ution and \\ntl\1g of the tex1. rhe two 

manuscnph arc tn he ,>uhmitted lOI puhlicatlon in a rclèreed scienttfic journaL 
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Iloily and R Malr Pdroglltplm; and c\cctron-microprobe analy~cs \Vcle undertah,cn by 
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data of the fcldspm scparatc~ \Vere pcrformed by R.F Martrn. Trace clement lCP-Mass 
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ï uttle & BO\"en (1 C)5R). in referencc to the complexity of the phase relations of the 

alkall kld'>par,> ,>tatt:d that " .. it i" not difficult to envisage the tremendous storagc 

t:apacity of tlle f'cld'>par,> lor information eoncerning their thermal hi~tory and the 

tht:! III a 1 allli chcl1llcal hi~tory of the rocb III which they arc found." This \ iew was 

confirl11t:d h) Pal,>on,> (197R). \"ho de~crihcd the c\'olution of exsollltion tc"tUles and 

'itrllctural ~tak 01 alkali kld,>par~ in cooling plutons. hy Martll1 (1982). \\ho plesented 

an OYClVlew of kkbpar J1llllt:ralogy of pegmatltic granitcs: and h) Brown & Parsons 

(19X9). who dl~cu'>'icd rates of ordering. and kinetic aspects of tbe phase 

transf! 1fI11atiol1 '> 

'1 his tht:slS cOI1'iists of two manuscnpts that locus on the alkali feldspars of the 

Strange I.ake perLllkallllc granites. '[ he fïrst manuscript deals \Vith the fcldspar textures 

of the drfrcrt:nt JI1trllsJ\'c lInits. cOllplcd \Vith wholc-rock major- and trace-e1cment 

gcochellli ... try. thc data 1 ccord a tl :1I1'iltlon l'rom h) persoh us granite to a subsolvus 

granite \\ Ithin thc complcx Pl()t~ of the normati\e mincralogy of the different units in 

h:J'In~ or the p:-.elldotcrnary haplogranitc system lead to a comparison of the Strange 

l,ah- gl amtc ... \\ ith 1 csults flom expenmental \\ ork on gral11tic compositions wlth excess 

alkall:,. and thc .. dditiol1 of F. l'hc second manuscript considers the gcochcmistry and 

structural 'itatt: of the alkali ICidspars Major-clement chemistry providcs information 

on th.: pal.:ntal magma l'rom \\hich the fcldspars cr)stallizcd. as \'vell as tcmpcratures 

or re-cquilIblatlOll 1 he concentration nI' 11111l0r and trace clements 111 the feldspars 

in,licate lkg!cc or rractlonatlOll in additIon to subsolidus re-equilibration \Vith late-stage 

le"idual nuil\<;, \RD stlH.hc:-. ) icld information on the subsohdus thermal conditions and 

the distnbutlOl1 or tluids during the cooling of this enigmatic complex. 
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The lIypersolvus Granite-Subsolvus Granite Transition 
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Abstract 

The Strange Lake anorogcnic pcralkalinc compte:\ is LI high-k\cl Ir-Y-Ik-RFF

enriched granite suhdivided into four distinct map-units hasl'd on tC\tUll', tllllll'ralllg~ 

and bulk composItion. Thc main lInits documcnt a transitIOn t'101ll l'all~ h~ JK'I sol\'lI" 

granite. to transsolvlIs granite, to geochemieally mOl'e C\ olwd ~uh"oh U" gl amte and. 

finally. to highly K-enrichcd pegmatites. 1 he e\'olution I~ mal ked gl'oL'hl'lllll'all~ h~ an 

increase in Fe". Mg. Ca TI. Sr. IIFS, y, Ir. Rn". and a declease III Na. h.. AI. Na/K. 

and (La/Yb)N' The lInits arc enriched 111 F l'he tdsie and matie mlllclais L'otl"tlaill the 

temperaturcs of crystalIization of the diffcrent units of this shallo\\' plutol1 l'ilL' 

hyper~mlvus granite has a solidlls above 650°(' and the pegmatite has LI "olidus jllst 

below -590°C at 0.7 kbar. The tcxtural transItion of the 1I1lits 1" expl.llned hy the 

presence of exccss alkahs and fluorine in the glanitie rnelt I-::\ee"" alkalls. which 'lIe 

mamfcstcd by the prcsence of al kali amphibole and alkali /IICOllo"illcate" a" weil a~ 

normative acmite and sodium disiltcate. depolymeri/es mdts, cnh:lIlcl''' watl'r ami 

silicate solubility. and extends the course of cry~talIi/atl()11 to l'edllccd tl'Illpelatlllc" 

Fluorinc (in1'erred to havc bccn up tn J.7 wt.%) lo\\-clcd the "olldu" alld liqllidw, 

temperatures of thc more evolvcd ')ubsolvus granites and pl:!pllatlte" allowing the 

crystallization (\1' two separate primary fcldspar'). '1 hc origll1 of very r()ta~"lc pegmatitc .... 

reflects thc discqUllibrium crystalli/ation of K-feldspar. hrought liron hy ail c<.,caplllg 

sodic vapour phase. Degassing led to an important IIlcreasc ln f(O ,}. and tn cscapc or 

the peralkalinc fluid into the wallrocks. Infiltration of Ca- and Mg-hcar IIlg fluid hack 

into the evacuatcd complcx probably accounts for thc gcochcll1lcal anomallc"i in thl.., 

unusual A-type granite. 
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1 ntroduction 

The Strange Lake anorogenic cornplex consists of unusually highly evolved 

peralkaline granite that is Incally much ennched in high-field-strength clements. it sits 

astridc the {)uéhcc-Lahrador horder near Lac Brisson, 230 km northeast of Schefferville. 

()uéhcc and 150 km west of Nalll, on the LabradOl coast (FIg. 1). and is poorly 

cxposcd The long aXI~ of this small (36 kl1l~) c1liptical pluton trends northeasterly. It 

wa~ emplaced 111 the castern mm of the Rue Province (Hoffman 1988) at the contact 

hctwccn a quart7 ll1ol17onite of Elsonian age to the southwcst and a suite of Aphebian 

I11ctagahhl\l~. metadiorites, quartmfcldspathic and cale-silicate gneisses to the north. The 

pluton is mHldlc PlOterol.oic in age. J\ Rb/Sr who le-rock isoehron gave an age of 1189 

J 12 Ma and an initial X7Sr/XhSr ratio of 0.705 ± 0.028 (Pillet el al 1989). 

The Strange I,ake complex 1S of pmticular interest hecause of its ennchmeot in the 

lIlcompatihlc c1el1lents Zr. Y. Nb. Be. as weil as the rarc-earth clements (REE). Parts 

of the pluton contain assemblages of exotie mineraIs sueh as gittinsitc. elpidite. 

pyrochlore. aI J11strongite. gadolinitc, and kainosite; allanite. Illlorite. zircon. and thorite 

abo an: prc:-.ent (Birkctt L'I al 1992). With reserves on the order of 30 million tonnes 

gtading J.25(~'ÎI Zr()~. 0.66%1 y 2()1' 0.12% BeO. 0.56% Nb20, and 1.3% RE20 1 (Zajac 

el al 1(84). the pluton hosts \\ hat is potentmlly the largest deposit of Y in the world. 

l'his e'\trcl11c el11 ichmcnt surpasses that encountered in other examples of peralkalinc 

gWllIte magmati<':\11. e g .. th~ Evisa complex in Corsica (Bonin 1986). the Kaffo Valley 

gtallite at Riri\\ai. in the Niger-Nigeria anorogcnic province (Bowden el al 1987), and 

complc'\es or the ArabJan Shicld (Drysdall el al 1984. Jackson el al. 1985). 
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Figure 1. Map of the Strange Lake complex, Québec-Labrador. llnits arc namet! on thl' 

basis of petrographie observations l'rom this sludy. The map has been nlOdllïcd 

l'rom Miller (1986) and Salvi & Williams-Joncs (1990) The bodies or granltu: 

pegmatite were mostly emplaced in the altered subsolvus granite, and arc not 

sufficiently large to appear on this map. 
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Previous in\'es.i~:ators have dislinglllshcd sc\cral distinct I(Kies of gl'anlll'. 1\1tlkl 

(1986) ,:md Zajac et (if (1984) subdn Ideel the Cl'Illpk\ on the ha~ls of ll111dal pl'llpnl'tlull 

of the l!xotic mincI ais PIIkt ('{ (// (1992) and ClIIlll' (lllX:,) IclL'l'Il'd tn a qU.lIt/-lll'h 

and a Icldspathic facies Sahi & Wlllial11s-J()n~'~ (1990) ICkllCd tll an altelcd and a 

frcsh granite on the b8sis nI' e\tcnt of a pnstmagnl.ltlc l)\ l'I pllllt 01 h) dl\lthl'lll\al 

activity. Thcse terrns do Ilot contributl: much II1slght II1to the petlOgl'nl';.!" 01 thl" 

unllsual pluton. 

The object or this study is tn charactelil'c the textllle. 11l111l:talogy. and hui\... 

composition of sampi es of themaillunits.exclusiveoftheOle/one.the .. edL.scliptioll .. 

documc'nt a transition l'rom an carly hypcrsolvlI" glanite. lirstl)' to tlal1""ol\'lI" glilnlle. 

then 10 the geochcmically mOle evohed suhsolvus glalllte 1 he IU\tapmltllHl 01 tlll'sC 

three textllrally diffel'ent types of anorogel1lc granite 111 a ~lJ1glc hody pl,lcc:-, con..,II,lIllt:-. 

on the pressure and temperatllre of crystallil.ation 01 the granitic magm.1 

Field Relations 

Field work on the Strange La\...e complex in the sumlller or 1 C)H() had. ;l''; lb IlHlIll 

objectives, 1) the documentation of the intrusivc 1I111ts and thelr rdative age. and 2) the 

establishment orthe nature orthe contact'> with thc ho~t rock hpo"lIIl''' nI lite IIltlll<';lve 

contact with the country rock unrorlunately mc <,carce. '10 the l1ortll. li !;lIge tonguc of 

quartzofeld<;pathic and mctadiontic gnCl'>S ronn<, LI re-entrant Illto the plutolJ (hg 1) 

In the northeastcrn portion of the pluton. the i\phebtan gnel,,<,e~ arc exposed lI<' il regular 

masses interpreted ICI be 1001' p-:ndants. '1 he attitude of the lollatlon 111 the<,c oulcrop<, 
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i~ c()n~lstcnt with that in the h05t gneisses ta the north. Ta th,e south and west, xenoliths 

or (. b,onian quart/. mnn/ol11te also occur as roof pendan ts. The granite shows no 

cvidcncc or a chillcd margin in contact with the roof pendants. The contact between 

granite and ho"t rock~ i" 'il1arp, and thcre is no cVldencc ot brecciatlOn and inclpient 

mcta~()lllatlSI11 or the wallrock. /\ prilllary foliation 2encrally is present within one meter 

01 the contact 1 hl:~e Icatures arc CGnsl~tent with the epizonal nature of the pluton. 

/)nll-l:orl: data and I\::~ults of a very-Iow-frcqucncy elcctromagnetic survey reveal 

the prl:senœ or a nng f~1lI1t dipping :20° ta 35° outward; this ring fauIt delineates the 

outer edge of thl: Strange Lake complcx (Miller 1986, Zajac et al 1984) The fauIt is 

cxposed III the nortlnvestel n portion of the complex, and marked hy a fluorite-hematite 

hreccia that con tains cntrained fragments of the Aphebian gneisses. 

The Map Units 

The Strange Lake granite is composcd of al kali feldspar, quartz, arfvedsonite ± 

aegirine, and the scveral acccssory phases that make It unusual. The modal proportion 

of the rock-formll1g minerais rcmallls fairly constant (Pillet ef al 1992, Table 2), yet 

te:\tUlal variatlOlls abound \vithll1 the complex, as is cxpecteù in a shallow intrusive 

bod). Basl:d on tl:'\tural and 111111craloglcal differences, the pluton is subdivided into two 

major 1I1lits (1!I'!JL'I',w!l'//.\ grwlltL' und slIhso/I'/l.\ granite) and two subsidiary units 

(1/'(11/.\'\0"'1/\ grllJ1/fe, illtell11lxhatc bct\"ecn hypcrsolvus and subsolvus vanants, and 

l't'gl11l1tlte, III hodies that cut the sllbsolvus granite, l11ostly). These are described below 

in an ortlel consistent \\ ith their emplacement. 
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Hypersoll'lIs gramlc 

This unit is exposed in the southeastern and ~l'nlral pOII!U1l of (hl' l'lllnpk, (Fi~ 1) 

1t (!onsisI.S or klH.:ocratic alkali Iddspal granill: (lllll11l'llI:lalllll' nt' SIIed,l'I"l'll 1l)7Cl) 

Out(;rops an: t~ piedl)' of "pa\ l'men!" t~ pc. ~ \al'! os~ople,III~. 1 h 1 <., 1lIl'l1t 1I1l1-g1 ,lIlh.'li lock 

is tan ta pale green. ,1I1d IS chmactel t.~ed h~ 1) an C\ Cil di ... lllhllllllll III al" l'dslllll\!.' 

grains from < 1 to 10 mm ac\O~s, and 2) lhe plOl11illl'nCe ni Illl'<"lllk'llltlll' 

Mineralogicall)'. titis rock :.;~cms in\'aJl<lnt, on the othel halllL (l'\lulal \<111<111011:-' ~Ill' 

common. Il is hypidiol1101'phic. cqUlgranul.1r 10 sllgliily p()rph~ nllL', \\ Ilh plll'lHlCI ~ 'lI" 

of perthite. quart/. and, less cOl11monly, art\edsol1lle 

A mesoperthitic alkali k:ldspar (50 h' 700/i1) dOl11l1laks Ihis glanile (Fig. 2a). 'heM: 

grains arc cul:cdral tu suhhedral. and IIp to 12 J11m m:ross. "hcy at l' 1111 hlll oWllIg 10 

myriads ofmiclOscopic lI1c1l1sions ofarlved.,olllle needlcs. aenigl11alllt:, a ... lrophyllllL' ,1lIt! 

minor albite latbs The aeicular cry~tals m.ly weil he the n:'lllil or "Il'\\orklllg" 01 !Ion 

formerly in the structure of the primar)' (mugmatle) Idd'lpar, Icle" ... cd dUIllIg 11<; 

cxsolution. III façt, the iron contcnt or lbe K- and Na-riclt Idtbpar<; 1<; rOll III 1 I() declea'lc 

as they approach end-membcr compositIOns (Chapter 3). l'he C)<.<.,OIIlIIOIl 1l'\11Ill: !'>eclll'" 

to havc dcvclopc'd prior to the appearancc of the<;e aelcular 1I1c111<;IOII<" Wltlclt cul ;ICIO<, ... 

the lamcllac. 

The mesoperthite grallls display ivIanebach, Haveno and ('arbhad glllWllt IWlIls 

Sorne grains display a "herring-bone" texture or alhlte lal1lellae oWlIlg 10 the 

cornbination of Mancbach and Carl<;had 'Lwin~. Re~lIlar Icntlclliar lalIIeliac or alhlte 

attributed to exsolution attam 50 ~lIn acros<;. Patch-type pcrthttc al..,o 1<; common, the 
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Fi~urc 2. Photomlcrographs of representative samples from the different units of the 

Strange Lake cOl11plcx. a. lIypersolvus granite, with mesoperthitic alkali feldspar. 

quart/. and poikilitic amphibole. Note the swapped margins of alkali fcIdspar and 

arfvcdsonitc h Close-up of the swapped margins of perthite and arfvedsonite in the 

hypcrsolvus granite. The arfvedsonite invariably is intergrown with the albite 

lamdlac. c. l'ranssolvus granite. with microperthitic phenoclyst in a subsolvus two

fcldspar matrix. The cdgcs of the phcnocrysts arc almost devoid of albite. marking 

the transition l'rom a hypcrsolvus to subsolvus crystallization. d. Subsolvus granite, 

with carly-I'ormed grains of quartl:. arfvcdsonite and isolated laths of albite and K

fcldspar. c Magmatic quart/. with grains of K- and Na-feldspar delineating a 

pscudohcxagonul core. f Pegmatite with early-formed crystals of a-quartz and 

sprays of hcmutitc-staincd acgmne. Seale bars indicated at the lmver right of each 

phot(ll11 i crograph. 
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albite occurnng <1<; film'). velll~. patehes. and blehs that scel11 randomly oriented 

throllg!lollt the K-rcld~par h()~t. 

()uart/. thc <,cc()nd 1110<,1 ahundanl Il1l11ert:J. eon~lltutes 15 to 15% of the rock. It 

cI")',>talll/c,> lo!lo\\'lI1g thc alkall Idd~r<il as II1tel~tltial. anhedral grains that mold carlier 

pha,>c,> (J Ig 2a) Whcle fillmed carly. il'> hahlt i<; typical of' r~-quart7. J he quartz 

dr~plaJ<' 1I1l1ioim e:\l1l1ctlon. attesting tn il strain-free leglllle during and foll(ming 

cry<,lalll/<Itloll of thc pluton 

Sodlc amplllholc (10-15'%) IS thc dominanl matic mineraI. In somc sam pics. thc 

slIbheth al cry<,lab di'>play a wlnttr /olmtion in plane IIght from core to margin. this 

optical \anatloll rcflcch the gladatlon l'rom a fenorichteritic core to an arf"cdsonitic 

mal gin (Pillet 19X9) Ihe'ic glains arc dcvOId ofpclthite incJlI~ions. hut do contain 

hlehs of c1eaJ flllonte up to 200 pm across in the Ca-ri ch core. The Iluorite contains 

\\hat 1" intcrpldcd 10 hc de\'ltrilied melt 111c111slon~ (S. SalvI. pCI~. comm. 1992). Thesc 

1 \\ (l ohsci \ at Illn~ al c con!->i .• tenl \\ Ith li magmutlc origin for the Il uorite. J n other 

~ampk<,. thc un/ollet! al 1\ ed~(1nite OCCLII'~ intersllttally. and molds the earlicr !'elsic 

111111cral!-> Slich gla1l1<, ma: he pOlh..ilitl':. enclosmg quarll and alhali fcldspar. as \Vell as 

pri1l1~1I: /IITOI1. thollie. ael11gmalite. and a<;trophyllltl' 

Sllh!->olIdll'> lcatUle~ ~IIC commun hut subtlc \11 thc hypersol\'lIs granite. Albite 

L"1l11l lllllll 1 : 101111.... a ~) ntacttc ovcrgnm th on the perthite gra1l1s. The coarse twin

lamcllae (,\Ihtle 1 i.I\\) in the O\'ClgIO\\th paralld the tiner (010) t\\in-Iamellac in albIte 

l'ollllcd h) ., .. ;olution 111 thc ho st Aiso. Iate-forming interstitial cJpidite. narsarsuhite. 

as \\ l'II .IS a~'l1Igmatltc .md astroph) llItc. urc contemporancous \\ ith the late arfvcdsonitic 
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amphibole. Perthitc grallls 111 contact \\ il h slich arf\l'dsnnitl' al e I.:Oillt'll \\ IIh .lIhl Il.'. 

presumabl) dcposltcd 110111 a latl' pOIl' Iluid. ,\rrWd~I)llItc "i~lallds" Il''iUIt t'11111\ th~' 

highl) dentate II1tert~lccs (s\\appd malgins) \\Ith pelthik (ilg 2h) l'hl' l'1\-.;I.llIi/atlllll 

of Illuch of the art\edsonite 111 'illch Sillllple'i sel..'lllS tll pn..,tdalL' th~' e\'i\lllltllln in th~' 

feldspar. 

