
û\ 

\ 

.. 

1 

, . 

f, " ~ , . 
',' l' , ') 

" . ' 
PETROCHE~ISIRY 'F A LAYERED ARCHEA. IIAGIIA CHARBER 

AND Ils RE~ATIO. TQ MODELS OF BASALT E'OLUTIOI 

.. 

" 

. " 

- , , 

by 

Benol tRi yard 

Deplr .. ~aaent of Geological Sciences' 
Mc4111 University. Hon~réa,l 

Decem'ber 1985 ,"<:' 

" 

, ' 

,. " ' 

, , 

, '" 
,A ,"thes 1,5 subql1 tted to the Fleul ty of' Gradua'te Stud1 es 

and Re,s8Ir."ch,1n plrt1al fùlft111nent of the requiremencts ,for 
the degrèe of. Master of Sciences; 

®, Benoi t Ri yard 1985 

, . 
~" ........ __ ............. Ji ... _ ...... 

~" '~: , 

~ , ~ ~-, 

~. 

" , 

• 

. 
" ' 



-; 

:'I_·~ 
- !.-! ~-

" ~ 

~',t:~ 
J<-

~I 

;0 

I_~~~ 
~, 

,- .ç;,: 

-Q() ~~~ 

greenstone 

assocfated 

bel t such an, intr'~'sio" i5 exposed with lits"" 
; v , .. ~ , , , 

system of gabbr.o feeder -dykes,'and 'overlying-
, "'- ~ 

extrushe equiva lents:- The intrus'ion 1s comprised of, a éo"re .. , \ 
l' r, 

of ol1vine cumulate w1th ch.':~mite b~n'd,ing and it,s borders" 
c, . " 

are lfned by earlier,empl~ced coarse-grained gabbros. The 
, ~~ , ~ \, , , ,,; , 

overt.yfng vol c,anie -'sucees,siOl\,' '1 S don11·nated - by aphy,dt"~, 
<1 ~ r 0' 

~ basa l ts to basa l t~,c ~ndesite$' ~u"bd1 v-1ded .into three groups! ' 
',' 

a lower uni t characteriz'ed by 1ntermediaté Ti va 1 ues re 1 atfve 
ft _ J ~, \ 

.;'). 

to a mlddle unit of more primitive bas'alts low i~ Fe and Tt. 

and ~ ft' u p P '~' r u n 1 t d 1 s pla y in 9 ver y il 1 9 1\, T; :'y a lue s. T h è . f i:ne. --
fi .. ' ! 

9railned gabbrns of the intrusion an~. the major1t~ of the 

associated dykes follow an Fe-enrichment trend. Dykes whfch . 
show field ev1dence for the assimflation of tonal1t1c 

basement. however •. foll,ow"a: trend of Fe-deplet1on. The Fe-

" " en~1chment trend of the ul1cpntaminated' gabbros can b'e 

,~ , ,. 
'\.~ ~:; J 

'- ' 

~ ! \ ,\ Q 

'~,!n_odel1~~' by the fractional cry~tal.1izatio",of plagio'c;.las~., 
, . ' 

clinQPyrO'xene. and olivine (48:32:20). Tht~<model. however. 

can not account for both the spread in S1 and the 'lack of Fe-
1>:1' >1. 

enrichment observed 'in the lavas. Their chem1c~-1 variations 
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'. :,. ~,',' ""1',,' 1 "J" ~ ") ' ''1 A~ ~\~ .... ,:. ~ ,_~ -, ! 't r", 

/ ,: "/~' " ; ',' ur)de~,stoo:4?: ':i~;~r~.~,*~:,>'O 'A',,~l;'~'~~ r.g ~~~~,~,n.t~s'. ~O( , h fgh' ", pres s:~fe 'f;' 't,.; 

1,/" ':~,'- ~,:: :, ' :" l,,:, :~ra c t,~;:9~~ t tq ri,' '~< ,0 f ,:: ~,tt~ ~~,::i ;~-~~~~~f~ 1. .1) ~igm:~' 'J ~ 1 th t i me ,~,~~; c h ~i'{ 
'-j,:~ <.' ". d:tër~1ned:"-' t~~' t~~ 6r~$9,iè ':it~~~t'~~natirig assémb1a~~" Q'/" ttle 

,~, ~ "~. J, , , • " 
; ~ / 1 ~ T, \ tI~l,.t: l--~ 1) ~ 

;::::",:,~; .' magJll4. ;'Ear\y magmas e'xper1.a.,ced '-prolonged ,residence in"'::, ,,~"g:-:1.1- ~'h 

~<.i :t"'~! "'~: è' 

- " "_ • ' t~ 

_ ~'... \, _ J' 1 

, .' '\ 1 

_. è '~' ",:,)::;:' 'i~ 
,.1 ~ ~ ~~'{ 1 

.. 'l~ .. ~ ~ :/1 ' ) p 

é,,',,:' •• ~crù:.~a l' ~ rese rvol r s, w~,ere:;:they Jr~f t.1 0 na t~~ .:0\ 1 VI"? and 

ort',hopyroxene. The1r, residua1 l1quids were::'sa~rated in 
,/ t cr 

plaigiocl'ase and,. p,yr'p'xerié, '''at luw ~:pr.~,stu;'i~ and underwent 
'\ - \ \. '~,,, 

, \. ..... ~ \, , 1 • \1:,' \ ~ J f 

. ';g,a b,tiro'~ è fract 1 ona t ion be f~r~:( ~ rUPf/n·g '.:,às ç::.t.,~e 
i":"~"\ '.. ~/) ~ 

early 

, ,intérmed.1ate-'Ti lavas. The ~ôarse-grained gabbros of the 
" . . ~, , 

appéar to represent the- çumulate of this ,.process. 
- r;-

The l a..te r 

,expé'ri ené.ed-

. 
1 ow- Ti l f!V a.s are ,derived 

<',' 

" 

from 

lesser extents ~: hi.9h ~~pressure 
''6, " l' " 

ma gma's' whoi ch 

fract~onation. 
, 0 

but' underwént 'excess ol1V'1ne' ft"actionaticin at low "pres,sure 

wh1ch produced ,the olivine CUl'!lu'la'tes of the 
. 
intru,sion.' 

Whe'n',' plotted in an AFM pr'oj~ction the basalts and 

uncontarnina'ted gabbros',of the l'ac Yas,inski segment of the la 
.:. ',~ l 'r \. 

,'.Gr,ande g'reenstone belt fall in the f1e~d of tholeiit'ic roÙs 
1 

the contam1 natéd gabbros fall fn the ca 1 c :. a 1 ka 1 i ne while 

fie,ld. These different t~en,ds have dev'eloped',from a commô,n 
,.' .' 

" .pa renta'l 'magma. in a common : tectoni c setti,ng. Thi s 'work 
'. 

" 

'~r:~~~,g}ests that tectan1c 1nterpre.t~t~ons of Archean 

which rely simply 011 Af-" ,pro'jec.t1ons may ne91~ct 
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I;~ :~/' '~ ',. S~~AI RE ,,:~,~ :::,~; ,1 / ':r. 
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La.J ' S':~ra t i ~r'f poh i' e,:'ide '1 ce Hl,.t u re s '.,:'.d:~\ I,r 0 che s v e rt::!!~' 
<lI. ~I >' '" ·'70 1.,:;. 1. .-.. ft " .... ~'I ::..; .;~~ i ; .. ~:&, 

archéenes s·e compose °s~'ùvent de s'ù'i;~:p,~~:s·i~.o.J'l":de, roch~s r, ,;:;~lJ,.i 
- \ 'r ~ ~\ ~!f "" ~ ~1 -! 7 ~t ~ ~(\ J /',; , ,r 

vo 1 can i.~ue s th? 1 é i, it,i qu'e~,!;~\ 1 a G ba ~·e. e~~:~J te ~emP:l i;~ ée s;:; p~ r 
des' roches vol ca'ti'" q'ues c~ l c- a 1 t';UIi:~~S. '. :,~ Pour ;de, :110111," re u se s 

\.', l , . , :,." .. " ";~i ;~, ,\.. "~, " , . , ;' . ,;,,~.'l 
intru~Jons stratifiees, de la céi~tur~~,d~ J'fA~}t~:,~'~i' ~~ll'f, ': t~ 

....,. • 1 < ':. _ , 1'; '")' ~ • '\ - ~; ~,' 'l;"~ . ~ '\'- 7t ... ~.-; - 11 

,. ~Jr. <~;:l :~,(l975) a proposé u~e,,~:~,{~1~e p~~:,.'\~'f$,~;~~,~~,~,~,:~~~~ ./ra,~~tiOri~n"fè~ :i'" :11,; 
.,J:~ori 9 1 ne ,~e: c.et te;~~ t~~" s it i Ort ,; déftJe,U ~e" 'tov:t.e;f~~'f ~> 1 nce rta i ne4:; 

.,..!~ ~ • ,~.,",~,~... ',',~., : .... ::- , \ ~ ,'~;. I~', '1~. 'r ~ ... :..! "'-

.~ o." 9é~, l"'fJ.l~.h~,,~ ,~xt.,ru s ,1, ~ ~\~ e ~ ~~:.~_~,s te me ~~', 'dik e s(~ ~ 9a b b r 0, son t:. :< ' ;': 
)', 

f .. ' JJ 
~ :{ .. , ~~:~~,:.c-~ ,;1~~~ ~ ... '[ .. :: )""./-~ -" ,...'.?\\ ... ~, ... ,.... f \.~ :,~, : "\\; "':.\~., 

~~ :~j1:.,'a.!So$::1es"-à une telle 'intrusion da,Q~-:,~e::s~gment ouestf~9u lac"-... 
• " ".. j 1 1 ~ t, 

'?')Yas1nski de 1 ij, de.i'rrture d~\roè'hes 'v'ertes"de la Grande.. De~, 
,':';' : ' , ,- - (' ) 

• , ~ fi' tr lof 

cUlIlu,lats d'olivine et des bandes de ,èhromite, ,se trouvent·,àu., 
'i • " '... .. 

- \ \' ~ ~'I' 1 ~ 

';,,:;'~e~tr,è,- dè l'intrusion alors .. <l:uè,~, des .~':bbros· à grains 
-,,#.... >.t . l ",1'.' r';' • • .... ~ , \ J, .,' • 

"~ ",." , ·:j~~!~s<her,~ antér1eurs';'sont s1 tu.és:,\en pérlp:hér,l:e. les roches'~;' 
f,~~ .~::(. *\-'.~ ,~~ ~ .. ~:~ ~ ,r,: - ~ ,,~ f ~ ~. :,\. ?:' 

'," ' ,Yi- ,,' . , 'v 0 1 c: ~ n 1'q u e $, : -sec 0 m po sen t p r i n c 1 pa 1 e rn è fI' t,;' de, bas a l tes e t 
/'j,( r ~ -';:." ~.,.I':' :! .- '~, ~'" , ~ 

',:;'d,'andésites'basalt1ques aphyr1q~~S,'~Ot' se subdivisent en tro1~<;'11 
\ 'J" '1 ... ~ ~ ., , " 

'. ' 

'~!<,~, '::~~bftis: 1~l4n1~é ,de base â .une tieite~r"~tnterméd,i~1re en Ti • 
.,. \ ~ '( t ~ '. ' , ... ~," " ' 

"," ~;1:,t~'~n1té centrâle, s,,~',~ompose de ,b~,~a 1 te.,~,,"mofns é~O'lués', et" ';~I , :i: '(" .. ... ~ 1 

... ~~~; ,~" ~ t "..~, .,' ... ~ '\, ~ ~t 

"',pauvres en Fé, et Ti, al~rs', 'q"u1è'de "'tortes teneurs ,,'et.::,Ti 
, _, \. ' , .... '1 ), <l " ~ ',f " .' '''_ <' :1: j , 

c.a rac tér i se}l t l' uni tés u pér 1 eu r,e'. Un' enr1 chf ss e.lTheltt : ~!'1if 'f,'er 
'\ .' - ,~'- , ' ~I '..... '~ ... ~ ~ ~ '~ "'A, 

t", 

t', ' , , -.earactéris~' la majorité de's"dykes, et,les gabbros à'·:9,~a'·tns 

," ( " 

, 
, r 

.", 

.!., ' .... , j "_ l;t" , 

fins Ï-llintrU~1J. , ~ert~\~~' dyke's dém,ntrent des' ~~J:W-e,ncél' " 

. d' a s sim 11 a t ion dus 0 t 1 e" t q na 1ft i q u é , dé f 1 ni s san t U li e,<l 1 9 née 
< 

l 'c ~ 

.... ; A , .... , } 

" d' a p pau v ris sem e n t e n fer. L: 1 e n r 1 chi s sem e n t en, TS r'~' d e f 1 n f t 
),' . " -. " \ 

-~.... , , ... • >1 .- ~ " t. ~ 
par les gabbros non-contamtnes, peut etre reproduit par la" ." 

r ~ ~'" J~' _~ f 

:",,;c_ristal1",isation fractionnée d'.un assemblage ~fl6mpôsé 'de 
~ 'II ~ , ~ ,~ 1 

1 \, 

, 
'f ~\ 

S~~plèlgioclasef c1'\1inopyro'x~rie"et( d,'o,11vine '(48:}2:20)~ ,'le'~ :,:,,'~: 
~ '.., _ 1 - . '\i'~:; D \~~ 

.. ~~dèle ne peut t.outefo1s 'reprodufr,e la var1atf'c(n en Sj <t,es 

1 • 

" , 

" ~ ". 
\~ ::"S::l~ . 
" 

III 
,'./ , ., 

~ 1 : 

;;, ~ • '; '~I " 
~
l . I~'?, 

, ' 

, . 
~ i:' ~i,~ 

, l '1' .,. 

'te \ 

;. 
, . 

' . 
,"1 .. , ' .... ; • 

... ~ r. 
..... )-. 

-'<t - ,~ 



1 . 
l " ;1 

, " 

• • OZ" "'",'.$4 '%.~4 .. k,F ~~~,' '.r Pr' 
J. '~ II!'~ ~ ~'. I~" .... : ... 

~:: </ f',: ,~ '}['11'~,: :~',<:. 

-\.!j. ~~ j '~;:l 'i- ~,' l~ 
% ~ ".,'''<,' :,~ " -i:' t'w~~ .... , \.:~l :',~" ~~ ~'~,~,',~~",.,. ': 

':!~ ';:\ ::t' ~ .. '1 - >,; \,~I.,\;l: ..... 

'+: ~" laves et l'abs~;nce d'en~.j,~~bisselll;,ent ::~eri/'fer "qUi r~'~·3~;~,:,;:.";) ,< 

\~' ,~ .. ,1>'.;. caractér;{;e'nt. , .. "ûn .odèle de' .:~~ractiOnl1~·<tton à press1'on"' ". 

",\;2 •• ~ar1'able 1l1Pl1~uani un jJqu'tlie paren;ta,i de composition "f .. ';,'j.'I,. 
\I~ _ i" . ~i , ~ r1~~ 

~I "'1 -i ," ~J. ~ '\.)[ 

_ ..... ,:..;;~~*~ ..... 1 __ e ....•• _____ ...::~f.L_~ J~~~ 

• 

""'f"'" \. 'kolDat11t1qué 'peut tou.~e<o,1,s '~-e)(~11qUer ~es la.rJa.~"1off~S d~~, 
'~~;;\,i'~1:' fi";, ':.;~. cOlllpos1t1on4l" Une 'A.iID1n,lt1(UL"progrf:S$i ve du degré de~·"'. ?i~'. 

fractionnat10n à ha~~e'" P~~$~,fon expl f'que "1:~" strat1grephte ';~~!'.{;. 

" 

l ,~~' l .t~, fil"- 1" _)..' 

la ~1gnée d'appauvrt.sse~ent êlh fer des- basaltes'. La nature 
" . ~ . 

,,'" '" , 
de 1 'asse~bl age de phases' Jr.~c.t1onnees 

., 

, , ~~' 

à basse pression fû~ 
_, ' '. . :t. 

Les" p'r:èfliiers lIIagmas .' <.def1n1 par ce degr~ de frict1onnation. 

'\ aura 1 en t\ donc frac t i'onrlé de 1 '0 l1,y t.ne e't de ,. , l'orthopyroxene 
o '. 

causé par une rés1,dence 'P,~o.l ôngée a l' fit'T~,,~ur de réservo 1 rs 
~' ~ 
.\ ,'Situés $OU'S la- croûte. A basse pression. les l1qu1de..s 

~~~j ~l"' '::~t 

\/(:/ré.'~'i ~~~ 1 s on t "en s u He fràc t 10 n né pla g,~, oc 1 a se, e t py N)X.~,ne 
.avu( d'être mis en pl ace sous form~' de 1 AyeS à ten,ur 

1 •• ~ ':':,1 •. -1' ,~ 't:' , \1 

(,-'" 

; "':î~_~"- .,}_ln't<.e~méd~ i re en, Ti. , ' 
Les gabbros a grains grossiers d'e, "J, 

, . 
\1, l, '1 cl ,_ .... \ ' ... ' '. 

l'int,rus1on semblent etre les cumul ats resultant "de ce 

''':. 

Les 1 ave~: tard1 ves à basse teneur en' Ti ont été" .. ,'" 
~~ " .' " ... ' ;- . ~;~<~, procédé. 

\dérivées de maglDas,,~ya,nt s,u~un plus ~aible deg''ré de,' ' 

fl"actiijnnat1on à hau~e pression. Par contre"',cell es-ci on~ "';;:",'\, 
" ' 

f r.ac t 1 ~"n"né "u,n e'xc; ès ct ',01 fil 1 ~~ à ba s se p're,~ ~ 1 0 n:\ et ,',p rod U 1 t .'!', '\~~'-~:'!1 '~:,~", 
"J~$:a,umul~ts ~.'o~iV1Ite:'~e l'i,';t~us1on, :...: ,c ' , " '" ?,:,,~\ "+ ,,: ~> 

1'" '., 
,; 't;, 

.' 'l" • " 1 • '1 , Î)~ !:;' y'\)~~:'116 

'~:~", .,;'" Les ba sa 1 tes ~t" 1 e's f 9·.bb~OS ,,'on-contam'1 ~~,s .d'.u, segme'n't ,,~"·J.:~\:':";:i' /v/", 
• 1 r_ r , ~ ~ ", ",~. , ',::, _~ ~ • ~ ':,' ." l' ~ ~H:: l' 

Lac Ya sin s k 1 ses 1 tue n t dan 5 1 e cha m p th 0 ,1 ,e 1'1 t 1 9 u e du" ,f';! , 

,.~ ~ ~, 

., 
'. <; 

d~~r,amlDe A~M alors que les gabbros ç~ntaAl,inis "se s1tuent"~,:(,< 

dans le champ calc-alcalin: Ces"d,tfiérentes lignées se so'n't 
:,~\ ... 

" ' 

développées à parti'r du même 11'qu1de parenta 1 et, du ~em'~ , 
, ~ , "" ,~ - . ~ rL':~'II\ 

i~~~i~onnement tectonique. Cette;,,;tude :sug~et"'e q~e' les' 
• )~, • - :~, • ,~ -: ~, :; ~ 1 )-).~.~~, 1 .0: 
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1 I.TRODUCTION 

1.1 Archean green~tone\belts 
l't' 

• ~-f' 
.1'\ , Archeari greenstone belts are among the olde~t 

~f 

crustal 

:-~ 

.ater1al preserved, and reta1n a record of maf1c volcanlsm on 

the earth pr~or to 2.5 b!y. Greenstone belts there'ore offer 

an 1ns1ght to th'e magmat1c processes ope.r.~·t1ng in the Archean 

and p.rovide the basic information requ1red to unravel tbe 

early yolcanic .tlistory of the Earth. 
~ 

Archean -greenstone ~belts are tlp1cally deformed 
, . 

geosync11nes whos~ strat1gr~phic success10ns are do~inat~d 

b Y ./le ~-vol c ~ n 1 c roc k san d a s soc 1 a te d h Y pa b ys sa 1 . 1 n t rus i v. e 

rocks. Many Arcbean 9reenston~ belts contai" tholeiit1c, .. 

calc'::;kal1ne, and alkal1.ne volcànic suites (Goodwin 1977). 

and sorne preserve komati1tic and ·h1gh-magneshn' lavas 

(Condie 1981, V11joen and Viljoen 1969). Typ1cally the lower 
. ... . 

part of the volcan1e succession is compr1sed of ultramaf1c to 
\ . 

mafie tholeiiti'è volcanic rocks wh1ch give way ,with 

st rat i 9 ra phi che i 9 h t t 0 vol ca n i c roc k s' 0 f cal c - a lk a 1 i n e 

a 111 ni ty. 
<> 

Examples of such tholei1tic ~o calc-alkaline 

successions, have been documented in Archea;, ,terra ins of North 
, 

America, South Africa and Austral ia ( V i ,1 j 0 e n and Vi1joen 
1 

1970, Jolly 1975,. Bickle et al 1983, Génnas 1984). fO,r 

ex~mple. in the Abitibi greenstone belt" located in the 

southeastern part ~f the Superior ~rovince of the Canad1an 

, 
1 
1 

\ .' 
1 

1 
t 
ï' 

"~ , 
1 
< 
l 
1 

- 1 , 
1 
~ 

- ~ -1 
s.hield, geochemic~l studies by Jol1y (1977) have documented 

a volcanic -strat,igraphy whose lower portion 15 dom1nated by 
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-
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1 .... _ • __ _ L _< _ '-(" .... "" ... '~ 1 ~ '" ~ , 

p,r,illitfve::th'oleiitic ba$alts" wt~h rocal komÙiites,/,'Tt(es.e are' 
'\.~- l, ,.... / ... - (" 

l, ""'overfa1n_ by mo're eVQlved iron-rtch t'bo1eMtic .1avaf, at,: 
.,. "'. .'" " II· :f (' ~ _, ~ r ~., Ir" • 

, . interllled1ate levels which 'fn turn are' succeeded by iron-poor' 
, " J" ,. ;-... ~~ .. ....1, - - , 

, ' ''.. J • ' 

lavas. \lo11y (1980) has documented a complete spectru.m of 
), .., . . 

chelllical tr.ends 'in the lavas
1.and has ;.shown t'hat tron';"·" 

.. ,) l" ' 
_ - ,:. • ' • ',' 1\ 

.; enr1c'hment ,(-'tholeitt1c') .evo1utio:~aqf trends are rephced up. 
, ,....J~., 1 1 

sect1p" 
, . iron'-deplet1on., ('calcalka-i1.ne') evolutionàry . 

1). ':"thè or1g1n o.f t-hese two trends and the1r' 

ge"et~c relat10nshtp ~ema1ns a funda~ental p"obl~m of'igneous, 
" 

'., petroJogy. 
. ' 

The o~dtrl_y stratigraph'ic succession of the two 
~ l' 1 r" ........... .. .. : 

trends, however (Ba ra ga r 19'66. 1968 Jo'll y 1977, GO~dwi n 1977. 

Taylor and Hal 't-herg 1977) strongly suggests that the later 

calc-alkalfc 'magma,s are genet·t'cally related to the earl fer 

tholei1t1c magmas. ,,·Ttlree mechanis,ms 'are cammonly proposed ta 
1 _." 

e~pla1n the re!ationsh1p between tholei1tfc a~d calc-alkal.ne 
" 

lavas. in the ''ffrst. the two trends are thought to reflect 

the d1fferentiation of a common parental magma unde'r 

di fferent conditions of oxygen' fugac i ty. crustal 

contamination (Kuno 1950, 1968) , or depth at which crystal 

fract1onation occurred (Jol1y 1975, Hawkesworth and O'Nions. 

1917. Jolly 1977. and White and MeBi rney 1979). In - such l 
models, the thickening of the volcanic pile w1th time is 

associated with dehyd~at1on anl eventu~l melting of the lower 
• 

crust. The products of these reaGtions contamina~,e . magmas 

',r1sing from the mantle and lnduce the crystal11zation of 
1 ,~ 
1 

phases of low Si content and h1gh FeO/MgO ratio such as 

amphibole or m9gnetite. 

,- , 

, ',~ ,~' 

" 
The fractfonation of, such phases 
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Fig.l: MgO; ver.sus FeO (in we1ght 1) Composite~ diagra~" ~f' 
published cQmpositbioflal ~trends'of l~vas 'from the Abit1b1 
be·lt. The t'rends are "numbered according to their app~.qxi!ftA_te 

--'i- pos,ttion in th,e lava pile. Numbers increil;$e- upwards in ~l1e 
strat1graphy'~- Taken from JolTy (1980). ,l~, 
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leads to the dev'elopment of calè-allcal1ne lavas (O'Nions }-,and 

Pankhurst 1978). 
,t ,1_ , 

The second ex plana t 1 on i s ô'ba sed on a modern 'e., , , 
, ~', 

.' , . 
~, " t ,Ii' 

plate tecton1c an~Jo9Y and assumei that the early tholei1t1c 

omagmas are generated by hydrous melting of mantle above a 

subducting lithospheric slab undergoing deHydration~ 

deiper levels pa;tfal"melts of the su'bdu~ting slab form 

ac1d1c magmas which ascend. and hybf1dizel..... the overlying 

mantle. providing the source regions for later calc-alkaline ~_,-
, ). 

magmas UÏlngwood 1977). ,Thirdly some Archean calc-alkaline .1 

trends are thought to'be~produced by increasingly smaller 
, . 

degrees of melting of a source contai\ning residual garnet 

':l.~, and/or amphibole (Condie 197~, Davis and CC}ndie 197), Jahn et 
,,~- \., 

al. 1979). All these me<;han 1 sms appt!ar .t~e' capabl e ' of 

expla,1ning the temporal change-from tholeiitic ta calc-

alkaline~ magmas generally observed in 
'. 

Archean greenstone 

be 1 ts • ,Jhere 15 at present, however, little consensus 

because of a lack of 'p'hysical anc1,' chemical;constr,ilints on the 
~}~ ~ 1 'r 

problem. 

The complex structural and metamorphic history 
< 

which 

Archean lavas have experienced complicates the recognition of 
.; 

the, dominant magmatic procesS{eS)j.h1ch, controlled their 
, .. , 

themical evo'lution. The deformation 5 often.<characterized;bY 

steeply inclined folds and faults whfch produce abrupt 

changes in the lithologies and the 10ss or stratigraphie 

CO m po ne n t s wh i chili ni i t pre c i sel a ter a 1 dt· r rel a t ion s • P r i, m a r y 

mineralogy 1s rarely available and ~etrographic studies often 
p 

yield inconclusive results. 

li 

" These problems are campounded by 

\.' 1 

. \', . , 1 4 ' • 
~) f 1 . 

'. 

" 

, , 
',~ 
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..:- 1 \, if ~I - ~{~" J' 
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~, '/ , , j'. '" ~ ,;~, . ';:,;, { 
> ( .. ~~ '~J 

c >1'; ::.'" ;:~~e t~';::: 
:", l",~ ,.?,t'") ,,>l ".?~u v" . 

~ ~:.) 

that lavas typ1cally can not be, relat'ed lto 
,tt .. 

J,4, 

intrusive rocks. The identificati,on of the 
..' ',' . ", 

'~,~': \ ;ç'~ ':'. ~ '.~ '., l' domi nànt 
;,' l ", Jf ' .. ' 1\.. "'y 

process(es) wh.ich"control the en r i ch me nt. , l.Or 
, " 

:.,i: "~.;:.-, de'pl~tioil in iron in lavas i? commonly based on the J abil i ty. 

(ê'pr?dUCe the·, 

In the Abt'tibi 

'-' 

. " 

'co - .. " "" 

" 

of '. numeric,a1 mode'ls of Slfth"yrocess'es' ,to 

ô;b.s~rved major and· trace e.1 ement va"ri a tians. 
, 

belt., Jolly (1911) has s.uggested th9t the magmas· ~ih}é'h 
'"" 1 ~ ~ "i' ~~.1 

generàt~d the lllost primit1,ve lavas, could' have, fract10nated at 
" 

Jow pressures" ta praduc'e the overlying basal~s 'of more 

:~v'o T~ed 

Itlagmas 

compos,f tians. 

fract10nated 

Accord1ng to his model .', 'thol ei Hi c 
l," 1 

ofivine and plagiocla.se ta produce Fe'-
'J. i 

1 a vas ;, ~~ 
" , 

enrichment in the'~arl~ lavas. The later Fè.-depleted 

were produced by the fractionation of çlinopyro,en~ "an4 
, " 

by a~n_ increase in volatile content of j > t~e-~ .. 'r- \ ; 
" .. ~ ,,~ ! 

magnetite cau sed 

magm~. The rise in volàtile content was attributed to ~eep: ," 1 
-' ' ", ' . . ' ,,~ 
level fractionation of the source magmas or in'corpora'tiOit of" '::' " r 

" 

hydrated crustal material. D1fferent1ation' in Fred's f,'ow. 

located in Munro township, Ontario. ~ (Arndt. 1977) may 

represent ~n example of magmas related by fractional 

crystalization. It 1s a komatiite flow with an initial ~gO" 

content approx)mating ~O wt% which d i.fferent i a ted ta' a 
"J... ' 

quartz gabbro with 7.5 wt% MgO." The major element com,position 

the gabbroic differentiate in flow 15 

indistingu1shable from many of the basalt1c lavas found in 

Munro township. The compos1tional similarity between these 

rocks, prov1des stron.9 evidence for the involvement of low

pressure fràctional crystallizat10n in the genesis of many of 

'''. 
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, , 
the 'JJasalts in tMs area of the 'Abitibi b~\t (Arndt 'et al. 

1 ntru sfve 

level 

Thh ",study 

the Archean. 
_' 1 

1.2· 

" 

magma çhambers 'i~' wh1ch th1s p(ocess 
, 

empha s fz es the '1 mpo rta nce 0 f b'oth in t'ru s ive 

, , 
, < ' 

,," 

'. 
" 

1 

Pu~posé 'of \he stu'dy; l ,~ ',' 

Théfs thesis has been ,,."part '·of ~ lar~~r:,·,',J'~pr'oject'< 

·u.n~~ert'~,ken·~ bl: professors' Andrew Hynes' à'rrlt Don '-:Fr~ncis ',ta'" 
;. 1 ~ l ,(;.: 

' ... 
' .. 

';,} ',;" Uvest1gate' the stratigraphy', ',st'ructure" afld'" petrochem1bll 
" ' , . " ; 

'. 

" 

1~ 1~' 

} 

,. 

l' '., 

\",J, \ , 

~t~ 

" . , 

~. 

r ... 

'.., 

, l, 

, 't" 

v j , "'...'f 

'evolut1on of the La Grande greenstone· belt. It draws heavl1y 
- , l. ~I 1 _'\ ' ' 

on result,s' obtained in prevfous thesls studies of' this 
, , 

.prQ,ject by St'~Seymo.ur (1982), Skulski "(1985). and' Liu '(1~8?r"'{ 
, < , 
in' the la, Grande-3 (LG-3) and- Lac "Guyer 'segments of 

" . La' . the 

Gra'nde grèenstone belt. 

the, }nvest1gatfon of a gabbro,-per:fdotite' 1ntru,sion and 
, ... '\" 

its:' .~/,," 

~ossible extrusive equ1valents in the' western segmént'of 
, , ' " 

Grande greenstone belt of northern 'Quebec. 
, 

this 
?, 

region, th'e j\Jxtaposftion-of.'a dy'ke fee~r • system. ,'.8 , 
, , ~ 

magma chamber, and an ovei'!,lying volcan1c s~ccession off~rs a 
~ k ~ 

uniqlle s t'ùdy the 
) 

processes - contr'{)'ll1ng 
, J 

~! " 

basaltic magmat1sm in th~ La G~ande ~'reenstone beTte The 

documentation of. these magmatic processes n:tay imp~ove our 
" , 

') ~ 

understanding of the nature of Fe-enriéhment' and Fe-de,pletiol1 
, .. 

trend~" in Archean vol,canies and provide, c,,?:nstraints :'for ~he 
_ ' r 

or:i,gih the temporal evo"ution of magmat1sm- from, ,,',tholenti.c' 

r , 
r ., 

,6 

'\ 1 
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. , 
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t~ 'calc-alkal1ne'<.'.~11ch 1s -'~\bi~r{ved in 9reenstone belts in" 
~;f , ~l j 1,/ , .. '" \, .... ~ ~\ ~f' 

gen"ral. I~ thf$ study 1 am re'~po"s'fbre\ fôr: 
:1 :! ). ~ ~ ,,_. ~, ~~ 

, ," !:! _< • >,,,:~'-,.. ~ '; ., ,.;-, T'y. ~ .. 

1) the" deta1'ed field and pèt:i~~'r"~pÎl1c, 11nvest1gat10n ~f ,t~e \~', 
1 _ ,"~ 

c" ''-''i:~~', ,y a s 1 ns k f intrus 'Ive ci>mp{'~i,~' 
" 

2) 

.. ' 

" 
the mappi ng and 

strati.graphy'along t~e'-:lG-3 road. 

, 
, t ... .,\ .\ 

,~, ( 

~) 'c' the 'obta1nment and "1nterpr_!tat~on 
\' t ., <, 

• 1 and 66 tr.ace ele.ment ~nalyses of. 
" 

L 

1ntrus1ve com,pl~'x >,aJ?d 1ts asso'c-iated ,!avas~ .. ' .... 
, ~ , r- ": ..... 

'~, '" "~ " , : 
'\ 

~ , ,"" ~ ~ , 

co~'pri sed, "" of", two thesis this 15 text 'of 
" 

'\ 

lIanuscr1 pts for publication whi,ch are 'United w1th> a 

a b 5 t ra c tan d i ni r 0 duc t 0 r y " àl~ d con c 1 u d 1 ft 9 cha pte r s • nie fi rs t 
J ' \ ~ 

manuscr1pt appeare,d as a publ iéation ,in ,a symposium voluqle~b'f;: 
• ~I L' 

" " the Canad1an Inst1tùte for M1ning and Metal1urg~ entJ tled 
, .. ~:::.. \.. .' 

. ". 
~984). The secant! manuscript' 1s to be su"bmit~,~"~. for 

... ~, .... :;..->"., ", / 

publication in Contr.ibutions to Minera'Tô-gy "and Petrolo,9Y. (~ 
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Location ~ ',-: ;.-\' 'l' 

the La 'G~~nde greens\on~. bèlt· i's-;~~C~:tëd ~o~'th\)~f-; tne 
1 ~ ~ , " ~ ~ ...... ~- • \ '';'-- • - !.~ 

~bitibi belt in the':James Bay terri,t.orlt\ of ·Qu'bec. a; 530 
'v ". ,,<, 
v, ... '~i _ ~...... ~ o}. " 

30'N. 730 50' .' 780 OO'W (Fig. 6) • .-_ .. ~' It:'eo.nsfsts of '",thre:e 
, ~... ~. ',\ -~. ' ~. 

2.1 

t " ~ ..' ~"1 
di scon t i nuous segme nts runn 1 JJ~,.-a pprox fma t'.~ y ea s t-wes t a'1..on9 

'\ ... ... • .... '\.~ .... • , ~~~", l J, "11' 

the la Grande River re.servo1r system' for an ,e$ .• timated length~;·!, 
~~ -. .. ~ ... " 

of 350.km; the eastern Lac",G~yer ·"L.G-4 
~ .. ': .... /- ~,,,-,;:. ~~ .... i~ 

1 
l' 
1 , 

, LG- 3 segment a nd the wes tern "~~.ç 'JaiS 1'ns k 1 segment. 
.'- - .: ... ", 

of 'this region form part of thl! Super10r Province of 

Precambri an-, Canadian "sh1eld and have ":, 

deformation 
1 

.. 
and 

r \ j ... , 

metamorphi sm ,duri ng. 'l~the .- . 

around 2:5 b.y~ 
" , 

/, i ... 

2.2 Pr~v,i ou s work and·, reg'1 ona 1 ,~geo 1 ~.g.Y 
'... .... "- . 

all un de rgofle', '", 
i;'- ",' 

Kenoran Orogeny 
" , 
~'\ 

op 

'~. ~.' 
The earliest. work in t,he "',belt '~C()o.s-~sted v.-Qf 

'", 1.,.,. ....... j 1:;,. \ ..... '..:>:,1' 
~ \ ..... \ ...- ~' \ '\ ''''4 """,'.. 

... ~ "\ recon~ai ssance mapping by'the Geologie'al Surv'ey .,of'~ Canada 
t·, , \ \.. 1 ~ ~ ~ J" ,:-" ... • \ } ....... t "ri 

(~ade, }966f" " In lt974, M.i11s com~:l,e~.~,ed\.~ Ph.~ the.r~'1s ,stUd~t '~:" !'~~\,J~o 
wh1ch, inc1uded field inv~stigations dr \' the Sakami };'Laké"H";t'~ ,,;.,'~,: 

\ 0/ '";'.. ;"'\" ~ • '" ..... ,' • ., ~ 'i 

';. ',çoutaceau Lake ~na ~anjandas~i' L~ke a~e~~c~,.: Fu~'t~h~r _ r,e9.i ona l' '~\',' ,,":!, \,>~\ 
niapping of ttr.~ ',belt was completed by', h~;~a ~,(1977).ô:<~}id' ~ ,,~~~~~<::.~~, 

! \ " .. \J ~ '\ "\ , 

Ciesiel ski (1984) ~nd a serles of mo~'e? ,.~cent det~11ed, map'\s, :. ;-.... 
:>' Il ~s 

.' \ 

wa s pro duc e d~ a tas cal e 0 f 1/2 0 , 0 00 b Y the' SES 9 r 0 U P , '( Fou que 's .,', '. ',; ~'_ -- ~ 
.: I,~, .', ,-' \', 

et al:;. 1979).' a consortium of""Séru Nucl~aire~ \, Eldorl;d~ 

Nucléaire 

, , 

\ 
" 

a-l) d the Soc 1 été de 0 tv el 0 p p e men t de 1 a Bai e '. J am es' , 

, '. 
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Ji .. ~ ~ 
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Fouques et al. (1979) d1~td'ed the str'a'tfg'r~phy of the 
", 

La Grande area into -elev'en units as shawn in ,Tab1e '"(.~ The , 
\ ' 

Rdthes Vertes'uni~ (R.V.) comprises 
! ~ \, , ..' 1 • 

th,e g~eenston'e ~,\I~ce\-$sio'l À ( 

" 

and\' wu d1v1ded into two cycles. Th,Î,.Ii r'st. cycle\" ~o,ns'~ s~s '" "" 
, l,>. J, ~ • " 

',ma(fc ,.favas,:, 'JIlaf'f.c!:' 
- \ , , 

ultramafic predoll'1 nantl y of and 
~ ,... ' 

yolcan1chsttcs and iron formations. 'The second 'cyc;,re~,groups .\. 
(' ~- /1 ' ,\ , .~ 'L '. ) " ~l 

tntermedhte t,o acidic flows,. p1l1ow l'a'vas' a~d: COft'gJo,m~r:'~\~'$.' i,." 

Fouq~es et al. sU9gest that a 
, ' 

d1~tord~~ce'~apar,te~ ~h~s~,t~o 
• ....~ •• "'- \ • • 1",.-

The, i.basement gneisse's are:-'refe"red ,to. à~ ,the ~~1eux 
" -

cicl'è!s. 
~ ,", \ ' .. ~ \~ 

gneiss 1<;. and are 1 sohted 'f~om 'a 'younger s''èr1''es' ',of ).'gnè,tsses >. . " 
\'.... , ' ... . , J ~ ~'l, 'Y 

, , ", 

~(Ser1e ~a9u1che) to the, south b!' a ~ajOr"_f~'ult..'·runn1ng1 .0700 \ , 
:' " . 

) ~ " ' .. -;" . , \, 10: .. l '}~. ,~ l ,/ ~ .t " 

wht~h 1s Y1s1bl~ on satellite ,hotos. The relationships . " 
, ,.'",' ,l, '"" 

the vhux gneiss,and the base o,f 'the greenstone 
, ~., .... 

,', 
-\. "\l between 

... - l. ~ .. 
.... ~ :: 1 

" :sùëtession', aré eontr,adictory 
, ~(, ~ ... 

xeno1.it~s "in .the ~G-3 'second ~ycle volcant'cs (Sku,lski 19~5'), 

" 

The ,prese'nee 
, , 

of , gr,a.nit1e 

'\. 

suc ces s ion w à s 'e ru P, t ë ~, "\0 

In the area of, th'fs 

wh,i ch contain a n9ula"r 
"- ~ 

compos1 tion at·, the base of" the'~ 

unconfol'mabl'e \' t'::::.\',:; j" '? "':"'c'~ ,'--"':\ ~~pracrustal succession suggests 

f.' ',,~},:"::'7:.",::,:,~.~', ;~,-','.r-el·aùonshfP: between tfie greenstone 'and the vieux 'gneiss. In 

an 

,'",; ,'c, ., "':,' t ',:~. the tac Guyer and LG-3 segments however. t~e vieux gnefsses 
t.... " t. ..::~,,~ , ,,' t , "1,' 1 ~ , 

~! : 

# 

',\ " ',~ 

,': , appear to intrude· the volcano-sedimentary succession and mask 

-
" 1 

~ ~ ~~, if';,,): 
, , 

" 
J' 

_ ;: 1 .. ~ l-~ .. ~ 

" . , 
C,,'-

',~', 

", 
" '~ .... 

,t~e·basement-9reenstone contact. 

the granitoid basement 

These relat10nships suggest' 

must have been 10ca11y 

relltobll~zed e1ther duT'ing or afte ... the mafte yolcan1sril 0,1 the 
~ (f~ ~ ~ 

tu~racrustal ~uccessi~n~ 

.. 

,,' 
,.' 

;, 
~ 
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-"'-.:",R,ec:ent d~ta1tè~ 1nYes't\igat1o~S of '. th~' ~i~·lip.r~cru,~t'afi/\· - ~:~";' 
l'II ";-' r "l' ~'v \. .... y ~\ 't'""i ~- '\~ ",1 

su:cc~ssion of the La Grande bel t, 1nclud" ~~' P:h .• D~\", st~dY· by\\;. ~ ,::;: 
... j. '\ \ t \ t" 1 ~, \'tl 

-<S1;.Seymour (1982)'~~nd M.Sc •. study;py li~';'(F985} ,il\ th~ -: >,.;.~ 
't. ."' l, :. ,'",..., ,~_ -i:, rtJ~ 

'·e~:.ste"'n L~e G~ye;..-'S~gmènt.; a~(1.. an M.S"c. ,,-,stud,( hy~' SÎq:dski ~/ '~\: 

. \' {1984. " '198?) in t'hé, cen~ral L~,-3 segme,?t ", in art,~ ar·e.a\~ ü l"'t-<}~ 
_ neit g'hbouri ng the town o'f, t:a Grande-'3~~ ,-~t-Se~mo~r il.198·3) ha,S\ :{", 

, . ' , ~ , ,~ \: 
.propos:ed, .a strat1gr.aphY .fo~ the eastern se9m,,~n't of thf! ,b"èlt' .~.". 

1 • J ~ ~ \. "', , ~I.\~jl. <. 

1n',the vTc1nity'àf',L:'~è\Guy~\r wh1ch begins'with aC'id1c'~, flows,-';: "l' '\ 

.. • .',. > < ' '(,: ~ t ' \. \ 

, . 

" ," , 

py'rQcJastfès"an,d\J~$e:d,i:~e~ts' with)ntercalated basaJt~. The Mg' "'~'" \!~: 
'." lu " \, '(-:,M"9/Mg+Fe) and' '-'~'~:~~ès',~~~' of t~ese basalts. inc'reases W'i.th"~' :: ~>': 

li, " .... ~ 1\ v, \~~ l;.. \. : .... r" 

" ' >. 

-. , 

,', 

1. '1 l , ..' , l(" \- l> '"'"""; l, l., ., 

" "S'tratigràph1c heJ-9nt towards, an 0.v,,~rlY1ng su,çcessfon, of ":~,, '. " 
-.. ... 't.' .. '" \. \ " 

\.~ .. ~.,. 

~O,mati i te stJ,ccession i s compr1 se~"'of, a'~' :1"":,,,, 
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,-.. 

.... area (Fig. 

prom1nent 

deformat ion 

bands.\ 

7) lies a10ng one sueh p'lane and produee~ 
o .~~, 

a 

local foliation paral1èl to S-2. The 
1< ~); 

event fs eharaeter1zed by ~Jrbhor1zontal .... , 

2.3 : Tilt!' Lac Yastnskf seg.eni 

The topography 
) ~ 

of the lac Yas1nski reg10n . 1$ . ~ 

charaeter1stic of 
~ ~ A' 

a heav11y glac1ated terrane wit~ numerous 
" 

lakes all;d.swamps;. Areas wh1cll. are 'under.l.a1n by granit.1e' and 
j'. 

(" 1 

volcanie' rocks have a relatively th1n glacial' cove't"compared 

\. . 

" ~,~:;\ 

.to areas und.rlain by volca~o-sed'ments~ The lower parts of 
• l 

the voleano-sedimentary suceessfdn are oecupfed predom1nantly 
1 

,by qua rtz- rf ch ;,.Jed 1 ments, ~ :,fil terea 1 a ted wf th m f oor 1 ron 

formations an,cl mafie' t~ft'~: The up,er patts of the 
~ l !. "-

succession are dominated by pf'f10wed and mas~1ve lavas which 
, '. 

comprise a 10wer unit of relatively re-ri'ch basalts' o,verla,in 

,by a thick succession of Fe-poor basalts. These are .1 n turn 

over1ain by the most Fe-r1eh basalts of the succession. The 
.. ,,.. l ,. 0" 

intrusion of this study 1s found in the -"nbse -of a ma.jor 
, < 

syn fo rma 1 

dfrection 

observed , 

F-2 syncli~e which p1unges s~eeply tn the SW 
~:" , . ~ 

(Ffg1'" 6). The· two major phaseS/ of deformation 

in the Lac Yas1nski segment have provided a 

v1rtually. complete" 'cross-section of .. tbe intrus'1on wh1ch 1s 

1 oea ted al oog the,;"eontaet between a tcftfa 11 ti c ba sement and 

the vo1eano-sed(menta~y success1o~~ overlying 1 t. The 

presence 

fragments 

, .' .~.> r ' 
of basal conglomerates'i'''''whfeh 

ç . t.,J' 

of "tona lite sugge~~,~ th 1 s 

uneon formtty. gabbr01c dykes 

o ", 

13 

; ' .. ~ 

" 

contain 
"-

contact 

eut the 

, - . 

angular 

i s '. an 

basement 
t/ 

, ,..ii,. ". 

.\ 

1 

1 

J 
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tona 11 tes and appear' to have fed the intrus 1 on' 'wh i ch i ~s!!l f. 

cuts 1nto the basal part of ~he greenstone succession. .The 

fn'trusfon ,15' thus younger then both the ba'sement tonalites 

and t,he 10wer 1 eve 1 s of the greens tône bel t and ,there appears 

to have been l1ttle or no d1spJacement along the basement 

greenstone c'ontact fol10wing 1ts' emplacement. These 
" 

L relat10nships $uggest that the gabbrofe: dykes cutting .,·the 

baselAent. the intrus10.A, and the" lavas of the sup~crustal 

succession constttute a comagmat1c system wh1ch prov1des a 
" ~nique opportun1~y to study the h1gh level p ocesses 

1 

controll1ng mafie voleant,sm in this port~on of the lai Grande -
greenstone bèlt. The fol10wing manuscr1pt ,compares the,. 

. . 
..::~'" chemieal . patterns of the rocks Qf the Lac ,Yasinski intrusion 

."" ' 

.' ::: ..... 0( 

t,.~ 

;,:,~ 

. r 

.,.." 

o' 

'. 

to . those of the lavifs of the, La Grande greenstone be'lt 

diseusses 'the nature , 

two. 
'. 
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PRELIMt"ARY MODELS FOR BASALT EVOLàTJOI IN THE LA GAAND~ 
GREE"STOIE BELT 

. Benoit Riv.ard and Don Francfs 
p , 

. Depart.e~t of geolog1cal scienJ:,es 
McGfl1 University' ~ 
3450 Uni vers1 ty St Montréal. qU'bec ~3A 2A7, 

Abstract 

A 1 ayered Archean magma chamber 15 exposed at t.he 

the Yasfnsk1 seg{Dent of the La Grande greenstone 

1 ntru"S he compl ex 1 f es benea th a se.que-nc'e of 
" . ; 

ba'se 

be 1 t. 

ma fi c . , 

vol ca ni cs and 15 unde r,la 1 n by gra n itoi d basement wh 1 ch' i s 

~ crosscut hy a swarm of gabbroic dykes. The ga.bbros o'f both 

th1s clmplex and a the dyke swarm define 
,> 

pronQunced Fe-

" " enr1chment trend. The volcan1c patterns of the La Grande and 

,', 

Eastma1n greenstone be~~s, however, 
,,-

def1ne a series of iron 

~ y.:deplet1on trendys wh1ch 0'rig1nate 1n the 1ron ~r"'chment trend 

of the gabbro1c 1ntrusives. These patterns s ggest that the 
, , 

.c- "C.gabbros prodl1ced 1n the 1ntrus1ve -compleK may sery, as 

~ { 

parental liquids for some of the lava suites o~ the James Bay 
~~\. ~~ 

greeos tone be 1 ts • 

,3'.2 Introduction 

. Archean la,vas offer a powerful tool for understanding 

the earth's early'hhtory.' Iron enr1chment ('tholei1tic") 

and 1ron "deplet1on (.' ca lcallc.aline ' ) evolutionary trends have 

been reco gn ized in lava successions in many Archean 

greenstone belts (Jolly 1975, The 

identification of the dominant process(s) which produG.è suçh 
r 

trends 1s based on 'the abi1ity of models of such pro.cesses to 

15 
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reproduce the observed major and trace element variations. 
1 

The recognition of the dom1nan't'- process controll1ng the 
. .., " 

evolut1on of Archean lavas p however, 15 often made d1ff1cult 
.. 

by the complex structural and metamorph,1c history that. 'these 

rocks ~ave undergone. Primary'mineralo'9Y 15 rarely preserved 

and ·petrographic studies often yield inconclu~he res·ults. 

These problems are, co~pounded by the fact trrat lavas 

typical1y can ,not be related to equivalent fntrusive 'rocks. 

In this "paper we pre,sen t observations obtained throu gh . ~ , -:,". , r 
" 

compa ri ng the chem1cal patterns of intrus; ve roc'Ks of the , 
"'~, 

compl ex with those defined by a reconnaissance survey of the 

, ' 

Àrchean 
;;-

reg10nal geochemi s try of 1 a~as of ,;the James Bay 

Territory. A geochemical model 1s presented which rela'tes 

'~" the compo'i tian, of the lava, tD those of the i :tru'lve rock', 

-.: . .,- , ob rved within the layered chamber and dyke system."" 
., "J:. ... ~ 

, • e 

-,,' . 
-, 

Stratigraphie and/or temporal variations in this model 
, 

provide a means of investigating the histor1cal record of 

magma evolution in the La Grande greenstone belt. In 

addition-, the model provïdes a useful 1 ithochemical field 

.:.tool with which to map lateral stratigraphie variations on a 

regiona 1 'sca'l e. 

Sett1ng 

The La Grande treenstone belt is loêated in the James 

Bay Territory of Québec at 530 30'N, longitude 730 50' - 780 

00 1 W • The are a wa s ma p p e d a tas cal e 0 f IJ 1 00 ,000 du r-i n 9 the'. ~ . 

late 70's by the Ministère Ener,gfe et' Ressource du Québec,~ < 

; 
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(Sharma. 1977). A series of more recent maps was produced at 

a scale of 112~;OOO by the SES group, a consortium of S'ru 

Nucléaire. Nucl éa '1 r,e , Société El do rada and the de ' 

D~ve10ppement de la Baie James (SD,BJ). .:' 

'. " 
The L.a Grande gr~enstone be)~ 1s discontinuous and 

, -
con~1sts of a number of iso1ated segments runn1ng east-west 

a10ng the La Grande reservoir system. The intrus1ve complex 

of this study 1s found in the lac Yas,nski segment of the La 

<iraode belt. Here, two major phases of deformation have 

provided a virtually complete cross-section of a 4 ta 5 Jkm 

thick volcano-sedimentary succession and the plag1ogranite. 
, 

bas e,m en t wh i ch, und e r 1 i es 1t • The intrusive complex lies'-;":' 

"'-T :', al 0 ng this contact at the nose of a first phase sync11ne 
~ 

where outcrop exposure ex{ceeds fi fty percen,t-.• 

The natur'e of the grani te-greenstone contact i s not 

, we 11 de fi ned aec;au ~e 1 t i s obséu red by 't~e presence of the 
,,~~ '1 

intrusive comp1ex-. There i?, however,'no evidence of contact' 

me't'amorphi c, effects in tuf fa ce 0 U sun i t sad j ace" t- '," , t 0 the 

basement sug'gesting that J,the contact i S ,not an intrusive one. 

Thin' 1rregular lenses, of metaquartzites,'are fOURd close to 

the basement cO,[ltact and grade upwards into a - continuous 

",'.sedes of thin maf1c'tuffaceous,.beds. Mafie tuffs and 

pi110wed lavas appear to dominate the stratigraphy of this 
~ ,,' 

"~, segment of the be,l t~. For a more detailed aCCouRt of the 
, ,,~ 

stratigraphy of t~ La Grander~,e1 t, the, reader i s referre? to 

a' companion paper i~ this volun\~ {Skulski et al., 19841. 
" < . ,., 

" ," . 
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3.4 The 1ntrus1ve coaplex 

The 

5111-11 ke 

intrusive eomplex i5 interpreted ta have had a 

shape of approximate dimensions 2.5 km long by 1.5 
.., 

km ,th1ck p~ior to deformation. It con,ists mainly 

1ayered'.:':,ultramaf1':'C cumu1a.,.te (75S). Gabbro is found 
~ 

bath contacts (25S) and occu"rs predominant1y along the 

of a 

a10ng 

upper 

'boundery. The gabbros exh1b1t chU'led marg1ns aga1nst the 

enc1os1ng greenstones. but no v1s1ble decrease 1n g~ain size , 
" -

15 observed at gabbro-ultramaf1c contacts. 
_ ... ,J 

Numerous ga bbro 
1 

dykes crosscut the basement granites immediately beneath the 
. 

u1tramafic cumu1ate and a few intrude the u1tramaf1c cumu1ate 
~ 

itself. Those intrudi~g the~ba5ement disp1ay ch1l1ed margins 
''f' ;:: 

along their contacts. Beneath the cumulate pile. ~abbros low 
n.. ...... 

in Fe and ~ich ln Mg crosscut earlier high Fe gabbros. This 
f- ,-

relationship suggests that the ~abbros may have become less 

~volved w1th t1me during the magmat1c evolution of the 

complexe Part1al1y resorbed xenoliths of the granit1c 

basement and irregula~ white felsfc bands are observed 1n .. 
.'~" .. ~ 

many of 

actively 

intrusion. 

f 
the gabbro;~ykes 1ndicating that the1r magma was 

assiml1ating crustal material at the time of 
" 

" ,"". , 

" 

The u1tramaflc~~umulat~s are serpentinized peri~~tftes" 
, '. 

whicn weather to a light brown colora Chromitite layer~ are 

Qbserved throughout the m,~jorl ty of the ul trama fic body. 

varying in th1ckness from 20 cm near the gabbro contact 

" 
~; ~, 
-,' 

• 
i 
L-

j , 
, i 

.. 

1 , 
{ 

l ' 

exposed fn the south to less than a few mi111meters near the <~ 
, " 

... ~ • - ~~ 1 

basement l'~ontact. On average .. , ~0wèver. these ,c"hromi te 1 ayers 
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are six to eight millimeters in thickness and ~lterriate with 

two to three ce~timeters band~ which are poor in chromite. 

~ 
The primary mineralogy of'the ult~amafic un,i t i s 

almost enti rel; ob11 terate'd and the pre,sen t mineralo-gy 

corresponds , to lower greenschist facies me tamorph i c 

conditions with temperatures on the order of 400-5000 ,C. 

"". Olivine \pseudom~'rph's are visible in hand specimen and vary in 

size from 1 ess' ,than 0.5 mm to 3 mm. These pseudomorphs 
~ 

consfst of serpentine ând exhibit mesh textures and. on rare 

o c.c a s ion s, hou r 9 1 a s ste x tu r es. i hep se u dom 0 r phs " pre s e r v eth e 

pr1mary aval to equant shape characteristic of olivin, growth 
"" 

at slow cooling rates (Donaldson, 197ij). The 'olivine 

pseudomorph5 occupy 80% of the rock· volume leaving little 

doubt as ta the cumulus nature of .this unit. Although' 

cumulate lajering 1s often ~ifficult to ~e~09nized in the 

field. grain si~e layerin,g 15 'we'l1 det1ned in thin" ,section. 

In the chromite poor bands" magnetite-c~romHe, crystals are 

present in amounts not exceeding 6 to 8%. The matrix between 

the olivine pseudomorphs i s composed of a mixture of fine-

grained tremol i t~. magnetite and magnes He with mi nor 
. 

zoisite, chlorfte. brucite and " .t a 1 c • This !Datri x ; s divided 
," 

inta patchy areas within which tremolite crystals display a 

.,;,:,. .~"\. comman extinc,tibn 'suggesting ~he former presence of post-
, 

,>' cumu lus. pyro xene 01 koc_r ys ts. , , 

The gabbros display a bimodal m1neralogy consisting of 

20 

~, . 

" ... 

to '40~ plag10·clase 
, . 
'--?~ 

" ' .. ' " . 

. 

and 60 ta 801 amphibole. Qua r,tz. 
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··'ep1dote. ',calcite 
~ ~ 

,and' pyrit~ are' pr.esent 1 n mi not ' amounts •. ' . 
" '. 

Most plagi()clase crystal$ are ser1cit1zed or sau'ssudtiiéd'. J, 

hornblende in the iron-r1ch gabbros and entirely replaces 
\1 • 

,', 

-,pr1mary cl1nopyroxene. . The pseudomorphe'd pyroxene crystals' 
"\ ~ ~ 

are !!longated (l-2mm) and some display a herringbone texture. 
'~'J 

3.5 Major eleaent geoche.fstry 

The ultramafic cUn1ulates are rich -in MgO:'and low in 

1,~ FeO (Fig. 2. Table 2) af.ld fall '"close to the olivine .., 

composition li ne in ,Mg-Fe, space'; Devi~tions below this line . , ' 

reflect' the amount of intercum~lus I!'a~eria,l ~ probably' largely 

pyroxene. The large predomin~nce of cumulus olivine'jn the~e 

rocks suggests that the cat-i"~n Mg/Mg+Fe ratio of the whole 

rock will ap~rox1mate the forsterite content of i~e original 

~livine~ The range of roc~,compositions suggest that the 
, . 

cumulate ,olivine ranged 'jn c'~mpos1tion from Fo 64 to Fo 89, 
~ 

assuming total iron to be FeO. A lt~ou gl1 the c umu fa te rocks 

disptay the high 10ss on tgnition (lOI) values characteristic 

of serpentinites, the clustering of the data observed in 

figure 2 sug.gests ·that major element ,mobi1i,za~ion 'during 
" " 

metamorphism 1s not a se~ious problem. 

The co m po s i t ion S '0 f the 9 a b br 0 S ex h i bit a s tri k i n 9 Fe· 

"enr1chment trend with FeO 1ncreasing from 4.5 to 14.5% as MgO 

drops from 18 to ~.5 cation% (Fig. 
" 

2) .. Uniiké the gabbr01c 
-

"'",- .. 

d'a ta. the Yasinski -lava s define a .continuous trend' of .. v .-
, -.. ~-i>-" tl 

-decreasing FeO with decreas1ng,MgO. The.least evolved lavas 
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'" ~a'ble 2~,;~r01e rock a·nalyse~,a. 
",' . '; , 

,'" .l'',~,,~'~·à:l yt i cà l Techn 1 qu e' 
;- ~ (' .. ' ... 

" 

, The lava samples 'were al1 taken\'à. the' o~ter marg1ns 
';. of, p11lows or flow tops. The samples used for, al)alys1s w~re 

','; 9 r:o und i n·~ tu n 9 ste n car b 1 dey e s 5 e l 5 t 0 a v 0 1 d Nia n der' 
contam1natton~ Major element~ were determin.d by X-ray 

~, : fluoresceo,ce u51~g fU5ed p.el'lets., LO,55 on, ignition wa,s 
\~ 'tdete'rmined" i'ndepe'ndently. ,All an'a}yses are' normal1zed to 

, ,1001 volatile-1ree with total Fe as FeO. , , 
\\ " ': 00\ • '1 ' • l \~-' 
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1.02 1 50.27 50.50 S1.S4 SJ.II 1 50." .'.'1 50.~7 4'.71 
n02 1 1.00 0.'4 I.O~ 0,.72 1 0.311 0.43 O." 1.45 
AI 203 1 UI.26 lS.S4 lS." 16.17 1 l'.'~ U." 14.47 14.'2 
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•• 20 1 2.23. 2.17 2.1' 1.42 1 2.12 1.41 2." 2.17 
!C20 '. O.I( 0.42 0.13 0.12 1 0.32 0.13 1.17 Di'O 
P205 1 O.O~ 0.06 0.06 O.O~ l 0.02 0.04 0.07 o~U 
, . 

42.72 42.61 4~'0 
0.05 0.02 O.of' 
1.56 1.41 3.32 
0.'0 0.51 J.07 

1 13.07 11.47 12." 
1'41.31 43.4' 31.02 
t 0.14 0.17 0.1' 
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1 0.01 O.~O 0.00 
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;.' Fig. 2: ~'Cation l '-Mg .. Fei., ,Gabbr'ô,.1c. d'yke comP.Jex~' ultramafic 
cU1llulates and Lac' Yaslnski lavas.' Ultrarilaf.'1-c ... cumulate, 

4?' 'diamonds; gàbbl"os. ,'*r.Ja~gles; L,~c yasinski lavas'~ c1rcles. 
'~ In' tfte bottom figure" t'nec: field' of ,lac Yasin~ki 'lavà',; 

.,., ,comp,Q'sit10ns 15 ind1cated by the dashed line and'theoliqu1ds 
~; :', ",' cap.ab,le of ,coexisting "with the, cumulate .composition$. a.re· 

• 

. de f 1 ne d by th il! da s h e d arr 0 W S • 1 n t h~. top', fig ure .- thé fie '1 d 0 f 
, ga·bbrC) compositions 15 enc10sed 'by a dashec1 line. 
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of ',th1s su1té~ 
, \ . ' ' 

how-eYer'~,:' "overl ap the" fi è 1 d 
o 

of' gabbt:o,ié '" 
~ ;:- '" 

, , < ~ ". ~' '., 

" '-"-" 'compos1t1o't1s. This " ove'rl ap between-,. the ~J'~bbros and most -.. ~ 

< , 

'.' 

" 

'. 

" 

, c 

, . 
" , 

'\ 

1,' 

'i... ' .. - - ~ • 1 ~, ~ 

pri'lDi ti ve.- . 1 aV,a sis a', $0 o:bse rved fq.r . el ements such\ ,B s 
" ' \ 1,' ~, 

1 ..... , • , • , '" 

alumÙfuq,a.. snJ.eon, tH:anium,and' chrom1um;', Pl~.ts of 'a\l(al1e$", 
1 ..... ~ ~. l - .. . ', ) ~~ _" ; J ,< 

',nd calci.~m., howev',!!r, ~isplay Go,\side''ra-·bl.e '" scatt,er, ,-

su 9 9 est 1 n g' t,h e,: e f f e c t S 0 of al ter a t'Ion." .' For " th i s: r: é il 5, 0 il-\ s~ d i u m 
~ ...... ~ .. -...{' 1 t i.. ~ , ~. 1 ;. ~ "1 \ 1 

and p'otass1um were ,~xclud;e,d,,~uring the' late", ·~ôdelling .~'Of;, 

'~ompos1 t~ bna T t'r~nds. :' .. \ '.~, '~, , 
" -. " 

le Iw 1", 

". 
Di seuss'1 on 

genet:ic r~lation-Sh~"P" bei~~en Üi'e ,;'~~bb~"O~';'" ~~d . 

- ' 
'f 

A 

uJt'~am'a"'fiC rocks 'wa~ '~ested ~~~u~'tn~ it KD·~f 0,.3 ': ~or' t~h~ 
.., j " '" }, \ .' \-.. "-

, 
1", '; 

distribution of Fe and Mg'betwëen olivine and liq,u1d (Roed"er 

:nd Èm..Sli~ .• 1970~ R~ede~;" '1914)~.\ ::Th1S valJUe 1s ge;ne~allY c 

, \'", \, 

ac~eptéd as being a'ppro'pr1at~ for most tér're.s:t,~ial basalts. 

Th~'ran~e of gabbroic li~uids capahl~ of c~e~i~ti~g 
~. " • l 

... 
'wi th the 

obse.r\ved 
,', 

evôl'1ed 

largest 

located 

basement. 

ultramaf.1c cum,uhte 'in1:1udes ,mos~ 'of': the ~e~st 
" ' l' ~ \ -.. \. , 

ga bbros (Fi g. ",2). . The se ga bbro s éo'rr"es pond Jo' ~tt;1e 
\. ... --~ 

dykes in the underlying basement and to'the ~ahüros 
" . '11: ' , 

1mmediately abolve the C'Unfulate pile •. ', ln .' th~ 
".J li' f "; ,,' '- \ 

they represent, a 5 ilia 11 , portton of the to~~l v~,hfme. \" 

of gabbros 'present. ,The volume of gabbro at the top of the, , 

.intru'si,on 1s sm~l1 in çomparaison' with 't'he ,~dlume of" ol.,iVirié-
1 J' ~ .. 

. chromite cumulate. lt ,fol1ows that if the 'ultr:,amafic and '. " 

g,abbroic rocks :"ere. genetically re1ated., the"n'a la'rge'âmount". 

of 
~ 

11 qui d mus t ha ve ' \ pa s t t .. r o· il. 9 Il th 1·$ i nt ru s ive 
~ ,. ~ .. ~ \ 

gabbroic 

complex and .been removed to 'a'è~ount 'r 'fof \ the ~rpaucity ,of. 

" -, 

I~ 

~~ , <, ,< 
. 
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" The Comp~$1tion of ol~v1n,e 1~n:~9u11tbr1um\-w1t{\ the::, ", ,-" 
.. ' 'f f} J '\. ~ ... , .' 1 _ ) .. " 1 ) 'f ~ 

evolved' lavas 15 ,ilpprox1mately':'Fo 80. a v-a'lue ~elow ·~h,e least 
t~ ." , , 

"... l , "\ .. -... r~" J , 

m1nf·mum. value of Fo 85'estimated fO-I" the~,cumulates~',,< If 15% ,":. 
, , _0', _,,' , _ ,\'" _ '" ' \ 

,., t>~" - • l ' • \ l, '> -.. l 

$' '~of~ thè".",total 1ron in t~ese gabb,ros 1~ corlVer't~d ,to fèrriè, ~ 

1ron'. the cal~'~làlt.~I~ dl1v'1n~ "~o'm~~si,ti,on i'~c~~a'~I~s,to \~~, 82.\ " "\ 1" ,\ 

s.'t111 below t~~at capable o,f Hav'1ng pr()duced', the' cu!"u'.1até's.: -.\ 
.' 

- 1 

\" 1 ~c:. 

:~~Fract1on~l crystall1iat1on 1s t~e m~st common prod'55 
, . 

c.,l1ed upon to, expla,in the ,chem1cal ~ariation\ ,in 19neous 
\ ' .. " \, l "-

rocks. li wàs used ,,>in ~tte"p.ts to répr~duc~ ,'the· tr~nd ,/' 
\' " Y - 'I~ 

o,bserved fo r tbe ga bbros. A mo'dè 1 1 ~vo'l vi og ~ore, t h,n S'OS , , 

'~ 1 

\' \ 
, . 
\ 

, , 
'. 

. ~ 

'" o 

,crystall1zat1on of an assemblage com''Posed ,of 20S'oliy,ine~',-.J-2%" ,-' 
, ' ,,\ . . -' ~~ \ ... 

-l' , ,-

cl'~nopyrQxene and 48% plagioclase-is required ta' 're·~roduce 
, 

the rande 
, 

of observed Qabbros (Fig. 3) • 
\ 

, The 
" 

e,ffec ts ,0 ~ 

·a.S.s i mi la t i on~ .. as. evidenced by the pre senee . ,0 f basemen t 
" 

xeeo li ths, wft~ri\1') the 
, .' " -' \ . 

proba b ly reduce the 

èomplex: will gabbros of " the dyke 
~ ~ 

amoun't'of ,fractiQ.,na tion requ i rf!d' to. 
\ ' 

'produce the obse rved va ri ~t i o'n. (Jh~ test i ng 0 f the n{agni tu de 

of these effects llIust awa1t th'e, aval1ab111t-y of t"raee èJerq,ent 

", data· on these rocks. 
1~ ~ l '~b 

-.! 

l, 
(l , 

The~ °lavas of Lac Yas1nsk1 ar.e) apnyfic ~o ft.. 1s 
\ ~~ ~, 

\. ' \. '~I~ 1 

ill1Possible to determ1n'e,:. t~e ,a,etual 11qufdus p,h,-~es. '!,.avas of 
.' , 

s1ml1ar ,composition co'ntain1ng elag~oclase 
\ . '1 ~_ ~." 

'''. , 

phenocrysts are found 1'n the, LG-3 area "'(Skul sk'~ . . .' ~ ,~. .. \" 

a~d oompositionally sfini1ar~ plag'ioclas'e-' glomeroporphyr,itic 

and pyroxene\: .. 
" ; 

et ~>:. ~~84) 

.... • '1 

" . 

",'1 
~ ~ 1 . ,,~ \ 

'1\ ..... 
~, .. ', , -

\; .. , 
" ' 

" 

basalts are a ret''Ûrrin~,phenomenon,.. in Quebec greens'.tone, ':-
\j.' ~ ~ 1 1 

~ - \ >~ 

, .-r...-., 
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'Fig. 3: Càt1o'~ S Mg: . ..:\L~:è·.' C:r)~t~1.1 hat.ion p.at.~s 'mo~J!~ed for.: ,. ,F~~:' . 
\:; .. i~_',the ,ga~bros, ~nd '.1ava~. J-The, f'felr.Lo'f" 'ga~br'orE: c~]I1Pos1tions ts\ 1; 
. . . ~1 nd·1 cà ted by 'th.,e .d~a shed,.H l'Iêo' '1)e fi e 1 d', 0 f la v a~" compo s it ion s ,~ :~,. 

, 

f~;;. 1ndieated Dy 'i,thé' dotte4\ pa\tter~~'iJ. t. rlTti~ '';' calculat'e,fJ 1'" 

fract10nal ~cnyst'al11zation'i,;pat'h for gabbros,ls i'tidtcated by " r:.\,:;.;.-. 
ar~ow 1.. Equilibr1um crystall.iz.at(·i,on pa'ths.. for the ,lavas are 
ind-fcated by arrow' 2\'(lqos 'olivine) and arr,OW 3 (lOS 01,iv1ne 
401 cpx', 50S plag.10clase)'. ~ Fractiollal,\and equ]1ibr1um 

. crystall1zat1on were mod~led using a '~' ~inite':"aiffere;n-ce 
t.chniqu~. The fract'ional cryst~lnzatio..11 modil cons1st&.d~,of' 

\.. the' repeated ·calculation .o·f the·, 1n~t4~1:àneous ~qul1 h,r4'~m '< , 

çom'positf'ons ,of crystals coexistjng wHh·the - 11qut,d., Ea~h t\ ~. 
step involved ,the remova'l of:4 -quantity~ /:JI .these pha.ses ' . <j 

equivalent to .0.Ql èation per': cent 'of'the, 1nittà' paren't, and "~~. 
the recalcu'la'tio~ of the residuaq' l1qu"1d'to 100 p~rce~t~ 'Th(f" ,.,< 

, 'eq'uilibrium , .. crystall,iz,atjo,f'! mod,l invQlved s~~p.s of, a 
'.. cQnstant decrease ,in thl!,'MgO content of the" liquida \, .The 

amount of·residue 1ncreased w1th,each 'step and was al10we<l tG '; 
reequ~Nb,ràte ',with the] 1\qu1d such t·lu,t -!he bul k compo's,it,fon \ ~ 

\rema1ned f1xed~ The o\ivine composit·fon',~was~·co.mputed us~ng\".· ,.<'<~ 
( Roeder'. ànd Em$lie','s (.19'7,O) value {)f the",~e/Mg 'KD of.0.-3 and':' ";;, ~. , 

was combine~ to tlle1r'geot'hermo'm,ter",to' yield an equi11t)r;otl"lm, '- ' 
t'emperature.- This' temperature valuè'was ',then used',to define, ", (l 
the', Fe/Mg rat1Q of the, clinopyroxene u,sîng the ~'fuations."~of l:..~ ,~ 
Gamb~e and Taylc,r (1980). " ,,," ~ \,~ 
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Fig. 4: Cation S Mg - Fe. Compositions and trends of lava 
suftes from acrôss the La Grande and Eastmain /'~elt are 
~ompared to the field of gabbrolc composition~ from th.e Lac 
Yasinski 1ntrus1ve. l'n the top figure the Lac Guyer lJva 
composjtions are plotted as op-en circles and the ~Stïïia.in 

f1 ava composi tians as hal fl.-circl es. The Lac Guyer data are 
from:Stamatelopoulou-Seymour et 'al. (1983). ,In the bottom, 
fi gûre the Èas tma in lava ,sui te corres ponds to arrow '1. the 
Lac tas i nski lava suite to a.rrow 2 a'nd the tac Guyer 1 aya 
suite to arrow 3. , . . 
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~one ~ of . a,series of -subparallel 1ron depletion trends (Fig • 

4), ",which are s11ghtly offs~t in Mg-.F~ space. Jolly (1975, 

1980) has reported a
o 
s~mi1 ar .overall pattern for the lavas of 

the Abitibi greensto'ne bêlt. In every case the least evolved }' i ~,' 
'. ' , -i" 1 

1 iquJ'ds ,l,ie within t~e ,field, ô,f gabbro cômpos1ùonD o~serv'ed'r;._.>/- -l' 
1n the .. 'Yashrskf intrusive complexe These observatio-As':-:J:' ~ 

, - , . /.- j 
sU,ggést that th,e gabbros produced in the intrus i ve comp!~r' _ i 
ma.)' represen t t~e specttum ~f par';nt'al l1qu1ds ,for' s',oene of 

• the lava sui t,es of the Jam~'s S'a y greenst-one berts. The 
, , 

different lava, suites may a11 have been derive'd from similar. 

parental magmas which embarRed on Fe,.depl etiofl trends at' 

differing points during the1r composi tionaf evol"ution. 

3.7 Conel us10n 

An ult.ramaf1c.s1l1 of cumulate olivine and chrom1te 1s 

at the base of ,the Yasinskf segment, of the La Grande 

greenstone belh It 15 u~derla1'n by a system 'of crosscutt1ng .. 
.gabbroic d.)'kes and overlâ-in by a s~ite of maffe ~.l"~~as. 'From 

. , 

a, cr'yst~l fr~actfonatio" 'point of v1ew, 
.... ~:-t ,:Y-

thé lavas an( gabbros 
" 

to have evolved a.l~ng very different 1iqui~ lines of 

descent. The gabbros display an i ron enri chment' trend 
~, ~.-

.. - 1 ~ 

typical of'tho1e1ftic suites while the lavas d1spla~ an 1ron 

depletion. trend. ' FracVtional cry.stal11za~ion modeh')ead to a 
. t\ 

sa'tisfac'tory solut'1on for"the ga'bbros'. but can not .. ~eproduc~. , ? .,,'.' 'il 

the observed lava tr'e~d:s'(f19. 3'),,' The best f1t~~for the 
, ' k 

lat~er is" ,obtained by a ;mo"ael involving ,the eq~\11brium 
, ( 

cr.ys·tall1zat~on of olivine al0,ne or with an opaque, :t:ollowed , " 
(.~ .. 

by -a, shgl'~ step batch fractfonation of these The' 
> 

i 
" , 

,. 

l ' 
\ 

\ 
"1 

:J 

1 
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. . 

l1ke11hood of the presence of l1qu1dus phases othe.r than 
," 

olivine cannot be dfscarded. Howevi!,r , 
/ 

apparen,tly 
~ 

be1ng extracted from the not 

if present. they are 

melt. The 1east 

evolved lavas, of each of the three lavas suites examined • 
• fall {n' the gabbro1c cQmpositional field 4) .-

sl,Iggests a genetic relationsh1p betweén the lavas suites and 

the gabbros ob~erved beneath fhe cumulate pile. ' The gabbros 
/ 

are thought to have evolved by fraction!!l crystall1zat1on 

dur1ng their as cent and emplacement in s111 , . res~rvoflrsat 
, ' 
:- . 

high crustal leve1s. These m+9mas then evolve~ to produce the . ~ 

Fe-depletion trends observed in ~he lavas' compositions.' ,1.The 

"factor(s) which control the transition from a trend of iron 

enr1chment . to one of iron dep1etion during magma evolution 

are poo'f'ly understood at pfesent. ' They may 1nvolve an 

fncrease tn oxidation state WJth·,the concom1ttan-t, appe,arance 
, .' 
ol" an opaque phase ,on the li quidus , (Osbor.n,. 1959) • 

. 
Alternatfvely, an 10crease of magma viscosity and density 

during fract1onat1on may reduce the efficiency w1th wh1ch 

magmas can rid themselves of crystals. Crystals would' remain' 

suspended and be more lUely to equil1brate wiih th'eir hast 

magma before segregatton '. by a process such as fl1 ter 

pressing. We are presently in,vestigating these possib~l Hies. 

by .compartng the compos1~ions of lavas suites on dtfferent 

Fe-depl et10n trends from the James Bay',greenstone bel ts. .' ,. 
, . ~ .... ~,~ ~ ,\' ... 
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4 SUIIIIARY OF RESUlTS AID STATEMEMT OF THE GOALS OF THE 
SECOID PUBLICATION ., 

-, 
'" ~ , 

The preced i ng publication documented the existe'ncé 

of an a,pparent correlation between compositions of extrusive../ 

rocks of the La Grande and Eastmain greenstone belts and the 

compos1t1onal spectrum of the Lac Yas1nsk1 1ntrus1on. The 

gabbros of the Lac Yasinsk1 intrusion define. a compos1tional . . ... ~ , 
, 

trend of,increasing· Fe w1th decreas1ng Mg. The volcan1c 

patterns of the James Bay greenstOne belts. however, define a 

series of iron depletion trends wh1ch appear to orig1nate at 

different positions along the compos1tional spectrum of the 
, 

va s 1 n ski 9 a b b f'ô s • Th 1 s su' 9 9 est e d t ha t . the m 0 r e p r 1 m 1 t 1 v. e 
, .. ~ 1 ~ , 

lavas whfch overl ai> the sp'ectru'm of ga'D'b'ro compositfons wére 
\ 

the extrusfve e:qu1v..alents to 'the giabbros of the Lac Yas1ns~1 

{ntrusfon. 

from the 
~ 

The factor(s) which control1ed the transition 
~ . 

- .. . 
iron enr1chment tre:nd of the,1ntrusive gabbros to 

the frpn depletion displayed by the lavas, however. was 

,poorly understood. Fractional crystal11zation models 

repro,duced the chemica 1 variation observed 1n the gabbros, 

but we r1'! n 0 t suc ces f u 1 lin 9 e ne rat i n 9 the i r 0 n d e p let ion 

t r end' s 0 b s e r v e d 1 n the 1 a vas. 1 nad dit ion. 1 t w a sun c l e a r . 
w he the r the m ~ 9 mas 0 f the l a vas ha d e vol v e d a l 0 n 19 a p par en t 

iron depletiqo trends (Fig. 5 pat'h a) or whether thesè tre-nds 

r e pre 's e n t e d the l 0 eus 0 f a s e rie s lof 1 i qui d s wh i c h ha d 
o 

overshot the pl'â"g1ocl ase-pyroxene cotect1c represented by 
1 

the spectrum 'of gabbroic (Fig. 5 path b) compositiOns. 
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, Ft Il. 5: Mg~ versus Fe (in' cation S) Schemat1c -re prese nta t ion '>' 
J._ ... ~ '" • jo 
~~~ ... \o:t.. of po~s1 bl 8' ·lII.a.gma evolut1.on pa ths 1 eading to the forma tion of , 