On the basis or the plOl11mCIlCe or pcrthite .lIld the lac\'" ot' di~CII..'h: g\'illllS ut pl illlar~ 

albitc. clystalli7lltion occurred undl'\' h)pL'lsohu-.; cllndltlOlh (Iutlle & 1\ll\\L'1l l')')XL 

i e • abo\'e the crest of thc ~oh us in thc !-» stCIll Ah-Ol. /.11'1..'011. P) l'Ochloll'. and t!tlllt Il.' 

secm to havc preccdcd or cocrystalli/cd \\ ith a hOll1ogencous pl'llllary t'dd'ipdl (SilllldillL' 

solid-solution) \lcar the liqllldu~. Fluontc cly~talli/ed neal thl..' liqllldlh ()uarl/ 

crystalliLcd prior to the appcarancl' or thc Iellorichtcl'ltlC COll' or the alllphlhllk 1 he 

amphibC'Ic incorpOlatcd the se cal \ter-rormed I11l11crals. Bclo\V the !->Olldlls. the ~illlldillL' 

grains under\\'cnt ex~olution. NarsaJ,>uh.ltc and clpidite al..,o SCCIll to ha\'e CI) 'italll/L'tI 

at a sub~olidus tcmpcrature Arl'ved.,onitc cly~tallllcd as a mantlc 011 the :ll1lphlhok 

gnll 11 s. along \\ith aCl1lgmatlte and a~trophyllitc. "hc ;Jrfvcdsolllle-alhllL' 1IlIL'Iglll\\lth 

along grain margin~ is attributcd to latc codepositioll l'rom an intel grallulal 11t1l0 pha .... c 

This relationship, the appearancc ni arfved.,ollltc nccdlc., ill the pCIIIIlh:. al1d the 

coarscning and modification of thc ex.,olutlon tC'\tUIC. arc thc ploduct 01 111h:I.lCtIOIl (II 

the primary mincrals \\ilh li peral~aJlIlc hydrolhcrmal pme-IlUlt! Âl\othcl re .... lIlt III Ihis 

interaction is the COI1VCr~IOIl of a ll1onoc! i nic K - kl<hpar to 1111CrocllllC (( 'harlel 1). 
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:thm \ \'rJ/VIIS granite 

1 he term "tran~~ol vus", initially coined by Bonin (1972) and later de~;';;ribcd by 

Marti Il & Hnnin (1 (76). refcrs to rocb thut are texturall)' i ntcrmediatc betwcen 

hyper,>olvu<, and ~ub ... ()lvu~ granites. ThIS texture illustrates a transition l'rom carly 

cly,>talli/atinl1 é.I'i a h} per~olvu" rock and late cr}stalli7atinl1 as a ~Llbsolvus roc~ (see 

bclow) '1 his unit occurs in the ~outhea~tern portion of the complex as v.isps and 

i~()lated len'ie~ up tn one Illeter aero,>s '\\ ithin the h)'persolvus granite. Such lenticular 

xenol ith'i ~eCIl'l to have behavcd plastically. '1 his rock I~ fine-glained. grcy to gleenish 

grcy. hypidioll'lorphic. and slightly porphyritic. '\vlth phcnocl)'sts of euhcdral perthite, 

suhhcdlal to clIhcdral quart? anu Jess abundant pri~l11s of arl\'cdsonitc, The 

Illclanllcratir appearance 01 the granite is entirely duc to the lïnc-grained nature of 

HI rvcdsonite graIns distributcd within the matrix and not to an IIlcrcase in modal 

arrved'ionitc. 1 Il 1~let. the bulk cOl11po~ition or the transsolvus granite is sinlilar to that 

or tilt' hvpersoJ\'lIs granite (1 ahle 1). as conlill11ed by Pillet ct al. (1992: Table 3. his 

"chi lied margi n" and "fèldspathic" racies. Icspeeti'\'cly). 

1 h~ tlanss( ll\'us gr"anitc nlsn oecurs li'i cm-sizcd. roundish enclaves or xenoliths 

thloUghllllt th~ ~lIb~oh m glanit~. Such enclaves cOl11monly po~;scss a thin rim of fclsic 

l11atcri~11 de\ nid of matic constitucnts Such a ril"11 probablj arose as li rcsult (11' rapid 

Illlclcatilln or fcldspar and l]lIart/ on the xcnoliths upon thel!' incorporation in thc l1Ielt. 

and may he Lakcn tn 1 ndicatc that thl'sc xenoliths \Vere relativcly cool when they were 

inwrpolated. 

rhc transsol\'us granite shares tnillcralogical characteristies with both the 
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hypersolvus and subsol\'us granites. It is porph~ritic \\ ith phcnlll'I~sts llf nlL'sopl.'lthite 

up 10 12 mm aCloss in a malri:-- of dlsclelc Il1lcrnc\il1~ and albIte gl,lIns th!! 2\.') that 

th us is subsolvus. The microclillc is glid-t\\ illlled. ,>uhhedl\ll. and () ~ Illll1 i1lTll"-; IllI 

average, Suhhedral laths of albite 111 the !11i1tri'\ larl'l~ l.''\cel'd ().~ Il1ll1 Hulh 1l1ll.'llll'lillL' 

and albitc laths arc round as inc\ llSlOllS III gl .lIn~ 0 l' IlltCI "t 1 t 1.1l all\ \.'d-;llllllL\ \\ hlch 

average 0.2 mm across, The anhedral l)uarl/ grallls displil) a :-.harp l''\tllll'lllln 

5;lIhsolvll... grallite 

This unil dctincs an arcualc pattern (Fig, 1) Ihat al 111 ost eOlllpletdy \\'Iap" alOlInd 

the hypcrsolvus granite, ft more or less c()incides \\ ith Curnc's (19X5) ami Pillet\ 

(1989) quartl.-rich facies and with the altcled glanltc or SalVI & WIIII;\Ilb-Jllne~ ( \l)()()) 

Outcrop.;; occur on ndges par tly concclIlcd hy !11orai nc dcpo,> i ts Macro"cllpic:\ Il y, thc 

granite t} picall)' IS cleam tn rcddish hlown, hypldiol1lol phil' ... lIld Illcqlligl:lnulal 1 w() 

feldspars and quarl/ comprise the matri:-- of tlllS unit: Iwo t) pcs or allvcd"Ollitl' ail' 

present, euhedral phenocrysts and fi nc-grained crystals 111 Ihe Illatl ix. 1 ne 11ISi()l1~ () 1 lillc-

grained transsolvlls granite arc lIhiquitoll'i 

Quartz (JO to 40%) is more ahundant hele than III the hypcl,,()lvll~ gl:tllltc. Il 

appears earlier in tht.: sequcnce or cry~lalii/atlOn, li" cuhedral to ~lIhhedl al L'I y .... tal\ IIp 

to 4111111 across (Fig 2d). Grain'i have li l'ore gcnerally dCVllld 01 IIlCllI .... I()Il~. ,lIld :t lilll 

that is marked b)' the presence of nuid and mllll:lai (alhllc and K-kltl .... pal) IIldu'-.i<1I1), 

Thcsc l11ay delineate an mternal p~elld()hexag()nal to '-.uhclrculal con.: (hg 2\.:). 'Ille 

presence of discretc albIte and K-fddspar trapped in magmutic qUalt/. .... llOW'i that holh 
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mineraI., are magmatic in origin. Quartz alsa is cntrappcd in arfvcdsonitc. 

ï he fCld"par fraction c()nsist~ or bolatcd subhcdral grains or K-rich rcldspar and 

alhite (/. ig. 2d) (irowth tv.. ins arc raie. l'he grid-tv,inned grains of microclinc perthite 

(20 to 15'Yt.) aHam 2.5 Illm. Alhlte occurs a~ an e\~o 1 yed phase (less than 5%) in the 

h()~tmlcroclll1e. and b~ conll11nnly, a~ an oYcrglOwth. l'he presence of limpid laths of 

rril11my alhite (lOto 15 vollVo: ur tn 0.3 mm) dlstinguishes this unit from the 

hypelsolvlIs rocks. 1 he albite i~ f()lInd especmlly at quartz and arfvedsonite grain 

margins and a'i IIlclusion ... in these I11l11crals. ft cocrystallilcd '\vith K-feldspar following 

the appeurance or clIhedral quarV and arfyedsonite phcnocrysts. 

1\1 rycdsollitc umollllts to 10% of the rock unit. on avcrage. It oceurs as subhedral 

to euhedr'.I1 phcnocrysts whosc grain margms are irrcgular. These crystals attuin 1 cm 

across. 1 nc1usiolls of quartz. K-fcldspar. and alhlte aie typical in the arrvedsonite. 

l110stly !lem gwm houndarics. The arl\'edsomte grains are not loncd and lack a caJcic 

core. In cCltain arca~. ncar the contact \Vith hypersolvus granite. this unit contains rocks 

wlth up lo 50% modal arfvcdsonitc. Lacroi x (1923) fïrsl dcscribed sllch a rock in the 

1 :\'isa ('Ol11pl\::-.:. ('or-;ica. as "lindinosite". A second gcneration of arr"cdsonite. gcnewlly 

nHlIllH:ryslallinc. OCCUpIC~ intersllces umong the fdsic mineraIs in the subsolvlIs granite. 

1 hc~c ar f\'ctboni tL' oikocr) sts contain quart.?:, microcl i ne and albite luths as incl usions. 

AI f\'cdsonitc. thcrcrolc. sccms to have crystallized ovel the entire interval betwcen 

1 iqllldll~ and cxtcnding he lo\\' the solidus. first as cuhedral phenocrysts incorporating 

inclusions at grain cdgcs, and suhseqllcntly at the end stage of crystallization. as 

i ntwtitial grmns that mold and envclop previollsly formed phases. 
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Aegirinc (0 to 10%) occurs as pl'll1lar) grallls II1tetstitial to tlll.' fl'lsil' mml't .. tl., ,md 

as a rcplacemcnt of art\cdsonitc at grain margins and alotlll l'k.l\agl' tt,ll.'\..'''. SUl.'h 

aegirine C0I111110111) is associntcd \\ tth a klt'lIginoth stam .md p\ll~ LI ~ .,tall tnl.' quartl III 

hydrothcrmally altered granite, A pllssibk l'l'action that aLCulints for Illt:-. tl.'plal'l'I1ll.'llt 

(Bonin 1986) is: 

arfvcdsonite + oxygcn "'" acgirinc 1 irnn oxtde 1 quart/. 1 \\all.'t 

The degrcc of such oxidation-induccd rcplaccment I11creascs tm\<ard the pellphL't)' ni thL' 

complex, 

As in ··hc hypcrsolvus granite, the accessory minclal phase., III tllls unit ale IiItl' to 

crystallizc, and occur II1tcrstitially, '!'huse round in the alten:d slIh.,olvus grallite IIlCllllk 

calcite, prchni tc, k.ainosi tc, and purplc Il umite. \\1 h ich aI e ;J Il calel kl ou." /.11 con occurs 

as radiating fihrcs in "hcmati/cd" agglegatc~ and is c!o ... dy a';-,(lciated wlth giltIIlSI!L\ 

CaZrSi 20 7, which occurs a~ isolated ro ... ette<, that arc pmtlllll) IIltergrowll 'vith IH'Iilatlte 

Thc presence of isolatcd microc!ine and alhite lath ....... how ... thdl the Il1dl-'"1a t:lat 

produced this unit clystalli/ed ulllkr suh.,olvu ... COtldlll(I!l'-, (11Itt le & l\o\\<L:1I 1 ()')X) 

Bccausc or their ollgmal compmltlon and the relatlvcly lm\; lC'IllIK'latlln.: (lI "lilIal 

formation, the t\\oo separatc rcld~par" later 1IIldel"\venIIl1l1l11ll,i1e:-.'-,ollltl()1I (lIllhe ClI'-,C 

of albite, probably nonc), ()uart/ cry<;talli/ed a ... a Ilquldu,> pha~e Ârlved<'(lllitc appear ... 

throughout thc course of cry<,talli/alton. a!'> phenocry:-.t:-. and olk()cry:-.t... 1 Ilc acces:-.ory 
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mlnerab ~eem to have appcared largely at the subsolidus stage. although some authors 

have <.:oncluded otherwisc (Birkett et al 1992). 

l'e}.:matite hocite.\· 

The hodies of granitic pegmatite are the latest to crystallize in the Strange Lake 

cOlllpleX. An exceptlOnal 12-cm-wide hypersolvus pegmatitic lens was found in the 

sOllthern part of the hypcrsolvus granite unit. ft shovvs no signs of hydrothermal 

alteration. Arfvcd~onltc crystals l'l'CC of aegtrtne coe:-.ist \Vith perthite and a quartz-ri ch 

core. On the other hand, nllmcrous small bodies of suhsolvus granitic pegmatite occur, 

11l0'itly in the subsolvlls granite and as dykes intruding the Aphebian gneisses to the 

north. Pegmatite bodies in the subsolvus granite me subvertical. and trend cast-west. 

They appenr as pods and irregulm Icnses up to 40 cm ""ide l'heir mineralogy is similar 

tn that 01 the host granite, i.c , they are cssentially composeu of only slightly pcrthitic 

K-ri<.:h l'eldspar. quartz. arf"edsonite ± acgirine. Miarolitte cavitics are associated with 

the pegmatite pods: they arc arc lined wlth the samc minerais. 

Mo~t of the quart! is cuhedral, its habit is typical of the low-tempcrature 

modi tication (hg 2 n. Quart~ nlso occurs as a product of the oxidation-induced 

hlea),.<.hmn or <lrr"edsonitc tn aegirine. rhe K-rich feldspar is prominently grid-twinned, 

consistent \\Ith its hlgh!y nrdelcd state (Chapter 3): the albite and pencline twin

lame! lac coarse\1 !lm ard the grain boundaries. Discrcte laths of albite arc rare, ranging 

('rom 0 ln .5 \'nlume O{) of the pegmatites 

rhe replacement of arf\'cdsomte by aegirine in subsolvus-granite-hosted pegmatites 
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is extensive. The arf\cdsonite in the ho st granite adia~ent ln thes~ pcgl11allh.'s ,t1S11 i ... 

replaced b)' aegirinc. at grai n mal gins and along ~ \cm age 1 t'aces. NOll-PSl'llt!llllllll phil' 

aegmne fOlll1S Spta)S of hell1atlk-stail1cd l'J'\stals (Fig. 21) \Isslll'lalL'd "Itll 

polycrystallllle qUalt/. 

The accessor) m1l1erals tllat gi"e Strange Lake il'; ee0110Jl1IC polcntial ,Ill' a"so~lall'd 

with the sc pegmatites' gittinslte. monallle. lin:oll. kaillll:-Ilc and p)lol'hloll' ln the orl' 

zone, pegmatitc bodlcs arc assoemted \"ilh .Iplth.'. \\ hll'h ronn the lo\\'el paIl or 

pegmatite-aplite sheds The aphte is lhmaetel i/ed by Ihe preSl'l1CL' of, in OIdet 01 

decreasing abllndancc. quartz. gittinslle. K-Iddspal .• tlhlle, aeglllllc, ,II f\'\.:dsOllllc, ami 

narsarsukite. Both massive and lineatcd vallants oeClll in Ihe Oll~ lonc l'hl' 11Ill'alcd 

aplite is characteri7cd by albite. narsarsllktte. and aegllll1C, \"hich dclinc a Imeallon 

Albite accounts for a maximum of IS vol.% oftotall'ddspal 111 the api Ill: (Miller Il)l)()) 

Thus. ~e may cnnclude that the albIte cOJl1pol1ent "1l11'iSll1g" ln thc "uhsolvu:- glllllllll' 

pegmatites is not accountcd for in an apltllc li'actlon kl .rahn ... & luttle 1 ()(ll) 

Analytlcal Mcthods 

Representative sampi es of the units, devold of IIlClll'iIOn'i, WL:IL: analY/L:d (or ilia 1 III 

clements, Zn, Rb. Sr, Nb. Zr and Y by X-Iay IlUOIL:'>CL:I1CC (XRI') at Mdilll 1 JlIIVC''llly 

The analyses were performL:d \Vilh a Philips PW 1400 u ... lng IlI,;cd dl'lc,> and ail ()

coefficient technique (i\hmcdali 1983). FL: 2 \Va'i dL:tL:nllll1ed hy tllration ConcentratIOn ... 

of the rare earths. ra. Hf. Th. and U \Vere ddcrll1l1lcd hy ill,>trulllcnlal ncutron 

activation analysis (INAA) at 1":cole Polytechnique. <l'i de'icnhed hy Bolly el a! (1 ()XI)) 
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Geochemistry 

MUJor-elemenl chemlslry 

ln additIOn to the rcprcscntative samplcs choscn for study, a represcntativc cross

section or the pegmatite bodies was samplcd to avoid any hctr.rogcncity in composition 

that could he cau<;cd hy unreprescntativc abunùanccs of the minerais. Average whole

JOck CllI11!>oslllon!> and nOimativc mincralogy arc prcsented 111 Table 1 The full data-set 

on liflccn samplc~ of hYPClsolvus, four oftranssolvlIs. tluce of fresh subsolvus, twenty

olle of altered sub~olvus. and four of pegmatites is provlded in Appendix 1. Chemical 

trends of the dillCrellt units arc illustratcd in plots of selected major clements versus 

;\1,0\ l'rom this data-~et in Figure 3. 

The stllca content in the different units shows little variation (70.3 to 71.0 wl.% 

SiO,), wlth the exception of the pegmatites (65.1 wt.% Si02). The concentration of AI 

l'l'mains constant in the hypel'solvllS. tl'anssolvus and frcsh subsolvus granites (11.5 to 

Il.9 \Vt.IX, ;\12°1)' rhcrc is a markcdly lo\Ver lcvel of AI in the altered subsolvus 

granites and pegmatites (87 and 5.8 wt% ;\12°3' respectively), due to the appearance 

or AI-Irec phase". Na/K IS greater than unit y 111 the tirst four units, ranging [rom 1.20 

to t Cl 1. 1 he pegmatites. howc\'er. show a marked decrcasc 111 Na/K. with a value af 

n.SJ. Abu. the Strange Lake units arc highly cnrichcd in Iron. the proportion of ferrie 

iWI1 increasing \\ith degl'ee or evolution The tirst three units have values of 

Fc''/(Fe'' 1 Fel') lang1l1g liol11 () 70 to 0.76. as expected in unaltered A-type granites 

(Whalell cl al 1(87) \\hcrcas the altercd subsol\'us granites and pegmatites have values 

or 044 and 0 1.3. respecti\'cl). The concentration of Ti is fairly constant in the four 
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TABLE 1. AVERAGE COMPOSITION ANIl NORMAIlVF MINFRAIOtiY OF l'IIF 
STRANGE LAKE UNIlS. 

umt 

Si02\Vt % 
TiO: 
AI 20 1 

Fe:01 

FeO 
MnO 
MgO 
CaO 
Na20 
K:0 
P~OI 
F 
LOI 

O=F 
Total ' 

Q 
z 
Or 
Ab 
Ac 
Ns 
Di 
Wo 
Hy 
Mt 
Hm 
Tn 
Il 
Ap 
FI 
Total 

hyp( 15) 

7050 
030 

11.55 
263 
277 
011 
0.02 
064 
5.08 
481 
0.02 
056 
0.48 

9947 
0.23 

9924 

22 91 
068 

28.43 
32.63 
761 
0.40 
0.64 
0.00 
4.51 
000 
000 
0.00 
057 
0.05 
197 

100.38 

(Na+K)/AI 1 17 
NaiK 161 
Fe2 /{Fe2

- +re1
') 070 

:: 1 cr t ran ,( 4) i 1 CT 

1 48 70 (JÔ 0.60 
009 0.24 008 
0.63 Il 86 045 
096 :! 54 033 
128 :! 71 058 
0.03 0.1 1 002 
004 001 000 
0.34 0 54 0.17 
060 480 0.34 
0.26 :; 03 0.19 
002 001 (l.OO 
018 062 012 
0.23 !L:!l 002 

9Çt.59 
926 

9933 

23.01 
(189 

29.73 
33.00 

(0.70 
000 
0.00 
0.00 
462 
0.32 
0.00 
000 
0.46 
002 
f 54 

10130 

1.13 
1.45 
0.70 

711 27 
1.l2l 
Il 54 

Z.OS 
287 
010 
\) () 1 
077 
·149 
q() 
002 
070 

\!..:li 
1)1) 14 
029 

9885 

23.34 
1) 65 

3369 
2763 

5.93 
085 
1) 25 
0.00 
:5 00 
000 
000 
() 00 
() 40 
() O'i 
;! 87 

10065 

1 17 
120 
076 

08·1 7100 
008 0 12 
IO~ 8C17 
047 ·1 15 
o:n 1,17 
001 0 1,1 
000 () 2, 
0(1·1 1 ~6 
088 1% 
2 Il 1 XX 
001 002 
o ()2 0,1,1 

002 0 X4 
%6X 
o IX 

lJ6 ~o 

3218 
2.64 

22.93 
2300 
926 
0.00 
433 
0.17 
0,00 
1 38 
o (H) 

000 
061 
0.0'i 
lJ!Q 

9854 

1 21\ 
1 )5 
01\4 

{) (1~ 

{) 10 
() ·1 ~ 
1 1 il 
() xx 
() 0, 

() 1 ti 
() 70 
0,17 
o 1'; 

() 01 
() 2(, 
() 11 

(J'i Il 
:' ,I~ 

~77 

J l) l 
o 2 ; 
o 10 
07\ 
(, ~7 
1 lI) 

1% 
001 
o ,1 ~ 

2 1·1 
1)2 ~.I 

OIX 
1)2 17 

:l,ll·1 
~ ,1" 

2141 
761 
1 (,4 
0(10 
1 ()2 

7 (111 

() {)O 
o ()O 

~ (,7 
'i (J() 

o 7R 
002 
172 

()l2'i 

1 Il 
o 'il 
() Il 

1 1 Cl 

18(, 

1 .~2 
() l'Î 
17li 
() 21 
() ()~ 

() \(, 

11117 

() ·10 
Il () 1 
() ,Ih 

() /JO 

Abbreviatiom llscd hyp, hyp\!r,>olvlI'> granite, trall~, tran.,,>olvll~ granite, huh. Ire~h ~\Ih,>()lvll~ grar.llle, 
a~ub, altered ~llbsolvus granltc, peg, ()cgmalitc, J:. la, 1 one '>tandard devlalloll NUll1hcr,> 111 hlaLkch n:fcr 
ta nllmber ot analyses 
1 The low total~ for the comp0<,ltlOn, arc 11 re,>ult of the ennchment of tmL\.! c1cllll:nl'. «,Cl' 1 ahle 2) 
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Figure J. Sc\cctcd major clements (expressed as oxides) versus Al~03 (wt.%) for the 

difTclcnt units in the Strangc Lake complex. Symbols used: open squares, 

hypcrsolvlIs glanite: soltù squares. transsolvus granite: open circles. fresh subsolvus 

glanih:: solid circlcs. altcrcd subsolvus granite: triangles. pegmatites. 
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carlicr units (0.2) ln 0.30 wt.% l iO,), and shows a large incrcase in the pegmatites 

(2.45 wt. f% '/ i( 1 ). Mg b li trace c1emcnt in the early units (<'0.02 wt.% MgO). but 

levels inercasc in the altcred ~lIhs()lvus granites (023 wt.% MgO) and the pegmatites 

(o.n wl 'YI) MgO). Sill1ilally. Ca increase~ l'rom 0.54 - 0.77 wt.% CaO in the three 

carlier lIl1it~ to 1.56 and (-,.57 wt.°/r) CaO 111 the altcred subsolvus granites and 

pegmatitc:" Ic~reclivcly. Ihe~e elevatcd values arc most unusual for highly evolved 

pClalkaline granite l'or cxamplc_ Whalcn el al (1987) reported 0.75 wt.% CaO for the 

<lVCI age A-lype gralllle. 

Ali units arc pClalkaline, \vith an agpaitic index in the range 1.13 - 1.24. The 

peralkalinc nature or the Strangc Lake alkali reldspar granites is consistent with thcir 

mincralogy (i c .. plesence orarfvedsonite, aegirine, asltophyllite. lIenigmatite. and exotic 

alka" /Ircon()~ilicatcs), and is cxprcs!led by the amounl of normative acmite (3.64 to 

9.26%)_ '1able 1) and sodium disilicate (up to 0.85%). 

()Ué.lll!. orlhodasc and albite arc the dominant normative mineraIs. In a Qtz-i\.b-Or 

diagram (Fig. --n the hyper:-,oh 1I~ glanites arc located in the fcldspar fïcJd of the 

haplogr:\l1ltc ~) '>lem sho\\'11 lor a 1'(I1 2()) of 1 khat'. Most samples plot along the 

predlch:d "Iiquid hile or desccnt" l'rom the Ab-Or jain toward the minimum alollg the 

qUai t/- kld~par cotectlc (Fig, 4) The initial progression of liquids t(}\'vard the mil'lmum

mc1t COll1p(l~ttinn '\lI .... clea")' the result of Il'actionation of nlkali Ièldspar (sal1ldine 

"llltd-solulloll) Pillet el al (1992. Fig. 9) also showed this by plotting bulk-composition 

data l'nI' these untls III a diaglarn of SI-Al-(Na+K). Sanidine rractionation caused the 

granitic magma tu IIlcrease in agpaitic index as it approachtd the minimum The 
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Figure 4. The composition or the dirrercnt units 111 tcnns 01" 1l01111atl\'L' ()t/-:\h-<)I 1 hL' 

0.5 and 1 khar quurtz- fcldspar cotee tics also ~\1 c show Il ( l'litt le 8:.. Hm\ L'Il Il)'' X) 1 Ill' 

plus signs rcprescnt thermal minima or the haplllgranilc ") "lclll (() \\ l "., 1', 

Tuttle & Bowen 1958). \VIth 1. :2 and 4 ",\.(Yc) F (Manning Il)XI) adtlcd tu tlll' 

haplogranitc system. The thclmal millll11UI11 01" the haploglal1l1c sy..,tcll1 al \VIth 4 ')"" 

acmite and 45% sodium dlsilicate added, and h) \\Ith X )(!" aCl11lte ami X 'i";) ..,utlllllli 

disillcate added (Calt11lchac\ & MacKelllic 1(3) 1:-' plogICS"'I\c\y ..,lullL'd (Ill 

projection) toward the Qu-Or ~ldclll1e SYl11hols lIscd arc thc :-,alllc il.., tho..,c III 

Figure 3. 

29 



.J:<--' +. 

= = {Il • 

~ : + 

<l 

• o 

30 

'-o 



transsolvlIs granite and fresh suhsolvlI" granite plllt neal the L'luster Ill' plllllts Ill( 

hypersoh us gtanite. contirming thelr \ er~ similar cnmpll!'-ltHlIl III krills llr nlaj"l 

clements. In projectioll. the: wmposltlOns or thl.: glLll1ltes shift Ptogll'!'>'>I\ l'I~ hm,lId the 

Qt7-0r join. Sampk!'- ofaltele:d subsohu!'- gtalllh,'. L'lu"telù\ ,It 11lL' gl,1Il11L' III 111 1 III Il III (1 () 

kbar). also shO\\ a sll1ft a\\a) 1'10111 the Ah ape\ 1 hl'\ aIl' pO!'>ltllllll'd l'Ill!'-l'I tll thl' 

minimum 111 the h:lplogranite "y!'>telll plus 4 Sil Il l'ach or (/(' 1 Il, ('.lIlllll'hal'l 8.:. 

MacKen;:ie 1(63) sho\\n as "a" on Figurc 4 1 he pegmatIte,> plot lle,lI thc ()t/-()r 10111. 

indicative of their albite-poOl mineralogy. 1 he shilt or Wl11pOSltlOIl'> a\\;\\ Itom thl' 

haplogranite mll1tlllUIll tlmard the QU-Or 10\11 IS not an altllad or "llotml'nt Ill' thl' 

alkalis in the norm calculation: the l'l'casting or ail ,>ollie 1l001llatl\'C milll'Iais tll tlll' /\h 

apex of the QU-Ah-Or plot does not lemove thl!'- shift. 

What Itttlc Ca is in the rocks is expressed in the nonn a" tluonll: and diop"itk lalhl'I 

th an anorthlte. 1 he dlopslde componcnt e\pre""es the presellcc 01 tellOllchtCllllC COI cs 

or arfvedsonitc (PIllet 1(89) III the h) pel sol vu'> gral1lte. and glttlll'>ltc. calclle. and othel 

minaI' Ca-bcanng phases 111 the sub"ol\,lI" unit 1 he late butldup III nOllllalivL' diop"lde. 

up ta 6.0 \\1.% 111 altcred subsolvu!'> gralllte (/\ppendlx 1). c1eatly 1'> highly dllolllalou,> 

in such an evol\'ed graI1lte. 

The average Ic\'cls of F in the complex gradually Încn.:uo.;e t'rom hypCI:-'lllvll'> granite 

(0.56 wt.% 1') to tran"solvus granite (062 WI.'XI) to rre,>h !'>uh"olvlI'> gramte,> (070 wl 'X, 

F). Howcver. in the altered subsolvll~ granIte!'> (044 wt (X, ,,) and pegmatite" (042 wt.% 

F) this pattern of enrichmcnt with cvolut\on 1<., rcvcrscd 
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'l'race-clement chermsl1y 

Average cOllcentrations of trace clements are prcsented for cach unit in Table 2. An 

cnrichmcnt III /'n. Rh. '1 n, Nb, III'. Zr, Y, Th and U characterizcs the sequence 

hypel ~()IVll" granitc (Icast cvolvcd) to subsolvus granitIc pegmatites (most evolved) (Fig. 

5). ï lm pattern ni cnrichmcnt is characteristic of peralkaline granites (Tauson 1967. 

Ilams & Marnllcr 1(80). '1 he prcsence of F and the pcralkalinity of the melt pTOmot~ 

the formation of nlkali-Il uoride complexes, which arc considered essential to concentrate 

tllcse c1emcnts 111 tlle I11CIt (Watson 1979. Collins el al 1(82). 

1 he earllel Ulllts contain low levels of Sr (15-35 ppm Sr). as is typical or peralkaline 

grallltes. it i" noteworthy that Sr is enriched in the altered subsolvus granite (79 ppm 

Sr) and pegmatites (294 ppm Sr) (Fig. 5). Sr thus 1'ollo\\'s both Ca and Mg in their 

pattern of late cnl'lchment (Tahle 1). Perhaps as a letlection of the saille phenomenon, 

li Ik-he~lIl11g minelal (gadolinite) is present in the more altered TOC'ks and the ore zone. 

1\150. Pillet (19R9) notcd higher concentrations of Ba (754-2079 ppm) 111 his "quartz

rich" facies (~lIbsol\'us granite) relative to his "feldspar-rich" facies (hypersolvus granite; 

344-1 JOl) ppm). 

n,e l'lIl'('-('([rl Il eleme11ls 

The StrLlnge Lake granites and pegmatites are highly enriched in REE. Their total 

concentration increases l'rom 1733 ppm in hypcrsolvlIs granite to 7650 ppm in the 

pegmatites (l'ahle :n. Chondritc-normalizcd patterns (Fig. 6. chondrite values after 

h ensen et al 1978) graphically dcmonstrate this enrichment. as weil as the marked 
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TABLE 2. AVERAGE CONCEN l'RA lIONS OF SEL\-,(' 1 FD 
TRACE ELEMENTS IN nIE S rRAN(iE LAI\.F <.iRANII'F 

unit hyp trans t'.;ub a ... ub pcg 

Zn ppm 442 465 552 1022 
Rb 600 666 1067 995 1 1 (Il) 
Sr 35 15 30 79 294 
Ta 18 9 26 25 127 
Nb 356 333 327 926 1631 
Hf 80 109 113 429 631 
Zr 3456 4408 3214 13115 1217\ 
Y 445 574 705 1373 3091 
Th 82 46 63 252 6Xt) 
U 10 101 6 36 100 

La 4146 352.5 736 () 811.2 1261 <) 

Ce 749.5 671 5 1278.0 1511 1 2872 () 
Nd 310.5 277 1 5156 652 <) 124'1 5 
Sm 72.8 69.4 1185 1744 20(10 
Eu 3.7 42 58 9.4 20 ,1 
Gd 64.7 682 958 2073 5714 
Tb 10.5 12.2 149 577 1016 
Dy 49.2 71.7 924 166 () (136 (l 

Tm 6.0 62 67 23.9 767 
Yb 47.2 44.4 52.6 1 X3 7 590 <) 

Lu 4.5 5.8 68 23.0 703 

"LREE 1733 1583 2923 3841 7650 
Eu/Eu· o 16 0.18 0.16 o 15 o 17 
(La/Yb)N 5.8 5 2 92 3 () 14 

Concentration~ of Zn, Rb, Sr, Nb, Ir, and Y dctcrllllllcd hy 
XRF. ConcentratIons of Ta, 11f, '1 h, IJ, and RU~\ dctcrminccl 
by INA!\. Raw data arc provldcd in Appcndlx 1. 
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Fi~lIrc 5. Sdectcd trace clement versus Al for the different units of the Strange Lake 

complex. Symhols lIscd arc the samc as those in Figure 3. 
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Figure (). RFF chondrite-normalizcd plots of the different units of thl.! Strange Lake 

cOl1lplex. Chnndrite \alues arc l'rom Evcnsen el a/ (1978). 
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Illcrea<;e Jtl IIRI,'/~' with evolution: (La/Yb)N dccrcases l'rom 9.2 ta a \uluc of 1 4 in the 

pe~lllatlte<, 1\11 unite., po<,e.,e<,<; a signilicant Eu anomaly. Eu/Eu' ranging l'rom 0.15 to 

0.1 X. With thee.,e t:levated ah<;olute concentrations. rclatlvcly flat patterns and negative 

hl anomalie!->. tht: unit<, po<,e.,e!->!-> Rn, trend!-> typical of A-type granites (Collins el al 

1 ()XL J:.!cke.,on el al 19X4. Whalen el al 1 (87). 

Discussion 

l'I'('ssure of C/:I '.\Ial h::al ion 

According to 'Iuttl!.! & Bowen (1958). a watcr-saturated haplogranitic melt can be 

!.!:-..pœtcd tn cly!->talll/~ \Vith a hypcrsolvlIs mineralogy aL a confining pressure less than 

apPlo:-..imatcly :l.S I-.har. whereas a subsolvllS mineralogy IS expccled above this 

plcssurc Martin & Bonin (1976) proposed that a j>(HP) -== Ptotal greater or cqual ta 

2.5 h.bar. inskad of J 5 kbar, \Vas required l'or a metaiumlllou~ haplogranitic liquid ta 

yidd li ~lIbsol\'lIS Illllleraiogy 1 n addition. a l1ul11ht:r or Igneous complexes have been 

round to e.,IHl\\ C\ IdCIll'C or a ttan!->ition l'rom hypcrsoh us to subsolvlIS granites (Bonin 

1972, 1(>7.\ h.atllel & Ikltlaam 1972. Martin & Bonin 1976. Martin 1977. Jackson el 

li! 191'5) ('olllilllng pre~e.,lIre in thcse Ilhtancc<, can be asslll11ed to have been constant 

dUl'lng n~ stalillution. sllggl:~ting that factors othel th an pressure ale important. In each 

caSl: ,1ho\L'. the hYPL'1 sol \lI'> \ ariant \Vas considered to havc erystalli/cd fi'om a 1120-

lllllkrsallllalcd ~Iallllie mdt. Icsliiting 111 the presence of a slI1gle alkali fcldspar. 

"helc<l!-. the ,uboh lle., gtanile cr~ slalh/lxl tiol11 a lo\\'er-tempcratllic melt that had 

bL'WI11C CI1I il:hcd 111 1 LO, the sohdllS of which had intcrscctcd the alkah fcldspar cntieal 
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curve (crest of the soh us), n:slIlting in th~ C\H:lystalli/atwn nI' t\\ll dlStlllCt .111,..111 

feldspars. The Strangc Lakc IIltnl~l\ ~ COlllple\. is l'(lnSllkl ~d tll h;1\ ~ hCl'll l'l1lplac~d .Jt 

il shallo\\ crllstal Ie\ cl: a sCllllqllantitati\ C ~"t\lnall' (lt' 0 7 khat IS ha"l'd \)11 tlll'llI~I\)Il" 

of aqllcous tlUld in quartl III th~ Illinclali/~d p~gll1atill' (Sah 18.:. \\'t1It.IIll,,-,1ol11'" 1 \)I)~) 

Even Ifa conlining plCSSurC double th~il tnklled \altll' I~ PIIlPO"L'd, It "l'l'Ill'" ck.1I th.lt 

conlining prCSSlilC at the tlllle nI' cr:- stalli/atloll \\a" 11H11 l' 01 k ...... l'On ... t.lllt, and likl'l) 

less than 2,5 kbar Tlul'i, variables othel than l'total al1d /'( \1,0) ale Il.'qllll\.'d tu 10\\\.'1 

the field of stabillty of ~lIhsol\'us granite in tcrms 01 l'total and 1 

('o11.\lrulI1l,\ 11I11W,\cd hy /cl\'I(, 11111/(,]"(//.\ Im'sel1t 

The assemblage of fclsic minelals in the dtlTerent ullit" place ... cnn ... tlalllts on titI...' 

solidm temperatules of the granitlc Illclts l'rom \\hlch they crystalli/ed ln tcllllS 01 

pressure and temperatlllc (hg 7), relevant ... nlidl ale ... 1H1\Vn, along \Vtllt tlll' cl!tlcal 

curve for alkali t'ddspar (\ uth el (/1 \(74) and the eUI VI...' l'or the dl"placlw 

transformation of II quart/. to 1\ qllartl (;hlor ... o cl al 197(J) 

ln the ca~c of the hjper'iolvlI<; granite at Strange Lake, the presence or :t ... illgk 

mesoperthltic fel<hpar and of "drop" qllartl (I\-quart/ morphology) place ... Ih ... olldu ... III 

fidd H (>650°C 0.7 kbar: -662°(', 1 5 khar) 1 he tn.m ... "olvu ... glallite. \VIth early

formed mesopcrthltc in a t\'vo-fcld<;par groundrmt ... <;, ha ... Ih .... Olldll ... III licld l, \Vhrch 

intersects the alkali fclù~par ~ol vu<; (at the tell1pcralures and pl e ...... lII C', qllotcd ahove) 

The similarity 111 blllk composition and the dcgrce or AI-SI ortler or perthlte gralll'" lrolll 

the se two units (Chapter :3) ~ugge~ts that the tran~~()lvll'" granltc repn.: ... ent'i 
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Figure 7. J>r~s~ure (kbar) versus temperature (OC) diagram showing the likely 

locatIons or :he solidl ft)r the different units of the Strangc Lake pluton Fields are 

con..,ltall1ed hy i"obars of 0 7 and 1.5 khar. The position of thesc fields is based on 

the texture!'> or the fcbic minerais 111 the different Ul1lt~: H. h) persolyus granite; T. 

lran'.;',{llvu.., gli.lIlite: S. suhsnlvus granite. P. pegmatite. Other ·,ymbols mcludc. AFc. 

all,ali ti.:ldsrar cntlcal cune. (,(Q/I~Q, a quartz - 13 quartz displacive tran~formation. 