, " ,1 ron deplet10n trends. See text for expl anations. 
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, New field observations and analyses of samples 

, .• 4cquired during the summer'(lf 1984 indicilted :,~~e existance of 
.• ~';I 

"" three di'stinctlve lava populati,ons in the volcanic: succession 

of the Lac Yasinski 9 reens tone belt based on the 
, ' 

concentra t ions of Ti and Fe. The earliest 1 avas co ota i ned 
" '-

1 nt e rm e dia te values of Ti and Fe and were succeeded upwa rds 
'1' , 

b Y v 0 tu min 0 U s 1 a vas w i t h m 0 r e p r 1 mit iv e co m po s i t i. 0' n s' l 0 win 

Fe and ~i • The fact that these more p,rimitive lavas were 

r1ch'er in S1 than their more evolved predecessors sugges~d a 

mechanism involving a combinat and low pressure 

cry st al f r a ~,q 0 na t ion wh i ch wou 1 d the differences 
~ 

between the compositional spectrum f th~ Laç 

Yasinski intrusion and the spectra of lava compositions. The 

following paper 

implications for 

, 
" 

presents thi s model and exami nes i ts 

the origi n of i.ron enrichment and 

4, . 

iron-

, 
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PETROCHE.US'TITY OF AI ARtHEA. MAGMA CHAM BER AID, ,IlS 
RELATION· TO ,MODElS _OF BA~AlT ÈYOLUTIOI. " 

" 
Benoit Ri yard "and Don Franc1 s " 

- Department of Geolog1cal Sc1enees. MeGi 11', Uni versity 
3450 Un 1 vers" ty St, Montrea l ", Que'bec H3A 2A7 

" Abstract • 

It has beèn" proposed 

, " 

l'epresent the dominant 'site of the 'f;';act1onation hi,st_ory 

wh 1 chi s r e cor d e d i n the che m:i cal s t r a t'i 9 ra p h y 0 fAr c h e'a fi 

l a.vas. The re lict of such a lo'~ pressure magma chamber 1 s 

preserved al ong the basement-supracr.us't~'l contàc't'of the La~; '1 

Y"as1l!ski segment" of the _"L~ ,Grandé{ greenst~'n.e bel t. The 
;;. , ' 

"'ntrusion is assocfated with"a gabbro dyke swarm in the 

underlying gran1toid basement and appears to constitute part 
'! . . . 

, 0 f the f e e der s ys te m t 0 the 0 v e'r 1 y" n 9 v or l ca n 1 c Suc ces s .. 0 n. , 

Its core 1s comprised of an olivine cumulate peridotite with, . , 

chr-omite banding and ,its, borders are line.d by massive coarse-" 
. 

grained gabbros wh1ch appear to predate the peridotite. 
.. " ~ '\ 

The· . 

. vol c a n i c suc ces s ion 0 f the 0 ver l yin 9 g' r e e n s ~ 0 n e bel t i s 
domina~ed by massive and pillowed aph.tric basalts to basaltic . . , 

and e s 1 tes t ti a t h a v e b e e n met am 0 r p h 0 S è d t 0 .. m i/d - 9 r e e il s chf st;· 

facies. These basalt's are subdivided tnto three groups~: a 
. i 

lower unft characterfzed' by lntermed'iate Ti values and low 

Si abundances relative to a volumlnous middle unit of more 

pr1miti've basal ts whlch are low in Fe and Ti. and an upper . ' 
~ 

unit displaying very high Ti values. The 'fi'ne-grained gabbros 
-) . ~ ~ 

of the intrusion and assoclated dyke 'swarm follow an Fe-

e n r 1 c hm e n t d i f fer e n t i a t ion t r e Il d} \'1 hic h c a n b e m 0 d e 1 l 'e d b Y 

the fractional crystallizat10n of plagioclase, clfnopyroxerie. 
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'1 

a~d olivine (48:32:20) a~d lie along a low pressure cotectic 

whtch appro'Ximate.s that det'ermined experimentally by Spulber ' 

and Ru~herford (1983). This model, 
,. 
'. 

J'lowever!" can not account 
1 

, for bR th the spread in Si and the 1 ack of,: Fe-enri chment '. 
observed 

\' 
these 

in the overlying lavas. The chemical variations of 

basalts, are 

fraçtionation 
"), 

m'ode 1 

bes t reConc il ed 
.', 

involving komatiitic 

by a po 1 Y ba ri c 

parental magmas. 

According to this model, the volcanic stratigraphy of the 'Lac 

Ya sin $Ok ·1 se 9 men t r e f 1 ~ c t s d e cre a sin 9 e x te n t S 0 f h i g h pre s sur e '\, 
1 

'f' • f r Cl. c t ion a t i cl n 0 f the se ka mat i i tic pa r"e nt a 1 in a g mas' w 1 th t i me. 