Solidu'\ for Ihe haplogral1lte system. 1 lap; the Kûngnât ricbcckite granite .• : the St. 

;\u~tell plulon. SA. rroro,,~d solidus for the Strange Lake pegmatItes. SL, and an 

ongol1ltc \\ ilh 1 () 7% F.O. arc rrovided for comparison. Liquidi for the haplogranite 

system plu:-, 4 5(~;) lIC + 4.5(~) 1/\. T. plu~ 4.5% 11.\. Il also are shown: the solidi for 

these wmposltlon!'> \Vele not plOvided hy Carmichacl & MucKelvic (1963). Notc 

that th(~ IIqUldl l'or the haplogranitc system \Vith cxccss alkahs arc cyen lower th an 

the slliidus or the haplogranlte systcm. References arc cited in the text. 
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the apical portion of the hody of hypcr~olvll~ granite. The lhfTcrence in textlilc of thc 

t'Wo Ulllh may he explallled hl' con .. idering the path or cry:-,tallllatio!1 or a glanitic melt 

wlth inclea!>ing volatIle ..;ontcnt (WllItney 19RH) ln the LU!>C of thc c()ar~e-graincd 

hypcr:-.olvuo.., granite. LI Il,O-undel!>aturated melt cl';o..,tallllcd o\'cr a Iclatl\ely large 

1Il1ervai 01 tempci ature Volati le .. , incl uding fluorine 111 this case, migrated 10 the upper 

pOl tlon or the Illdgllla chamher. conti ihuted tn LI 100'venng of ,he :-,olIdus. and ~romoted 

thc cly,>taili/atlllll or the fine-glained tl'atbsol\lIS grul1lte o\'el' a short II1tervul of 

tem pel atlll e Most or the Il uorll1e ~CC1l1S to have escapcd UpOI1 cr) stail ization. Next. thc 

o..,ub:-.olvlls granite. \Vith Ils t\\'o primary fcldspar~ and B-qllart/. has a ,>olidlls in field S. 

which IS hOlillded hy the alkaii fL'kl .. par critlcal cur"e and u-r~ quart/ reactlon. Finally. 

the assemblage two-fl:ldspar t- (l-quart/. typical orthe pegmatite places Ils soiidus wlthin 

lield P ( 59()0('. 0.7 kbar. <615°(', 1.5 kbar). 

nu' l'olt' of ('teess alkalr.\ 

: ,':-"perimental stlldies on pcralkaline granitic systcms have dcmonstrated that the 

temperatule or the liqllidus surface (Carmichael & MacKenzic 1963. Thompson & 

rYlacKen/le 1 ()()7) and of the solidlls (MeDowell & Wyllie 1971) of thcse mclts arc 

10\\ cr thall thosc or the haplngIal1itc sy:-,tcm. Cm michad & MucKcll/lc (1963) 

ddL'll1lll1cd a 1l1l1H1ll1l1ll liqUlduo.., tcmpcrature or 715°(' l'or thc haplogIanitc !',ystem \Vith 

45 11
'0 Nal'cSd )1' (ae) t 4 5°;c, Na~SiO; (11\) addcd at a 1'(II~O) of 1 khar (Fig. 7) and 

l10led LI pwgressi\t: ~hift of the minima to\Vards the Qt1:-0r join ("a" in Fig. 4). 

IlllHnpsun & MacKL'l1/ie (1967) dctcrmined li liqllidus minimum of 693°C for the 
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haplogranitc S)stCll1 \\ith 5°ü 1/\ added at the !'-aml' Pl\~<;~llll' {hg 7) (h,lplllgl.llllll' 

liquidlls I1lll1illl1lll1 730°e. l "'bal). 1\ !l:Do\\cll 8.. \\ ~ Ilic (1l}71) dctellllllll'd (Ill' 

fl)lI(ming sulidus lempCIaturc'> rOI thc h.ClIlgll,11 Ilched.ltl' glallllL' 700"C at 1 hh,lI, 

650°C at 2 hbar. and 6.J.()o(' ,lt .) hhar (\ Ig 7) (haplllglanill' '>Ilhdll'> 715"('. 1 hh,lI) 

'1 hese e:\penmcnt~, dcmon<;llalL' Ih,ll Ihe Pfl''>l'nCl' III l'\l'l''>'> alhah,> III ,1 gl.lllltlC IIIl'11 

e\.tcnds thc COlll,>e orel~,>talli/alion Illl\l\\CI 1L'1lllK'lalllll''> (I\adc~ &. Sl'h,lIll'l \I)h(l) \1\ 

prol1loting the rormatlon of non-hlldgll1~~ bond'> 111 1 hc gralll 1 Il' ml,ll (( )Illli alll l 'f cl! 

19H5) Comequcnlly, higher ddTu'>l\ Ille,> or catlon!'- le!'-ult alld acclllllll. III p:lI1. 1111 the 

higher 1c\'c1s or II/<,"'/:'s and 1,1/,> III the more c\ohcd mL'lt'l 

The addition of alhahs to the g.anllc ~)"tel11 also cnhancc,> thl' :-,oluhlllly III \\,Ill'I 

in the liqllid and the propoltlon or dls,>olvl'd sllicatc" 111 LI col'""llIlg \apour (1 \llll &. 

Tuttle 1969, Mu,>tart 1(72) ~uch that a contmuoll'> t1allsillll\1 II(lm pl'iaikalllll' Iltagllla 

to a hyclrothermul <;nlution l11a~ C:\lst ln ~omc natlllai "y,>lcm'l 1 hl~ Illcll'a"cd "IllllhJlII~ 

bct\\ccn liquid and \apour phasc,> <;uggc,>t ll'ducl'd tcmpcldllllC" (lI ,>olldl fOI pl'lalkatrllc 

systcms (Luth 1(76) 1 hi~ rclatlon,>hlp ma) cn'>lIl"C lhal tllc glallltic Ilqllld 11'111i111l" 

lImlersaturatcd in Il,0 untIl c1osl' tn thl' <;olJdu'l 

('ollslraml.\ IIJ/IJO.\cd hy matie II/inCl a/ogy 

Rclative tcmperatllres or formatIon and /«),) cOlllhIIO!l" for Ihl: difterl:1l1 glcllllllc 

magmas may he IIlfcrrcd l'rom the experrllll:ntally ddl'llllllll:d field" of "tahrilly (If mafie 

minerais ln il plot or /(°2) \'cr.\/I.\ tl'mpl:raturl' (hg x) fOI li /)(1 I,(» (lf \ khlll, "t;lhillly 

fields of enù-ml'mber ferrorrchterrtl' (Charlec.; 1(75) anù l'lld-ml'lll hl:r art vl:d<,oll ik (1',1 n,,1 
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Figure 8 Log !()2) \'ersl/.\ temperature (OC) diagram showing the stability fields of 

I\:rrol ichtcritc (Charles 1975) and arfvedsonite (Ernst 1962). Symbols used: 

Rbk, richcckitc; Rbk-Arf. ricbcckitc-arfvcdsonitc solid solution: Fe Rt, 

rcrronchtcritc, Fe Pa, tèrropargasite Symbols for oxygen fugacity buffers: HM, 

hematltc-magnctite, NNO, nickel-nickel oXldc, QFM. quartz-fayalite-magnetite; 

MW. magnctlte-wüstitc: IW. lron-\\listitc: ML magnetite-iron, and FQI. fayalitc-

quarl/-iron. 
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1 (2) arc ~h()wn. 

/n the hYrcr~{)/vus granile. the amphibole has a ferrorichleritic core and an 

arrveu<;onilic rirn (Pillet 1 (89). Thi" l'onution is marked by a dccreusc in Ca. an inclease 

ln Na and SI. and an ll1ICrrcd illcrease in Fe' . The sequential clystall izalion of the Na

('a (krrorichtenle) and Na (arfvcdsonite) amphiholes in the hYPclsolvus granite ref1ecls 

l11o!-ol/y the progrcs:-.ive der/clion of calcium in lhe meIt and is consistent \Vith a decrease 

III temperatule /\n incrcasc in Fe' wou/d normully indicate an incrcase rather th an a 

decreasc in oxygen rugacity. hut the amphibole assemblage suggesls the latter. Thomber 

cl a{ (1 9S0) have shown that Fe}' activity increases with the pera/kal inity of a magma. 

ln such a case. Fe l' may increase as oxygcn fugacity l~lIls. 

At 1 khar. the upper stahility-limit of end-menlber ferrorichteritc is 535°C and 

7(lO°C roI' the QFM and MW buffers. respecti"\ cly (Charles 1975). Riebeckite

arrvedsonite solid so/utlOns arc stable up ta (,SO°C and 695°C for the QFM and MW 

hulTer. rcspedlvcly (Ernst 1(62). On the ",sumption that the arfvcdsonite nms 

cryslall Î/cd al a /O\\'CI tcmpcraturc than the fcrrorichterite cores, thcy would have 

clyslall i/cd c!o<;er ln th~ MW butTcr lhan to QFM. Âs for the associatcd aenigmatite, 

It has a lo\\'et' stahilil) li mil of 700°(' at P(IIP) of 0.7 kbar at the magnetite-wiistite 

1)111 ICI (Flnst 19(2). 1 h~ lèldspar, /m ing crystallized pnor to 11111ch of the anlphibole 

and acnigmalltc. wou/li thcrcl()IC have formed at least abovc 700°r, which IS consistent 

wilh its hypcrso 1 vus characlcr. The albite-al fvedsonite "swapped margins", albite 

overgmwths and sccnndary matic minerais. me indicative of subsolidus circulation of 

!'iodillm- and iJOn-bcaring II1tergranular pore Iluids. 
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• 
Arl\'cdsanite and aegirine OCCUl' as hOlh carly phenncr)sls and lall' gral11s III thl' 

sllbsolvlIS granile. The absence 01 alhile and micrnc 1 ÎI1L' in the cnl'l.'S Ill' Ihl.'Sl' 

phenocrysts suggesls thnt the matic minerais CI') stalli/ed. in paIl. pnol' 10 thl.' kld"pal"'. 

Although Ihe presence ofnear-end-l11cmhel art\cd"onile (Sahi & \\'t1It;tI1l ... -Junl'~ Il)l)(), 

Pillet 1989) is consist~nt \\lth 10\\ 1(0 ~) cOllllitillm, the late appL'.lIancl' of 1II1l'nelll'L1 

crystals of acgil inc COCXlstll1g \\ilh hcnwlilc (I·'ig. 21). and the Il'pI.ICL'llll'nt nt 

arfvedsonite by aegirinc. arc consistent ~\ilh Ihe stnkillg latl' il1l:IC.l"C pi' tl1l.' tlll:!ill'it~ 01 

oxygen. One mcehanism that could cxplain Ihis phcnol1lcnol1 is sllddcll dcgas~illl:! upon 

saturation of the magmatic system in water. \Vi th prcfcrenttal los" \lt Il) lllllgen O~ l'I 

oxygen. 

The rote of F 

Thc progressive decrcasc in solidus tempe ratures of the granitie lll1ltS and the 

pcgmatites may be ascribed mostly ta the F enrichment in Ihc Stranl:!c 1 .th: colllplcx. 

Experimental \York has ~hown that addition or F to watel'-..,aturalcd gralllllc Illèlls 

reduces their solidlls to a temperatUlc hclow 570°(' at lo'\\; plc..,:-,urc (Ko ... lcr van (iroos 

& Wyllic 1968, Antilogov el al 1973, Kovaknko 1977. Manl1l11g & 1 klldcr~()11 1 ()X l, 

Webster el al 1987). Manning (1981) llbtaincd a mininlul1l Ilqll1dll~ Icll1pl:lillurc ni 

630°C and detectcd the coexistcncc or two scparatc alkal i lcltl..,rar .... qllart/. gla')~). and 

vapour at temperatllrcs as low as 55()OC aIl khar I()r the haplogré.lllltic "'y"lclll with 4 

wt.% F addcd. Other studies demonstratcd signi ficant IO\.\icrlng of" thc ~()!Jdll'> III ()() 'V'(, 

for natllral systems containing 1.15 wt% F (Fig. 7) (cl WCldncr & Martin 1<)X7) 
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l'Iuorim: derolyl1lcri/c<; the 'iilicate I1ctwork of gral1ltic mclts. As a rcsult, Iiquidus 

and ..,()Iidll~ tl.:J1lperaturl!'> arl.: rcduced. and the liquidlls field of quart! expands at the 

expcmc of that of felù..,par (Manning 1 ()Rl, Ding\\cll 1988). l'iuorine nlso rcduces melt 

vl~c().,ity, cnham:e~ the dJlru~i\'ity or cati()n~, and thus /ü\'ours the concentratIOn of HFS 

ell.:nH.!nh in granitic sy..,tcll1~ 

Based on the l' and Zr content of unaltcred hypersolvus granite at Strange Lake and 

thl.: positiVl.: correlatlOll or F and Zr in rantclleritic ohsidians (Bailey & Macdonald 

1(75). Body & WIIlIarm-.Iolles (per~. coml11., 19(2) cxtrapolatcd a lluorinc content of 

1 7 wt.% for the suhsolvlIs gral1ltic rnelt. This value is close to the prcdicted amount 

01 F requill.:d 10 lo\\-er the granite I11l11imul11 tn 610°(' (rv1alll1ing 1981) asslll11ing that 

only F (and not (llher llllxing agents likc exccss Na and K) is Icspol1siblc for the lowcr 

slllidus '1 his \-vould rcslIlt 111 the intersection of the solidus and solvus. and the ensuing 

erystallil.atHllI of two scparate fcldspars 1'/0/11 a me!t. It is interesting to note that both 

the Slip Iluontl' granite (\.15 \Vt.% F~ Wcidner & Martin 1987) and a topaz-bearing 

ongonile (2 25 \\1.1Y() F, Kova1enko el al 1971) also contain a slIbsolvus assemblage (K

l'ddspar and albite) 

1 hl' "h) pelsol\'lIs" and "transso!vus" granitic Illelts crystallized in the field or al kali 

fcldsp'lI. \\ hel l'a~ the 11lelts that gave the subsol VlIS grani tes crystallizcd III the field of 

qltal"t/. 1 hi~ transItIon is ascrihed to the evollltion along a liquid line or de~cent as alkali 

l'ellbpar CI~ stalli/cd. î hl' CI') stalli!ation or quartz as a !iquidlls pha<;e in the subsolvus 

~ranitc attcsts 10 Ihe e:\pansion of the primary field of quartz o\'ving to increased r 

content or the l'\'oh ing mdt (nluch of it ultil11utcly lost duri'1g degassing). 
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The HREE cnrichment in the altcrcd subsoh us granill' and pl'gmatlh.'s rl'lkl't-; 1) thc 

tendency for IlREE to rorm morc stable al".lli-RFF-tlulllllk cllmplL'\cs than 1 NFF 

(Herrmann 1969. Christtal1scl1 u/ al Il)X~) and ~) the i Illl'racltoll llr t hl'sc IIlC"" \\ i th a 

subsolidus F-enriched l1uid (Kontak 19(0) rekascd lIpllll dcg.ls:-'lng. 

Origin 01 Ihe enriclllJ1ell/ in JI.. in 1 he /IL'glllull/t'.\· 

The elevated K/0Ja valucs or thc pcgmatites (l'able 1) ale con-;istl'nt \\ Îth tht' 

eIevated Or content of the bulk l'c1dspat :-.epalate:-. or the pegmattte:-. ( 'I!aptt'I "') 1 he 

sodium in the pcgmatites IS mûstly il1l:orpOluted III atl\'l:dsol1lte and aegllllll" Ilot .tlhill' 

Even by assigning ail normative s~)(lium Il1J11erals to I\b, the hlll~ COlllp0.,ltlolh 01 tht' 

pegmatites plot away l'rom the gmnite mil1l\l1ulll towald the (Jt/-Ol jOIll in thl' 

haplogranite system. What causcs slIch a ~hin'? 

Jahns & Burnham (1969) suggested that a \Vater-saturatcd Illclt \va!' IcqlllH:d to 

crystallize cocxIsting albite-enriched aplite and K-fekbpal-elll iehed pegmatltc. the hlll~ 

composition of which corresponds to the p<;eudotcrnary 1ll11ll11111111 111 t hc g.1 .1111 te 'ly:-.klll 

(Jahns & TUllic 19(3). In their modcl, any K-cnnched pegmatitc, lI<;ually Ileal the 

hanging wall. is "matchcd" hy an alhitc-nch aplite, neat the f()otwall c()nlact "hey 

proposed that circulating huhhlc'i cou Id redl~triblile the alkalt ... In the IIlclt and thelchy 

cause its rlec/lI1g (hy :-.o-eulled C0l11p0'l!llonal quenching) Lond()1l ('/ al (1 ()X(J) and 

London (1992), on the other hand. cOlltended that an lIlitlally vap0llr-lllldel""turiited 

melt can crystall i.œ K -cnri ched pcgmatlll: undcr di ... equtl i bn um condltl()n" l ,olldon 

(1992) suggestcd that the decreasmg den<;ity of K-fCJd~par nuclel and the II1crea"lIlg 
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CO/lcentratio/l~ of meil-interactive, crystal-incompatible componcnts like tluorine seem 

to he the key 10 pegmutite forrnatlon. 1 he expcrll11enh f'JOm \\hich these l110dels were 

rOl'lllulatcd \Ven: pcrformcd in the prc'lcncc of' thermal gradlCnts London (19~)?) 

reasol1l:d lhat the eVldcm:e lor carly <,atlll'atlon ln an aqucolls flllid in most granitic 

pegmatIh:<, 1'> weak, and that no role should th us bc attrihuted to the flllld phase to 

explain clther kxtural f'caturc~ of the pcgmatites or. in thls context. their anomalous 

elHlchment in K The peraikalilllty of the sy~tem is another reason to discount the 

hypothc-;i" of carly saturatIon in a free aqueolls pha~l.!. 

The dIlemma IS pl.!rhaps resolvable, in the casc of Strange Lake at least, by 

propO!-lI1g that althollgh carly 'laturation (i e., in hypersolvlIs granite) in a free aqueous 

pha,;c IIkcly dIt! not occur. saturation must have occurred once the solidlls of thc most 

c\'olved granltic liquid \\a~ lIltersccted. posslbly at 575°C or so (Fig. 7). In \'Îc\V of the 

l11ell's peralkalil1lty and nem-surface emplacement. large volumcs of \Vatel' mus! !loVC 

beell c:\.pelled upon saturation. prohahly e:\plosivcly, Icading ta brecciation and 

Illlidi;ation along the main fractures. One IS tempted ta attribute to this cvent of 

catasllOplw.: dq~.a~slllg the important los~ of Na (and P?) l'rom the bulk composition of 

Ihe linal plOducb nI' Illagmatic cry~talhl'atl()n. J'he hypothcsis of massive degassing of 

thl' magma chamhl'f' coult! he tcsted h) an 1l1vestigation of the stahle isotope 

geochcmistry of thl.! complc\ 

SalVI & Willrams-.Ione~ (1992) have demonstrated the presence of what was 

con:;tdered tn hl.! lI1c1u~\Ons of' thl.! primary orthomagmatic fluid in qumtz from the 

pl'gmatites. The) rl.!pOl tcd sahnities ranging l'rom 23 ta 27 wL % Nael eq., the presence 
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of Nuel as the only solid phase in the dl.?l'll.?pltated prt Illal ~ Ille 11ISI\lI1S. and mll'lll'lI ,1 

trapping tcmpcraturc or appnn.ll11ald~ 6000<..' \\'Ilh Ihl' ~llltdu-; tl'lllpl'lalull' III 11ll' 

pegmatitc-foll11ing mclt wnstraincd 10 IU~I bchm (l()()O( '. \aplllll sallllatillll ma) lI11h'd 

have begun 10 OCCllI abo\ c thl' soltdus. as IccOIdcd by Ihc PICSl'l1Cl' nI' 1111allllilll' 

cavitics. 

This nuid, eocxi,-ting initiaI!) \\lth N,,- and K-Ileh ICldsp.lr:--. is \..110\\11 1\1 hl' 'l'I~ 

sodie ri c .. Na/(Nat-K) =:: 0.95 at 1 k.bar, Sonoci in Ihc pICSCIll'C 01 Ilullillk (1lIch.n.lIlt 

1983). This Na cnnehment conlïrms the I.?mplrical data \lI Sah 1 8: \\'dilatm.-.Iolll's 

(1992). The alk.ali fddspal in clJuilibriulll ,,,ith tlm ~(ldic Iluld 1 L'maillS \l'I y K-llcl1 (IIP 

to 9011101.% Or; Plchavant 1(83). In Iight or thc,-c Cxpclll11enlal rc~ult-;. Ihe quantitati\'c 

cvacllation of the system ncar its solidllS cnult! thu~ !cati tn ma:--<.;Ivc Ill-;S 01 Na and F. 

and explain thc anomalous huildup III K III the final products or mag','atlc 

crystallization. 

Conclusions 

The Strange Lake pcralkaline comp\ex of l'crs an examplc or the IIll1uellcc or 

chemical composition on granitic textures. 1 he granite,- have cry-;Ialli/ed al li -;Iwllow 

depth, possibly less than 5 k.m (t (' , /1.5 khar), and yel Ihe III ml evolved ..,lIlv"olvlI.., 

granite possc~~c<; a two-feldspar magmatic a~..,cmblage ln the huplograllite '-y..,klll. a 

P(HP) of 2.5 kbar is rcquircd tn erystalli/e two '-eparate alkall Il:khpal.., (Iultlc & 

Bowen 1958, Luth 1976). '1 he addition 0/ Iluo/lne and e'(cc.",- alkall.., to thl' watcr

saturated me\t has lowcred the liquidu<; and ,-()Iidu~, thercby extcndll1g the cOllr~c of 
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• 
cry"tallJl'ation for the 'lubsolvus gramte to lo\Vcr-than-expected tell1pcraturc~. The 

additive el fect" of these extra eomponcnt~ promotl:d the intersection of the solidus and 

thl! alkall ICldspar ~olvll~ at rdativcly low conlining ple,>surcs. The solidus tel11perature 

Illr the sllb~()lvu.., peïLdkaline granite probably \\a~ lowered ta tL'111peratures beln\\' 

<>oooe By corn pal i~on. the tea"t l:volvcd hypel ~oh us granite cry~talli7ed fi'ol11 a water-

1I1ldersatlllated Illclt at tell1pelatures 111 the vieillit y of 700°C. 

'1 he rll!~encc or mim olitle cavitie'i in the subsolvlls gtanite~ and the pegmatites 

shows that the granitlc magma at Shangc Lake did reach \Vater saturation at the latest 

stagc~ of magll1atie erystallil.atioll. 111 spite of cnhanc:d solubility of Il]0 in a 

peralkalinc I11clt. i\ltelatlOIl halocs as weil as pervaslvc altcration of elltirc outcrops in 

the I(Hm or "hclllati/ution" and "aeginni/ation" (Salvi & Williams-Joncs 1990) also 

'illggest the involvement of an oxygenated (O\",ing to the loss of hydrogcn during 

deg.assing) and alkaline tluid. Evacuation of the system at this stage can explain the 

anOl11alOlIS huddup in K ovcr Na in the granitie pegmatites The alkaline Iluid Plobably 

is Icsponslblc l'or the erticient Icdistribution of the orc constitucnt~ within the cOInplcx, 

alld may m:1I havc p(()l11otcd ellicient rccrystalli.Œtion (lcl11tizatl,1I1'?) in the more calcic 

and magne!>tan \\allioch.s l'lw Ca. Mg. Sr. Ba and BcC?) so releascd werL~ reintroduced 

at 10\\ tcmpcratull.? in(o thc pluton by ci rculation along Il actures expectcd by thermal 

eontradlol1 Illis plopo!>al sl1ccc~sfully accounts for the anomalous huildup in Ca and 

Mg. in the 11l0~t C\ oh ed granites. and sccms l11uch more plausible than the pattern of 

magmatic emichment in Ca and Mg e\.prcsscd by 8irkett ef al (1992). 
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CI-IAPTER 3 

Feldspar Mineralogy and Geochemistry 
of the Strange Lake Peralkaline Complex 
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Abstlact 

The structural state and geochenlJstry of the alkah IL'ldsparo; tlllm Ihl' \ al'llltl" 

intrusi\'e units of the Strange 1 ake peralkalllle com)1k\ ((hll'hel'-I ahladlll) \\l'Il' 

inyestigated. l'he high degree of ordel or Ihe fcldspars. 1 (' • hm ml~'llll'ltlll' .\Ild hm 

albite UP > 0.(8). is attl Ihuted to the presence of an alk,lhnl' Ihlld pha"l' III Ille c(l(lllllg 

pluton. Near-end-l1lemher 1.:(111)10"ltI011o; orlhe leldspalo; (alhlte. \" () ()~. 1lIlI'IOCltlll'. 

Nor> 0.(6). consistent with compositions ohtallled t10m ell'ctloll-IlIlCIOplOhe .1I1,t1~ ... 1 .... 

indicate tempcratures of cquilthration \1cIO\\ ]000<" Ih: <. 'a content or tlll" kld"pal" 1" 

extremcly IO\\<. i\nomalously high h unit-ecl1 dlmensiollo; III K-kld!-op(\1 ale cOIl"'I ... ll'lIl 

with the incorporation of Rb and Fel' in the 'itluctule 1 hl' mol 0/;, ()I 01 the hulk 

feldspar 1I1crcases \Vith e\'olutLOn, this trend can he e\plallled hy tkga!-o!-olllg III the 

magma near or at the solrdus. and enstllllg forceL! cry slalll/alloll upon III a !-o'i 1 ve loss 01 

Na to the flllld phase The incompatrhh.: clement<-. 1,1. Rh. ('s alld Il III the kldspar 

fraction show markcd increases l'rom hypl'r 'iolvu~ to pegmatitic 'ialllpks (1.1. 1 lu 4') 

ppm: Rb, 500 to 4600; C~. 1 to 6.5, TL 26 to 15), which 1 ... cOllslsknl \VIth the 

fractionation of a single batch of magma. 11H: conccntratlon or thl' cOlllpallhk c1efllCllt" 

(Ba, Sr) JI1 general decreases (Ba, <)<) to 18 ppm, Sr, 2<):) to 0). \\111t ml1101 e\Ll'l11IUII" 

duc to late-stage altcratlon. By and ldrgl\ the farc-earlh cklllclII" dlC 1l1)1 ... lllIctlllally 

bound in the feldspar. MO'it of the Ca in thc 1l1()~t c\'ol\'l'd rock" \Va" IIltlOduccd at Ihl' 

hydrothermal stage. prcsumably a" a rcsult of contamlllatlOll l'rom Ihe w~lll rocb 

61 



1 ntroduction 

1 hc Strangl! Lake anorogl!n1C grallltic pluton, of Middle ProteroJ'oic age, is located 

on the Lahrador-{)lIéhec horder 250 km north of Schcffcrvi \le (Fig. 1). The pluton has 

~trategic Importanœ, in VIl!\V or the ... igl11ticant \evels of .Ir. Y, and R/:E mincrallzation 

near Its ccntn.: ("01 c /onc". FIg 1).;\ IIvely dcbate has deyeloped rcccntly over the 

tlflllllg (lf thl! IllIlll!rall/atlOn Proponcnt~ of a l1lagmalic pIOCl'SS of Zr, Y. REE 

l!llllchment in the orc /onc (Illrkctt ('{ al 1992) dUlIll that crystalli/.ation of primary 

aikali liITol1o-;lheate'i IIke dalYltc, \ lasovitc and elplthtc efficiently !cd to an increase 

III the cOl1tcnt and actlvlty of calCIum in the resldual magma. to the cxtent that 

ealcifCrou<" Ilrcol1osill(.:alc::. like armstronglte. and pO~<;lhly calcium cataplellte and 

gltlÎnsitl! as \\cli. \Verc stahill/cd instead of the alkali-heanng zll'cono~llicatcs (Birkett 

('/ li! 1992. p. 2(1). Protagonisb l)f a 111('10,\'0111(111(' modc\ of minerali/ation (Salvi & 

Williams-Joncs 19')0. 19(1) contend that the Strange Lake pluton. though indeed 

stl'ungc. mo-;t 11i"e\) l'ollo\\'cd a normal puth of igneous fractÎonation. and that calcium 

""as II1trOlL.ccd. posslbly rwm the countl)' rocks \'W an aqueous phase at a low 

sllhs()lldll~ lcmpcl atun.: Thc latter vie\V is weil documcnted hy cVldence l'rom tluid 

inclll~l()n~ trappcd in quart/ that accompanied the formation of gittinsitc (CaZrSI 20 7) 

and ntllcI 01 c Jl1I11CI ais 1 hls II1\'estigation of thc fcldspar mincralogy of represcntativc 

rlL'"h and h)dJOthclll1ally altcled samplcs of the Strangc Lake gral1ltlc complcx was 

1I1llkrtakcn tll charac1crllc the compositional and structural evolution of the dominant 

IOck-folllling III 111 CI al in thc pluton Along \Vith the texturai descriptions provlded in 

( 'haptcl 2. thls mrormation allO\\ san cvaluation of the conditions ofmagmatlc crystallization. 
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Figure 1. Geological map or the Strange Lake peralkaline clll1lpk'\, astlldL' Ihe ()lIl:hee

Labrador border, showillg the major intrusi\'c phases and Ihe Clllll1lly rock'i, 1 hl' 

map ullits are modificd l'rom Miller (1 (86) and SalvI & Willlllll1'-, .Ionc'i (1 ()l)()) 1 hl' 

granite classIfication is based on the petrographie description'i glVCI1 in ('haplel 2 

The location of the samples selceted l'or this stlldy IS shown, 
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and the subsequent postmugmatic C\ otutinn of thc SlI angc t akc compte\. OUI 1 l'SUit " 

allow a detiniti\c statement to hc made cOllcernillg the bdw\ iour llf cabulll thllHll..',thlllt 

the cvolution of the complc:\. 

Details About the Intrusl\'C llmts 

This study of the detailcd I11l11eralogy of fcldspal-gJ'()up pha"e-; at Stl ange 1 ah.l' 

builds on the detm\ed texturai and compo .... ltlOnal chm ,Ictell/atlon Ihat allo\\'s Ihe 

distinction of the vanom intrusl\c 1I1111s (Chaptcl 2) '1 he "Y/'I'"w"'lI\ ,~/,(/I/II(' 1" l"pll'll'd 

in the southcastern portIOn of the complc\ (Fig 1) lt 1 l'pl e~el1t -; tlll' l"lIl1est and 

geochcmically \cast evolvcd mtl USI\'e phase When the magma flO/l\ the leslIltll1g 

granitc consisted of a single alkali fc\dspar (now me-;opelthItic), <1-; wcll as quartl, and 

latc sodic-calcic to sodic amplllhole, The tralls,wh'u\' g/'lI1l1h', found only al Ihe 

periphcry of the hypersolvus granite. represents the apical portion or Ihi~ unit Il i~ 

characterized hy the former prescnce of "lI1gle-pha"e fcldspm (now IllCSOpel thi tiC) a~ 

phenocrysts in a suhsolvlIS matrix. as weil as quart/ and amplllholc '1 he sl/h.w/m.\ 

gram/e, exposed in an arcuutc unit that almo~t complctcly gird~ thl' compkx (hg. 1). 

is geochemicully the 1110st evolved main Ulllt Il is charactcl i/cd by e;lIly al rved"ollik 

± aegirine, quarl/, and di~clell' lath" of magmatlc alhitc and K-kld .... pal 1111 .... ulllI 

posscsses fre~h and altercd 'variant~, the lattel charactell/cd hy Ille ll:plaCl:IlIl:1l1 of 

ari\'cdsomtc by aegmne ± hematite (iral11tÎ( pegmatite i .... (OUIIl! " .... Icn<.;c" III thc 

subsolvus granite and as dykes 111 the country rock-; Pegmutitlc and a,>-;oclated 11111101 

aplitic facies occupy the ore .tone. Thc pegmatite,> con~lst or coar~e-grailll;d K-fcld-;paJ, 
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mlllor alhltl!. arfvl!d!->onite. aegmne, and exotic ZI-. Y- and REE-bearing mineraIs. 

1· igurl! "ihow,> the distrihution of the samples selected for stud). 

PrevioLl~ Work 

1 Il addition to the detailed pctrogwphic descriptions reported in Chapter 2. other 

de"icriptlOll~ have heen plovlded hy Miller (\986). Pillet (1989). Pillet el a/ (\989). 

SalvI & Willialll~-.Jom:,> (1990) and Birkctt et (fI (1992) Only PiIlet (1989) providcd 

COl11po'>ltlOnal II1lorl1latton on the fdd~IXllS. obtillned hy wavclength-dispcrsion elcctron-

1l1ll:lOplObe anaIY'iI'>. Ile reported COl1lpO~ltlons 111 tcrms of Ab. Or and An (o\cr 200 

dcteI111111atlol1'i). and prO\lded conccntlatJons or Ba. Sr and Fe loI' about one-quarter of 

these On the wholc. the alhite v"as round to contain less than 0.5 mol.% An (maximum 

rccOlded. 1.2 mol %1 An). Pillet (1 <)S9) round dlsclete grall1<; of the two fcldspars in the 

slIhsolvlIs gramtc 10 be c1o~e to end-membcr compositions (AhlOoOr() to Ab'lxOr:: for the 

albill:, and Ah,Or,,, to Ahpr.1'I for the K-feldspar). In perthitlc grall1s typical or the 

hypersol VlIS gr amte, he round a greatcl ~pread 1I1 composition, bctwcen Ab,()()Or() and 

;\I\/)r" for the '>Ollrc pha"ic, and bctwccn Ah20r'ls and Ab490r'l for the potasslc phase. 

l'he lallel langL'~ of composilion arc Ilot conlirmcd in thls investigation (~cc hclow). He 

round thl' Fe t:llntl'nt nI tht: K-kldspat 10 be hIghest (in exccss of 1 1 \Vt % Fel),) in 

the '.uh'.oh liS wcks (hls "quatt/-nch" faCIes). Ba and SI concentratIOns arc both 

ill\ .Ir Jabl~ k,>s than 0.5 wt.(Yo BaO or SrO, and gcncrally bclow the limits of detection. 
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Anal) ttcal i\-klhods 

EleCII'OI1-I11ILToprohe al1a1.\ ·se.' 

SOI11C of Ihe Iddspar glains anal:/~xl in 54 li:pl~SL'nt.\tIH' s'\ll\pk~ .\1 L' "\1lahl~ 

turbid, \\ ith miclOincluslnn::-. nralkali amphibok and aCC~"'l)( \ IllIl\L'I al ..... \\'Ilh 111l' Il s\..' 

of the elcctlOn micl Opl oh~. it \\'a::-. pllssi hie tll postt III \1 IhL' L'kl'tIO\1 he,lI\l (li laml'tl.'l .:; 

~lm) away l'rom the::-.e 11l,telOgeneltie::-. Concentratlo\1.., 01 Na. k ('.1. SI. -\1 .lI\d I,'\..' \\L'IL' 

recorded using \Va\'c\ength-dlsper~1011 "pertrometl: (Callll:L',1 (' \i\lI,'BA\: I\\IL'wpl\\hc 

instrument, accelcl atmg \ oltage 15 k V, beam ClIll l'nI X \lA) AlbIte (Nd). PI thlll'la"c (", 

1\1. SI) and andradite (Ca. Fe) \\crc used a~ standatds i\lkali loss \\;t.., 11\1I11\l1l/l'd hy 

lIsing a 5-~lIn beLlm and a countll1g t!llle or 25 'i. Spol anal~ ,\..'" \\crc Il'pcated al kast 

once to ensure rcprescntativc rcsults l'or cach gl ain LI\1al) /cLl. 1 hi: /.;\ l' dala-li:dlldllll\ 

packagc (Goldstcin et al 19(2) was utili/cd. 'Ihe colH.:el1ttaliol1'i dctelllllJ1ed ale 

considered accuratc to approximatcly 3% or the amounl present 

jHinera! separation 

Representative sampi cs were separatcd fi om each lIllI t for tl ace-cleillellt L\\lillysi .... 

Rocks were initially crushcd to a O.S-CIll gram si/e wlth d BJ('() la\\' Clll~1H.:1 Salllpll'" 

were ground and "ieved: matenal \Va" then hand-Pld.ed 1 rom the 1 (,/), -1 (, llIe',h 

fraction. Grams were oh~crved in denalured alen/Hl\' \\hlch allowcd the '.Clectloll 01 

grains dcvoid of mlcro-l\lcll:slon~ ;\ 75-mg fCkbpal <,cparatc for cach <,ampll: \Va" 

pulverized in an agate mortar, then rinsed 111 dl<,tlllcd water and dcnalllled aleohol 

before digestion prior to analysis. 
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Perthite gram,> were sampled from four samples of hypersolvus granite. Only the 

perthitc phel1ocry,>t,> were scparated l'rom thc t/nee samples of transsolvLls granite. The 

separatc,; of ~uhsolvll~ granite contall1 discretc grains of both feldspars. Dlscrcte grains 

01 alhite arc rare in the pegmatIte,;, so that the data rcported pertain to the K-fcldspar 

mcgacrysts, which may or may not he ~hghtly pcrthitic. 

A/OI11/(, {I h,"OI'lJ/ [( JI1 SI )('('/ roS('0!1Y 

Part or the ~cpaIatcd rcldspar (50 mg) was digested with 2.5 mL of nitric, 2.5 mL 

of' hydrolluorIe. and 0 5 ml. of perchloric acid, and anal)'/.ed for Na and K by atomic 

absorption spcctroscopy. using the method or Abbey (1965) with matnx-matched 

standards The results. recast in terms of mol % Or, provide a bulk composition of the 

ICidspar II1 the various units. 