, . '; 

..... . ' 

l, 

' . 
.... ' 

'~ " 

), , 
" 

In the 
.... 

early stages of volcanism~ 
'1 

magmas " experienced, 

prolonge9 residence in subcrustal magma reservoirs where the 
-

, fractionati()"n o fol i vin e and ,0 r t hop y r 0 xe n e pro duc e d r e s i d u a 1 
, J • 

. liquid;S which were saturated 1'n pyroxene and plagioclase at 

lo'~ pressures. These· l1qu1ds un.derwent gabbroic 

• Clf r a c t ion a t ion a t 1 0 w pre s sur e s ~ e for e e ru p tin 9 a s the e a r 1 y 

intermediat'e' .. Ti lavas. Thil coarse grained gabbros of the lac 

, Ya sin s k' i i nt rus ion' r e pre sen t the c u m u 1 a "t e p r ci duc e d b y. th i s 

., fractionation process. The lat.er low-ii la'ïas are derived 
, 

\ 'frQnt' magmas which experienced lesser extents of high pressure 

:fractionatiort, but underwent extensive olivine fractionation 

a s the y r 0 set a ,t he sur fa ce, p ~ a duc i n 9 , the - 0 1 iv ; nec ~ m u 1 a fe 's 

whic,h dominate the core of,the L'ac Yasinski intrusion. The 

absence of the development of a F~-enrichment trend in the 

Yasinski 
1 

lavas appears ta reflect a systematic overshooting 
1 

of the plagioclase-pyroxene 

9 a b ~ r 0 s ,of the i n t ru s,i 0 n • 
t' " 
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, . 
towards Fe-poor composittons are gabbroic dykes w.hich show 

'y , 
maèroscopi c 

basement. 

evidence of the assimilation O'f 
~\' ~ 

the tonalitic " ',\ 
/ .. t.~ ", 

, f' 

\. 
5.2 Introduction 

\~ 1\ ". . ~ 

Arqhean greenstone be't~ prei~~ve detailed recofüs \of , , 
" , 

the Earth's, early vo-lcanic h1story.' The existence of both 

1ron-enrichment ('thole1itic') 
\ 

and ; r,o n de pl et i d n (' cal c-

" '\ al k'a 11 n ~ , ) d i f fer è n t ia t 1 0 n 't r end s 1 n Arc he a n vol ca nie S'u i tes 

is' wel'l documented (Jol1y il975, Sun and Nesbitt 1978, 

Gélin~s 19.84) and studies of the geochem1stry of the Abitibi 

greenstone belt demonstrate that thére is a continuous 

\. 
, . 

o 

s pec trum of differen~lation trends between these two end-, 
t 

members (JoHy 1977). Jol'ly has' observed that the:. most 

strongly Fe-enri ched 
1 

occu~ base of the lavas near the 

stratigraphy whereas the volume of Fe-depleted 1 a vas 

increases up section. He has suggested that the compositional 

variations of the Abitibi lavas was primarlly controlled by'i 
" 

crystal fractionation at law pressures in layered intrusive 

bodies found ttfroughout the belt. An exami'nation of s uch ' .. . 
Archean intrusive~ complexes may thus provide the means to· 

establish the role of low pr~ssure fractto.t:lat10n pro,cesS'~s 
4nd enable th.e recognition of the effects of othe'r processes 

which may have modified magma compositi~ns prior ta thefr 

emplacement at shallow !levels~ 

Th 15 study prl"nts the 

, , 

results of an inv'estigatfon of 
" 

a ~ayered' intrusion and its extrusive equ'iva1ents in '1;he 
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western seg,1!1e,~t"Qf ,the Archean la Gra'hde,~ greenst,?n\e bel t'cH 
~ ~ t !' ~ 1 _ 

;, northern'QIi~'bec'. 'I~ 'this region, the juxtaposition of a dyke 
~ '1 \ Y, 

'1 ~,,': ,\,~.. ~' !(.' 

'fe,eder system, a layered magma chamber, and an \overlying 
.; " 

,volcanic· succession offers a unique opportunity to st~dy thè 
~~ , , 

\"b 'proc"esses controlling basaltic magmatism i'n'the la Grande , 

greenston,e belt. The documentation of these magmatic 
-

proce'sses may. improve our 'u~derstanding of the origin 'of Fe-

e,nrichment and Fe-deplet10n trends in ,Archean vo'lcanics and 
" , 

, provide constraints for the origin of the t~mporal transition 

, , , 

• t .. 

from, ~holeitiic' to 'carcalkaline' evolutionary trends which '~, 

l' 
l ,~ 

" , 

\ ' 

1s observed in greenstone belts in general. 

5.3 Reglonal sett~n9 

'.; 

, . 
The La G ra n d e gr e e n s ton e b e'l t i s 1 0 ca t e d i n the J am es 

Bay Terrltory of Québec at 530 30'N, between 730 50' and 78° 

Q 0 ' W ( F 1 9 • 6 ) • The are a w a s ma p p e d a tas c a '1 e 0 f 111 00 , 000 

during the late 1970'5 by the Ministère d'Energie et des 

Ressources du Québec (Sharma 1 1977). A seri es of more, recent 

maps was produced at a sc,ale of 1/20,000 by the SES group, a 
• r 

\, co 'n sor t i u m 0 f 5 é r u Nu clé air e , El do rad 0 Nue l é a ; r e a ~ d the 
~ 

Société de Développement de la Baie James (SDBJ). 

The La Grande greenstone', belt i s dLscontinuous· and 
" - '; 

consists of three i solated, segments running ': approximatel~ 

,'eas~-west a16ng the La G'rande \reservoir'-system; 
-, 

the eastern 
1 \\. ~'/ 

~ La~ GUle~-segment, the central LG-3 segment, and the western 
~I i, 

Lac ~asinsk1\segment._ T~e metamorphi~ grade shows an overall 
',~ , \ 

"iri.creàse eastwardly a10ng the belt from greenschist facies in 
·1 , ; 
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Fig. 6: ~Regiona'l map of the Lac Yasinski segment of the ,La 
Grande gréens~ne' bel t, 
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the lac Yasfnski seginen.t t():\amp'~.fbol1te fac,fes 1;1) ttJe LG-4 
'\.. • ~ ~ \ / ~I 

tirea. '" .Prev10us petrol.0g1Cal" S\tud'~"es i~' 'i~e b'~lt~,)ncl'ù~l'e \wo.rk '~ 
1 \ '1 < ~ , 

by ,St.':Seymour (196,2). St-Sey"motfr'-èt ~1. (1983)~. and Liu 
(\ '-'\ '- ~ ~ , .. ~~~ 

in the ea,stern' lac GuY"tr segment and' bl Skulskf et al. ,-1 
_ '\ z "ft . \: ",,:~ .. 

'afld 'Skulsk1 '(1985) in the'';c-entral ~Gi,.'3' segment. In 
,0 , 

t-t984J 
" ~ 

i (1984) 
, - , 

the easterh' lac Guyer segm~nt\~:). th~' Yole,an1c,\uccess10n 
, \"'1 L \' 

,C 1 

l)eg1ns 
. 'l-, 

1 J \ ~ 

\' w1 th' 
" 

ae 1 cU c fl OWS .. and sed iments w1 th \ . 

1nt.,reala'ted basaIts which'1nere"ase~ in abundance up section. 
r' -

(MgIMg+Fe) . of the 'basa l,ts 
~ I\~ -~ 

1 nC,reases with The Mg'-
" 

"strat1~raphiC he1ght. 'towards \a'fl. ~ver(y1ng 
" 

s. u c ce s s 1 0 ri of 
" 
komat 11ti C 

" \,' \ :' ',. '~- \ 
lava S'''; " 'Th i s 'suceess 1 on comp,ri ses a $equence 0 f 
~ ? I~.." • 

p11l,owed ., , 
pyrÔxen1t1c. komati'1te f10w,~,> wh1ch separ,à\es ,two 

t ~ , , , ., "'",',' . \. 
·,sequences of per1dot1t1'~Dk"omat1ft'~·s. The upper-Most part of 

"'~ 1 .;!. , 
the pre~erved strati graphy cons1 sts 

.; 

of , , 

sU,ec,~ss10n wh1cb over11es the komat'1itès. 

< ~ ~~ 

ba sa 1 :b:. a second 
. \t. 

~ , 

The ~clo'se spati~l 
< 

'\.' ~ ~ . , 

relat1ortsh'jp of th'e Lac Guyer basa.lts and'-'.,~omat1'tes suggest..s \6 ,. 
-.,.. \ t 

~, "F '. ~ '"~_'t~-''' 

that'- they arè\g~net1cally rèl~ted <'and led St~'Seymour et' 'al. ' 
1 , ' , 

':(198~) to ,propose that ~~l'nberS of. the'komat11t1~ "sult,e m~y' \,~ 
(, , ~ < ~ ! ~... '<t ,\" 

. ~(" .h .. (se; rved • as pà ren t'a 1 ma gma s for i~é ... ~.a ~ al t.o. ~ 'Y" ,., 

'. In th~ lG-3 segment ôf the La\~ran'de ·btflt. the 10west :? 
\. \ \, ' 

'levals': of the ~triat1·gra,p~.y tiQn~ist ",p'':Jedom1nant'1,y. 'of, a ~. 
l ' ~ • ~', -, .. ~ ~;.. "i. "... ':. 

... ,'~~ , ' 

sequene~ of v~1ç'a,n1clastics and metèlsed1ments. ~verl\~,il'l~by ,~ 

, , , 

, .. ~ ~\ 

th1ck succession of su'bmarfne basal ts'"Hth 'row Mgl ,and ":.'lmfn,b.t "", 
'. - it' ;. ~ 1 t \ ~ .. _ t.\ ~ ~ ~ \ 

basal ~ic andesites (Skul ski' et ,al;' b ÙS4,). " These, rock,S a~~e:~ 
, • ' ~ r- \~ , \ -..' f ... ' ;;,;, ~"r ~ ~ _ ' .. 

\ ' \.. '" - , l't ~t-"~."\ , 

ove:rla1n by coarse c1astfcs whi-ch ,are in t:u~n o,Y:{!.'rra!;t n by, 3 l~::~:-
.... , , , ;', 'h' 

~ t'!;. 1 '1 1 j .... \ ... -. ' ~ h.! ," 

... seque'nee of, b,asal t1 c: ,ande~H,'~ whO~,e;, ~'Y01U~}o.n i:": '.; ~'~J:,;~,""} 

charaçter1zed by an 1ron depletion':trend 'and tt,_l?wer ~ ab~~otute .. ~ 
\ ':' ,i:~.1: 

38 
\. \ 

\" \-
l' < ,4':i 

'~ri ~ 1 , 
~ 

~ 
.., 't - \ , ~ , 

. 
& 

, , \-
• ' ~l. 

!,~ 
.. ,. 

, r' y 
t ~~ ", 

J 
, \; \~ 

" .. , 
V-· . " ; \' 

" 

ft' 

\ , 

\; 



. ' 

" ' 

" ,1.1.)_" 
\: \.. ~t .. 

'. 

• - fo' 
" 

Tf and Fe contents cOmpared tq the basalts of the underlying ~ 
, , 

> .' 
succe'ssion. 'Skulski (1985) 

't,' , 

has propèk5',~d that. these ,basaltic 

andesftes wer-e the' produ'ct 
. ' \ ~ ." '. i 

of the assimilation of>a rhyolite~ '.,' 

c6ntaminant b; a ko~at~it1c magma. , 0 

In 
'- ~ \, ~: '!...1 

the western Lac Ya's1nski segment of the La', Grande 

belt. 
. 

two Înaj'Or phas'es, of deformation ha've exposed a 4-5' km . , 
thic'k" sec~lon consist1ng o'f' a granitoid' base'ment ·overla.in' by 

;, 'a', .' ~ ole ~ rro - s e d i men ta r y , suc ces 5 f 0 n which i s 'compri s;ed of 
::. .~... 1 

.'. é" as t 1 c pyroelastie de po s i t s' " 
, 

~ / 
&tHl pi11awed basalt,s,,('Fig. 6). In the area of the intrusian. 
" . , 

the' 'ba'sement ir~cks'~ are tona,l ftes 
< 

eharae'terized ' by 
... 1\' , 

, ç , 

,'\.~ proportions of coars.è,'-'gra1ned·plagioclase' and quartz. 
~ \..... . "." ..... , ~' -

The , 

base; of the volca,:,o-seditmentary se'quence 1s eomposed of 
,1 \' , " 

ela"stie sediments .domin'ated by·, quar'tzitès 
• • ' .. ' - 1 

and qua r ~ z - r fc h ' 

grey\tléi~J<es. Local,. conglomerates eontain angular cl as ts 
lb 

similar" in ap'peilr-af\Ce to the underlying tonaliti,e basement 
\ 1 • 't.- .... l' " ~ 

'" rQ.cks' "suggestlng ~à(l une,onf,01'm~ble relationship betwe~n the 
" • L ~ f l' " 

't. 

tonalite bas'em~nt \:\and th~ gree~stone., This ~~onelus~ion 
f l, " .. 

15 

the 

\', 

., 
r 

.' , 
~: 

' .. 

" , 1 

supp,or~~.d bY\.~~e, absence, of x~na'11ths of greenstone 1n 
~l ' 1" ' t\, 

tonal1tes .. ,'" 1n t~1s area'l,nr aoy- ~ign of a contact me tamo r ph 1 e " '-:..; i~', 
h \.~ \,...... I~:~ :;... ~ \: ~..,. 

aureole 
\ 

~ ~ • " ' ::,...... \.. .. w 

;Jn' t,he greenstane adjacent .t'O the tonali'te. ". 'Flle '~"':--'~~t 
~ .. . ' .' ".-' '-»1 'l :r'" 

~ ~ .., \ , -. f -: • ~ ... ~ l 

af thè greenstone belt stratigra,ph,y- are .dami·natedr-,>v, . 
-?l, ':. ~_#.. . 

'" ,'., .. , upper parts 
, 

ma fic , pipowed êlnd '. mas,s 1 ve' \~Yas· wlth assoeiated 

v;olcanizelastiè-sed1ments and minor, ir:on ~ormatioris. ,Reg f ona'.l,. 
i, ' 

{' metamarphism 
, _.... "'~ 

in th 1 s' par ~ 0 f' the bel t fa 1 1 s ,i, n ' the m id· 

\ 
~ 

\~ree\ns.ehtst. 
~ Ir \' '.r ., 

factes.~' but grad'es' u,p t'do amph1bal1t~\facies, in 
" ~ ~ • 1,. " , 

t'be prox1mity 

\ 

.. 

a:f ' '1 ate ~gran1·te pl utons 
, ~ ... 

" t,' 
to, ~ 

. . \r 
" ...... 

~ 

wh i çh~) f nt.r\ud~ the., 
- ~ '1 ~ 

< ~ , 

, . "~ 



,
, "\',,, 

l '.' ' :' 

:< ' 
'\ - \, 
,~ 

\' 

,(~ , 

~f ''t'. ::~I~ :';\\ l" ~. "' ,}~~'~' ~1\':),* ,~, 4~~ ~ . ~ 

,,~, '\:::~ '~?":i~i~::,t.~'~,:~", \:~ \~ <\:<::,:'~':r,~,~<~:r\~"~>;~,\~,~,,, ','~ " t 

greerifs't(Jfti> " ~''', "~ "', ~r ~ 'l>, , ,"~", ~~. , 
~ '- ....... " (~\ .,~.:, ~:''''''''', ...... ~'\·-,';I: ~'t.~ .. ~';; 

l ~ ~ ... )~ ~\" ~ ~ ''':' ~ '" ~}' , 1\ ,\;'\ \ : ~" : l, 
~.. 1', ~(, P.i; .... t'" \\-. ,,""\ \ ,- j~.;;.. f l' J..',.r 

, "5\;.4 The 1"t'f."'$;10n" "\"1."1.- ,}~ ;,,' ~>< 
1 -. 

L ,," '" \k~ \i~1 {l" t' ~ 

'':,; F',,> The"" 1n\rü~101l lies a.,Jong the baseme,.nt-greenstone 
" ~. ~ .'~ \{ - \. ) 

)'\~\~ont~tt ~~,~ 'the '~q~,~~~ of a second R,hase syncl ine at the eastern 
. ~.. ,. \ ~\ ~~~ 

énd of, ,the Lac Yas1nski greenstone segment!,:' It 
, 1. _. ~~'-~ '\ :~ ~ 1'1 :" ')-

i s 
, 1,,' or.... .... '. -.'l ~ "',' 

'.' ,t~nt~rpretê:d':~ to have had a shape approX1mà~1~~:9~:that of ~ 1 km 

~>:".:\"~~:,~1< ,~S111 which intruded' upward&~ i~to' "the volcano-
\ "''': ~' -
',\ 'sèdtment4ry, succession (Fig. 7)~ The c()ntact :between the 

1 ':~: f':,' t, , 

int;rust-'on a'nd, the b~;e of .;he volcano-sedimentary'succession 

1~t;~mar,ked '(by pr,;om'naM: m.\~o'rPhic effects w,hieh in~l,yde 
,,'" '1", ~"~I$ • 

grai,nsiz'e coarsening of mafie tuffaeeous rocks 

de v e-topm e"1' t 
,~ 

" 
blu~ tint in the quartz of the of 

and "the 

adj acent 

bands 

ri çh ~~'j n 
\ ,-' 

.> 

, ... 

.,..;. 
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olivine pseudomorphs «31 modal chro,mite). These bands are 

re~tri cted to , Ure upper ,half of' the perf,dot1te pile a'nd 
1 

display an average ~hickness of .6 to EJ. mm. The thfckest 
, 

chrdmit1te layers (20 cm) are found at 'the, top of' the pi 1 e. 

near the gab'brq-perfdotite contact. The large ,per-c.entage of 

the rock volume .(up to 85 modal ~). occupied by th~ olivine 
, 

pseudomorphs in addition to 'the regularity of the ,.chr.omite, .. ~. , .. 
~ 

band1ng i~aves little doubt that the peridotite represent~,an 
" '\ , 

otivine-chromfte' cumulate with post-cumulus clinoPY,roxene.,. 
, 

" The present metamorphic ~ineral assemblage of'·,this 'ultramaffc 

cumulate ,pile' ,and the 'style of folding in the chromitite 
- . . "'. 

bands fndfcates ·that the intrusi-on has undergone the s.fm'e 
1 

, ,. f,o 1 d 1 n g and met a m 0 r phi c h 1 s t 0 r y a S' the ·0 ver l.y f n 9 vol ca 'n i C 5 0 f • 
J.." ... • ~01 . ,,~:.,;,: .' , 

,,-. the' green·s tone be 1 t (Fi g. 7 >., '0 

l " ... 
Gabbro occurs as l ense·s' ~1 ong both the ,top, .a,nd bot'tom 

1 

c~~.,acts of the i'ntrus~~n. but ,,~redom_f~ates along~ the. rooi. 

No decrease in grain size was ' observed 'At tht!, c~nt'ac~ 
" 

bet~een ga bbro and' pe ri d9U te ' •. The g8 bbros d i-Spl ay' -a" bimoda 1 
.. i .-

\ , 
liIi ne ra logy 'co ns 15 t f n9 ,,001: med 1 um-~ coa r,se-gra i n'ed . 

, " 

pla,g19Glas~ 'and.' acttt,'ol1te' in sub-equal p'r 0 p à r t ion s 

{p.lagtoflase:açt1nOl·fte .... 40:60 to 50:50}. Th.e subhedral and, 
1. 

equ1g'r,anular nature' -of 'plag1'()c~ase"and actinolfte suggest· 
" ~ ~ '-

"that plagioc·lase ~and pyroxene ,érystal11zed s1multaneously • . . . '. . .. 
'T'hé c:oa,rseness of thes~ 'gab'br'os i~p11e$ that they may have a 

- 1 '. ' 

cUltulate', origine Plag1oël'a:se ,15: commonl'y saussuritized and, , ., 
,l, " 1 

, ' 

replace4 by' ,ep.idote 'and :calcfte w1th qu~'r~~ and .c'hlor1t'e ~~' 

pr~sént ,as' miner 

.. ' , . . 

. ' 
r 1'1 

\' . 
!- " 

'Const1 tuants'. 

4:2 .' 
..... ~ , 

, '. 

" ... , 
. Exsolution 1 ~mel1 a'e 

Il .. ' 

, ., 
, ~. , 

o , 

.. 

, . 
" . 

1 •• 

\' .. ! 
l 
t 
1 C 

f 

, . 
" " 

11')0 ~ .. 
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" 

sym'etr1cal1y disposed 
, 

about central twfn plane' ~re 

occI$jonal1y ..?bS1!rved ln actino11te crysta~s. Such· ,te xture 

sug'9'eS'~$ the replace~en,t of fn~erted.pfgeon1'te ,and would 
, ." ~ . 

1mply the f.ormer pr-esence of two pyroxenes ln the'coarse~ 
, 

grain gabbros. 
. , ' 

'wlthin. the gôbbros of 'the f'ntr,~sfo'n,may indfcate that" 
l' .. " ... .. ' 

'htstory of the In~ruslon. 
~ .., . 

, .. , .. 

... ': 

'Njjmerous gabbro dy-kes w1th;firie'~'9ra1'ned. 'chilled' 

~ar9,1ns çr~~sc,ut both' the,' iona 11 t ~c" b,a sement ' ùn4er l'y in'g "th,e 
1 '. • fi· • -' : ~. ,.,:" ç".. ~ 1 1 # 

Jntrùs1on' and: the, ',mètased111!entary, ro-ek,s 'afl,jace.;t to the~ 

"n:t,r:~~1.~fI~: ~' "Th~se' ,'~ab~~Olc ';d;:~!!~ are ~e~t~~g~aptl'ica.1'.1Y 
, , \ 

s.tmll'ar, to the 'gabbro's of the' fRtru~1on'ar\d:ttl~"d~-erease tn 
t' , ' • ; • ' .. l .. 

,,, - \ 1 !~ 

d~ns1ty 'and pro,port,1q" of .. :t'hese dyke..s 'aw,ay~:f'rom the maYn 
1 1 ~ -~ 

'" 1ntrusion ,ind1cI,tes that the intrus1on,~and th'e dykes are 

\ 

..... "'\~ 

suggest' tha t they al> prox 1 ma te frozen 11 qu 1 ds. Larger gabbro 

dyke's (u-p to 80 m) with h1g-h Mg' typféally crosscut smaller 
1 \ " 

d.ykes (. 5-m) w1th lower Mg' sU9gest1ng that t.he gabbro,j,<; 

magma may have become progre"Ssively,less evolved and more 

- vol ~minou~ w1th\ t1me. 

Al though",a few gabbro dykes 1ntrude the perid9'tite, 
, \ • ~ 1 • , / 

none could be traced across the ent1re intrusion. Such dykes 

display symmetr1c borders. (0.2 to' 1 m)' aga1n'St the 

per1dotites whlch are r1ch in acicular tremol1te. ',The 

amphibole crystals appear to replace cltno'pyro-xene. whfch 
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... 

persists 10ca"ll.Y as relict' c'ores. Doma1ns r1ch in 01 iv1ne 
\ ' 

pseudamor-pbs (2-5 mm) are a150 observed lpcally~ This border 
~" 

'u.nit appears ta .r,e'présent a clinopyroxenite produced by 

re,acti on between a 14':t'è gabbroic 'liquid .and the cUillulate 

Some ' dykes cutting the basement c~ntain 'abundant 
" 

xe,noliths of t,he host tonalit'es. Although many of t-nesè 

, fragments' displa,Y sharp contacts wfth the'ir gabbroic matrh,.-
", ,.. ,4.., • . ' ~ • • 

, 
: ' , , 

othe'rs appear to have ·bee'n par.t1al1y- r,esorbed and are ""," 

.·· .. co.mmonly associat'ed' wtth' the presence of me,gacrysts and 

glame'ro~rysts o(p1ag1aclasè. Pegmatitic gabbro's which are 
, . 

spatial1y. r~.lated ta smal1 fragm'ents of' tanal~te and 

" ,g;reywac ke 'f n' . the main intrusion may représent. a similar 

Phen~m,;no,~ • 

9 ranopHy ri c 

These ,x~no 1 ith- bé a.ri n9 dyke s comlllo ..,.'1 y cl i s play 

,inter9r~wths of feldspar and qua,r,tz in', their 

iii a t r' 1x wh i ch m a y r e f 1 e ct the as s i m,il a t ion ''0 f f el s 1 è mat e r 1 i,l • 

5~5 ~he yolcanics 

Two t~a~sects were measured across the ,~lcan1c 
\ 1 ( 

.~.u~!*~~S_iO~. of the Lac Yasi,ns~~~} belt (Fig; 6). The northe,.,..:" 

t r ans e etc Q n ta i n s the 9 r e a tes ,t 0 u t c r 0 p' exp 0 sur e and th u s 
" .r 

" .. , <> 

l ' 
l , f <-" 

offers the most, detalled stratigraphy. Its lowes,t parts are 

~ccup1ed predomi~antly by quartz-rich sediments in~ercalated 

with minor fran formation, mafic tuffs and pi110wed .. basalts. 

These give way ~o a' continuous ,succession of 'p'iTlowed basalts 
'1 L ., ~'l 
! 
f ( 1--

, . 

~a pped by a thin sequence of intercalated ,pUl'owed basalts 

and mafie tuffs. 
r 

These are in turn ovèl"'la1n by a second . 
1 
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~ succession of p:f11owed basalts wh1eh 1s topped by~ ~n 1ron 
\' 

formatiàn and a tuffaceous h~,rizon. A 180 m gap in expos,ure 

sep,arates. th'h' sequence from an overlying group of 'pi110\'(~.~ 

baÜlts observed at the highest le,Vels of the .stra:t:igraphy~ 

On 1 y the chi 11 e d ma r gin s ° f P i 11 0 W s we r e' sam p 1 e d i ~ 0 rd e r t o' 

.1dentify phen.ocryst phases and to minimize the possible 
" 

effe~ts of compositional vatiation associated ~ith crystal 

accumulation, d i f f e, r e n t ia 1 al tera tion or metamorphi c 
.. -:.~ 

recrystallization. The majority of these basaJ,t samples a rIe"! 

aphyr~c wit~ the exception oJ two wh1ch contain, 

glomeroporp~yritic -plagioclase p'seudomo:qihs. Th'e lavas 'are', 
, 

dom1nated bi ~ fine-grained matrix ~ompo~ed of plagio61ase 

. a' n d l '.a,e t 1 no 1 ~ ter ~ pla c i n 9 p y r a x en e 1. Plagiocla·se 1s in most 
> , - - (. 

cases saussuritized and typ1call~ ~inor a,ounts ~f chlorite, 

epjdot'e, apatite and pyrite are presel1t • 
.... , - " 

5.6 Geoche.lli stry 

The peridotites are rich in Mg and extend towards an ' 

olivi,ne compositio'h line in M9J"Fe space (Fi,g. 8a--) {Table 3)'-

Because ol,ivine 1s .the. main' phase in tfie~e ,r,o'cks. the r,ëI:"ge 

of Mg' (Mg/Mg'" Fe" cation units) of the bulk rocks -gives.a' 
1 \ 

minimum est'imate of cumulus olivine 'compositions (-Fig'. 8a),,-' 

which 

spread 

towat'ds 
" 

a p pea,r 

of the 

l Qwet 

ta have' ranged be~ween Fo si' and fa 
1 

per1dotites from the '01 ivil\,e" 
1 

line 

Mg values i n pa~t reflects the 

/ . 
88. ' 'The, 

( Fi 9. 8a) 

i ncre a si n9 

.. propor'tion of post-cumu,lus" interstitial py,r.oxene and the' 
. . 

presence o~ chromite in the peridotites. The cliiopyroxenite 
) 

r e a c t 1 0 n b'O rd ers con t a i n 1 0 W e r Mg and Fe b u-'t ' h i 9 h e r C a and Al 

"
'l' 

, . 

" 

·f 
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F 1 g. 8: a and b Mg ver sus Ti and t 0 ta 1 Fe ( c a t ion uni t s) fa. r 
the lac Yasfnski intrusive rocks,. Peridotites, solid 
triangles; pyroxenites, opèn triangles; coarse-grained 
gabbros!.. s,olid circles; "fine-grained gabbros'~:, open c1rclesj 
tonal1te-s+ ' greywackes. ~pen hexagons. - Fig. 8.c and d Mg 
versus T,1 and totai ·Fe (cation un1ts) for the Lac, yasinski 
extl1usive rocks.' High-Ti basalts, saUd 'squares; 
1ntermediate-Ti' basal'ts,' half';f1l1e,d squ'ares; low.:Ti basal ts. 
open squares; contamina'ted gabbros, solid stars'; The arr.o.w 
marks the 10w pressure fr.actio~at1on path followed b,y." a 
primitive Horb basalt as determined from meJtfng experiments 
(Spulber and Rutherford 1983) , \ 
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Table 3. Bulk XRF compositions 9~ the Lac Yasin~k1 1ntr~sive 
rocks 1 

Major and trace elements'X-Ray fluorescence analysis 
were performed.'· at MeGill' University, Montréal with '. a 
Ph1ll1ps PW 1400. All elements with the ~xception of Zr and 
y were determiried from fysed dises and corrected for mass 
abso.rption using an OC coefficient technique (Ahmedal i 19~3). 
Total Fe 15 calculated as Fe2+. The analytical precisions, 
(o'ne.·' standard dev1at10n, weight percent) as calculated from' 
20 replicate analyses of one sample are: Si O.OS, Ti 0.003, 
Al 0,.03, Mg 0.058, 'Fe 0.01, Mn 0.001, Ca 0.01, Na 0.06, K 
0.001, P 0.004. Zr and Y were analysed from pressed pellets 
on which the dete'ction limft i5 Sppm. KB Compton scatter from 
,the'>. rhodium X-Ray tube wa5 used ta correct for mass 
absorpt'on for these elements. The absolute precision 1s less 
than 51., 
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contents than the peridotites. In Mg-Fe space (Fi-g. 8~)"they " 

lie at Mg values intermediate be tween those of the 

perid~tites and the Mg rich gabbros. 

The gabbros as' a whole define a pronounced Fe and r; 
, .' 
\~:' enrichment tre,nd withr,de"C.reasin'g Mg:TFfg. "8a,. B) '(Ta'bl'è 3f. l

' 

\~ \. l : ~ / .. 

.. The ma j 0 r it y 0 f the co ars e - 9 ,. a i ne d 9 a b b r 0 S P 1, 0 t a t the h i 9 h 
~ l' 1 

'\ : 
\ Mg end 0 f the ,5 p e c trIA m wh i 1 eth e fin e - 9 rai ne d 9 a b br'p s 

,'\dominate the lo-w Mg end. 'In Al-Si space the gabbroic 

pop u 1 a t ion dis p} a y sas 'Li 9 h t 0 ver a 1 1. de cre a sei n Al with 
'\ 
'i r1sing Si ,(Fig.,ga). Incompatible elements such as Zr, Y. and 

. 
'N'b v''ary by a factor of approximately '1.7 across the spectrum " 

f' 

o~ fine-grained gabbroic compositions., A small number of the 

fine-grained gabbros lie within the fie,ld of the coarse-
. ' 

grained· gabbros (Fig. Sa) .and are characterized by low values 1" " " , 

of,Fe and Ti wi1:h respect to the ,majority of the fine-grained 
, , 
g a b'b r 0 s <; '- De spi te the i r 1 0 W con te n t f n' Fe and Ti the se g a b br 0 s 

10\,/ Al values and span a broad range'of Si content? 
\ 

,(46-50 cation %). The gabbros which contain felsic material 
,- , , 

, l 

differ from the main gabb.ro trend. They are, commonly 

e-nriched in, Si but-' depleted in Fe when compa'red to other 
\ 

~t similar Mg' and they depart from the main ga bbro 
, ~ , 

spectrum towards'thè compositions,of tonalite~ or sediment 
':t 

(F;ig. lOa,' b). These gabbros are enriched in' Zr (Fig. 10c.,) 

, ' w i th r e s pee t t 0 g a b b, r 0 S 'li i th out tel sic i n c 1 u s ion s • 

The ma f 1 c vol ca n i c roc k s 0 f th i s s t u d y ra n 9 e f rom c, 

'i Ji ba'salt (St02 < 52 wt ~) ,to basaltic a,~desite (S,i02 < 57 wt %) 
.. 1 ;.' t~ 
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Fig. 9: Al versus Si (cation unhs)'for the,', Lac .. 'Ya~>,i.nski\ '),,;:;'Xi 
gabbros :{a) and basalts ( .. ). Symbols',.a.'s i'n Fi9.\~a and '1>. T~e \ \:,' 

"arrow it\âicated the fractional'. crystaln.zation <pa",th (20~ 01, ,,'. 
,-321 _cpl, 481 plag) ccllt:~l,~ted for;, t,he 'ffn~-grained gabbros.ç) 
Fract10nal crystall1zatiofl' was modelled 'using a fin'ite-"' 

'difference computer technique similar ta' tha~ of Natha~l'\ and) 
Van Kir k (1 9 7 8 ), w i th, m 0 d i f 1 ca t ion s sim il art 0 :t h 0 seo f Cox t 

,(1.980). Th'e fractfonal ér.ystal"l1zation model co,nsiste.d of t 
'1!hèf repeated" calculation of the instantan'eous. 'equilibrium, '~ 
compositions of crystals;c-oexis,tin,g, I('ith the liquid,. Eact" "",\_,,\.;,;~ 
step involved the removal 'of ,a quantit'y of trlese phases"...::'\ " 
equivalent-..t;o 0.01 cation per cent of the initiàl parant, and ''',' :{i' 
the r e cal cul a t 1 0 n 0 f the r e s i du a l 1 i q li id, t 0 ,100 p e r ce nt.. The " 
phase compositions we"re caVculated from 'âlgoritl:tms given ,.ti:y\ , 
Hart and 'Oavis (1978) an~ Ford e~ al. (.1983) for 0'1 t~ine~ :" ~ 
Morse (1982) for pl-agioclase and Gà'mble and Taylor (1980) fo,r _, 
clinopyrltM.ne. - The equilibrium temperature compiled for ~. \ 
olivine at ~ach/step'was used to dèf1ne the Fe/Mg ~a'tio' o"f c, 

thercl i ~opyroxene, " '; 
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, '\ the "\contam;.inated and uncQntaminat~d gabbros of ~ac' Yasi~ski. 
'5ymbols as in Fig. 8 \\ '," ,., ' 
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(Jolly 
<,. 

1915, Gélinas et al. 1984) in cO,mpositio,n,. The 
\J.-

. measured volc~nic successio.o i s.' compri sed of three 

populations in terms of Ti. content (Fig. 8d). The earliest 
" 

1 a vas h a ve i n te rm e d 1a te Ti val u e s (0 • 7 ca t ion %) a n CI are 

'. strat1graph1cjllly ovè'rlain 'by later lavas of lower Ti c.ontent 
'H t~.. <r. - -Il: 

':: ':>( 0 • 45 ca t'i 0 nI) (T a b 1 e 4). At the top' o} the s. t r-a t i 9 ra ph Y , 
~ ~ . , t, 1.. ... , 

.~ ~'~ ,the" four of s~mpl es co 11 ec ted f!""om the you Ages t . flows are 

,'" '>-\ cha}acterized by the highest Ti contents (~O.98 cation 1). --.t-l t l ~ .. ~ \ r } ,,\ 
~, ' ( 

h' The intermediate-Ti lavas span a range of Si contents 

" ) 'f', 

;', sim.ilar to that o,f the fine-grained ga.bbros. The low-Ti lavas 
~~ ~% ':'-.\' 

span a even 9reater~,range of,Si contents and are ~n 
""J , ~ ~;- / 1 

more siliceous' tha'n t:he' intermedi'ate':-Ti lavas.. 

the 

average 

hfgh-Ti )ava§. ap"p--aar to b~~,an'omal'~9!,Sly paar in Al compar~d to 
.~ l ~ .' \ 

'y.. ,I!-.J. '1 .. 

the 'other lav~s. Th~r~ is c~hsiderable"o,verlap b,e'ween ~the 
..... " ~ >l" .. '=; 

compositions of ,the lavas and the g~bbros ('~.'!lg. 8c and d) and 
, ,', \ 

.. 

both have genera'·lly similar Zr, 'i, ~-!ib, 'Ba and Rb abundances 
.... ;,~ - .!. .-

'a~ similar Mg number. However, wher"eas thé ;gabbr:.os dèfine.::,~n~/ ,'. . 
.. 1 ". 1:" r... ~""''''' ' 

il .je ra 1 r, t r end 0 fin cre a sin 9 Fe. Ti and i r w i t h de cre à si" 9 " <t . 
• .. l< ~ \ < \ ;:',,_.., _ ... ' 

Mg., nos u c h te n den c y i sap par e n t w 1 th i n the 1 a vas 0 f a ny ". 
~. ~ 

g1ven Ti group. In fact sorne of the i.ntermediate~T1 l a vas c;" 
o 

appear ta" define a ·trend of Fe-deplet'ion with decreasirig Mg. ~, 

The lavas in qu~stion are d1splaced towards higher.Al and Si 

c6nt~nts th~n the major1ty- of ~he intermed1ate T~ lavas. 
~~' 

Despite the absence ofan Fe-enrichment trend. however, 'the 

la~as display a range in Si compara~ré ta or exceeding that 

'-' 

" 

-( ,~ 
" , T 

~ obser~e~ in the fine-grained gabbros •. 
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Table 4. Bulx rock 
vo 1 can:i cs 

XRF analyses 

~: 

" 

-<' , 

were taken ;from 
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Discussion , ,~'. ~. 'I., 1.,' " :, ~ \ ,\' ~~,-;.:" 
t \' 1 " .• ~ ~~ ~ 

éhe.l"i(:a1~\ va,riatio~$t o-bsérved i\n, Arche~~, 'roCk'~ ~ay 6e.a ~ "".\ .. 
... . ':.... ,~- .,'l:"-, -'l:',..r..-~1 '; , \ '~_ ,{ t l " 

'fu~ct1on ~,f ba.t.h ,pr1mar~ c.o~,pas,it,1ana 1, va,r·ia'tion and,' <". 
• .. -1. ' .. ,~ ,~\ • , 

sec,o n d a r; pra ces 5 e s \ 's,u,c h a s ·1 0 W - t e m ~'e r ~a t ure a'l t ~ rat i o' n ~ ::.... '" ; 
..., \ t\ l " ,,'. ,.: J .~ ,-:;.' ~ ~; 

burial 'à-nd,'regi-anal metamo',r,phis'ni a,nd'local me'ta"s·Om.atism., It ,'0 

• ~ r '- " ~ ,~~ ,'" ,~ ~ 'S ~ 
1 ~" ::- ~ 

i' .. - is difficurl t to' assess, rigorously~ ~he ex.tent'to which such. '~,~ ; 

1 

-,---
" ,'?, 

" 

Î' 

].- -
J:, 11\ 

. , 

f' , 

" 

" 

" 

-, 
.' - ..... ~, 

.. '" ~ ........ ' ... ~ ...... ~Q .... 
~ ',. ""1'" .. 
1 ~ '!>r ~ • " 

.-
~~ " J" --

~ , 
l,. l' r 

\ ~ • ,~ , 

~ II~~ -. -~ • ,r t -;~ 't- .. C 

1 \~ , l ~ .~ ', __ ~ 1"", "". 1 ~r 1 .. \r \ ' l l' ." 

,"" .. -- , , .... ~ .... 
secorida ry p'roces ses .ha ve mod; fi ed .m'a:9m~,t i C" C'om~p'o,s 1 t i ana 1 

, , ' 
, ~ 

"reJatfanshtps. there 1s .general, à:greement':~nél!t,.l,~rge-~~Q.n-· , 
....; '. - 1 "',..., - ~ 

:lit'hophi1,e eleme(nts~sucha's Na;Kt"Rb,~and:à'à'm~y bem·~bp{z.E~,d,~: ":,~-
• .._ 1 ' -- L, • (, ""l .. ' ~, ':., '\ ~'~ ~ ~ t, ~ 

\\ _ ~ -- ~ ~ 1. \1 'H" 

in met.amo'rphic terrai-ns ('H~rt 1969. Hart et'al.'1970). As ,a __ /~,'" 
~~ 1\ '~ 1 , ~ .. ~ \ 

.. ' -\ .. 
consè-q.uepce, classifications -"base,d on 
, ,> 

" 

norm~tive_minera1o~y 
- , 

must 'be dealt with caut;on ,an~ '::little weigt{t'canj,e ,giv'en: ~O\' 
'- , " (\\ 

these ·elements duri,ng mode'ling. ,There ar~ con,flic lng 'resu1t,s 

w'ith respect to the mobi1,ity. of el emen't~ such Ca ,and Al. In 
If ~ .. " J ~,. 

sorne, gr~enstone localities they are re,ported to ,be enriched 
, ,..~ ~ 

(Cond te et a f .... 197 7) and ,i ~ 0 thers ,dep l,ete~ (Jo 1 {/ a nd, Sm; th 
f 

, r; 
,1 9 7 ~J - 1 n C ,0 m par i $ 0 n t 0 exp e ete d m a 9 mat 1 c val u es • . In the, 

Yasinski r'o,ck's Ca and Sr, appear to disp1ay a positive 

cci r rel a t ion w i th vol a t i 1 e ca n te nt s u 9 9 est i n 9 the se e'l e men ,t s 
, 
/ 

have beèn' remobi,l ized., On the other. hand. elements with'rhigh 
, ' . 

fi'e14i strèngth, suc~ ,as,.Ti. ,Zr and ~ are c1aimed 'by\!m~ny 

a u ~ h 0 r s t 0 he r e 1. a t 1 v e 1 y i mm 0 b i i 4 d.u r i n 9 9 r e 1! n s chi s t 

met'a,~orphism (Pe'arce and Cann 1973, Coish '1~77~ ~udden e~ 

il 1. 1 9-8,2 ) • . 1 n t'h e <. Y a sin s k 1 ' r à c k s " no car rel a t ion f S ,0 b s e r v e d 
.' .... 

between volatile Ç,r he s a,mlè ,'1 
i~ • '..!. ... 

~ontent an~ t~ese e1ement~. 

obs'erv,ation is true for Mg, Fe and Si. These el ements' do not . . 
, < • 

f .. .. ) 

appear ta have been s~rongly remab1lized and thus may be 4sed 
• -: 1 , 

, . 

f' 
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pla9iocl~se and pyroxene. The fine-grained gabbros may 
t.~c 

':;.' , 

approximate ,1iquid comp,ositions. wh'ile thè coarse-grained 

gabbros 1.,"-ust in part represent c.umulat~ ,compositions. 
>II.\" 1 \i 

A 

program (Wright and Doherty 1970) was used to \; ,mi~, i ng 
Il' ~,~: • 

"'~ 

test 

whether the Fe-rich gabbros: could> have been derived by 
, 

crystal, fractionation from a parent re~resent1ng an average 
11? 
<', of ,the Mg-rich. fine .. grained gabbros adjacent to the fiel~ of .' 

,< the to~~Se-grained~\~' gabbros. The most successful mOd~;'ls 
r~ ~ 

the remd:Val of an assemblagè composed of' 
, 

plagif-:ocFàile. clinQpyroxene' and olivine (in proportions of 
. " 

48%, SZS and ZPl respectively). Over 50 % crystallization 1s 
~,I 

·Î"equ i réd, ta. fine-gabbro produce the, eRti re , , spectrum of 

,v composi ti~ns to ,-1 ts m'ost i ron~ri ch members. There was a good 
'" " " '4 '4- "'i,l, 

,', ag~e~lI\e"t . , . .... between'" 'the amount of fractionation predicted by 

Sliéh m:R'dels,t::and &i.at ~stimat'ed on the" basfs 
'\.: ' . ~\ '. . 

o f h l' ~ 1 Y .i.r C 0 m pat 1 b l e el e men t s suc h a s Zr • 
" 't 

of the variation 

belt 

of 

cl 

\ • 

. . 
\ 
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featur~ chardttter1stic ô'f' 'magmai alo:ng a- p1agi oc1a$le 
.~l': _. 

saturat10n surface. Howev,er. the spread fn, Si of'the ,Jow~Ti 

lavas 'cannot b'e reproduced by gabbr01c crystal11zatlo,n'models 
, ,,' " 

, . ' 

involv1ng pl agiocl ase. cl1'nopyroxene. ànd oJ ivin'~. The 
" T 

requ 1 red by suéh' 1'(10 de 1 s " '" ' 

to. 'a cCQunt' extent of fract10nation 
i-

for 51 varia t10n pr~duces a shar,p' ,rj se ,1n' Ti and i Fe 

, which not observed in the· '1·ow .. Tf 1 a ya $,., At" The 

,.? 

, 

of rea sona bl e amounts of chromite a"d ' the" ,.. c r,y s ta 11 i za t 1 0 n 
~ ,'1/ 4 

'" 
calcu1ation of a portion of Fe as Fe 203, reduces th'e 

, 

d ~ screpa ncy. but are st fll i ",capa bl e 'of 
.. 
pre ven t i t'i'§' the 

, 
bul1dup of Fe. 5imilar problems' are encountered whe'n trying , 

to model the compositional variation' within th~ 1ntermediate-
; 

, , tJ". 

The sftuation beêomes worse when~, gabbroic lavas. 
1 

Ti 
J 

frae~'ti,on 

'1 ntermed 1 ate- Ti 

, " ""'1 • 

mode 15 are used. to try, tn~' dEtrhe 
~-j,' ." .. , 

• , ..... ft ' 

lavas from the more primitive low-Ti lavas 
, ..... J ~ t 4 

the 

• .... ~t .. :~lo " 
because' ,the J increase i'n S1 which such" model~';~';;p'ro4uce ts 

, .: l fit 

{I i ' ~ \tl ";':~1." , .... 
1nconsi"sten't with the 10~ér sr content of the int~'rme,diate-lii 

9 • " 
lavas w1th respect to ,the low-Ti lavas. 

. , 

',_ There is 2cr:ev1~.ençe 'to- suggest Chat àlteratio:", ,s 

:responsi ble for the Si 'di ffereri'ce observed between these~,~~o 
" ,l 

'strat1graph1-cal1y and.,chem1~ally d1st,1nçt 'lava suites .of Làc 

Yasinski. 

gabbr01c 

The presence of tonal i ti c' ,xenol1ths 1 ~ sorne 

dykes fndicatés the'possible' hIe of COhtam'1nation 
\11" -- \ ! 

in produc1ng Si enrichment. Th~e, xeno 11 th- bea ri og ga b'bros 
ç 

disP.1ay a marked increase-in I Si. Ba/Zr, and Zr/Y ra~i~s and 

decrease 1n Fe with respect ta othe~ g,abbros of similar ,Mg# -(Fig. lOa. bl; (Table 3) whfch can be attr1buted to the 
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~~ss,1m11ation - .of" tonalite. ,,' Altho\Jgh some Yas1I1ski 

, 1 aYa'~ ",ha~'e. s'1 mil ar Ti.' F~ and Mg con t~on,ts to the ~,ontanii na ted 
, i ' , 

g~bbros (Fig. ~c and d'l', 
.-~ 

i> , 
the} have dfst1 nctly lower Zr'. Rb 

a:nd. Ba· con tents ( Fi 9 ., 10c) (Table 4)/ These cheR;lfcal 

·futures suggest tbat the h1gh Si, content of t.he 10w-Ti l.avas 
, 

i 5' Ilot 
~ ,"~ 

the resul t of contanl1n"at1on and indicàtes' 'that the 
Jr- , 1 • 

diffe'rence in sl1ica betWe'en -law-Ti a~d:'1ntermediate-Ti lavas 
, 
'. reflects a· fundamenta'l diffe,rence 

, 
"lo\ '" 

in their fra'cti onàt10n 

, , 

~ - ~)'''' ~ 
'\o.l.r'-r i 

~,~ ~'i",,[ 

G _1 D ( 

, " , 
'l " "' ' 

, 
• II 

\J ...... 

, ' 

, - , 

" , 

Co.· 
t -

, , 

./ " 

l ' 

Il 

~ 

'histories which precludes dedv1naprre from the othèr'. 
e 1 ~ 

Although 1)0' ,lavas, more prfm1t1Ve than· ~asal ts, àr.e 
" , 

observed a,~ lac Yas1nski. ,thé ol1vine dominated' cumulate ,o,f 
" 

the layét,ed intrus'ion impl'feS the'existence, of more pr1ri1ft'f-ve 
- 'j1 

'.: 

magma.s't' Pr.1mhive komat1it1,c ,lavas 

i n '~'H~- eas~ern Lac Guye r .ugme.nt" of 

, 
h a v e e ru pte d w'1 th' b a sa 1 t S . , 

. the' La Grande bel t (fig. 
~ "\. " 

61, •. " 'St,-Sf!".Yl1Iour e·t al. ('1983) have'~ropqsed:.that.the basalts 
• ~.. " 1. l' - • ~ 

of the ,Lac GI./yer, a'rea ~ere derhed by ~rystal fract.ionation 
l' 

in subcrust'al màgAla chambers fr~JII parert,tal magmas whfch wer~ 
\ 'C";' _ ' . 

COllposition"aly equivalent_to the assoctated tomatiitic lavas:-

,A, :t~e, basalts· of th~Lac Guyer se9~ent· ,fa11 a.1ong the 

CO"POSY10na 1 - spectru. ~ -the ras 1 nskl gabbros and ciuster

with ,those of. the Lac 'Yasinsk1 lavas, the kOlllat.iites, and 

kOIll'a t ~ j tic basa 1 ts' Qf" Lâc Guyer mai al so' , 
, ." . 

comp-os1t1o"nal analdgues of the. parental magmas to the lavas 

of the"La~ Yasi'nsk1 seg.aenQt of thé La Grande' greens,t'one belt. 
,... 

At lac Guy.er;-. the ,compos1 t1 onal fi eld 0 f' basa 1 ti c l a vas 
-

~~nf~d, ta th~lt of the Itomatiftes ~y that of less abundan~ 

_t11t1c. or p1critfc basalts.o The d1,st .... 1bution,of these 

o ' 

56 

, " 
. "' 

.. ...' 
o ~~.. ~ 

'" :" ~ .. ~ ",~ .. ~'-t/." f, t:,... . ~ '''' .. 1) 

, , 

'" .. • ,~ ", ~' ~ r·c-.J~·-' ~ ~~.,~~'. ~. " 

, 
l" 

.... 

,l' , 

" . 

;fI' . 



1 ~ 

l. 

.... ~~ .. ,,_~ .... ~~ ... __ :'~ ... """'~''''~ _~I\",""fr~"""'''''''''''''''~." ... , ........ __ 

, " 

, 

() 
, , 

, " 

. ,,~ 1 

,lavas fn Al-Si s'pace·"":~Fig. 1h), suggests that they '~ere 

f'.rac'tfonati'ng alon9 an 01 iv,1ne-.pyr~x~n~'cotect1~ (Seymour and' 

Franci.s 19'86~., The faet that Ca does n~i decre.ase i~ ',-these 

r a vas ~ n ~ 1 c a, .. t e' s the '. p y r 0 xe n e' wa s p 'r e dom 1 n a n t 1 y, 

orthopyroxene. The bes~ motlels fo'r'th1s trend re,quire more 
, 

th an' 50S f r ae t 1 0 na t 1 0 n 0 fan a S 5 e m b 1 age co m p 0 se d 0 f 

ort,hopyroxene, and 'olivine' (57 and, '431 respec·t1 vely Fig, lIb 

path 'a) for komatiit1c, parental magmas to évo1 ve ta 
compositions sfmi1ar ta those of the'basalts. Ji.. pressure on 

, 

-' ' 't' h' e 0 r der 0 f 1 0 k b wou 1 d' ber e q u 1 r ~ d ,t 0 , e 1 1 m 1 n a te, the' 
,- .... , 

" ' 011v1ne+orthopyro'xen:e r,..eact10n re.latfonshfp (Takahashi and .. " _ .... 

. Kush,fro t983,,) to enabl'e such a model to wark. ln support of 

such a model, the, Lac Guyer kornatiftic basalts deffne a pa'th 
, , ' 

0" 

o f con 5 ta n t no~'matfve quartz ~1n an 01 +Qtz+Pl a9 l1-qui'd,Us,' : 
. ' , 

, . 

o 

projection ( F 1 9 • 1 2 ) wh 1 chf 0 1 1 0 W s the ' ~ x p ~ r f men t ~:1: 1,3" ' 
l {~. 

'1 ' 

dete,rm1ned positions of the 011vine+orthppyroxene ~ot,ect1ç, 

between ·l~·and 25- Kb (El tho'n et al. 1984). 

1 f the Lac Ya 5 1 n s ,k 1 bas a 1 t,s and 9 a b b r 0 S w e ~ e der f v e d, 

from komat11tfc' 'parental magmas undergofng a s1m11ar 
o 

fract10natfon hfstory.'·' then a mechan1sm presents itse,l,f for 

e ~ pla i n 1 il 9 the b è h a v fou r 0 f S i i n the La c Ya s 1 n s k f ' 1 a vas. 

The pr1mary phase volume of 011v.fne expands wfth dec,r-eas1n'g 
. ~ , 

pressure (O'Hara 1968) and in Al-Si space (Fig. 11a) the 

p'osit1on of tt:le 011v1n~+àrthopyrôxene cotect1c would shff~ 

tr 0 wa 'f d s h f 9 h erS 1 v ~ 1 u es. The 1 0 w .. Tf1 a vas 0 f the Lac 
~ 

Yas1nski segment of the La Grande greenstone belt may, have 
" . 

e y 0 1 v e d f rom r e- s 1 du a 1 1 1 q u 1 d s ta p p e d a t var 1 0 us', s ta 9 è s 0 f . 
"'.... , -
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",Fig. Il: a Al ~'ersus Si (cation u~1ts) fo'r the Lac Guyer 
'baialt-komat11te suite •. Basal ts. open cirçles; komatfites. 

s'o11d circles. b Al versus Si (cation "nits) for the Lac 
Yas1nskt lavas. _S'ymbols as ln Fig., 8c and d. The 'cont1nuous 
llfne,mar.Jcs the H,eld of. the lac Yasinski gabbros. The dashed 
lfnQ marks the fiel,d of the Lac Guyer basalt-komat11te suite 
displayed in Fig.lIa. The arrows., indicate fract10nal 
cry st a 1.1%, a t ion pat h s cal cul a te d, w i tJl. the ' fol 1 0 win 9 ph a 5 'e 
assemblages: arrow"a- 57S:o,px,; 43% 01; arrow b_~b'" • oll y';, 
a,rro~ C-C IIl ··60S cpx. 40S.'plag.,' .. " . 
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Ftg.. 12: 01,iv1ne-s'l1ica-pla,gioclase· i,somo]a..r,' liQ.1f1dus 
projection' for th~ Lac Guyer ,ba.~alt ... Komati it~ s ... t,te. Sy'rilbol so', 
,as in Fig,.,8. ,"The' expcèrfmentally ,determi,fl.ed ': cotectic1'" 
tJouR"r1es 8,re ta ken from, Elt hon et al. L9~4.' '.1-htm, 2-10Kb. 
3'.20Kb. 4-,25 Kb.. .~; , 
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, h 1 9 h pre s sur e f r a c t ion a tj 0 n a 1 0 n 9 a non v 1 n'e:" ci r t hop y r 0 x e n e 

:cotectic. As these magmas rose ta the surface, the expa~sion 

of the olivfne 1 iquidus volume would have caused, them ta 

become 
"\ 

supersat·urated with respect ta _olivine and to 

fractionate, along, a series of olivine control line~ (Fig.-llb 

paths b through b,' 1 ). 

... ~ , .. 
This mechanism would account for the 

"p spread in Sr and Al contents of' the Lac Yasinski la~as' at 
i 

relat1vely constant Ti, P; Zr and Fe. The olivine cumulate 

of the Lac Yasinslc.i intrusion may represent the miner'a» 

e x t r a c t f r om the sep i cri ~ i c 1 i q u t d s ~ f r a c t ion a t in 9 a 1 a n 9 

olivine control lines as they rose ta the surface. A sfm11ar 

,,, scenario has been proposed by -Jamfeson (196-6. 1970) 'and later 
~ -

~ by Cox ~nd Jamieson (1973) for the olivir'le-rich ba~a1ts of 

the Karroo province. The higher Al aontent (Fig- 9b) and 

lo'wer' ,Mg content (Fig. - a,e., 

ba sa 1 t's with r~s pee t ta the 

d) of some of aphyric law-Tf 
", 

gabbros, sug ges t~, that these 

magmas fal1ed ta nucleate pla g i 0 c'l a se an$! overshot _t'he 
" 

plagtQclase-pyroxene cotectic deffned by the spectrum of 

g~bbro compositions (Fig. 
! 