1IIlIIlc/ll'dl' collpled plasma - mas.\' .\pec/romefl:v 

The ll'maining 25 mg or the samc separates were analyzed for their trace-element 

cllntent using the Sciex ELAN model 250 inductively coupled plasma - mass 

spcctlOl1letel (iCP-f'.,,1S) at the Departmcnt of Earth Sciences, Memorial UniversIty of 

Ne" t'nundland. II1Is matcrial was digcsted in Ill" + lINO,. and the solution was 

analY/cd lIsing the mdhnd of standard addition to correct for matrix cffects (Jenner et 

al 19t)()). 
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X-ra}' dTffi'action 

A po\\der \:-1"<.1) -ditTra.:tion pattern \\as reCl)lded for em:h "eparate ,lIld or "l'k'l:ted 

other samples using a Guinier-Ilagg fncu~ing camera {( 'lII\u 1 ladiatllln. s~ ntlll'tll' ..,plIlcl 

internai standard. ({ -~ 8 !HeU A at 100111 tcmpci atll! c) 1 hc cd 1 pal alllctel" \\ l'Il' 1 l'li Ill'd 

llsing the program of Appleman &. Evans ( 1(73), a" I1Wdllicd h~ (;al \l'~ {Il)~()) 

Degree or AI-Si Oldel or the h:ldspms 

The unit-cell parameters of 2S s::ll11ples of alkali 1l:ldspal me rcporll:d 111 ApIK'Ill!t" 

II. The datu are plottcd in tl'I'ms of h ,'er.m.\ c (hg 2) and u· "{'1'.\lIS y' (hg. 1). 

Ali samples encountcrcd II1 thls investigation l'Oillain \CI)' \\l:I1-oldcled micloL"1inc 

and albite Also, the two feldspars have near-cnd-memhcl COIllP0..,ltlon" ( 1 :thk.., l, 2) 

Figure 2a shows that mû st samples have h and c œil dIl1H.'INOIlS gleatel than tlHl"c 01 

ideal low microcline (KroH & Rlhbc 1983. Tabk 4), alld thu.., plot oUt"lth: the /J-c 

qlladrilateral. Similarly. most of the albite data-poll1t-; in Ftgule 2h have ..,llghtly blgel 

h ancl c dimensions than e'\pectcd for end-member, flilly OIdclcd albite 1 he anomalol\,) 

positions of the I11lcrocline data-points in F1glllc 2a may he explallled hy .11\ ellllcllllll:nt 

of thc I11lcroclinc in Fe" .me! Rb. vectm.., for whlch an: ..,h()\'~Il. ha"'l.'d Oll the u:11 

dimensions of KFcSl,ox (Wone-; & Appleman 1 %1) and RhAISI\()g (Pl'lItlnl .. dl'lIl'" 8.:.. 

Henderson 1979) rI' thcse t\'vO clements arc Indt:t:d the only Iwo "colltallllll<lllh". IIJl.'1l 

it secms e\car that the le~llltant vector t:xpre..,..,lI1g enrichllll.'llt III holh elelllt:llh 1l1U..,t 

havc as its origin a point consbtent with a le~..,-lhan-pcrtcct (!t:grCl: 01 AI-SI ortler lhan 

t'ully ordercd microclll1c. "hc data points for alhlte (Fig. 2h) art: ..,hiltcd "long a dtllt:rt:nt 
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Figure 2. Plot of h versus c ccII dimensions of fcldspar samples X-rayed in this study. 

The coordinates l'or low microcline and low albite were obtained from KroH & 

Rihhc (1983). Symbols uscd: open square, hypersolvus granite~ grcy square, feldspar 

phenocryst, transsolvus granite; filled square, matrix. transsolvus granite; open 

clrck, suhsolvus granite; and triangle, pegmatite. (a) Portion of the plot showing the 

location of the miclOcline data-points. The Rb vector was derived from cell 

dimensions or Rb-cnd-membcr microc\inc (Pentinghaus & Hendcrson 1(79); each 

tid.. mark on the Rb vcctor represents the incorporation of 10 mol.% Rb in K

fcldspar. The Fe 1. vector was derived from cell dimensions of Fe3
' -end-member 

l1ucrocline (Woncs & Appleman 1(63); each tick mark on the Fe3
' vector represents 

2 mol %1 KFcSi lOS' cr = maximum crror (.~cr, = ± 0.0030, ~cr) = ± 0.0018), Ù = 

minimum cnor «(), = ± 0.0010, ~t\ = ± 0.0006), in À. (b) Portion of the plot 

showing the location of the alhite data-points. cr = maximum error (~cr, = ± 0.0030, 

M\ = ± 0.0(19), () = minimum ~rror (8, = ± 0.0010, ~Ù\ = ± 0.0007), in Â. 
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Figure 3. Plot or Il" l'l!rm.\ / ccii dimensions of feldspar sam pies X-rayed in this stndy. 

'1 he coonllllatcs of I<m microcline and low alhIte \Vere obtained l'rom KwH & Rihbe 

(19Xl). Symhob ale the ~al11e as those III hgure 2 ~a) Portion of the plot showing 

the Im:atlon or the Illicrocline data-polllts \\ ith respect to the LM corner. cr = 

maximum error (AC>, 07 ± 0.030. M" = ± 0.027). () = minimum error U\ = ± 0.010. 

û\ ± O.OOX). in degrœs (h) Portion of the plot showing the location of the albite 

data-points \'vith respect to the LA. corner. C> = maXImum error (AO', = ± 0.030. 6.cr~ 

-t () (2). () =-- minimum error (8, = ± 0.010. û\ = ± 0.007). in degrccs. 
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'IÂBLL 1 COMPOSI nON AND DEGREE OF AI-S, ORDER 
IN K-I LLDSP AR 

Nllr II0tlim 1,0-/1111 IP 
lIypcrsolvus gr:\I1itc 
17/\1 1 00 1.020 0.975 1.00 
18B3 096 0.984 1 001 0.99 
tlR/\ 1 0.99 1014 1.005 101 
4R() 1 1.00 0985 1.016 1.00 
57( '1 100 0.997 1 010 1.00 
Transsnlvus, phcnocrysts 
17/\4 o 9R 1.031 0.986 101 
47/\1/\ 097 0973 1.030 1.00 
'iR(' 1 099 1.004 1.003 100 
Tnln .. ~nlv\ls, matrix 
16B 1 0.99 0980 0.992 099 
17/\4 0.99 0971 1.010 0.99 
171>1 0.96 0.985 0967 098 
47/\1/\ 0.99 0.973 0.995 0.98 
'iR( '1 0.97 0.996 1.015 1.01 
SlIbsnlvus grunitc 
18/\J 1.00 0968 1 .026 1.00 
46/\3 096 0.984 0.980 098 
46/\4 100 1015 1.000 1.01 
I\'gmatitc 
14( '2 097 09(9 1 000 0.98 
16B3 0.99 1 O{l4 1.006 1.01 
17\-(l 099 0997 0998 100 
·nci 101 1.021 0.997 1.01 
·16GI 100 0.989 0981 099 
4614 0.99 0970 0996 098 
63B3 101 0989 1.007 1.00 
61('1 1 00 0995 1 002 1.00 
SUI J 099 0.981 o 975 098 
SI 120 1 00 0993 0994 0.99 

('ompll..,ltlllll IS I.:aktd,lh:d lIom ~cll volllllle lI~lI1g the cquatloll 1ll'KlOIl 
& Rlbbl' (1983) Ikglce llIAI-"i llrtle!. c",prc"cd as IIO.!.., calculatcd 
Il'''11l!,! the L·'pl·e ... .,'l\l\ ... of Bla" ( 1(77) 

74 



• 
TABLE 2 COM PO~IIION AND PFGRFI: or :\I-SI ORDFR 
IN Na-FELDSPi\R 

Nor (IOf/11Il 'IO-f 1 III 11U 
Hypersolvm granite 
37AI 0.02 1.004 1 00 =' 1 (J() 

38B3 0.00 1.0llO o l)<)-1- 1 (l() 

48AI 0.01 1.0 Il () l)l) 1 1 (11) 

48GI o 01 1.0 Il 1 OO() 1 () 1 
57CI 001 100li 100:') 1 0 1 
Transsolvus, phenocrysts 
37A4 0.01 1015 o 99H 1 () 1 
47AIA 0.00 () 988 Ol)l)l) o 1)1) 

58CI 0.01 lOIS () I)l) X 1 01 
Transsolvus, matrh 
37A4 () 01 1014 1 01 X 1 02 
37DI 0.01 1.011 lOlO 1 () 1 
461\4 0.02 1021 IO(q 1 () 1 
47AIA 0.01 1022 IO()J 1 0 1 
58CI o 02 1015 1 00 1 1 () 1 
Subsolvus granite 
38A3 0.02 1004 1 001 1 00 
461\3 0997 1 OO() 1 00 
46A4 001 1026 1004 1 () 1 
Pegmatite 
34C2 o 01 1007 () 9 74 () ( 1) 

46A4 001 () 994 0977 () 1)1) 

46GI lOIS 1021 1 01 
4614 001 () 977 () I)X·l () 9!i 

6383 o 03 1007 100:') 1 () 1 

Composition i~ calculated frol11 ccii volume Il'-.llIg Ihe t:quatlon 01 Kioli 
& Ribbe (1983) Degree of AI-SI onkr. C\plc'-.'-.ed a~ f l ( >, 1\ calculatcd 
ming the cxprc""iom of Bla"l (1977) 
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veelor than in the ca~e l'or mlcrocline, consistent with the presence of structurally bound 

l'cl' hut not Rh. Value" of ln, the proportion of AI in the l'10 positIon, have been 

IIllerrcJ !tOI11 the ccii dtmen"lon~ h. c. (/ and r~' (Blasi 1(77) Both the microcline and 

al bile are highly oldeflxL \VIth fJO value,> c1o,>e to 1.00 (rahlc~ L 2). Note. however. 

that the 'JO value 1') "lIghlly largel Ihan II ~houIJ be. possibly on aecount of the 

expan .... ion of thl.' unil cd 1 hi Rh in Ihe aH.ali pO'iItlon and Fe' in the tetrahedralIy 

cootdll1ated po,>\ tlOll 1 \\ () s<ll11plc:-, \l( hyper~ol\'lls gramte, 47 i\ 1 i\ and 48/\ 1 (Fig, 1). 

were found !n contaI Il a 5111<.111 propollioll of orlhoclas~ along \\ith the microcline, which 

IS con~istel1! with the proposai that the cocxlstillg microcline is less weil ordercd that 

woulli appcat froll1 I,'jgurc 2a 

Values 01" NOl me based on unit-ccII volume or the fcldspars. They were ohtained 

\Vith the polynomIal or Kroll & Ribbe (1983) f()r the series lowalbite - low microcline 

(l'able,> L 2), '1 he alhlli: has an infclled composition Npr m the range 0 to 0.03. \Vith 

most of the values bClI1g 001 (Table 2) In vic\V of the asymmetry of the solvus (the 

alhite \imh IS \ L'rtical al .\'(h 0 bclow the solidu:-. of thcse granites: sec, cg, Smith & 

Brm\n Il)HH, 1 Ig 1,2), i t scems c1eur that 1) the NOr of the albite rcalIy is 0, as 

indicatL'd b\ thi: \.:kl'llon-n1iclOpwhe data (sec bclow), and 2) the expamion of the unit

ccii \olumL' lenL'd~ the ~trllc!lllai Il1cOIporation of Fe;', a~ documented abo\'e. By the 

..,al1ll' tok.CIl, a I1q.',a!l\c correctIon or 0,0\ to 0.02 should he applied to the i'v~), data for 

Ihl' llllcrocltllc ('Llhlc 1). hccausC' or Ihe I11col'poration or Rb and Fe j • which bnngs the 

elllnpll"ItlOn~ 111 1 able 1 into close agI cement \vith the dectron-mieroprobe rcsults (see 

behm ) . 
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Chcmical Composition of the Fddspars 

1\1ajor clement.\ electron-1II1LT0l'l'Ohe dala 

Rcsults of clcctron-microprohe anahscs \\cre recakulated 011 Ihl' hasi<; llr l'Ie,ht . , 

atoms of oxygen. and cxplcsscd in tcrl1l~ of' 11101at plllportwns of thl' cnd Ilh.'mbL'r-.. ()1. 

Ab. FeOr and FeAb Cl'able 3). Thcsc rC~lIlts inti!cale that both Il:ld'-oIXII'-o ;\1 L' C\l.'l1 dll<;l'I 

to thcir cnd-mcmhcr comp()sition~ than clmmcd h) PillL'l (1()Xl)) ln paltll'lll.lI. thl' 

intermcdiate composition~ that he ICPt)I tcd in '-oOI1lC ~amplc" 01(1) PL'I<;llh li" )..',Idlllll'-.. L'dll 

now be attributcd to lIltcr'iCctioll of' c,sollltion-rdated domall1<; or IllICI od Ill,' ,md :tlhlll' 

hy thc clcctron bcam '1 hc comp()~ltions encoulltelcd hCrl'. 111 thc lange ()r'l' 'l" (h 1 

arbitrarily assigncd 10 thc Ksp cnd-mcl11bcI). arc 111 closc agreemcnt \\ Ith l'llil cctl'd 

values of Nor dClivcd 110111 the XRD data. 

Thc albite has a composition bet\vccn Ab"x 7 and Ah,!,! 1 (h; \1 <'\lhitrarily a~slglled to 

the Ab cnd-membcr). in agreemcnt \\ith çnrrectcd valuc" of' NIII based on XRI> dala 

In the alhite as weIl as the IllICIOc!IIlC. the COI1CCnllatlon 01 calcium 1" vCly IllW (() 12 

wt.% CaO is a maximum). as i~ typical of' Na- and K-Iddspals rrom othel pClalk<tllIll' 

complexes (Cmmichad 1962. Nohic etaI 1971, Mahood &Stimac 1 ()()()) IhelL' 1<," 

hint thot thc amount of' Ca j", margll1ally hlgbcr 111 lhe lalc';l unit'-. 01 the t.'Olllplcx 10 

crystallize. Thc lion content of both IddspaI~ altWJ1<; IIp to () 72 \Vt % 1 e,(), UII aver.lj.!c. 

it seems to vary hy a lactOl of t\\O al1long glllll1" 01 li gl\L'1l "pecilllclI 1 hL' III)llte',1 11011 

content~ arc II1l1latcnal l'rom the altcred 'illh',oh li" gllll1llL' (;\prelldJ\ III), ;1', Ilokd hy 

Pillet (1')89). l'hc concentrations 01' 1 e" attatned arc typlcal 01 kld<,p"r I()II/Id illlar1dly 

quenehed peralkalll1e "ystcm~ [0.96 Wt.%l Fe/), in ~()dlc ~"ll1djnc Imm Iype-Iot:allly 
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1 ABU, 1 A VLRt\GE CONCI:N rRA lIONS OF Fe, Ca, Na AND K IN 
MICROC LIN 1. AND ALBrI L, ~'I RANGF ' KE COMPLEX. 

Microclmc Albite 
avc ± la ave ± la 

lIypcrs()lvu~ granite 
1 cl), w1.%) 045 025 05\ 0.30 
CaO 000 000 0.01 001 
Na,( ) 044 021 Il.41 023 
K,o 16.36 054 0.16 016 

Or mol. (1'0 9449 0.95 
t\h 397 9730 
"dlr 1 54 
"cAb 1.75 
Trans'iolvus porphyritic granite 
l'c,O, 0.62 o 12 0.72 0.32 
CaO 000 000 001 0.01 
Na,O 056 o 15 , 1.4\ 014 
K/) 1625 051 0.13 002 

()r 9289 075 
Ah 499 96.81 
h:Or 2.12 
h:Ab 2.44 
Fresh sllbsolvus granite 
h:/), 0.61 0.37 0.71 033 
CaO 000 000 000 001 
Na,O 0.46 0.13 " 35 020 
K,O 1632 o 17 0.14 006 

01 93.73 081 
Ab 4 15 96.79 
FcOI 2 \2 
FcAb 241 
Altered sllbsolvus granite 
I-c}), 0.72 031 055 0.21 
Ca( ) 000 001 001 0.01 
Na,O 0.48 0.13 Il.4\ 0.12 
K,() 1631 035 017 005 

(lI 9321 0.87 
Ah 429 9745 
Fe< )r 2 50 
l-cAb 1.69 
Pegmatite 
Fe.,O, 0.36 o 14 0.58 0.24 
('a( ) 001 003 0.01 0.01 
Na,() 053 031 11.37 0.23 
I\.Ù 16.17 0.48 0.23 0.04 

Or 9402 1.31 
t\h 474 96.76 
FeO .. 1 2·l 
FeAb 1.94 

S\ Illhol\ lN'd (li. 01 Ihocl.l' .. e Ab .• 1Iblle. I-'I:Or, iton-orthoclase, FcAb. iron-albltc. 
1 ~." \\.1'" .lIhltr.uIl) .I ...... \g.ncd 10 1 dl\ end-Illcmbcr 111 l1l\croclme and FcAb cnd
IIIt'lllbt'\ III .11 blk Numbci lIt .111.11\ \1.'\ pCI fOI 111 cd on Il1lcrocllllc and albltc, 
Il· ... pt' .. :II\'cl) h)pl'I'ohll". 31. 1(,. tt.lnwll\'lI'>, 10,6, flc<,h <'ub\ol\'lIs, 15,9, altcled 
... uh ... ohll', U. l). pq"III.ltttt'. Il) 7 
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puntellerite: Mahood & Stimac (ll)l)()); 0 6S \\Loo F\.',O; 111 :-,.Illidlll\.' l'Will l'll(ll~lIdlll: 

t'rom the Olcat Basin of thc \\cstern lllllted Statc:-, Nnbk l'f (/} t 197\) 1 l'h\.' "lllIl'tUI.J1 

1I1corporation of Fc" is respol1sihle t'ùr a hom()gen~nus bright II.'lI L'.ltIHldo\Ul1lllh.':-,n:l1l'l' 

in both Na- and K-feldspar 

Na and Kil/the jeltl.\/wr .\e/wraln :LlS dafa 

The ploportioll or Or in the fcldspar sepalat~s lange~ rllllll ,t \ 2 10 --IX ·tnn III 10111 

samplcs of hypersolvlIs granite (l'ahle 4). In the lIan"sllhll~ gldllltl\ thl' IX'IIIlIll' 

cortains betwcen 4).0 and 53,9% 01. It was imposslbk to oblillll a L'kali :-'l'p'lI.1ll' 01 

the grollndmass assemhlage 111 these porphYlltic lOch.", One "ilmpll' ni Ill'sb slIh"oh'lI" 

glanitc contal11'\ two fCldspars of agglegatc composition or ()1 I(ln (h, \\heleas III 1\\0 

altered samples of the samc Ul11t. the lotal fcldspar fraction contaills )<>,1 and () \ ln 0 ()I 

In the sumples of pegmatite. thc easiest to 'iamplc, thl: tolal fcld:-,p,ll lIadloll L'Ollt<llll" 

between 75.4 and ()S 0% Or, As thc'ie data iml!calc, soml: sampk" or III ICI CH:I IIlL' l'OIl',I',1 

almost complctcly or a single phasl:; as a resull, "oille I:lllncs dl:<;criblllg III ICI oc! Il IL' III 