Ba) • 
1 ~ '1_ 

Thf~ would explain why thes~ 
. 

lavas show no signs of iron enrlehment; 

Th.-e lower Si contentJof the intermediate-Ti basalts 

'tnd1cates that they were derhed from magmas which had 

experienced " larger extents of high-pressure 

olivine+orthopyroxene fractionation than those which gave 

rise to the low-Tt lavas. 
,-/" 

Such residual magmas would reach 

Al-rfch ~omposftions which would be sat~rated with respect to 

plagioclase and pyrôxene rather than olivine when they 
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, f 1 na 11 y r 0 se, ,t 0 10 W pre s s ~r ~s • 

gabbro1c ·fractionation r/ather than- 01 t'viné' fraét'l,o~atiàn"'" ': 
/1 1- 1 ,~ 

, 1 

\; wi-thin th~,low pressure cond,uit system~ ln this 'regl0n of Al-'" 

Si space. however, calcu1ations us1ng algorithms from Morse) 
1 ~ , 1_ r r ) _/ 'il 

(19à2) and Gamble and Taylor (1'980)' 1ndicate~ that for.a small/" 

decrease in Si content. the composi tion o~ the bul k. gabbr:,oic 
'1 

, ' , 

cumuTate changes .from being less siliceous to more' siliceou's 
, 

than that of the corresponding magma. 
,< ... ' 

1 
A fan-like array of': 
j , 

gabb!o1c fractionation pafhs ex1sts ir th1s region of ' Al-S1,: . 

space Uig. Ub'path C-~~I'). Con se que n t 1 Y. the 1 0 w pr es sur e 

fra<=;tipnation' path;, of such magmas fS strongly sensitive'. to 

the: S1 conten~ produce~ by the prev10us hfstory of h1gh 
1 

'pressure fractionation. The spectrum of 

'la'Yas eould simply represent the la'eus of 

intermediate-Ti 

this ar,rdy -iof 
.,.,. , 

"igabbroiC fract1onation trends, 
'~' 

while ~he coarse-grained':,', 

g~'bbros of the Lac Yasinski intrusi'on would 

~xtracted cumulate. 

represe'nt _ the.' 
-t~y ~ 1 

1 
1 1 

, . 

The h i 9 h - Til a vas exp 0 s e d a t" the u p p e r. ,1 e v e 1 s ~ 0 f . the ,-

stratigraph,r 

·the highest 

di s play anomalously low Al contents but have 
, 

T i and Z r cOr) t e n t s 0 f the Lac ,y a sin s k 1 bas a 1 t S ... 

It ~s'diffictilt ~o postulate~~ mechanis~ which could d~r1ve~ 

these- lavas 
/ 

from, magmas equivalent to the - low or 

:intèrmedfat-e-T1 1 avas. 
, 

the IThese observations are_based on 

"" 

" 
" 

" 
" i, 

" , (' 1 . , 
1 

, 1 

J 

'" analysis of four samplé.s and alteration ma'y be a prabl'em .. 

,-

def1ne 

, -, ' 

t 1 ~, 
Some of -the intermediate-Ti Yasinski basalts appear ta (-'!o-

~ 

a t r end 0 f 1 r 0 n de p 1 e t 10ft,. (F i 9 ; 
! 
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However. the 

~ 

lack of'variations of the Ti and Zr along this 
( 

trend and the higher Al and ~i'in the lavas which define it 

suggèst that the nature of this trend was a function of 

,different extents of 011vine+ort~oPYroxene fractionation at 

.' h 1 9 h pre 5 sur e • Extensive degrees of fractionation at high 

pressure resulted.in gabbroic'fractionation at low pressure 

and produced basalts of relatively highet Fe content. Sma!ler 

degrees of" ol1v1ne+orthopyroxene fractionatio'n :at high 
, 

y pre s su rel e a d t 0 e xc e S sol i v i ne frac t i 0 na t ion a t 1 0 W pre s s ure 
, . 

which produced evolved basalts without Fe-e~richment. A 

spèctru~ of these combined processes ~ould p~oduce the locus 

of basalt compositions which appears to define an Fe-

deplet10n trend. The gabbros of the Lac Yasinskl intrusion 

which contain felsic material on the other hand define~ a 
, 

definite t.rend of iron dep)etion in M9-Fe space (Fig. 8c) and 

depart from the main gabbro spectrum towards the composition;< 
i 

of. tonalite. This 1ndicates that the assimilation of 
.-

tonalitic çont"aminant was responsible for the iran depletio,n 

in ,these rocks. Although no lavas corresponding ta the 

. ' : :contaminated -gabbros have yet' been recognized 1n the Yas;nsk; 

-
i ' , 

:: -1·, 

-• 

, , 
" 

/-'-, 

',' segment of the la Grande greenstone belt. the second cycle 
1. 
," , , 
.. volcanics', ,descrtbed, by Skulsld (1985) may represent the 

èx~rusive equivalents of the contaminated gaqbros. 

._ 5 • .:8 

-:-,The Lac Yasinski intrusion represents a relie of a 
" 

sha 11 O,W 1 ev'e 1 magma conduit emplaced at the base of a 

greenstone success1on. It records the operation of the low 
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pressure f ra c t 1 0 na t ion pro ces s-e s wh i c h h a v e a f f e ete d , , the 

evolution of magmas in the Lac Yasinski greenstone belt.'; 
" 

Thé coarse grained gabbros ,of the' Lac Yasiriski ,intrusion , , ' , 

repre'sen t' cU!D ul a tes 0 f ma te ri a 1 ex tra c,te:d from t he pa ren tal 
~ 

magma which produced the intermediate-Ti lavas. The 
, ' . 

. peridoti te appears to 'représent the 01 iVille :, cumula,te 
" 't 

extracted " fr.om more pr,imitive magmas which~~:'~' were \ . ~ 

su p e r s,a t u rat e d witll Olly,yne, and yi'~lded'~ the 
/ ' , 

cro~s cuttin~ reJat1onshf~ Yasllnskl 
. 

lavas. The 

1 ow· Ti'" Lac. 
l t ( ~ 

of reJa ted 
~ \, , 
l~ , 

syst~m bE7came illore ,m~f1c 
, " 

dykes sU9gest magmas of the conduit 

with time." The general absence olf· gabbr'ris cutting the 
, , 

, ! ' 
1...J , , ,. , ,J '\ 

peridotite su9gests that the magmas w~ich formeo -the 01 i'vi'ne 
~~ \ 

'cumulate came 1a.~;er' than those which produced the bulk of the" .. ' 
,1 ~ j' 

ga bbro dykes and cul'nu 1 a tes. Th i s ag rees :" wi ttF the 
4 '~. "1 

stratigraphy of the Lac Yasinski segment, of the La \\Grande 

greenstone belt whic,h indicates that the lntermediate-Ti 

basalts ~ere ex truded fi rs t fo 11 owed by a voluminous 
,; 1" 

out pou r ; n'9 0 f 1 0 w - T i bas a l t s. '; The m 0 d e 1 s d e v e 1 0 P e:d in this 

paper suggest that this evolution can be understood in terms; 
.. 

of decreaS;ing resldence t·ime of magmas in hig,h pressure 

chambers. In the early stages of volcanism, magmas u'nde'rwènt 

extensive fractionation of olivine ,and orthopyroxene at tîigh 

pressures whi ch produced high Al contents at low Si. The 

,.' 

l' 

" 

/ ' , \ 

, " 

)1 
1 

.~ 

" ' l , 

,," c, \\ 

\, 

. evolved residual magmas reached campos; tions which were clqse ,," 

to plagioclase and cl fnopyroxen'e saturation, when they roc"se 
" 

from depth and underwent gabbroic fractionation in shallow 

lével conduit systems before eq.lpting ~s the intermediate-Ti 
'cc 

, 
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lava s. , As the magnra ~ 1 c ~l umbl ng sys ten;. evo l v ed, magma s, wer,e 

tapped ,f.rom their high pressure 
'\ 

( , 
fractionation sites 

if 

'earl ier' stages in the1r, evolution and rèached the sha 11 ow 
" 

level c.o~duit syst'e~',supersaturatedin olivine. ~These magmas 
" , '/ 

fractiona'ted .along olivine contro1IJines and Pr:Q~uc-ed the 
\ ~ .,. 

0l'1v1ne cumulates of the lac Yaslnski intruùsfon' before r t,hey ;' 
" 

e r u pte d a s the 1 Ow - Til a vas. The de 1 a y e d cry s ta 11 i z a t ion o'f 
, 

plagioclase in these magma~ resul ted in an overshooting of 

/ the p1agloc1ase-pyr~xene cotect1c and the'abse~~e of ~n Fe-

enrichment trend. In the ~~stern Lac Guyer segm~rit of the 'La 

,Gr,~;f)d~ greenstone belt, ~ komatiitic 'magmas were eventually 
, l, • 

'.... ' - l. 

ablè ,to reach the surface ,havlng experienced essentia11y no 
", {,l 

hi~h pressure crysta11ization (St-Seymour ,et al r 198~J. 
~ ,Y' ( ]~ .,.,., ~ 

~ ~ ~. -<i • :o') ... ', -t 

l' The basa l ts and contaminated gabb~os df the ~ac 
• i \' 

"- YAsinski. segment illustrate different mechanisms for 'the '" 
" > 

genera"tion of iron-depletion trends. T~e intermediate Ti 

basalts exhibit an apparent i ron ' depl et ion trend. Their 

chemical pattern can be understoo,d in terms of different 

extents of high pressure fracti~nation which determined the 

nature of the low pressure f~actionating assemblage of the 

magma. Magmas which fractionated olivine at low pressure 

and failed to nucleate placioclase display low Mg and Fe 
" , 

con t en t s. Mag m'a e vol u t ion dom i na t e d b ~ g a b br 0 i c f r a c t ion a t ion 

at low press~re evolve towards higher Fe contentsJ A 

spectrum, of basalts which hav~'fractionated a100g 'pa t hs . , , 

between these limits will produce,a locus of..l compositions 
\ 

which define an apparent Fe-depletion.tr,end. T~he c6"ntain'i:n~'ted 
. " '. 
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deplet10n trend d~~ to the ~,ss1mi1at1Qn ~f _gra~~1t1c çrust 
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bà,~~alt1c \ magma'!' The g~ne'r~l ~'~endençy Of\~e-deplet10n trends 
- - . /' .'\. 

to dom1nate in the later stage$~ O'f gre'enstl~ne volc'an1sm 
~ ~ - l 'll ) 

may 
; t ~~ ,(. . i-' • - '" • • ~~' ~ 

reflect the ,1ncreas1n~ 1nteract1on~'ol baStalt1~ magm.a with 
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-ç '-~e • l 'Ç': fi \' 6 ~, SUII:"A~n. nlPtrCATIOIIS. AND RECOIiIiENOATiÔtlS' ~OR' FURTPER 
, ',: eN ",b ' ) WORK \'" \ e 

-1:\ ':* d~ , ol:.... ~ .. ~ ~ ~.. r .~ '1 (, \',-\ 'p. ': ~"(~ '}:: 1 . ~ J..., .. 

''t e \;~,S. ' The (prec'ee(l,rng, ~anuscri pt . ~:o~eum~nt',:!,~ t!h,e comp 1 ex 

J
'~ .",' ), < {, ~ , '\. l ' ' ' .; ~",,' 1., 

,,'\' ';;'1;"_', t.'\.~;:,~:' ili~erplay Of\p~o~esses involved in;~the e,y't),~'ut~,on of:'ma.J!,~:" 
"'~!~;1;.,,,~;. ~,,},~~.~{,'. 'ma,glllaS 1:11 .t!r,e'-,\l~C Yasin'sk.1, :s'e'g~ênt ~}. the L~a .,Gran.d~ u 

~ t"\~". Y" "'t \ l • '!-, \-

~ r\'~"\{l\- ,':':\<~~~reen'~~'one,bel\t., In'!p,~,rti~ula~. the b~èpavi'Our of Fe in\'such 

\ 

f' ... 

) magma~':'wa's~ s~o~n t'o be .a se'~srtiifve' func'.tio'~" '.pi th~}~~" 
~. " ' - • î.- • ~ f ~ 

" ," 

, 
,~ , 

" ' 

: ' ; 

". 

'. 

, . 
" 

fractionat1on \h~'~,tor,y. ' prolonged r'èsidenc~ 'Of' ma~mas at" " 
\' ~' . l: . 

high p~essure prô,,~,ueed' composi~ions i~hich were saturat.ed with 
~. , (1 _' -. :. 

plagioc .. lase a't\ lo~!.pre"ssure. "Ext'ensi ve :gabbroic 
\ .' :t> < \,~ 1 • ~ 

fl'aetionat,ion ,of\'~u'ch magm'as' at shallow levels prod~i~éd 
r". \.. • • l; ~ • \ JI.. 

~ ~ ~ \ 1 • 1 ~ t il. 

, residual ,1-1Q4id.s wh1ch\~Yo+ved "tQwar'ds ,'Fe,,-rich, ÇQ'mpositions".: 
,'" 1 -', \ .'.' " , '\ : 

Magmas wh1ctr '-attained 'cru.stal' levels with relativ.ely 
, '1 ~,l l ' < • 

. prim~ithè 'eompQ's,t't1on~':however we,re s,p.persatu~·ated in 01 iv,ine 
\ - • l~ lI, 1. t 

'and! u...ndèrw:ent' excC!ss 01 i,v'ine 'frac.tionation to praduce 
• • _ " t, 1~ , ," : t \1. ~. -,: ,, __ '.' . r.'e si d ua 1 ma 9 mas w i th a u t a ris e in : Fee a n t e nt. Ma g.m as ... wh i e h 

1 t. • ~ - , t ~. !, .,. 

"",' a~:Si.ml{~:'t~d ,d.tou,stal "m~tefial on' thei'r w~'y to t~~'.$UrfaCe 
", 

'.\ . 

'" 

, " l' - ,1.~ " ,...."" , 
': eval,ved·to~a,,~s F.~-p.oor comp,ositions. In the Lac Yasinski 

'<.. ( .. ~ \ , 
... ,'1 ( 

s'~.~li1ent of t,he';la !'~rande. gree'nstone belt eac·h of the.se 
• • r l, 

• l ," l ) . 

,'" .diver.gent· .t'rentls 'a,ppear ta have d~velaped from a comman' 

pH-en'tal\ magm,a composition in response to, different , , 
. , '" p 

fraétionatio~ h1stor:,ies. ' , 
" 

r. 

" 
A common appro"ach'in, studies of Archean pet,rogen!!s'1s 

. ~involves the use of'AFM p'rojectians tD dtsç-riminate:\"olcan1c 
,. . r . . 

.~ u i tes 0 f t ho 1 e 1 f t te a n d' cal c.'~ 1 kil.1 i n e ~ -i f i-~ i t i es. S'u c h 

.. , 

dia~rams.-~re commoply used to interpret Archean ,vol canie ,. 

, ~\ 

, '. 
-" 

,- , 
_.~ ... ~ites in terms of m~dern plat~ tectaqfc model ~:. "In figur,e 

'13 the fine-grahed gabbros. lavas; and contaminà't~d gab'bros 
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observed in th, gabbroic dykes i5 re,s,pol\s,ible 
; ~ 1\ ~ f. .. of ~ 
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in,êrche'an~Vavas- could ,no:t=,6et tested ':\ ,:.':~ ':" .'." for Fe-:.dep17\~ion trends 

,~tl"(;' .. t\~, t:\.,;·~~~c~ci~se~'the'!foabsencè{~of SUChq}avaS in the stud~ ar~,a of,the 

le ;',' .·\"râ .... e: Yasinski segment <'of the \\'~Gran~de greenstoneîi bel t. This 
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~ost of these samples in order to examine the extent of 
'" J 

alteration. ' The samp1es were crushed, powdered and 

, ( "~ 0 m 0 9 en 1 s e d, , ,t 0 - 2 00 mes h .. i n a t u n 9 ste ~ car b ide ri n 9 9 r i n der. 

'.. ~L:': 

" , 

~, .... • ... r 
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, 
population (sixty-six samp1es) was ana1ysed 

t • 

A 11 
.. 

the major and trace element concentrations '",'were 
.' 

determi ned b~ X-ra~ fluorescence, using a Philips ,PW-1400 
,. 

, "spect'~ometer ,with a 100 KV gener9.tor at the 
.J"~ \ ~ 

Department of 
1 "' '1 l J \ l ,~, ~ 

' .. Geo'logical - Sciences'. 
... ~ l '\ , " r' _ 

" , 
Montreal. McGill lfniversity, A 

-{ , , ca'" br a t ion tu r v e: for the ma j 0 r and t ra cee l ~m e n t s wa S der ive , , 

", 

lSl 'l:inear regress,ion us~ng 20 to 30 international reference 
,,-t' j ~ ~ , ,,--, \ 

"mat"eda'ls (Ahmeda'li~ ,S'.T. 
i, , \.. \ 

1983) • Ba,. V, Cr, Ni and major 
1 ) ,,~ 

" el emen.t 
, 

a'na lys t s ,were, 'dete rmi ned fused from 
< ' 

corr~cted-, fort mass absor~,t.ion us; ng an oC. 
; ........ , " 

~ , ' J, : 

'technique. ",Total Fe is c'alculated as Fe2030' 
L'" l ," _ 1t 

'1 elemént'detèctian l'imit .. 'foi"'i1sed bea~s (Ba,'V, Cr 
, • ',' ,/' 1 <.l \. 

l~. ppm. T,he analytica'l precisions (one standard 

bea ds and 

coefficient 

The trace 

and N 1) i s 

deviation;' 

We~ght pe~cent) for the major elements as ca1cu1ated from 20 

'r-eplicate 'analyses cH one' sample dise are: Si O.OS, Ti 0.003, 
,', 1 f 

Al 0';03, 'M~' 0~058',' Fe,O.Ol, '·Mn 0.001, Ça 0.01., Na 0.06, K 

,0.001"P\ 9.004. 
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KB Co~pton' scatter from the Rhoaiu~ X-ray 
c\ • ~ 

1 . was 
, 'f: t 

(, used to correct for mass absorpfion for the trace elements 

Rb, y 'and Nb: 
, 

These elements are analyse~ using Sr, Zr, 

pre~sed pe11ets fo~ which the detection limit is 5 pp~. The 
( 

absolute precision of aJl ·trace element data 15 general1y 
. 

better 'than Si absolute (T. Ahmedal i pers. comm. 1985) • 

' .. 
F'or 

'" 
major element de t e rm 1 na t ion one gram of rock 

'~~I 

p-owde r ·was mi xed w1th five 9 rams 0 f lithium tet~ùborate, 0.3' 

gram \ of lithium flouride, 0.01 gram of amm~nium n1t~ate and , , 

0.015 gram' 'of llthium brômide. 'l:n~ mixtilre was fused at 

.1050° c , ,f 0 r 20 ,m i nu tes i n pla t i mu m 'c rue i b 1 es a-il d' bDund in . '. 
\ , 

, . 
'-

poliihed Pt malds. The glass bead obtaineo was analysed for", 

major elements and Ba " Nit c'r and V determ1nation. The ·10 s,s' 

',; ~~i t 10" 
\' 

'O'l technique ser'ved ta 
' . , 

the 'va 1 a t il'è apprOx,lmate 
, ( . ' 

, 
content ,of the riQe k $ • for.'LOI determi nation two grams 'of'rock 

'powder ~as' i gnited at a, t~ernperature of 10000 C for a' pertod 
- . " 

o f 45 min u tes a ,f ter wh 1: c h the d 1 f fer e n' ce b e t w e e n fin â l ,', wei 9 h t " , 

, . 
~, 

l' 

~' ;' 

" 

v , _ 

" ; 

and 1nitial- weight was determined and'used t'o,es,timate~ 'tti~> 1;-:'; 
P e r c en t i t 0 t a 1 vol a t il e' con te n t o.f the' roc k •. " , Th, el' pre ~ s e d : ,r: d 1 

pelle~s were used for ,:the det.,ermination 'of Zr, y .• Nb\~ Rb ',and 
\ " ' , , 

Sr and 0 b ta i n e d' ~ y,' m 1x i n 9 8. 000 9 0 f ~ ra C k po \II der 1 :w; th a • 7 009' 

t of thermosetting resin b-ind'er in a SPEX Jlllxer for 5 'minu~és. 

. and b9und 
, ' 

i n top r e .s. s e d p e 11 e t s a t 'a' pre s sur e 0 f '2 5 
\ 

, ' 
tons.! 

These pellets were th-e,n,"cured 'in afirdryin g, ,o~,en at 20'0° C for 

15;' min u tes :' '. " .""'" " 
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APPE.DIX B 

Vhole rock geoche.1strY 

:. . ,. 

. 

\, 

Th~' anàlyses ,are, presented in two formats. On'~each 
\ 

p~~ge thé top -.form~t lis:~s analyses in weight % which have not 

,bein' norma'1'i;z~d ànd ,includes 10ss on ignition. Total iron 

was' calcuhted as Fe 2+. The lower format is in cation 

proportions base'd on 100 cations. The trace elements are in 

ppm. 
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Perid.~---------per1dot1te 
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\..1 ~ FineGb .------ .. -.-fi ne-9'~a i ned gabbro 
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f CoarGb.-----.---coarse-grained gabbro 
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Con7Gb .'------ ... --to~tami nated 

L Ti L a v • - - - - - - - - -1 O'W - Til a va 

ITiLav.-~-------intermeqiate-Ti 
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Tonaf.----------ionalite 
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LagranOe Vssin6ki , / f~4' 
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SAMP~E 84024 84026 84027 84029 84311 84312 84033 84050 84056 84114 41453 41454 41455 84166 
Parid Parid PyruA P~rio Perid PerlO' pyrox Pyrox .PeriO Pyns. PyrOA PerlO PvrtO Pertd 

. , . 
--------------------------------------------------------~-----~----------------~--------------------------
5102 44.B4 40.34 46.71 40.17 41:,48 .41.29 50.86 47.25 i40.34 48.17 50.71 37.54 39.45 38.94 ,'J'.. 
lI02 ,'0..20 0.13 0.12' ·G.IO 0.12 0.12 0.18 0.21 0.28 0.,?3 0.36 0.23 0.18 0.07 
AI203 4.25 3 97 6.85 4.53 4.39,4.37, 4.16 6.79 5.83 8.26 3.99 4.12 4.29 '1.B8 ' , 
MgO 26.70 29.90 23.04 30.14 28 -92 28.55 20.94 22.10 25.48 19.44 21.43 26.00, 30.62 34.5~ "" .' 
FeO 11.99 12.0B a.Z.6 .. 1095 11 aB Il.93 10.19 '10.10 11.54 846 8"25 '-n.Os 11.34 11.66 . '-
MnO 0.20 0.19 0.22 0 17 0.12 a 12. 0.21 0.26 023 0.22 0.21 0.17 0.15 0.07 
CaO 2.33 1.27 7 95 2.02 I~al "J.~9 10.00 8.37 5.98 8.53 10.45 5.70' 0.96 ,0.01 ',' 
Na20 0.05 0.01 0.10 0.12 0.10 0.0 0.03 0.09 0.16 0.43 0.08 0.0 0.0 ' 0.0 
K20 0.0 0.0 0.0 0.0 a a . 0.0 0.0 0.01 0.02 I.B3 0.01 0.0' 0.0 0.0 
P20:' '0.02 0.02 n . .<l1 0.02 0.01 0.01 0.02 0.02 0.03 0.3S - 0.04 0,,02 0.02. 0.01 
LOI" 7.91 10.93 5.3410.5010.2010.20 3.61 4.51.8.90 ,3.55 3.57,13.10 lO.58·<11.70 
-------------------------~----------------------.--------~------------~---~--------------~----------------

98.49. 98.84 99.10 9~ 32 99 03 98.38 10~.20 99.71 98 79 99.79 99.10 97.93 97.59 98.90 .,' ~~ 
. ~~ 

t .... ~" 
Cation ~oportlons based on 100 cations ~ 

-" 
~~--------~;~;~~-;~~~~--~~~;~--;~~~~--~~:~~--~~~~~-~~;~7j--~~~~~:-~~~~~--~~=~~--~;~;~--;;~;;--;~~~~-~~;~;; 
T, --, 0.15 0~10 0.09 Ei.cï'Y 0.09 Cl 09 013 0.15 0.21 0.37 0.26 0.18 0.13 0.05 

.,-
.-!> ~ ~ 

AI 4.8B 4.62 7.66 519 5.01 5.09 4.60 7.54 6.74 9.1' 4.43 5.01 5.01- 2.16 
Mg aB.79 43.-<97 32'.57 43.07 42.25 42.10 29.28 31.02 37.23 -27.04 30:,6 -40.02-45.22 50.23 
F-e 9.78 9.97 6.95 8 .. 90., 9.74 9.87 ·7 99 7.9~ 9.46 6.60 6.50 9.54' 9.39 9.51 
Mn 0.'7 0,16 0,\8 0:'14 0.10. 0.\0 0.17 0.:[1 0.19 0.17 0.17 0.15 D.t3 r : 0.à6 
è.. 2.43 1'.::14 8.08 2 73 '90: 1.90- 'O.OS 8 45 6.'28 8.53 10.5ji 6.31 1.02 0.01 
Na .'. 0.09 0.02 0.18 0.23 0.19' 0.0 0.05 0.16 0.30 0 78 0.15 0.0 0:0 0.0" 
K 0.0 ,.0-.0 0.0 "0 a o. a -'0. '0 0.0 0.01 0.03 2. 1 B o. a t 0.0 0.0 o. 0 "'~ 
p _.~.OZ,. 'D.OZ 0.01 • .0 02 a 01 0.01 0 02 - 0.02 0.02 O.2~ .q.03 6.02~ 0.02 0.01 •. 
-;--------------------.-~----------------------------- ------------------------------------------7----------

o 146.27 142.22 14B.13 14163 143.20 143 49 150,14 14.8,35 142.99 148.81 150.23 141.48 141.7S ,139.\2 

M\l No • 
Àl/Al+S1 

-: 

~ 

J. . ~ 

i. 
0.7~9 0.815 0.824 0 831 0.813 0.Bl0 
0.100 0.104' 0.'147 0 117 '0.111 '0.1\\ 
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0.786 0.796 0.797 0.B04 ·Q.822 0.{301 0.828 O.8~1."'H':·· 
0-.088 0.145 0.146 0 168 \13.085 0.115 0.114 0.054>-." 
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NI 711. 923, 1253. 1202. 914. 997. 300. 462. 892. ' 907. 1011. 1343. 1374 • '474-'."' 
Cr 3864. 2636. 1206. 1295. 2053. 2050. 1550. \ 3368. 2982. 1100. 4342. 6668. 8290. Ui31. " 
V 115. 81. 90. 52. 72. 84. 77 . 141. 119. 111. o 98. 110. 98. 45. - ."- ... ,,'\ 
Zr - 85. 51. 45. 41. 
Y . ..-: 12. 12 • ' 6. 6. 
Nb -... --- 9. , ,'" 9. 7 • 9. 
Rb - 63. 13.' 13. 14. ' ~ 

Sr, 222. 8. j2. 12. 
8d u. O. a. u. 22. O. a. a. 3. 154. O. 40. O. O. ' 
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8400) 84006 84012 84034 84052 840S5 84057 ~~~SI 84075" 848~1 84085 8409Q 84094 
FlneGb FineGo FineGb FlneGb FineGb FineGb Ftll~GboFineG6 FineGb FlneGb Fin.Gb Fin.Gb F\n.Gb 

.. .z.,. ......... 

~': 'SAMP'LE 83068 
Peria 

-~~-----------------------~-------~------4C------------------------------------------~--~-----------------
5\02 28.16 49.24 49.27 50.25 48 .• 9-3 47.27 51.13 48.71 48.98 49.50 49.17 49.48 53.13 51.70 
TI02 0.02 1.29 1.00 0.99 0.82 1.62 1.04 1.42 1:33 0.60 0.92 0.96 0.79 0.92 
AI203 0.58 13'.55 14.11 14.04 15.00 13.54 13.74 13.81 14.12 15.55 13.82 ~5.20 14.35 '-14.47 
MgO . 36.47 5.51 7.32 6.62 7.04 6.23 6.74 5.83 ' 6.5.3 8.03 6.74 6.37 6.68 "S.57 
FeD Il,70 15.47 12,,88 12.89 11.15 15.68 Il.43 14.95 14.34 10.79 13.28 Il.68 8.38 vJ 1.49 
MnO ',0: r9 0.2b lQn a 21 0.21 0.23 0.20 0.24 0.23 0.20 0.20 ; ,o. il 0.19 < 0.20 

,,~ 

CaO 0,05 9.67 10.74 10.51 Il.21 9.6B 10.6B 9.41 8.69 9.93 9.48 t,l-.28 a.67 8.56 
Nà2

t2 
0.02<> 2.42 l.b7 1.88 2.47 1.32 2.44 2 04 2.36 2.06 t. 79'" 2:05 4.63 .. ,.2.9T 

r !~ .... ~-

K20 0.0 0.36 0.3!:1 0.51 0.27 1.38 0.43 ,".21 ·0-.7 l., 0:43 0'.69' 0.47 0.68 0'.50 
P20 a 0 O. la 0.09 ) 0:08 0.06 0; 11 0.08 0.13 ' 0',13' 0.05 0.08 0.07 0.5.\.' 0.08 
LOI 21.28 1. 54 '2.08 1.47 1.85 2.09 1'.71 I.b5 2.58 . 1. ,\4 3.39 , 2. 26 .' 1.64·' - 2. 16 

~ . - -
-------------------------------------------------------------~--------------------------------------------

99 47 99.41 99.78 99.45 99.01 

~ 

edtian proportlon~ bd~.O on 100 cd110ns 
\ 

99.15 99.62 99.40 100.00 98.58 9iL!?E? 100.03 99.65 9~1.62 

, ". 

/' 
J ___________________________________________ ~----------_~ ______ ~~~_z~ _____________________________ ~ _______ _ 

51 29.93 47.74 ~7.45 48.32 46.8&" 46.42f 48.85 47.23 47.35 47.29 4~~18 47.45 49.50 49.~O -" 
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Tl 002 0.94 0.72 ,0.72 0.59 1.20 0.15 1.04 O.!F' 0.43 0.68 . ,,{l. 69' 0.55 p,::'6&" 
:t..1 0.73 15 48 16.01 15.91 16:93 15.67 15.47 15.78 16.C9 17.51 -'5.96 "17.18 ,1,5.76 16~30' ....... ~ .... \ ....... '\ 
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My' 57.77 796 10.51 9.49 10.05 9.1-2 9.~0 8.42 9.41 11.44 9.84 9.11,' ·~.28 9.36 
Fti 11.28 12.54 10.37 10.36 8.93 12.88 9.13 12.13 Il.bO 8.62 10.&8 9.37 6.53 9.18 
Mn / 0.17 0.2'1 O.IS 0.17 0.17 0.19 0.16 0.20 0.19 "0 LI6 0.17 °0.17 0.15 0.'16 
Cd Q,Ub 10.04 11:08 10.B3 11.50 10.19 10.93 9.77 9'00 10.17, 9.95 11;59 8.66 8.76 

. ."" ~' 
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Nd 0 04 4.55 3.12 3.51 4.59 2.51 4.52 3.83 4.42 3.82'" 3,40 3.81 8't36 5.50 
K 0.0 0.45' 0.48 0.63 0.33· 1.73 0.52 1.50 O.BB 0.52 0.86., 0.57 0:81 ",,,0.61 J~ 
P 0.0 0.08 0 07 0.07 0.05' 0.09 0.06 0.11 . 0.11 O.M 0.07 0.06 O.4Q' 0.06,-
---" - -- - - -- - - -- - - - - -- - -- - -r - ---- ... -- - -- - --- ------ -- --- ---- -- -------.. ----- -.. -- --- - - .... ------------ ------------~:.:.--
o 130 29' 154.05 154.49 155.03 153.53 153.47 154.~1 1'53.64 153.87 154.37,.~S4.81 154.63- t53.95 l55.25 
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~AMPLE 83068 84001 84006 8"1012 84034 84052" 84055 ,84051 
Perid 'FtneGb FtneGb FlneGb FlneGb FineGb FineGb FinéGb 

84061 84075 84841 ~~. 84085 84090 84094 
FineGb FlneGb FtneG~ FineGb ,FineGb Ff~eGb 

.,-, .... .. •• ~ -~ ... ;' • J ~ 
-------~-~~---------------~----------------~---~------~~.------------------------------~------------------
Ni 1336-. 34. 123. '. 103. 96. 92.' 72." 7G. 60. 1'03. 68. 66.' 144. 102. 
er 29. -63. 187. H~9. 200 •. ,., 1;.10. 90. 126. 172. 238. "J.,6'2. 18!L .484. 217. 
V . 348. 295, '291. 262.': 507. 280. 317. 331. 217. 'l'tt. 281. HL 308. 
Zr 35-" 95. _ '''.,' lj)7. 77..- 72. 
\( 2. 31. - --:-;-, 34. -' ~30,. 26. 
Nb 9 • ~ 9 . 10 • ...:- ';>"8 • 9 • 

'Rb 14. 19. 58'. 32. • 23. 
Sr 6. 136. -.." "'-- -. 147. .', - 149. a9. 
'Sol -' 64. 12. 120. 92. 208. 55 ... 115. 89. 53. ,104: 66. 359. 79. 
------~----------~-----------------~----------------------~-:-_.---------~--------~------------p-----~---~ 
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SAMPLE 84103 84tÎO 41451 831'08 83131 84030 84035' 8'4071 84081 840&3 84089 84Q95 84121 84128 
, FI neGb F inaGb FI néGb FirntGb F loeGb CoarGb C()arGb CoarGb CoarGb CoarGb CoarUl) CoarGb CoarGb CoarGb 