Table 1 do not have a correspondll1g cntry rOI albil\: in 1 ahlt: :2 1 he pIO!-'.II:"\IVl' 

increase in potassium in thcse fOUI lInit~ conslitutc'\ a reclII rI: Il 1 Ihl:l1ll: III \llHhl:" ()l 

granitic pcgmatitc~, and will he addlc'ised ln the I>I'icu~'iion "CclIOIl 

The trace e/emenl.l' !C 'P-MS dala 

Of the trace clements dclectcd 111 the puri lied concenllatc" :,uhllllttcd lm ;ulHly',J\ h'y 

lep-MS, SOI11C (e ~, Rb, C\ II) arc cxpected Hl (H,;cupy lhe alkall "It\:. Whl:rl:il" othcl\ 

79 



1 ABU'. 4a r RACL-LlXMLN 1 CONCLN 1 RA riONS IN F[LDSPAR SEPARA l'ES 

~<lll1ple 37AI 31m3 4SI\I 4SCil 371\4 47AI 58CI 38A3 17A4 46A3 
lIlllt hyp hyp hyp hyp tran~ trans tram. fsub a~ub a~ub 

mol 'y., Or 412 43S ..\68 484 450 539 498 63 1 633 593 
TnH'e clement .. (p(lm) 
1.1 54 20 206 OS 1 3 09 12 2.2 27 55 
Rh '161 3 8157 840 () 12819 16097 9059 6905 18024 1854.8 13275 
:-., 54 10 î 66 17 79 20 19 4.8 83 40 
C ... 09 14 65 26 16 1 9 19 1 6 09 19 
I~a 160 li 6 263 986 530 312 750 23.5 55 1 603 
Il 2 S 26 cl5 60 72 47 76 86 4.1 5 5 
Ph 57 Il 5 6') 4 843 1124 23 :; 526 306 108 1 319 
Iii 63 2 ,1 102 472 103 6,l .,~ ") 

-,) - 93 5 7 .,., ~ -- ,) 

1 J 07 04 ') 8 62 82 07 2.2 27 18 24 
Y 214 168 122 1 97 1 1803 342 226 625 646 1213 
/r 668 297 4405 ·l993 4381 2 1020 1092 3452 4483 171 5 
Rarc-caltlt clcmcnt .. (ppm) 
1 .. 836 'i .19 ..\., 34 2559 254 17 1208 16 14 31 60 8756 1881 
Cc 1789 12 \1 11·+0'1 7625 47098 28 16 3651 69.51 19712 4335 
PI 2 19 144 1307 795 5585 ·105 428 761 2085 491 
Nd 75cl '1 ,(, 4368 2704 19299 IS 64 1392 26.13 6659 1995 
Sm 2 OS 113 1265 81J7 3893 541 3 17 695 1..\ 03 891 
lu () 20 () 29 o 1J9 054 '") '"), _ --' U 37 024 049 063 077 
(HI 2 ·n 1 2~ 1" Il 9 57 35 (13 5 57 2 50 7 91 Ici 05 1479 
lb () 56 () 25 292 261 5 () 1 o l)3 055 1 59 2 19 295 
Dy ~ ü, 204 232H 222,) 29 40 (0) 434 II 79 1297 1939 
lin 081 o lb 575 5 ·10 587 130 099 240 2 (j \ 407 
b 27() 162 21 7, \982 16 ')3 390 154 787 H9 1\ 06 
\m )..j() 0'0 ·1 14 3 ·13 236 o 5l) 060 1 18 106 \ 46 
Yb 2 ·IX \ X() 3032 2228 13 H2 381 354 796 656 905 
1 u o 29 () 22 411 258 1 73 044 045 106 095 1 14 

K'Rb \ 05 1 7·ll) 83 1 529 392 H53 \050 496 39 (J 596 
':.:.NI f 5166 , , 7\) 333 (l2 23336 1125 52 ql27 9077 18404 434 H4 \6060 
(1 .1 Yhl, 2 ~ ~ \ \)" (1).1 076 12 13 :.: ot) 301 262 H 8\ 1 37 
1 li, \ u* 027 o 7() o \ (J (l\9 o 18 020 025 () 20 o 14 020 

\I.ll'l'-clemcnt ,lIld l,II C-l'.I1 t 1l-c1cmcnt un,lI) ~e~ b) 1(,1'-1\1~, 01 mol () () dctclmll1l!d by 
,tll'lIlll' ,lb"'llI pt 1011 
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TABLE 4b. TRACL-ELUvlEN r CONCLN 1 RA liONS IN I·H DSP;\\{ SI"I> AR.\ Il S 

Samplc 34('2 36133 3716 ~3CI 46,0\·1 46(il -lhl·1 (,JIB hlCl SI Il \ '" I~() 

umt peg peg pcg. reg 

mo1.~o 01 754 946 9S 0 820 !i36 870 SOI Sl) 2 l)~ Il 870 1)1 \ 

Trace clement, (ppm) 
LI 18 10 111167 07 87 :'il) 12 Il ~·II) Hl7 
Rb 27329304732116325099 1942.7 ~6522 23.5IH ·I·HUI) ·1~l),I" 470hO NI17 
Sr 0 5 2 5 1 2 0.1 () ,li: Î : 1) 

Cs 1 9 1 7 1 0 1 :2 1 7 1 1 .3 1 :2 7 ~ Cl Il Il 1 ~ 

Ba 17 7 25 3 23 .5 287 578 64:2 31) 8 IS .\ .1·1 1 1 (lI) Il ~X ~ 

TI 7.0 SI 47 61 63 98 74 ()~ 1)2 l,IX II: 
Pb 24 6 8 II 16 8 10 .3 17 0 18 9 16 !i Il) 3 7 6 71) "\ 17 1 

Th 2 8 1 .~ 6 :2 1 1 2 2 2 0 0 ·1 () , () 5 1 7 (1 2 
U 05 () 4 () S 05 05 0 ') () 1) () 2 1 ., "2 7 0 h 
Y 72 18 63 143 255 21 28 ,)() III IWH lOI) 

Zr 222 141 83 220 116 HZ ICl2 2·' I·IHI 11)1 ·17 
Rare-earth elemenb (ppm) 
La 1 90 946 3 39 
Ce 508 2046 
Pr () 55 1 94 
Nd 202 59..\ 
Sm 062 1 00 
Eu 005 00..\ 
Gd 072 0 (10 

Tb Olô 008 
Dy 120 041 
Ho 028 0 (JI) 

Er 090 035 
Tm 014 (J 07 
Yb 079 046 
Lu 0 \1 005 

K/Rb 
"[.REE 

(La/Yb)" 
EUfEu* 

373 
1451 

159 
02, 

394 
40 95 
1366 
o 1 ~ 

779 
() 88 
3 12 
065 
() 04 
() 70 
() 15 
1 14 
() 27 
100 
o 14 
094 
o 10 

Cl3 5 
20 3 () 
219 
o 17 

338 
8 10 
1 1 () 
~73 

186 
012 
2 13 
041 
284 
055 
149 
020 
106 
013 

433 
2909 
2 10 
0\8 

532 
1237 
145 
5.41 
182 
017 
274 
o 5'i 
392 
071) 
2.12 
021 
102 
010 

574 
3799 

343 
() 24 

108 
233 
029 
08'\ 
042 
002 
011 
o n7 
061 
() (JI) 

037 
008 
049 
o Oc, 

lU 7 
706 
145 
() 1 (1 

() 99 
519 
019 
1 1 Î 
o 17 
002 
() 18 
006 
() 44 
010 

o 13 
() O'i 
() 1() 

o (l,1 

,l4 '\ 

1020 
221 
() 14 

161 
.:> 1\ 
o·n 
1 47 
o ~() 
(1 O::! 
() , 1 

o O~ 
011 
(l07 

o 1 (1 

() O::! 
() 1\ 
() () 1 

2') 0 
79X 

1 () 1 ! 
o Il) 

X ()l) 

Il XI 
1 Ill) 

~ IJl 

1 1" 
() Il') 

1 ()(, 

() 19 
l ,1 () 
() 1(, 

Ils 
() ~() 

1 (,0 
() ,~() 

71 1)1 
11 1') 
1; XS 
·1', 11 
1; Il 

() Ill) 

1.1 () 1 

) 1.1 1) 

~ ~} 

1 fi (1,1 

.~ l 'i 
107'i 

1 17 

2(1 .~ 2') 7 
17 112 2')1j ,1') 

114 Ij 1\ 1 
() 14 () 1" 

1 \ 17 
1) l{') 

1 7(, 
~ ( 1) 

() () 'i 
Il 1) 1 
() 10 

l ')7 
() ,10 

1 Il 
() IX 

o X7 
o 1\ 

\ 1 1 
111 1') 

1) l)() 

01') 

l'racc-clemcnt and rarc-c<lrth-clclllcnt analy'>c,> hy 1 ('l'-M:-', ()r 11101 (~") detclllllllcd by ,tlOIJlIL 

absorpt IOn 
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({' g. Zr. lJ, ') hl, ,>maller and more highly eharged. are largely held in unavoidable 

micrOlm.:lu'iions. a'i rcvicwed below 

rl/hll/fII, hecall~c or il'> smull 10l1le radiu,> (0.92 A for VIIILi). normally docs not 

COllstltutc ail important occupant of the alkall sIte '1 CilS of ppm eommonly are found. 

c~pccially in alhlte (Lagache & Seha,>tian 1991 J. \\ith highcr concentratIons in feldspar 

formcd t'Iom Iate 'iolul1on" (Smith 1(74) 1\t Strange Lake. the Iddspar conccntrates 

\..'( lntalll froll1 le".., than 1 tn î 1 rpm (l'lg 4). '1 he~e 'value" arc weIl within the Icvcls of 

concentration,> doculllcnted in c\olyed granitic s)stell1s (e g. 200 ppm: Cerny el al. 

1 <JX5a). The highest concentration~ of LI ale indeed found 111 the latest unit to 

crystalll/e. but the Important ho,>t l1l'tleral is K-reld~pat. not albite Note. howc"er. the 

viltlllli ah~cllL'e or 1.1111 the reldspar of somc samplc,> of pegmatite 

Rllh Il 1111111. \vIth il', rcl,ltlvcly large ionic radius (1.61 A) and 1I11lt valence. follows 

K III the f'cld~par Stlllcllln.~ ('()ncentration~ range l'rom 560 ppm 111 the felcbpar fraction 

orthe hypcrsohu.., gWl1lte 37J\1 (K/Rb = 105: Tahle 4a) to 4700 ppm 111 microcline in 

the pcgm.ttlte SLl20 (K/Rb = 31 Tal'de 4b). l'he data pOlllts (Fig. 4) indicate 

)1lOgICS..,Î \'C blllidup 01 Rb \VIth mrreasing plOportlOl1 or K- fcldspar in the fclsie rocks. 

l'hè dlOp 111 K {Rh latlll 0\ èl the transItion hypersolvus ~ tral1~..,olvus ~ ~uhsolvu" ~ 

"lIh~(lh li" pcgnwtllL' (I-'Il; 4). tn a \~lltlc or 25 in pegl11atlte 6JIB. 1'> progrc~sl\'e. \\hleh 

llldiLatL'!'-. that the ..,ample" ale intenelated b) an efficlcnt prOl:C'>" or l'ractlOnatIon. rhclc 

j" thu~ IH) C\ IdeIKL' III thi~ ~tllte t'or the late inJcctlon or an unrcIated batch or magma 

N()tL' that thl' Ie\ el or cnrichlllent III Rh is much grcatcr \Il sOllle peralul11I1lous rare

dL'lllcllt-\.'nrichcd gral1ltic pcgmatites. l'cm) el a/. (1985h) round 111lcrocImc \Vith up 
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Figure 4. Concentration (ppm) or Li, Rb and Cs, and ratio I\/Rh "('/'.\/1.\ (h l1lo! Il,, 1111 

alkali feldspar bul k separatcs. Symbo Is lIseù: open 'iLi liai e, hyper .... o!\'lI'i g rallite. Ii 1 kt! 

square, transsn!vus granitc~ open clrclc, fresh suhsolvlIs glanlk: lilletl ci. dl'. alkll'd 

subsolvus granite: and triangle, pegmatite. 
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49800 ppm Rb at Red Cross LaJ..c. in nOl'thcastcIll ~ 1.1l1ltllha 

Concentrations of ('('\//1111 in the fellbpar COIlCl'ntratc" I,mgc !I11111 k..,s than 1 tll Il (l 

ppm (Fig. 4). l'he plOgressi\\? incleasc 111 Cs concentlatlll1lS \\Ith tlactll\n.\t1l\ll 1" k"" 

rcgular th an that of Rh. p()~~ihl~ in palt m\ ing to the \ CI ~ 111\\ k\ l'I.., ni l'" III 1111" 

complc" ('l'Ill) el al (19S4) dllCl1l11ented a pl\lgleS"I\e inCIl\\"L' tll (IX ppm III lhl' 

fcldspar fraction from Vè/nü. C/echnslo\akla (IOn-IllIL"l(ll'lohL' d,\l~\) Shlll.l\..11l ('f dl 

(1975) rccorded up to 1.5 \\Lo!() Cs ln K-l"eld"pal l'rol1l a 1'1l1Iul'lll'-hL',II111g Ik'glll,ltllL' 

lha/lllllli (1.59 A) i~ of the saille si/e and \akncl' "" Rh. hut hL'L".lU"l· (lI Il'> ~',Il'all-I 

elcctroncgatlVlty. it 'ihould fOl'm stronger. I111H e co\'akllt hond~ \\'It Il 0\\ )..',l'Il ;\" ,\ 

rcsuIt. Tl. lih: CS. IS mnst conccntrated in the latcst-rOlIl1L'd unIt-; 1 hl: kld'>p;11 tlaclHlIl 

at Sttange La\..c rangcs l'rom 2 to 15 ppm (hg. 5) ('oncentl atloll~ at Stl an!!,l: 1 ah, ~lIl' 
lJ 

ll1uch lowcr than in the tdd'>par fractIon of some NOl \"egwll gt al1l tll' pl:g maliil-" 

(maximum or 140 ppm. 1 JeICI & ra) 101 1 ()5<» 

At Strangc Lake. the COllCl:ntlatlOll of \/ronlll/l11 111 Idd~par I~ Vl:ly low (hl:lo\\ 1111111 

of detectioll to a maximum of JO ppm), as is lIsually the C:1,>e 111 cvolved dllOlllgl'llIC 

felsic complcxc~. 1 hc propOllion 01 SI gel1crally declea"c.., \Vith IIlCle""IIl)2. deglt'l.: 01 

fradionation (hg. 5) l('olltall1l11atloll" \VIth radlOgelllc SIl'> l''Ilwcled ln lhl' C\ oh l'd, 

Rb-lIch roc\..,> (Clark & ('ernv 19X7), 111 other \\Ollt.... the Vl'IV '>111<111 <IIIlOllIl!'> Il'lllltbl . . 

th us have to he rcducl:d rurthl:1 tn takl: llit\) al'count the rlllp..rll(J1l nt 'J'il plOdllu'd III 

Sllu since the tllne or IIltru'>lon It ,>eelll'> clear that the proCl:"'" (JI Ilw)2.lllatlc IlilLlIOlliltlOIl 

Ied to the very cniCll:nt re1l1l'\'al o( all1lo<.,t ail the Sr l'UI tlll: early-IorT1ll:d 1ll1l1.!lllatll 

minerais. and that the rell10val wa" '>till proccedll1g to Imng tlle glilllltic 11IL:1t Ir 011 1 
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Figure 5. Concentration (ppm) of TL Sr. Ba, and Pb l'aSIIS 01 1l101.(Yt, ItH" .. Ikall 

feldspar bulk separatcs. Symhols used: open square, hypcrsolvlIs glallite~ lilkd 

square, transsolvus granite; open circ\e. fresh suhsolvlIs granite: lilled CIIL"k. aItclcd 

subsolvus granite; and triangle. pegmatite. 

86 



• 

1 (1 32 

14 
6 reg 28 6 peg 

• d~uh • Ulub 
o I~uh 

24 o hub ___ 1 J 
• lran~ • lralll S ~ --o hyp E 20 o hyp 

§:IO A C. 
'-' A .B- 16 0 ...... 

li 4 "'" ~ 8 1> CIj 12 6 • A 
tP 6 0 

(1 C 

• R • • 
0 • Il 0 

4 • 0 .0 <1 
6 A 

00 128 
.11.,.0\ 

20 00 
Il 

20 40 ClO 80 100 20 40 60 80 100 

120 120 
110 4 peg • 110 4 Pl'!! 6 • 

• ,l'Ill> 100 • .Iluh 
100 o "lIh c o lIub 

-'JO • Ir .. l1l"- --90 • Ir.1I11 

E 80 
0 

S o hyp o hvp 6 
Cl. XO c.. 

8 --S70 
E'70 0 

4 ~ 60 ro (,0 • A 6 p.. 10 • o:l • • 
~() 

40 
,10 " 30 ·0 0 Il 
10 0 • 8 Il 

0 
6 20 A 6 466 li. 0 6 6 

20 A 6 10 0 A ~ 0 

IOn 20 40 60 80 100 00 20 40 60 80 100 

Or mol. % Or mol. % 

• 87 



the "hypcrso lYus granite" stagc tn the "suh SI..) " liS granih:" stagc. 1111.' palll'I Il \11' 

bchaviour of calciml1 can he e\pect~d to hm l' hccn identÏl'al ln thal Ill' IWl\ladillg.l.~tlIl' 

Sr. Both elel11ents evidently \\CIC prngrcssi,d~ depkl~d in thL' StlangL' 1 ah' gl.lIlltll' 

system at thc magmatic stage. 

The pattern of behaviour of h{//'Ium in e\'ol vcd granitil: ~) stem" IS g~nL'lalh lllll.' III 

efficient rCI110vai \'ra carly-l'ormet! K-rich Icldspar. At Stwngc 1 ahe, 11lL' L·l111l'l'lltl.ltioll 

of Ba is lowest in the lcldspar l'laction of S\)Jlll..~ pegmatIte "ample", hut thl'Il' 1" llllll'h 

oyerlap \Vith thc more primitiyc glunitcs ,,1' Ihe suilc ('onccnllalion-; lall~L' 110111 1 X 10 

109 ppm; the most cllliched fcldspar scparale \\ as lak~n from a pegmalile l'hl' Slr.lIlgc 

Lake granites arc harium-poor. as is t) pical or cvolved pelalbllllc glanllL' ... (WhaIL'1l ('/ 

al. 1987). The seattcr in the data points in Figure 5 may \\cll indlcall.' Ihat "ll III L' or thl' 

bariu\11 was added to these rOChE at the hydlothcll11al ~tagc l'Will oulslde thc sy"lL'Ill. 01 

was rel110bil i7ed internally. 

In a sulphur-defïcient environl11cnt like at Strangc La"'c. 1('(Ie! entcls thc structllre 01 

both K-rich and Na-rieh fcldspars (Stevenson & Martin 198(1), whne it occllpiL· ..... Ihe 

alkali site. The fcldspar conccnlrales at Slrange I.ake conlain het \Veen () and 112 PPIlI, 

in gencraL the fcldspar fraction in thc pcgmatitic 'iample'i C.lI1t~lIl1~ le ...... Ph Ihall thal 

from the other units. 1 hl,; dlstrihution ofdata pOints 1 ..... k,,~ clralle Ihall thal 01 harllllll 

(Fig. 5}. posslbly o\,ving to greater mohility or the h:ad. pmt of whlch can he exreclcd 

to be radiogenie. As the pegmatite-hearing or~ /.OIlC ha" all()rnal()u~ \cvd" ni ur ail i Ulll 

and thorium [up to 2570 ppm lh, 212 ppm lJ in Mdlcr'~ "cxotlC l'Il:h" facle~ (1 <JX(I)I, 

one l11ight expect the pegmatites to be the most ennched ln \cau 1 r Ihe ~calc 01 
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!11nhJll/utiO!1 wa~ ~trictly local. 