~ .. ~:-.~:" ~ . 

~~~;------~~~;~~-~â~ââ--~~~~o-~~~~~~--~~~â~-~;Q:;5--~â~;~-~~~:;~--~;~;;--50~~9--;;~~O--5i!;~--5;~~~--~O:;; 
1\021' 1.16 1.54 p.93 , 2.26 ~O.77' :0'.17" 0.25 0.34 0.47 0.28 0.1~ 0.48 J;l.67 0.30 
AI203·, 13.27 13.97 14.13 12.99 ,'4.75 '15.16 15.25 14.64, 14.62 15.25' 104.98 14.14 14.55 13.21 
MgO' 5.20 5.68 .6.91 5,2/;1 8.34 12.36 13.07 12.63 7.32 10.42 12.23 '7.07 5.90 10.55 
FeO 15.13.15.18 12.98 1'7:4'0" IQ.90',~,'6.49 7.86,7.82 11.73" 6.32 6.19 11.50 11.65 7.96 
MnO 0.28 0.24 0.25 0.26 ::0.20' 0.15 0:1'1 "'0.16 ',oO,,,~O 0.15 0.15 0.19 0.24 0.18 
CaO 9.98 9.23 9.&2. 10,02 1'1.1,6 ",8 .• 09 9.29 ,,9.46 "~;S.47 12.79 12.06 6.89 10.5t 14.66 
Na20 1.93 1.49 3.25 0.90'" 2.6~ .2.55 ,1.45 1.33 2.63, 1.71 1.04 2.46 '.50 ~r.8'? 
K20 O.~ "0.68 0.73' 1.91' O.5-Zr 1.13 0.94 0.62 0.38 0.40 0.09 0.97 0.25 ~21 
P205 , 0.11 0.14 0.08 0.18~,··0.05. 0.02 0..<0.2 0.03 0,04 0..03 0.02 o.o~ 0.05 .03' 
LOI • I.D9 ,2.61 0.80 1.4,4'- 0;9.!:t',,~:l.90 3.46 3.75 2.~1 2.53 3.35 2.61 2.21 1,;-94 

-------~~-------------------------------------~~-~r-----------------1-------------~~---J---------~--------
99,.30 99.64 99.18 99.07 100~,1!5"1l!.0~.87·}~0.10.100.22 97.79 100.07 99.90 99.69 99.72 100.13 

~J'." t.,' _ - (-.. 
~j" 

Cation proportion" basdd on 100 cation" " "c, ~ : .. _,~ -

._--------~-~---------~_._----~~-----~_:::--.~~~~~~::-----~-~~~-~--------------~-----~-------~-~--~-_:~~-
SI 49.31 48.10 46.87 46.00"'46;42', 4tL53 '45.31 46.65 48:12 46.96 46.79 51.19 :50.61 47.ij' 
TI 0.85 l.t4 0.661.680.54.0.12',.0.180.240.34 0.20 0.13 0.35 0.49 0.21 
AI 15.1.9 Hi.:;W 15'.74 15.14 16.20 i7.~p· 16.85 16.28 )6.81 16.82 1>6.66 16.'01 '16,63 14.65 
Mg 7.53 8.33 9.7;$ 7.b? 11..58 ,17,.0.6 W.26 /17.76 10.65 14.53 17.20 10.12 8.53 1,4.80 
Fe 12.30 12.49' 10.25" 14.39" 8.049 5.02 6~16 6.17 9.57 4.94 4.88 9.24 ·9.45 6.27 
Mn 0.230,.200.200.220.160.110.130.130.17 0.12 0.12 O.lS 0.20 0.14' 

'Cd 10.39 9.73 9.64 10.62 11.14',·8,03 9.33 9.56 8,;B5.12.82 12.19 7.09 10.92 14.78 
Na 3.64 2.8'4 5.96 1.73 4.tH· 4',,58 2764 2.43 4.98 3.10 1.90 4.58 2.82 1.59' 
K 0.48.0.85 0.88 2.41 0.62 1.33 1.12 ~O.75 0.47 0.48 0.11 1.19 0.31 0.25' 
P 0.09 0.12 0.06 0.15 '0.04, 0.02,,~",O.02 0.02 0.03 0.02 0.02 0.07 0.04 0.02 

,-

~' 

----------------------------------------------~-~-~~--~-------~::-----------------------------------Q~--~7. 
,', 0 155.83 l55.66 ISi.08 15.3.41 152.41 152.31152.'06 153.48 154. 2ft, 153.82 154.27 "56.77 157.91 ',153.93 
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SAM5,'LE 84103 84110 
FineGb Fint!GO 

'>'1>0 
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zS::''-l, 

"". ',~ ;'Ir 

-ut': _~ ~ 

~1461 83108 83131 84036 
Fi neGb F1 neGb Fi neGb Coa rGO 
? 

".t;f-\~ - .. 4Ifift -:a *'> 
::'~ ... 

.1fI/':" ,!' 

'If::-I, 
:: <If'!!"l~\} 

'"'" ..,:.r,..!.-4.""", 
..", .!' ... r 
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8403S 84071 ~408~ 84083 84089 84095 84127 84128 
CoarGb CoarGb CoarGb CoarGb,CoarGb CoarGb CoarGb CoarGb 

),00.:-': 
~ ~ ... '" 

;;; --------------------------------------------~------------.----------------------------------------------
.,. rH ': 19. 52. 136. 79. 157. 176, 217. 223. ",,-. .c;o, 207. 215 ... ··' 65. 32. 137 • 

C.. ,1 63. Hll. 230. b8. 342. 1275. 1279. 1135. 16. ~, 959. 29. 16. 8S!. 
V "264~ 357.' 311. 98. 117. 138. 234, .,."t62-., 120. 238. 294. 174. 
Zr, -r- 78. 1~8,' &5. 42. 48. .._' 74~ 69. 46. 

. Y 27, 43. 18. 8. 9. ~.aL""" 16. 10 • 
Nn -' 8. 9. 8. 8. 8.' 'ê. 9. B. 
Rn- 34. 74. 26. 29, 27. -- . -,- .~~. 18. ;17. 
Sr .....;:.":;" '168. lEt~ 215. :-- ~. 124. ''"_.' - .• ,-== .. 100', }12. 67. 

..~ 
Ba 70. 133. 186. ~,- 218. 244. 101., 38. 43~ .... "" 'o. 181. 5. 8 . 

--~----------------~---------:~-~~--------------_._------~---------------------~------~~~-----------~---
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Layrande Vastnakt 

SAMPLE 84130 84146 84148 8414~ 84150 84151 84154 83093 84011 84078 84842 ,84087 84096 84098 
Co~rGb COMrGb CoarGb CoarGb COMrGb CoarGb toarGb CoarGD ContGD ContGb Con1Gb9ContGb ContGb ContGb 

~ . " 

--------------------------------------------------------~-----------~-~---~-------------------------------
SI02 50.11 48.78 49.89 49.01 5T.24 50.41 50 57 48.63 55.47 55.02 58.25 58.25 56.13 59.40 
H02 0.1'9 0.10 0.19 0.150.790.410.351.420.810.190.99 0.612.00 0.64 
AI203 14.b7 13.62 15.64 21.43 14.63 17.31 15.~1 14.28 13.47 18.52 Il.13 14.30 13.67 13.89 

, MgO 11.18 15.34 10.66 7.59 6.69 8.30 9.40 6.25 6.74 7.33 3.78 5.82 5.22 5.84 
. feO 5.95 7.53 6.77 4.57 12.0\ l.65 11.38 14.08 7.82 6.12 6.85 8.49 11.94 6.74 -' 

MnO 0.15 0.16 0.15 0.~10 0.22 0.17 0.19 U.25 014 0.10 0.14 0.18 0.14 0.14 
CaU' '14.10 9.28 13.93 14.68 9.69 -,2.56 12.37 10.01 6.81 3.15 8.68 6.36 5.11 5.65 
Na20 0.99 1.28 0.91 1.42 2.25 1.46 1 72 2 12 3.33 2.62 3.12 2.63 1.02 ,4.02 
K20 0.34 U.16 0 07 0.08 0.17' 0.28 0.12 0 49 2.90 3.50 0.28 0.78 0.59 1.~· 

C/I:I P205 0.02 0.01 0.02 0.02 0.09 0.04 fr 03 0.11 0 27 0.03 0.14 0.07 0.84 0.3'" 
1 LOI 1.98 3.85 1.23 079 0.68 1.25 0~65 1.71 200 1.72 675 2.66 3.62 1.58 • ~ ________ ~ _____________________________________________ ________ w __________________ ~ _______________________ _ 

99.68100.11 99.46 99.84 99.46 99.84 99.29 9935 99-76 98.30100.11 100.15 IOC.28 99.76 

Cdtlon proportions b~sed on 100 cations 

"" ----------------------------------------------------------------------------------------------------------
~I 46.93 45.66 46.65 45.30 49.60 47.24 47.24 47.04 52.16 51.88 58.59 55.76 55.83 55.63 
TI a 13 0.07 0.13 0.10 0.5~ 0.29 0 25 1.03 0.57 0 13 0.75 0.44 1.50 0.45 
AI 16.1915.0217.2423.3416.3719.1217.07 "lb.28 14.9J 20.5813.1916.1316.0215.33 
My 15.61 2\ 40 14.86 10.46 .r9.47 11.59 13 O~ 9 01 9.45 10 30 5.61, 8.30 7.74 8.15 
fa 4.66 5:90 5.29 3.53 9 54 5.99 b 54 Il.39 6.15 4.82 5.76 6 80 9.93 5.28 
Mn 0.12 0 13 0.12 0.08 0.18 0.13 0.15 0.20 0 11 0.08 0.12 0.\5 0.12 0.11 
Cd 14 15 9 .. n 13.96 14.54 9.86 12.61 12.~8 10.31 6.8b 3 18 9.35 6.52 5.45 5.67 
Na 1.80 2.32 1.65 2.54 4.14 2.65 3 12 3 98 6 07 4.19 6.08 4.88 1.97 7.30 
K 0.41 0.19 0.08 0.09 0.'21 0.33 0.14 0.60 3 48.. 4 21 0.36 0.95 0.75 1.82 
P 0.02 0.01 0.02 0.02 0.07 0.~3 0.02 0.09 0.21 a.Ol 0.12 0.06 0.71 0.21 
---------------------------------------------------------------.------------------------------------------
o 154.08 15\.99 154.56 155 78 156.29 \55.64 154.~3 \54.05 155 75 157.84 162.90 161.44 165.04 159.59 

My Nu. 0.770 0.784 0.7J7 0.747 0.498 0.659 0.667 0.442 0.606 0.6Hl 0.49b 0.550 0.438 0.607 
AI/AI+SI 0.257 0.248 0.270 0.J40 0.248 0.288 0.26b 0.257 0.223 0 284 0.184 a 224 0.223 0.216 
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LMgraQde V.&lnskl 

SAMPLE 84130 84146 84148 841149 84150 84151 84154 83093 84011 84078 84842 .84087 84096 84098 
CoarGb Co.rGb Co.rGb Co~rGb CoarGb Ccar~b CoarGb Co.rGb ContGb ContGb ContGb ContGb ContGb ContGb . / 

----------------------------------------------------------------------------------------------------------
HI • 84. 509. • 41. 104. 5B. 103. 140 . 79. 74. 49 . 36. 55. 134. 105. 
Cr 388. 1222. 896. 737 27. 605. 703. 205. 381. 53. 14. 141.# 10. 361. 
V 1'29. 96. 152. 105. 1 - 291.' 174. 157. - 162. 85. 234. 171. 37. 120. 
zr 40, 34. ". _~1< 48 102 116. 62. 85. 1\8. 134. 
V 7. 4. ,- 12. 34 16. 4. 18. 45. 19. 
Hb 8. 8. B. 10. B '. 8. 9" ll. tI. 
Rl> 2.2. 20. ~ 15. 23. 111. 81. 29. ' 25. 37. 
S~ 6'3. 58. 60. 157. 569. 74. 263. 65. 431. 
e • 17. O. 22. ~ 1. O. 36. d 34. 110. 550. 76. 241. 104. 408. 

CIl' . ~------------------------------~---------------------- ---------------------------------------------------
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SAMPLE ~83117 84154 ,84161 84162 84163 20007 20012 2~013 20014 83151 84157 84158 84160 ~ooor 
ContGb LTILav LTIL.v LTllàv lTll~y LTILav LTIL_v ~TILav LTllav LTILav ITILav ITILav ITILav ITILav 

~-~-~---------------------------------------~-----------------------------------------------------_.------
,5102 52.62 48 67 52_86 52.80 51.70 53.58 50.21 51,44 51.49 55.79 48.60 47.58 53.74 "9.70 
'T102 

" 
0.82 0.47 o 66 0 .. 74 0.11 0.74 0.fi3 0.68 0.69 0.68 0.89 0.a8 0:95 1.00 

AI203 14.03 16.51 15,21 13.73 14.91 Il.74 14.96 16.41 16 41 13.39 15.50 16.04 14.35 15.45 
Myo. 7_76 11-81 7 _ I!) 5.43 8.29 -10.82 8 18 5.42 4.4~ 5.-66 7.02 8.51 6.81 6.05 
feO &.59 8.9\ 8.77 10.21 9.07 8.36 .0.22 8.58 8.15 10.17 Il.95 Il.81 10.33 9.96 
MnO ... 0.16 0.1-8 0.:l3 0.30 0.21 0.16 0.20 0.18 o 18 0.25 o 2~ 0.22 0.31 0.19 
loO 9.13 13.36 1-1 .91 12.11 10.73 9.66 ll.34 13.55 14.67 10.82 12.53 11.19 8.03 13.43· 
Ha20 {j.Y9 1.5J l,59 1.90 3.05 2.24 1.8b 1.96 1.50 1.72 2.01 2.24 4.07 1.88 
K20 1 13 0.21 0.09 . 0.18. 0.15 0.87 0.17 0.45 0.12 U.20 O. III 0.24 0.24 O. Il 
P205 o 38 0.03 0.06 0.05 0.Q5 0.44 0.04 0-05 0.05 0.04 0.08 0.07 0.09 0.07 
LOI 1.20 0.74 0.87 . 2.66 0.70 1 . Il 0.91 1.01 1.53 1.59 0.53 1.00 0.39 2.33 
----~---------------------~-------------------------------.-----------------------------------------------~ 

99.81 99.42 99.40 100.11 99.57 99.78 99.8~ 99.79 99.al 100.~1 99.51 99.76 99.31 'ÇO.17 

Cllt,'4n proport Ions b.u;.e.d on 100 cat ions 

51 48.15 45.5'8 50.11 51.08 48.06 49.89 47'.18 4&.70 49.40 53.41 45.94 44.65 50.09 47.60 
11 0.57 0.33 0.·17 0,-54 0.50 0.52 0.45 0.48 0.50 0.49 0.63 0.61 0.67 0.72 
AI 15.32 18.22 16.99 15.6b 16.34 12.88 16.57 18.31 18.56 15. Il 11.27 17.7. 15.76 17.44 
"'$1 10.72 12.30 10.10 7. El3 Il.49 15.02 11.4b 7.65 6.32 8.08 9.89 11.90 9.46' 8.64 
fil '- 6 b6 6 98 6.96 8.26 7.05 6.51 IL03 6.80 7.02 8.14 9.45 9.26 8.05 7.98-
Mn. b.13 0.14 0.18 0.25 0.17 0.13 o lô 0.14 0.15 0.20 0.18 0.17 0.24 O. '5 
Ca 9.06 13.40 12.10 12 55 lD.b9 9 b4 12.42 13 14 15.01t Il.10 12.69 Il.25 8.02 13.78 
Nil 1.11 2 78 2.!:f2 3 56 5 50 4.04 3.39 3.60 2 79 3.19 3.68 4.08 7.35 3.49 
K 1.34 0.25 0.11 0.22 ~B 1.03 0'32 0.54 0.15 0.24 o 22 0.29 0.29 0.13 
P 0.30 0.02 0.05 1:1. 04 .U4 0.35 0.03 0.04 0.04 0.03 0.06 o 06 0.07 0.06 

-~:_---------------------------------------------~-------------------------------~-------------~------o .. 153-18 1535 .. 157 64 157 62 153 95 154.83 154 ~O 156.32 157 77 159 19 153.35 152 02 154.92 155.32 

,0 

Mg ~o. O.b17 o 638 a 592, o 4117 0.b20 0.b911 11 5811 0.529 0.4'14 0.498 0.511 0.562 0.540 0.520 
A1/A1+SI 0.239 0.286 0.253 0.235 ,0.254 0.205 0.260 0.273 0.213 o 220 0.213 0.284 0.2'39 0.268 
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1. SAMPLE ~3117 84159 841'pl 84162 84163 20007 20012 200ta 20014 83151 84157 84158 84160 20001 
ContGb LT1L.v L~L.v LTtL.V LTILav LT1L.v LT1Lav LT1L.v LT1L.v LflLav lT1Lav lT1Lay'ITILay IT1L~y 

" 

" 

>-

'-. 

.... 

. , 

"--~--------------------_:_----------~----~---------------~-------~--------------------------------~-------

., 

"'. 

NI 79. 183. 99. 111 . 153. 232. 159. U\. 151, 157 .. 122. 136. 68. 1<26. 
Cr 410. 429. 3l2. 815_ 361. 794. 397. 407. 43'1. 821. 304. \ 298. 227. 328. 
V '""- 183. 204. 241. 246. 145 225. 251. 261. 263. 273. 254. 299. 
tr- IOS. 53. 62. 73. 65. 60. 62. .63. 69. 79. 74. 87. 81. 
Y 18. 13. 17. 18. 19. 17. 18. 2\. 18. 26. 24. 23. 25. 
Nb 11 . 8. 8 10 8. 8. 9. . 9. 10. ,9. 8. 9. 9. 
Ro 40. 18. 14. 0 13. 14. 18 25. 14. 15. 15. 17. 15' . 15. 
Sr 570. 161. 113 95. H17. 78. 118. 144. 83. 112. 125. 98. 182. 
e. . :. "1. 33. 43. 27. 3ti5. 54. 52. 0\ .... ;30. 43. 37 • 69. 
---------------------------------------------------------------------- ... -----------------------------------
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" Layrande Vaainaki • " 

5AMPLE 20002 20004 20005 20006 20008 20009 200lU 20011 83152 83153 841~4 84165 83150 83145 
IT1Lav IT1Lav IT1Lav IT1Lav ITtLa~ ITILav IT1Lav IT1Lav ITILav ITtLav HT1Lav HT1Lav HTtLav "T'Lav 

----.----------------------------------------------------------------------------~------------------------
5102 4~.76 50.01 49.83 50.23 5i.03 49.22 50.66 50.22 48.67 48.55 50,86 50.75 49.05 47.90 
TIOj 0~95 0.98 0,91 0 97 0.96 0.96 1.02 0.92 0.92 0.87 1.31 1 32 1.38 1.42 
AI20J 15.30 15.03 15.50 15.13 15.40 15 55 16 44 015.20 15.85 15.70 Il.09 Il.08 11.46 15.41 
MyO . 7.05 7.38 7_32 5.12 7.02 7.20 4 65 6.99 6.86 6.31 6.78 7.09 6.80 7.15 
FeO 11.59 11.49 Il.81 9.61 Il.40 Il.39 Y.08 12.29 Il 78 11.31 Il.37 10.93 Il.29 Il.97 
»nO 0.18 0.20 o.Ia 0.18 0.17 0 18 0.17 0.22 0.22 0.23 0.21 0.20 0.23 0.16 
l.O 11.59 11.39 11.05 13:4\ \0.50 \\.98 12 83 \0.04 11.63 13.27 \2.52 12.00 13.69 9.66 
Na20 1.44 2.23 2.11 2.11 2 49 2.12 2.59 2 63 2 70 1.85 2.37 2.07 2.55 3.04 
~20 0 08 0.14 0.15 0.12 0.19 0.15 0.21 0.42 0.25 0.21 0.31 0.84 0.44 1.00 
P205 0.07 0.07 0.07 0.06 0.06 0.07 0.07 0.08 0.06 0.06 ,0.10 0.10 0.10 0.18 

:~~--------~:~~---~:~~---~:~~---~:~:_--~:~~---~:~~---~:~~---~-~~---~:~~---~:~~--)~:~~---~:~~---~:~~---~:~~ 
99.30 99.84 99.51 99.79 100.39 99.42 100.19 99.50 99.63 99.76 99.36 98.78 100.~~ 100.76 

Cdtlon pruportlona ~ased on 100 L~t\~n~ 

Si 
TI 
AI 
My 
Fe 
Mn 
la 
N .. 
K 
P 

47 30 
0.68 

·17.14 
9.99 
9 21 
0.14 

11.110 
3.58 
0.10 
0.06 

47.18 
o 70 

16.71 
la 38 
9.07 
0.16. 

Il !>I 
4 08 
0.17 
a 0'6 

47.03 
-0.69 

1.7.24 
10.30 
9.32 
0.14 

1 1 1 1 
3.86 
0.18 
0.06 

48.64 
0.71 

17.,27 
7.39 
7.78 
0.15 

13 91 
3.9b 
0.15 
0.05 

47 95 
a 68 

17.06 
9.83 
8.96 
0.14 

10.57 
4.54 
0.23 
0.05 

46 49 
0.68 

17."31 
10.14 
9.00 
0.14 

12 11 
3.88 
0.18 
0.06 

48 45 
° 73 

18 53 
6.63 
7.26 
o 14 

13.15 
4.80 
0.26 
o 06 

47.30 
a 65 

lb.87 
9.81 
9.68 
0.18 

la 13 
4.110 
0.50 
0.06 

45 76 
0.65 

17.56 
9.61 
9.20 
0' 18 

11 71 
4 92 
0.30 
0.05 

46.29 
o 62 

17.64 
8.97 
9.02 
0.19 

13 55 
3.42 
o 26 
0.05 

49.28 
0.95 

12.67 
S.79 
9.22 
O. Il 

13.00 
4 45 
o 38 
0.08 

49 41 
0.97 

12 71 
10.29 
8.90 
0.16 

12.52 
3.91 
1.04 
0.08 

47.33. 
1.00 

·13.03 
9.78. 
9.11 
0.19 

14.15 
4.77 
0.54 
0.08 

45.36 
1.01 

17.20 
10.09 
9.48 
0.13 
9.80 
5.58 
1.21 
0.14 6 _____________________________________________________ - ___________________________________________________ _ 

. . 
o 154 80 154 19 154.41 156.00 154 85 153.88 156.00 153 83 152 65 153 97 154 28 154.38 152.32 151.79 

My No -
AlIAI+~' 

0.520 
O. Zti6 

0.Soi4 
o 262 

O.5J5 
a 26B 

a.41H 
a 202 

~ 

O.52J 
o 262 

~ 

0.530 
o 271 

0.471 ° 277 

o 503 0 509 
0.263 Jo. 217 

0.499 
0.276 

0.515 
0.204 

0 .. 536 
0.205 

0.518 
0.216 

~ 

0.5\6 
0.275 
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L~yrMnd. Vaslnskl 

SAMPLE 20002 20004 20005 20006 20008 20009 20010 20011 83152 83153 84164 ~416S 83150 83145 
ITILa~ ITILa~ ~TILav IT\L.~ ITIL.~ ITILa~ ITiLa~ ITILa~ ITILav ITILav HTILMV HTILav HTILav HTILav 

--------------------------------------------------------------~-------------------------------------------
NI 126. 121. 136. 133, 154, 130. 
Cr 315. 317. 307. :334. 334. 317: 
V 289. 269. 293 280. 287. 275. 
Zr 78. 80 78. 80. 79. 78. 
V 24. 24 25. 25 26. 25. 
Hb 9. 9. B 9 9. 9. 
RD 14. 14. 14. 14. 15. 1:4 . 
Sr 113. 139. 141. 149. 178. 143. 
BM .). 3S. 32. 27. 49. 29. 

236. 140 79. 79. 
446. 203. 205. 274. 
281 296. 

18 - 19 74. 74. 
25. 24. 23. 24. 
9. 9. 9. 9. 

16. 20. 14. 15. 
229 .l3S. 97. 105. 
00. 42. --

156. 
297. 
249. 

68. 

150. 
283. 
239. 
120. 
21. 
22. 
28. 

283. 
175. 

79. 79. 
274. 68. 

118. 107. 
22. 25. 
20. JI. 
19. 42. 

624. 225. 
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LayrMnde Vas.n.k~ 

. ~. 
III 

5o~,.PLE 84005 84010 84014 114021 84051 84054 84058 84059 84063 84064 84072 84074 84079 84086 
Toncll Tonal Toncll To" .. 1 Toftal Tonal Tonal Tonal Ton .. 1 'Tonal Tonal ,Tonal Tonal Tonal 

-------------------------------------------------~-------------------------------------~-------~---------
~W2 72.79 71.55 70 44 72.14 69.90 69.11 71.46 70.3.5 71 14 69.55 71. 14 71.27 70.69 67.67 

'T102 0.17 0.26 0.37 • O. ~5 o 20 0.25 0.25 0.24 o '27 0.30 0.28 \10.23- 0.24 0.35 

.. 

AI20l 14.87 15.57 14.85 15.22 16.22 16.18 15.48 14.59 15.26 14.52 14 32 4.36 14.89 13.64 
MyO 0.43 0.55 o 75 1.07 1.60 1.54 0.74 1.51 0.94 1.83 1 73 1. 22 1.98 4.31 
f.,O l 12 1.89 3 24 1.84 1 41 1.72 1.47 1.91 1.94 2.53 2 56 2 49 2/36 5.68 
MnO o OJ 0.02 D,Ob U.O;$ 0.04 0.04 0.02 0.05 o 03 0.05 0.05 o 04 0.07 0.14· 
C .. O 1.64 2 73- 2 97 1 10 2 19 1 93- 2 44 2.61 1 71 2 50 2 10 2.49 1.32 0.73 
Na20 5.29 5.20 4.04 1 2b 1 48 0.89 4 48 0.68 4.89 1 97 2 92 4.20 3.35 ".35 
K20 1 95 1. 30 2.08 o 52 4.03 4 66 1 89 4 39 1 89 J 08 2.57 1.77 2.39 0.69 ' 
P205 0.01 0.09 0.09 a 10 o 05 0.01 0.09" 0.08 o 09 0.09 o 09 o 04 ' 0.08 0.06 
LOI 1 73 1 01 1. 30 0.55 J,60 3.23 1 9>2 4.03 2.04 3 82 2.24 1.49 2.80 2.50 
------------------------------_.------------.-------------------------------------------------------------

100.09 100 23 100.19 100.08 100.78 100.22 100' 24 100 .44 100 11 100 24 100.00' 99.60 100.17 100.12 

Lilt Ion propo,·t I;ns bàSItO on IUU Céttl0n!> 

----------------------------------------------------------------------------------------------------------
S,-
Tl 
Al 
M" 
F. 
Mn c.-
Na' 
II. 
p 

o 

Mil No. 
AIIAI·~i 

;; 

!r-

68 28 b6 71 66.55 65.93 61 73 67 99 67.40 69.38 67 Il 68.00 68.23 67.61 67.69 64.17 
n.12 0.18 o 26 0.17 0.15 0.18 0 18 0.18 0.19 0.22 0.20 0.16 0.17 0.25 

II\> 44 17.11 16.54 16.39 18.52 18.bO Il li 16.9b lb 97 16 73 16.19 16.06 16.81 15.25 
O.bO 0.76 1 .Ob ' 1.4b 2.31 2.24 1.04 2 22 1. 32 2.61 2.41 1. 13 2.83 C1.09 ' 
,0 88 1.47 2.56 1 40 1.19 1.40 1 lb 1.57 1.53 2 07 01.06 1.98 1.89 4.50 
0.02 U 02 0.05 o 02 0.03 0.03 0.02 0.04 o 02 a 04 0.04 0.03 0.06 0.11' 
1 65 2 73 3 01 1.08 2.21 2.02 2.47 2 76 1 73 2 62- 2.16 2.53 1.35 0.74 
9.62 9.40 7 40 12 86 2 78 1.68 8 19 1 30 8.78 3 13" 5 43 1.73 6 22 8.0.0 
2.33 1 .~5 2,51 o 61 4.98 5.80 2 n 5 52 2 27 3.84 3 14 2.14 2.92 0.83 
O.Ob o 07 a 07 a 011 0.04 0.06 o 07 0.07 o 07 0.07 o 07 0.03 o 'tI6 0.05 

170.72 170.08 170 l4 Ib1.b8 173 31 173.112 17105 174.73 170.31 lU 91 172.35 110.92 17I.Ero 167.70 .. 
o 405 a 342 U 292 a ~10 a 6bO 0 615 0.473 0 585 0 463 0 563 0 546 0 466 0 600 0.5~5 
0.194 0 204 0 199 0 199 0.215 0.215 0 ~03 0 196 0 202 0 197 0 192 0.192 0.199 0.192 
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" "', SA MPA.-I: 84088 84099 84101 84109 84117 84138 84139 84140. 

Ton.1 , Tona 1 Tonal Tonal Tonal Tonal Tonill Tonal 

" 
-~-------------------------p------~-----------------------.-----
S\02 72.36 66 90 66 95 71.56 72.70 74.90 70,95 72.19 

-r' 
T\02 .0.21 0.32 0.48 022 0.23 O. ~5 a 29 O. 3~ <' 
AI203 15.60 13.54 14.03 15.19 15. ,. 14.40 16.01 14.21 
Mye 0.72 4 99 2.08 Q 53 0.47 0.25 0.50 0.50 .P 
fllO 1.5~ t..09 5.13 1.65 1.63 1.OIi 1.57 2.65 
MnO 0.04 0.13 0..06 o 02 a 02 0.01 0.0 1 0.0s. 

.-- CaO 1.65 '1.52 4.12 1 70 2.28 1.45 1 45 2.14 ~-' , Ha20 ~.t;J 1 27 - 3 BD 5 29 5.36 5.78 5 96 4.05 !.... 
• ~ 1 ... 1(20 1.34 2 02 1.28 1.89 1.12 1.20 1 13 2 92 

~ "f'}. T P205 0,07 0.05 0.07 0.07 a 07 0.05 7,'0 0.08 ... LOI 1.14 346 1.52 1.95 0.99 0.73 JI bb 0.80 
Q\ ------~----------~----------------------------------------

100.34 100 29 100.12 100.07 100.01 99.97 100.23 99.92 - . , 
~ 

(a t ton' pr opot t lohs tlasjtll un 100 cations 

---------------------------~---------------------------û--------
~'; -. Si 67.11 65 30 63.60 67 28 67.87 69 62 6b 00 68.02 

Tt 0.15 0.a3 034 [t 16 0.16 0.10 .0 20 0.23 , -'/ AI 17.{J5 J5 58 \5.11 Itl.83 16.66 15.78 17.55 15.78: 
'1:-

Mil 1.00 7.26 2 95 o 74 0.65 0.35 0.09 0.70. <:> .. 
fil 1.19 . 491 4.55 • 29 \ 21 0.82 1 21 2.08: . 

# L ..... -Mn 0'.03 0.11 o 05 0.02 o 02 o 01 0.01 0:0:"-
.. Ca \ .64 1.59 4.19 ) .71 2 28 1.44 1 45 2. \6 

Na 10.20 2 40 7.00 9.64 9 70 10.42 10 75 7.40 
.- 1( \.59 2.~2 1 55 2.27 1 33 1.42 2.05 3.51 
; " . p ~ 0.05 0.04 0..06 a . Ob \ 0.06 0.04 0 .08 0.06 

'c ; , 
______ 9 ________________________________________________________ 

. '" 
.<" 0 log 97 -170 93 lb7.61 Ib9.\:18 170 92 111. 7E) 1 bEl 70 170.79 

• r 

" "" 
.~ . r ~'''4 My Np 0.455 o 593 0.393 0.365 o 340 0.;197 O~b3 o 252 .. 

, A liA ,."" O.203~ 0.193 0 198 '0 200 0 197 0 185 O. 10 O. \89 
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Cr 
V 
'Zr 
V 
Nb 
Ru 
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_s .. 
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84088 '84099 
Tondl 

17. 
o 

16 

202. 

Tona. 

35 
99. 
88 
99. 
13. 
II. 
52. 
78. 

193. 

" 

,.s<,. 

"" ",u 
.,. J,:'" ~ 
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.. , .. -... 

., '1 '. ~t ~< ~ 

• .84 101 , 84 109 
Tonal, 

36. 
32. 

).09 
\28. 
2\ 
12 
59. 

\55 
282. 

TOII.I 

9. 
6. 

lB 

456. 

,l 

P, 

" 

- "~" 

': 

84137 
Tonal 

Il. 
7. 

14 
1t39. 

6. 
9. 

37 
351. 
250. 

.~ 

" 

" 

84138 
Tpnal 

17. 
8. 
8 

121. 
9. 
8. 

J8. 
217. 
454 . 
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~ -~, 

,0 
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, . 
/sAM~L.E 83059. 83021 

Perlô Pe,:l~ 
830'22 te1" Id-

8~0.48. 83058 
P .. r.id Pllr Id 

83069 
Pllr<\d 

83074 
Perid 

. 
'83075 "83077 
Perid Perld 

jU088 
P.llrla 

83089 
j;jerld 

8~092 
Perid 

83094 
-Perld 

~ 
83097 
p.,.Ia 

,'. 

.'-
- -- -- --- ... ----- -- -- -- _0.; -- ..... --- - - -- -- --- ------- .... ---- - -- _ -_:.-:- ____ !o>_ - - -- - ____ - __ "':. _______________________ ~ ____ _ 

~102 347i 27 2Q 3\.~5 4\ 1\ 35 30 32.32 )~.60 36 .• 5 .33.93 36.21 39 08 36.19 38.32 40.32 
'T102 0.03' 0.02 0.04 0 09 0.02 a 01 0.03 0.04 0.04 O.Ob 0:09 0.08' 0.10 0.09 

.'AI20.J 0.73 069 01:10 3.30 1.23 0.62 096 J.35 ,119 1.91 2.73 285 113.83 2.94 
Mua' 37.-5b 34 .. !;4 ~5 19 33.92 36,01 35.25 JS.lO· ~5,79 j639 35.38 34.46 32.'6) :J3.59 33,41 
JoJo. 9.61 1043 11.30 9.61 9 50 14 31 9 25 fi 30 109:i'- 10.51 la 66 11.1\ 10.01 ul.92 

, - MnO O" 1 b .0 2{).· .o. 19 0 l!!i • O. 14 0 1 j ():..o 0 1 2 0 1 3 O. 19 O. 1 3 O. 14 0 . 15 O. 15 
.'1: .. 0 0 Ul -3 01 , . (k21 o:a 0.02 . a 'Ul Il 01 O.U ,,0.0 ~ 46 0' 34 1. la 1.49 0,02 
,. .. 20' 0.04 0.0 ,,' :0.04 0.05 a 07 0.07 0:04 a. 0 0 0 0.05 a 02 a a 0.04 0.0 

. K 20 0 . O' a . 0 1 • 0- 0 a , a 1 0 . 0 -0 D a a aD.) D. a a . a 0, 0 0.0 0 . 0 1 0.0 
P205 0.01 0.01 ' 0 '01 0 01 O.tI 0.0 U.O 0 01 "0.0 0.01 0.0' 0.0 0.01 O.Q 
LOI. 16.99 22.03 19.11 la 19 1691 1!I.90 15.2.0 13.18 16,'18 13.8\ 10.92 13.73. 12.04 10.58 
---------~----~----~--------------~-----------------------------------------------------------------------

99 86 !'I8.14 99.04 9,8 bb .99.26 98 62 99 00 98 75 98 78 98.05 98.43 98 41 99.59 98.43 

Cillton' ~rOPQrllons base.a on IUO C,ttionj; 

----- ----- --------\ -~----""'\ .... _------
SI 
1.1 .,. 
My. 
1., 
Mn 
C .. 

,Hâ 
1\ 
p 

34 76 
0.01 
0,86 

5& 07 
8.06 

·0.14 
0.01 
0.01t 
a 0 
0,01 

29 68 
002 
a 89 

56.17 
9.52' 
0.18 
3.!>2 

'0.0 
a 01 
0.01 

33.,25 
0.U3 
0.99 

55.21 
9.91;> 
0,17 
O. "4 
O'.O,H 
0.0 
0.01 

J9.47 
û Ob 
3 73 

48.!:>5 
1.72 

'U 12 
o 13 
0.09 
Q 01 
0.01 

35 III 
a.o..! 
1 47. 

~4 411 
Il 05 
U Il 
a 02 
U.14 
O.U 
0.0 

33 04 :n;.43 
0.01 0.02 
0.75 . 1.13 

53' . 7 l' 54. 45 
i.2.2.J 770 
011 0,17 
1.1.01 a oz 
o 14 0.08, 
0.0 0-.0' 

'0.0 0.0 

'36.41 
o 03 
\ .57 

52.'5b 
9.31 
0.'10 
0.0 
0.0 \ 
0.01 

. 0.01 

34.33 
a 03 
1. 42 

54:87 
9.24 
O. Il 
0.0 
0.0 

.0.0 
0.0 

35.90 
0.04 
2:30 

52.29 
8.71 
O. lb 
a 49 
0.10 
0.1;1-
0.01 

37.88 
o 01 
;J 12 

49.79 
8.64 
O. Il 
a 35 
0.04 

.0 O. 
0.0 

37.01 
~0.06 
3 38 

48.90 
.9 . .35 
a .12 
1.19 
0.0 

• 0.0 
0.0 

37.14 
0.07 
4.38 

48.53 
8. Il 
0.12 
, .55 
0.08 
0.01 
-O. a 1 

39.17 
0.01 
3.37 

48.38 
8.87 
0.12 
O.~ 
0.0 
0.0 
0.6 

~ -' _. -_. ',;~~~'~ -.~;~ -~ ~:-~ ~~ ~ ~~ ; ~ ~ ~ ;;.- ~ ~~ -.~~ -);; ~;~ -~~~=;; -~ ~;~;;.~;~~~;-~;;~~~-~;;- ;~-~;~~;~- ;;;~;;-~~~~;i 

·My"u. 
A 11..1'. I~::'I 

o.anl 
0.024 

o 855 :U.84l~ U.8bJ 
0.029 0 OLY 0 pltb 

(J- 811. 0.815 
0.'OJ9 O.OL2 

a 876 0,849 
o .11JO \ 0 . 04 1 

a 856 
0.040 

0.857 
0.060 

0.852 0.839 0.857 
0.016 ,0.08~ 0.105 

0.845' 
0,019 
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8305'8 .sAMPLE 83059 88021 83022 . .83048 . ..83069 83074 - ,83Q75 83.07,7 8308,8 83089 83092 8.3094 83097 
Perla P .. r le;;· Per la p.orjô PerlO Peria' P .. rIO PerlO P .. rIO P~rtd Paria Partd Parla Perla . , 0 

\ . -';"' .. >--~ 
, ' \ _____________ ~--.---------------------~----L----------~---------------.---------~-------------------------N' " 864. 2ti72: 1'414.: \4'-4" 1100. !021:' 14i4. 990. 14,'4. 12.57~ 1336. 1257. 1336. 1179. 

Cr' i531. 21~I .. 3284 .• 5816.,' 2874. 6158. '2668. 5331. ~20o.. 3489. 6158. 6295. 68<1. 5063. 
/' ---- -- - - -""":;- ..\------ -- ---- --'..,.- -- - _.:.- - --,._:"- --",,:!~-- - - _':"_--j- ---- - - - - -.-,- - - _...-- -- - - - - - -- - - -~ - --- - - -- -- -:- --- ---- --~------
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, . . . 

• SAMPLE 83104 83110 83119 : 83121 a~O% 830b5 63083 83064 83102.. 83109 B3111 B3120 83123 8"313pl 
P1trid Par iCI! Par ICI P"r;ld Ftn"Gu Flne~u FlneGu FlneGb FlnaGb Fln~Gb FtneGb Fln.Gb FineGb Fin.Ga 

~\O2 38.54 37.07 39.95 38.65 49.62 49.18 51.78 48.8l 49 34 49.79 48.36 48.68 53.99 49.94 
Ti02 0.11 0.13 0.16. O. Il 0.98' a 90 0.74 0.89 0.92 ' 1 82 o 65 1.02 1.56 1.4& 
AI203 3.47 3.46 4.9S 3.54 14.25 14.90 13.34 14.97 14.54 14 32 15.87 13.54 14.22 14.36 
MyO 32.93 _32.39 29.61 33.40 7,99 8.04 -fL67 8.30 7 _ 34 4.55 9.01 7.970 3.96-- 6.32 
F .. O 11.35 11.55 11.02 10.47 12.62 11.54 8.89 11.06 12.10 14 63 10.36' 11 63 1-1.95 13.45 
MnO 0.18 0.19 0.18 • 0.16 - 0.21 0.20 0.18 0.21 o 21 0.24 0.21 0.i2 0.17 0.23 
CaO 1. ~1 .1.73 3.'43 1.57 8.96 10.97 8.18 (0.57 Il.24 8.{l3 10.34 Il.84' 8 21 9.29 
Nd20 0~O6 0.07 O.OS' 0.07 2.62 1.80 3.15. 2.20 1.11 2 82 2 02 2.54 3.79 3.04 
K20 0.'9

' 
0.0 0.01" 0.01 1 .. IS· 0.50 2.39 0.84 0.37 o 51 0.91 a 62 1 . .a3 0.7S 

P20S 0.01 0.0 0.01 0.01 0.07 0.06 0.31 0.05 0.05 0:20 o 04 a 06 0.14 0.13 
LOI 10.87 11.69 9.~6 10.8~ 1. 18 1.17 2.33 1.92 2.48 1. &,6 1. 62 1.64 0.56 il. 77 
-----~------------------------------------------------ ----------------------------------------------------

98.74 98.28 99.05 98.88 99.65 99.~6 99.96 99.82 99 70 99.37 99.39 99 76 99.58 99.73' 

Cdtien prepurtlen~ Ud58d on 100 C~liun~ 
1> 

--------------------------------~-------~----------------------------------------------------------------~ 
S~ 37.46 36.58 38.70 37.37 46.81 46 77 48.51 46.21 47 85 48.34 45.62 46.08 51.16 47.23 
Ti O.OB 0.10 o 12 a 08 0.70 Q. b<I o 5;.> a 63 0.67 1 33 0.46 0.73 1.11 1.03 • 
AI 3.9B 4.02 5.b6 4.03 \5 114 16.70 14.7,3 16.70 16.62 16.3B 17 64 15. Il 15 • BB , 1 6 • 0 \ 
Mg .47.71 47.64 42 ]!) 4B.14 Il.24 Il.40 1 ~ Il Il 71 10 61 6.5B· 12.67 Il.24 5.59 8.91 
fe 9.22 9.53 B.93 8.47 9.95 '9 17 &.96 8.76 9.82 11'.88 B.17 9.20 9.47 10.64 
Mn 0.15 O.IS o 15 0.13 0.17 O. lb a 14 0.17 0.17 0.20 0.17 0.18 ' O. 14 O. lB 
Ca 1.26 1.83 3.56 1.63 9.0& 1 1 . III IL21 \0.72 11.68 9.18 10.45 12 01 8.33 9.4\ 
Na CL Il 0.13 Il. 11 o 13 4>.79 3.32 5 7l 4.04 2 09 5 3\ 3.69 4.6b 6.96 ~.57 
K 0.01 0.0 0.01 0.01 ~ I.J8 0.61 2 8b 1.01 0.46 0.6J 1.10 0.75 f.2tl 0.90 
p 0.0) 0.0 0.01 O.UI 0.06 0.05 0.25 0.04 0.04 '0.16 0.03 0.05 O. JI O. JO 
--------------------------------~----------------------------------.-------------------------~-------------
o 

Mg Nu. 
AIIAl-oSt 
... 

" 

, 

139.48 1311.62' 1~I.bO 1;39''-.41 152.4.3 153 88 152 47 1~2.7:; 15562.155.14 15255 ISI 72 156.27 153.18 

0.838 0.833 0.8l] 0.85U u.5JU U.554 fr b~5 U.57l 0.519 0.351 a.tiOs·o 550 0.371 0.456 
0.096 0.099 0.128 0.097 0.253 0.263 0 233 a.2b5 0 258 0.253 0.279 0.247 0.237 0.25~ 
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Lagrande V.slnakl 

SAMPLE 83104 83110 83119 83121 83046 83065 83083 8308~ 831U2 83109 83111 83120 83123 83130 
Perla Parid Perld Parld FlnaGb Fln.Gb FlneGb FineGb FlneGb Fln.Gb Fln.Gb Fln.Gb Fln.Gb Fln.Gb 

-------------------------------------------------~--------------------------------------------------------
NI 
Cr 

.. 

1021. 1336. 943. 1179. 
4858. 342. 3695. 4995. 

\-

, , 

79. 
205. 

79. 
65. 

) 

4 

79. 
479. 

4 

;JI; 

" 

79. 
342. 

79. 
205. 

1 

79. 
68. 

157. 
342. 

79. 
274. 

79. 
68. 

79. 
t37. 

. J 

't 

1 
1 

/ 
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'-Layrand_ Vastnskt 

/ 
SAMPlE 63112 83t32 83133 83041 83043 83044 83045 83049 830~ 83051 83053 83090 83095 83098 

FineGD FineGb FlneGo COdrGo CoarGb CoarGb CoarGb CoarGb COBrGb CoarGb COBrGb CoarGO CoarGb CoarGb 
1 

_________ ~ ____________________________________________ _________________________________ J __________________ 

Si02 48.89 49."28 41.61 49.31 48.51 52.83 51.52 49.24 49.20 49.79 50.37 48.06 51.14 41.57 
ri02 1.56 0.98 0.99 0.29 0.42 0.38 0.50 0.28 0.61 0.34 0.12 0.20 0.58 0.96 
AI203 13.60 15.15 14.63 15.70 13.34 14.16 14.43 15.71 14.19 16.22 14.59 14.81 14.36 15.43 
"90 5.94 1.75 8.52 9.98 9.64 8.14 8.09 9.92 9.58 11.05 13.32 11.09 9.00 8.12 
FeO 15.76 12.03 12.53 7.68 9.50 7.08 7.10 1.67 10.40 7.57 6.29 10.00 9.34- 14.03 
MnO 0.27 0.20 0.21 0"'3 0.20 0.14 0.14 0.14 0.19 0.15 0.15 0.22 0.18 0.25 
CaO 7.64 10.15 Il.40 12.76 14.54 9.54 12. B.6 12.8.7 11 28 9.88 10.61 8.57 10.82 1.17 
Na20 2.44 2.23 ' 1.69 2.02 1.38 3.65 2.62 2 07 1.99 2.71 1.88 2.07 1.64 2.61 
K20 0.84 • 1. 22 1'.09 0.60. 0.13 1.31 0.52 0.56 0.19 0.31 1.27 2.70 0.71 0.93 
P205 0.12 0.07 0.03 "0.01 0.04 0.01 0.03 o 01 0.02 0.02 0.01 0.01 0.05 0.07 
LOI 2.20 1. 16 1. 25 1. 76 2.32 2.51 1.99 1.45 1.46 2.36 2.47 2.6\ 2. \6 3.'15 
-------~---------------------------------------------- ---------------------------------------------------

99.26 100.22 99.95 \00.24 IDO.02 100.35 100.40 99.92 99.71 100.46 101.08 100.34 99.98 100.35 

C~tion proportions Uased on 1 00 c~·t 10ns 

----------------------------------~---------------------------~------------------------------------------- • 
Si 47.73 46.29 44'.98 45.74 45.99 48.98 48 12 45.61 46 20 45.91 45.98 44.75 48.43 45.47 
Ti 1.15 0.69 0.70 0.20 0.30 0.26 0.35 0.20 0.43 0.24 0.08 0.14 0.41 0.69 
kl 15.65 16.77 16.29 17.17 14.90 15.47 15.88 11.11 15.70 11.63 15.70 16.25 16.03 17.38 
Mil 8.64 10.65 12.00 13.80 13.62 12.08 Il.26 13.72 13.41 15. \9 18.12 15.39 \2.70 Il.57 
Fe 12.86 9.45 9.90 5.95 7.53 5.49 6.02 5.95 8 17 5.84 4.80 1.78 7.40 Il.21," 
Mn 0":22 . 0.16 0.17 0.10 0.16 0.11 0.11 O. JI 0.15 O. J2' 0.12 0.17 0.14 0.20 
Ca 1.99 10.21 Il.54 12.b6 14.77 9.48 12.tll 12 19 11.35 9.76 10.38 8.55' 10.98 7.34 
Ha 4.62 4.06 3.10 3.63 2.54 6.56 4.74 3.72 3 62 4.95 • 3.33 3.74 3.01 4.95 
K 1.05 1.46 1.31 o 71 0.16 1.55 0.&2 0.66 0.95 J 0.36 1.48 3.21 0.86 1. 13 
P 0.10 0.06 0.02 0.01 0.03 0.0\ 0.02 0.01 0.02 0.02 1 0.01 0.01 0.04 0.06 • 
---------------------------------------------------------------------------~--~~----------ï--------~----~-
0 154.01 152.b9 151.66 152.37 152.44 152.94 153.77 152 28 152.22 152.32 151.52 149.56 154.98 151.89 

/ 

M9 Nu. 
A liA l'''SI 

0.402 0 534 0.548 0.&99 0.&44 0.66/ O.&~Z 0.698 0 &2\ 
0.247 0.266 0.266 0.273 0.245 0.240 0 248 0.273 0.254 

0.722 0.791 0.664 0.6S2 0.508' 
0.277 0.255 0.266 0.249 0.277 
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layrdnde Vaslnskt 

SAMPlE 

il 

83112 83f32 83133 '83041 83043 83044 83045 83049 83050 83051 8305~ 83090 83095 83098 
flneGb flneGb flneGb CoarGb CoarGb CoarGb CoarGD CoarGb CoarGb CoarGb Coar4b Co.rGb Co.rGb Co.rGb . " , ,. 

--------------------------------------------------------~-------~-------~~--~-------~---------------------
NI 79. 79. 79. 79.- 157. 79. 7~. 79. 79 157. 791. 157. 79. 79. 
Cr 68. 205. 205. 1~7. 410. 137. 137. 205. 410. 753. 53. 410. 479. 205. __ • _______________ ?_JL ___________________________________________________________________________________ _ 
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,.;-
" SAMPLE 83099. 83106 1131l8, 83lt3 83134 

to.~Gg CoarGb CoarGu CoarGb CoarGb 

--------------------------------------------
Si02 51.01 48.21 ~0.57 49.88 49..53 
Tt02 0.·14 0.90 0.68 0.43 0.57 
AI203 1:;.08 15.27 14.60 15-.78 13.70 
M"O 11.6.7 8.40 8.29 Il.3S 11.09 
feO 5.03 10 75 10.13 8.00 9.72 
MnO 0.13 0.22 0.21 0.13 0.18 
C.O 9.80 ".13 \0.87 6.30 10.94 

'. -p. N .. 20 2.47 1.89 1. 32 4.02 '1.66 
K20 1. 27 0:96 0.60 0.49' 0.99 

T P205 0.01 0.06 0.05 0.03 0.04 
LOI 3.65 2.21 2.46 4.17 1.98 

N 
------------------------------------------.~ ,-'=" 

100.92 \00.00 99.78 100,58 100.4(1 

• 
Cation pro~ortions based on 100 catIons 

------------------------------------------. 
St 47.2S 45.,.2 48.48 46.31 46.22 ,. 
Ti 0.10 0.64 0.49 0.30 0.40 
A\ 16.44 17 .07 16.50 17.21 15.01 

l, Mg \6.09 11.81 11.85 15.1\ 15.43 
Fe 4.36 8.53 8.12 6,21 7.58 
Mn 0.10 0.18 0.17 0.10 0.14 
C. 9.71 Il .31 Il.17 6 27 10.94 

\. Na 4.43 3.48 2.45 7.24 3.00 '. 
6 - II. 1.50 1. 16 0.13 0.58 1. lB 

P 0.01 a 05 0.04 0.U2 0.03 ------------------- -- --------- --- -----------
0 152.67 1~2.65 155.69 151.:n 152.12 

Mg ND. 0.781 0.582 O.59.i 0117 0.610 
AIIAI+Si 0.258 0.272 0.254 0,272 0.246 
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GeoIogyof the Menarlk Lake 

ultramafic corllplex 

LEGEND . 

PROTE ROZOIC 

Dfabase dykes 

ARCHEAN 
• 

Serpentinites 

Metagabbros, 8saoclated dykeS 

, " Mafie and intermedlate tuffa 

a"artzites, greywackes 
'. ' 

Granodiorit_, tonalltes . , 

Massive granites 

Cong,omerat .. 
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-- - -- ~ .-f MasSive, gr_,nites 
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Conglomerat .. t' , SYMBOlS 
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X AntlfOrm 
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Metagabbro dykes IlOt mapped iD cletall .. 

GeoIoglca' int.rp~tion: Benoit Rlvard, 1984 
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Geologlca' interpretatlon: Benoit Rlvard, 1984 
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