Neither UrOIllUI11 nOI l/lOrlllll/ can he accepted in the feldspar structure. Insteact, the 

"mall COIH.:entratIOIl'> or (J and ï h likcly me held in grains of impurity phases (e g. 

thorite), the ple~encc or which couid not he a\oided in spitc or painstaking hand

picking '1 ypical langes or concentration in pelthite l'rom the hypClsolvllS granites 

Clahle 4a) are rlOI11 04 to .::; R ppm lJ. anu l'rom 2.4 to 47 ppm ·rh. The average 

concentration,> decrca..,e \Vith incrcasing grain-size of the fcldspar separatc. as \Vould be 

expectcd or c1el11ent~ hosted hy acccssOly phases. 

ZII'('(II/III1J1 and yllriu/II also can Ilot he acccpted by the fcldspar structure. Measured 

concentration!', arc crratic. and ali for U and Th. highest in the finc-grained separates 

(r ahle 4). As the Strangc Lake pluton is Zr- and Y-mincralized. it is not surprising that 

SllhllliclO~C()pic impurities ri ch in these c1el11cnb abound in the feldspar hosto which 

dl!vclor~ sl!condmy pore-~race as a rcsult of subsolidus recrystallizmion (sec below). 

Concentrat ions () r 1'lI/,('-e(lrlh-e!('l11c nI.\' in the bulk fc ldspar separates of the Strange 

I.ake pluton arc prcsented in l ables 4a and b. Chondrite-normalized concentrations are 

illll'itiated in Figlllc 6. along with average patterns for each unit (data l'rom Chapter 2). 

ï he ~1I11l of RU:' concentrations in the feldspar scparates dccreases with an increase in 

11l11I.'lj, Or. h~peISol\'lls Iddspars. 33.8-333.0 ppm; transsolvus. 91.3-1125.5 ppm: 

!>lIhsohus. 160.6-434.8 ppm: pcgmatlte. 7.1-254.5 ppm. Ali scparates sho\'. a negative 

Fu allol1lal~. "ith Fu/Fu' ranging liom 0.14 to 0.27 except for 38B3. where it is 0.76. 

A slight dccrease in Eu/Eu' \ alues is notcd in the pegmatite separatcs. On average. the 

l'ddspar fractillil bccomes IIREH-dcpleted ILe .• increases in (LalYb)N] with evolution: 
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Figure 6. Range of chondritc-normuli/'cd plots for the l'lUC ear!h clement wrll:L'ntwtiollS 

(ppm) of the al kali Celdspar hulk scparates l'rom the drrtc'en! 1Il1it~, NUlllhL'r Ill' 

samples. n, in cach plot is givcn. Average chondrite-normali/ed patterll 101 clIL'h unit 

is providcd. Chondrite valucs are l'rom Evenscll et ul (1 <>n), Note Salllplc SI.111 

was not plotted in vicw of the c\cvated concentrations or IŒ/:' rclatin: 10 othe!' 

pegmatite separates. 
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hyperso1\'us fc1dspars. 0.9-2.2: tlïlllsSl,h li". 2.1- t.2 t: subsoh li". t A-X X. pq..'.lllatlll'. t ~-

13.7. In \ ie\\ of published partition COertiCH~\1tS and the 10\\ k\ l'Is (lI' thl' 1,lrl' l'arth" 

typieal of c\ean separa tes 0 f feldspar (e g . t..:.ontak t'I al t l)l) 1). tlll' Il\!!h CI lIll'CIlI! at 1\11lS 

of rare earths Iccordcd hcrc lalgcl~ rcsillc 111 the micrn-inl'lllSI\lIlS lathl'I Ihall ill 11ll' 

lèldspm structure. 

niseussion & ('onclllsions 

The feldspar mineraIs or the Stlange La"-c granite l'clain an l:xl'l'lIcnt ICl'old of a 

magmatic trend of crystalll/ation. follo\Ved by C:-.tCIlSI\'C Il!el)'stalli/atl\lIl dlll ing thl'II 

cooling. In terlns of thcir chemical compo"itlllll (Ï able)). the ~al11pks 110\\' l'Olll.llli 

whatcvcr thc unit. almost purc 1111l:wcl1IlC (QS(% Or t FcOr) allll \'llluall) plllC alhlle 

These compositions indicate a hl\v temperature Ilcar 300°(' on thc ha"l" III Ihc pha~l' 

diagram o1'81'O\\n & Parsons (1989). A siglllficalltly Imvcr tcmpcratLllc 01 cl(lIilihlation 

(-IOOee) is indicated. ho\\te\'er. if thc valucs of Nt;r (:lkulated l'Will ulllt-cell volllllle 

(Table 1) arc takcn at race value. l'he two values 01 N,1t cali he p'\ltly (hlll Ilot 

complctely) rceonciled if it is assu\11cd that the unit-ccII VOllllllC 01 the l'oc\l"tlnl:! 

feldspars are reduced to compensate l'or the structlll a l1y hOUlll1 1 e \. and Rh ;\ 1 edlll'lloll 

of 0.01 or 0.02 111 Nor \\ould brlng the II1l'crreu vaille or NII1 01 alhlle ( 1 ahle 2) ln Ihe 

expccted value or O. An eqllivalent correction Illu!->t hc applied to the K-kld"par data. 

as \Vell as an additional correction to relleet the amount of Rh pre"ent in Ihe .,lllICIIlIC 

(Fig. 4). For some reason. perhap~ attnhlltahlc to the levc\ of (\. Il. Ph. Ba and Sr 

(Fig. 5). the dcparture of the mlerochne data-pOll1h l'rom the expected location 01 pure 
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microcline excecrJs that expected for the amounts of Fe 3
' and Rb recorded (sec tick 

mark ... on the vect<'rs in J·Î!;. 2a). Although it i.., not possihle to be more specifie about 

the c1o<.,ure temperature or the tw()-rcld~par ~ystem. it probably wa~ close tn :200°('. 

Such value . ..; are con~l~tent with fllllli-inclusion data ohtained 011 quart;: (Salvi & 

W dllam-Jone" 1 <)<)0) 

()ne important aspect of the compositional data obtamcd on the feldspar separates 

relates to the progre..,"lve increase of the K/Na value from least evolved to 1110st evolvcd 

t11l1t. The hulk composition of the perthitc 111 the hypersolvll'i granite l'ails 111 the range 

Or,ll - Or lx' very close tn the composition expected 1'rom a haplogranitic composition 

at the pseudoternary 1lllll1l1lUl11 at 1 kbar P(lIP) (Tuttle & Bowell 1958). One 111ight 

pretlIct, on the hasi~ nI' COl1lours on the quartl-fcldspar cotectic, that tlte liquid will 

remain at the minimum until crystallintion is complete. The location of the isobaric 

psclidotermu y minimum will shilt slightly 111 response to the bllildllp in (hssolved \Vatel' 

lIntil the point of saturatIOn 111 Il]0 (e g, Steiner el a/ 1975. Iloltz & Johannes 1991), 

and posslhly dnrt 111 the directIon of the Ab corner owing to progressive buildup of F 

in the system. Inskad. the tddspar separates II1dicate a stnking increase 111 K-feldspar. 

to the pOll1t that some samples of pegmatite arc devoid of coexistmg albite. At Strange 

Lake. this enrichn1l'nt in K-tddspar dnes not secm matched by the development of 

compkmental)' alhill'-enllched aplitic rocks, sllch as are cncountcled in some zoned 

hodic:-. of glLll11tlc pegmatite (e g. Jalms & Tuulc 1963). 

l'he plOglcssl\-e blllidup tn K without Na is not easy to explain. It may be a 

rellcdion or the phase cquilihria in a haplogranite system with excess alkalis. 
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Carmichac\ & MacK.'.lzÏc t 196J) tOllIld that the addltinn nI' 4:' \\ t Il t\ l';ll'h (lI 

NaFeSil\ and NaèSiO, shllts the 1111111111um and the "lhell11,11 ,alk~" l1le,ISllr:lhl~ tU\\ ard 

the Qtz-Or sldeline. in proFCllnl1 :\Iso. the fdd"pm ClIl',\I...,tlllg '\llh the pl'ralk.t1inl' 1llL'lt 

is consistentl)' mOle pntasslc than the mdl. ,I~ 1111lL'd III l''\Pl'llllll'nl:-' hy H,\Ik~ & 

Schairer (1964) and in nalule b~ Î\1ahnod & Sll111:1C (II)I){)) Ilo\\l'\L'I. Ihl' :-,hllilo Ihe 

Or-Qtz sideline is more C:\.ttTI1Il' 111 Ihe Stral1gc Lah' plUlllll lhall Pll'llJClL'd 

experimentally: furthermole. the agpallic IIldc'\. 01 Ihe IllL'lt 1 ... Je-, ... Ih.1I1 Ihd! l11odL'lcd 

experimentally. and it do es not :-.ccm to hme II1cn:a:-l'd Ill.II !..cd" \\ Ilh ri actlollalIllll. Il 

avelage bulk compo~ltlon ... or the lour Ulllts are COlllpal cd (Chaptel ~. 1 dhk 1). 

Another mechani'>lll thal explain" the plogressi\'L' ellllChll1\è1lt III K IHCI Na lIl\'ol\'L'S 

the prcfcrential loss of Na by <.kga"sing It ~eel11s dC<l1 thdt "alUtatlOn 01 Ihe I11clt III .1 

strongly peralkaline fluid hegan to oecur bcfon: the solrdl of lhe ltan'l'lnh II~ gl a 111 1\:. Ihe 

subsolvus bral11 te. and the pegmatite were Icaehed ln vlew 01 1) Ihe :-.hallow Ievel 01 

emplacement ofthis pluton. 2) an illltiai periml of ery~talll/allOll of the pelalklllllle Illelt 

in an H~O-lIndersatUlated state. aoelted by the enlwnccd '\oluhlllly 01 \Valel duc ln 

peralkalinity, 3) the efficient f'ractHlI1atloll or anhydnlll'l Illlllclal'\ (qllali/. K-Icld ... ptll. 

albite). and 4) the rapid growth oflhesc I11l11elal ... tow<lld the end "Iage 01 colI'\olldatlOll. 

the magma at Strange Lake likcly ve<;H.:ulated and lo<.,t Ih Illlld pha,>c 1 hl" Ihlld. 

coexisting initially \VIth Na- and K-rel<.l ... par". IS IIlfcrred to have hccll vely ,>odle l'or 

example. the Na/(Na+K) \'alue ot ... uch li IlLlld \vOldd he () 95 at 1 khat. ')()W'(, 111 the 

presence of fluoride (Pichavant 1(83). l'he hlgh dcgn'e or Na ennchllleni malche ... the 

fluid-inclusion compositions infcrred to he ~amplcs or orthomagmatlc /luld hy Salvi & 
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Wtlllam,,-.Ionc'i (1992): 10"" of such a /luid could account for Ihe levelling off ill 

agpaltlc IIldex and fluorine content 111 the 1l10'it c\'olved rocks. and for the local 

Il1cta~tahlc prc<,elvalJOIl of dl..,ordcfl;t! K-fcld<,p,l' (orthoclase) in a ~all1plc ofhypelsolvlIs 

granlll: and éJllothcl or !nlt1'i"O1 vut., granIte. '[ he pO'i'ilbtlity of n1H~si\C degassll1g and the 

en"lIlllg "COlllrmlllonal qllenchlllg" nI' the magma (.JaI1l1~ & Tuttle 19(3) couIc! be tcstcd 

hy ~tahlc I,>o!ope geochcmit.,try of thls plutonic sUIte. especlally hy mOl1ltoring the ratio 

DIli ( J aylor 1 ()XX) 

[ he slIcce.., .. ;llIl Lonvcisioll or OIthoclase-bearing assemblages to the assemblage low 

alhill: 1 low Jl1lcroclll1e. except ln the two samplcs mentioned earller. indicates that an 

aikalllle Iltlld latel re-entered the system and cutalyzed the ordering of the K-fddspar 

to low lllicroclll1l', 'itahlc helo\\ 450°C 01 so (BrO\\n & Par~ons 1 (89) A high degree 

or ()J'der or the ~odic and potassle fekbpars is round regardless or the unit sampled. This 

linding i.., not at ail "iurprising in the case of albite, bl:t is worthy of discussion in the 

ea'ie or the K-Icldspar. Wcll-ordered I11ICIOcllI1e is prevalent in this pluton. in spite of 

its small "i/e. rl'Iativel) ~halh)\\ 1c\e1 or emplacement, and inferred rapid rate of 

Clloling Thele is no C\ Idclll'e of milli leheatll1g 111 the arca. nor of dcformation. two 

faLto! 'i "'110\\ n tn promotc the tlansformation 1 nstead It IS the alkalinity of the nuid 

phase thal SL'l'I11S ln hayl' prol11oted the successful conversion or a monoclinic K

l'eldspal tll IlllCwdlllC /\Ithough OIdenng took place over thl' intcrval 450°-100°C (7), 

the IC<ll'lion llId 1l0! qlllll' leach complction. This can he sccn by correction of the 

miclOdinl' data-points l'or Fe' and Rb 111 Figure 2. 

l'hl' gcochelllical e\ olution or the K-feldspar separated From the variolls samples 
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(Fig. 4, 5) is consistcnt \\ Ith l:t1icil:nt Itactionatlllll or a sint;k hatl'h or 1:\ Il'' ~.'d !,!.1,l1lltle 

magma. The Ca contcnt or thc albite and K-kldspal is e\tl'e1l1d~ 11'\\ (Llhk 1). a-.; ('. 

consistent \Vith the effiCIent cati) fr,IClIl)llallon (lI "ndl~'-L',lklC ,11llphlh\lk ,md tlWl\Ill' 

at the hypel soh liS granite st.lge, and ni plaglOda~e and l)thLl ma til' n1ll11:1 al" at ,11\ l'\ l'Il 

earlier stage. \\hich Icsulted in the de\elllpmcnt ofa lleg.ltlH' l'li ,1Il01ll,lh It thw. "'l'l'Im 

clear that thc important hll1ldup inCa and SI Il:l'llrdct! ln t hl' 111\lo.,l n Il'' l'd I\lck" 

occurred entirely at the subsnlldll" stage. as ptnPllsed b) Sa" 1 & Wtll!aI1lS-.lolll'~ ( 1 \)t)()) 

on the basls of tluid-inc1l1sion data. 

Mineralization in the complc'\: IS attrihllted to the lah: IL'lli~tnhlltlol\ \lI' ole 

constitucnts l'W a contaminated peralkalinc tluit!. \vhlch gainet! ('a, SI ami Mg Il)' 

interaction \Vith country rocks. l he Iluit! phase becamc ~atlilated III a sUlk 01 accc'\'\ol) 

minerais. inclucling S0111C rich in Ca, and depllslkd these along dl:avage" and III 

vacuoles in thc shnnking tddspar l11111clal..,. '1 he Il',>ultant chol1dllte-l\orlllill!/cd plOlik 

of the perthite in the hypersolvus granite Icsembles the plOlile 01 the altcled '>lIh .... olvllS 

granite (relativcly fla!. IIR I:'f:' enrichment) Rc .... lt!ellœ tr 11ll: of the late flllld ph;"-L: 111 the 

hypcrsolvlIs granite probahly wa~ Imel', as the micfocline 111 the pel tlll\l..: dld Il(lt 

recrystallize ta visibly grid-twinned microc\ine, III splte 01 deutel'lc ('oar .... l:11111)! (Pal .... OI1" 

1978). Residence time must have becll much greatcr III the core 01 thL: LOl11plcx 
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Conclusions 

ï he following are the principal conclusions dcrived from this researeh: 

1) 1 he Strangc I,ake granite complex may bc sllbdivided into difTerent petrogenetic 

units hused on its fcldspar petrography: hypersolvus granite. a single mesoperthitic 

alkali fddsplll: transsolvus granite, Il1csoperthitic alkali feldspar set in a matrix of 

di~crcte microclrnc and albite grains: subsolvus glanite. isolated grains of microcline 

and albit~,: and pegmatitc, K-fcldspar mcgaerysts with rare albite. 

2) "he tempcrature of crystallization of the least cvolved hypersolvus granite through 

pegmatitc 1I111ts can be monitored \'[(1 the assemblage of felsie mineraIs and of matie 

111 II1CI\11 s. There IS LI progressIve decrease in temperature of the respective solidus far 

cacll unit. Thc depth of emplacement is eansidered to have been less than 4 km. 

:n l'he transition l'rom the least evolved hypcrsalvus granite through pegmatite IS 

c'\plained hy tht! progrcssive buildup of added compancnts to the haplogranite system. 

Progressive II1creases in ex cess alkalis (peralkalinity) and volatiles (F, H:P) with 

c\'olution of the Strangc Lakc system cnables thc more evolved mclts ta crystallize at 

tcmperaturcs IImcr than the haplogranite systcm. The hypersolvLls gramtc crystallized 

at a tcmpcratlllc above 650°C, 0.7 kbar: the pegmatites cryst~lIized below 590°C, 0.7 

khar. 
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4) The XRD data on the nlkali fe\dspars or the different lllllts Idkl't thell highl~ 

ordered nature as \\ell as their near-end-member composltillns. l'hls suggl'sts th.1l the 

feldspars ha\'e cquilibratcd o\'cr the intcnal bd\\œn Jooa to IOll"(' in th\..' \1II..'SI..'nl.'l..' or 

a pcralkaline tluid. 

5) Bulk fc\dspar compositions (and granitic pegmatites) document an incl L'aSL' III ()I 

11101.% with the evolution of the units. l'his l'an hl.'st he \..':-.plall1l.'d h~ lkga~sl\lg. or Ih\..' 

magma ncar or at thc solidus, and ensuing foreed erystalli/ation or thL' lll.lgm.l IIpon 

massive loss of Na to the l1uid phase. 

6) Electron microprobe data indieate that Fe l' cnters the lcldspar structlll C (up to 1 

wt.% Fe:P3)' retlecting the peralkalinc nature or the parent melt. Very Itttic to 110 ('a 

was present in the alkali fc\dspar at the magmatic stage. 1 he striking huildup ill ('a SCCII 

in the most evolvcd parts of the complex oeellrnxl at the suh')olvu<; sl;lge. 

7) The trace clement contcnt of Icldspar scparate') l'rom the di Ikrent unit~ IS typieal or 

evolved peralkahnc systems. Li, Rb, (\ and Il inerease, whlch 1<; eOIN<;tcllt wlth thc 

fractionation of a smglc bateh or magma; the incn.:a')ed Ba and SI wnlento.; 01 "Oille 

feldspar scparatcs l'rom pegmatites arc con<"lstcnt \VIth late-<.,tage hydlothermal 

mobilization, cven in thc most aetionated pegmatite') MlIlcrali/atlon III the ellmpll:x i<., 

attributed to the late rcdistribution or ore eonc.;titucnts l'Ill a contamlllatcd peralkalinc 

tluid, which gained Ca, Sr and Mg by IIlteractlon with country rocb. 
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