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~, Les ve'st\~ges 'd'un rlf~, continent~al d'age Krchéen sont 

préservés 4ansr~1 a séque~ce pl i s~ée et fa t 11 ~'roches vpl cano-
1 • ')" ~ .1 

s'éilt.entatresJi;d.ans la partie centrale .d;~, la bande de roches l 1'r''V ',);._'" 

v.rtes d'~ 'l. 6~.nde. L. basè< de c'e~te"'S'ucC~~Sfon est masquée par 
r, _~ , .... ~ ... 

la ~1se!en p,1~~e,.d"tfttrus1ons syntec:tont'f\a~:$.'':'de compostthn 
- .l''"' ... 

ton.litt,que. ,Une séq,u .• nce de sédt.e,~t~ clastiques et de 
,r ' -.,\ ., 

'<J,9;It \, ~ - ~, 

, '-Y'olc.ntcl"~ilques. 'déposée en".t',ieu' .arin·=~~eu profond. est 
;. '1' ....... _,~ " .. . . , 

"', ·'~t'é~'ouY~.rt'~ d!un, t.pCJrtint e.PrU,e.ent de basaltes" ,en'~'gr~ .. nde 
~ \1_ "'1' ~~ • ~ ~'''~';o-

" partte. et d'atld'ésttes" basa 1 tfques'~ ,"pa"n'ches su~, de ,grandes 

,l' pl.'ines sous-.arfnt$. -'<Alors que "odes $i'dt.~'~ts clast1q~e'S' 
.... 

g. r 0 5 s' 1'e ~. d 1) ~ 't lIa sou r· cee s t 1 0 cal 1.s é e à l' 0 u est • 

s·a~c;.u(al.~t· s~r 1'e.p11 e~e~t v~ 1 e~~~i que pou~' forller '~n cône 
" ... ~' ;, ~ '"> ~1' 

de déjection SOU,S:"Ii~fh., des 'for.at t Orf~ de fer se for.a 1ent dans 
- ,'" • • ~K .. ' 

l .. ~, ~~tfés P'hlS'" Ptt'r~~dS ~,~ basstn.-,: ~es, andésites bis~'tiqUeS 
_tArdi.ves. à1,n.st qlae .tes sédiMents et volcanic:las,t1ques associes," 

, , , 
, ", "":'ur~nt dépo,és e;'ft""eau peu pr.,ofonde -lor.s,; d'une pértodè) 

, ... " '~,,,-': ' '" :" 
. ',dlt.ergeanc.:: 1 oca 1 e du '6:-J's S 1 n •. ', ,la présen~e de xénc)r)'i t.fies 

"'J 'l, ~ '1 \ 

., ,.,,', ~~ ) ,.A-

d,J'o.rtgtne .etlsed1.en't':at,r,e',·e~"gr.n1.tfqu~ dans 1 es depots," 
'ij ~~, ~ .~) 

.; volcaniques, 14h51 'que 1'0r1g1ne grantttq"è des ~,édf.e'l\'ts qui 
, -' 

co.blent le blss1n. suggere nt que la succession volcano"" 
, ' A • 

S éd f • ~ n~t a 1 re , u tiC cu. u 1 é e sur une c: r 0 ut e c «) n tin e n ta 1 e. Les 
,,-_ 1 

. , 
roch~\ blS-a~~!ques tbolei-4ttques, ~ontrent des 'patrons de REE 

plais 110 ~ c'hondrite) et des rlPPOrts Mg/Mg+Fe(t) peu élé\les,' • 
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suggérant qU·,I1s d'rlvent de 1 fqûtdes parentaux de, co.posltton ",': ". 

ko •• t ~ 1 t 1 qu e 5 PI',,' ,un proces sus de _ c ris ta 11 t~,~ t 1 on' fr~c.t1 onnée~ 
tI" -.t. 

.IÀ , .. ayant pris pliee dans de' vastes cha.bras lDag~-atlques situees a 
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de faibles prqf;~deurs. Les andé[ites et Ind~sites basaltique'5 
,'k .~~~ ... • ~~,l . 1 ~ , ;;.,-

tardives .ontren" des valeurs 'elev,e-s en Mg, Ni, Cr. Zr et HREE 
~ 1 

(100 x chorutrite) et de bls$e,s 'va,leur~ en '(1, V, et Y et 
'" \ , ~ 

. , 
i e. b 1 en t ~ t rel e P,~ ~'d u t"t: ' dl u n pro c e'~ S' use 0 m b in é de 

cr~s~a llhat/i'on fractArir.,'e 1" partir d'un l.fquide parental 

k o.a t fit i que e t_, de l' a s s 1 • 1 1 a t 1 0 n d 1 une 0 n t a Il 1 na n t de 

"_~,-.Co.~posttfon tonal1ttc:!'ue. La bande ~e, >~("'ches yertes de La Grande 
~~~~ ., ' ~~~"';- ,.. . ~ .'. ',.. - , "~ ~ " . 

. ', e~t f111ale.~ inte.rp'rete,~ ·"co •• ~ representant un r1 ft 

e~ntt n.'ntll se propa9:iint vi',"s 1.'q,,~"~,st. pour,' 1 eèfuel' la 
~ .. ( ~ l ,~. , " ;' J,' 1 M 1 - ~ , 

sub.idence initiale, dont li s·.quence yolcu'O-sedf.enta1re est 
.' ,;# , 

': f~ ri té.oin. fut le -t.ésultlt d'un •• 1nc1sse.èiî'i d."'l~ ')'tdïcisph'ère . . . 
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1.1 Introd.ctfoR 
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"The record of Archean tecto~,c; ,t.nd .~;9.atfc Ict1vtty ,fs 
.. :'~ JI'~ .,.. 40

r 
~ • - 'l'A)I- • .. '"'*~~ . i.; '1" l 

l 
J 
'1 

!' 
i 

! 
~ ,; 

j-,r prêsarv.id f-n:"part 1 n granf ~~,~g'~èe'nstO"e terranes. These terranes 
_., lfl • 

cons,1s-t pr·edo.fnan~ly, C-"'granttofd pluton~s Ind ton;aT'itfc 
• , , . ~ l - , , 

, 
-.... ,. 

-. '")-t ~ • 1 ~'.' ,., ~ 

'gnetsses that con,tain '1 tlJ,o 1 dl ,o,f supracrustals k'nown 'as ".'{' 
, ( .. ; -,~ ~ ", -f',"'" , ~ --:~', '_ ~ .t" 

greenstone belts.:A~though the O~dest,known greenstode belts l~e 
, t ,1' -hl' ..... _' ~ Il ~~' " 

3.4.:'3.8' $yr. (eg. ISUI, Gree'nl~~nd, Moorbath ,1975. Sebak,~tan" 
}~,> ', ....... ", I~'II!~ "~~t- " 

," 6~OUP. Z,t .. b'abw.e,-. 'Ulso~,.·t·':a'l •• 1978; Barbert,on, Sou,th-A~r1'Ça~ 
",o ... 

Barton ~t al.~*,;" 1981) .ôs.t appel ... to have for.ed l,1'ft the ,per1od 
, '" i • - ';:, .... ' Jo, , ' 

2.6 -2. 7 GI.r~ ,.-{eg. ~,SUPI r.1 ~~ proY'1 nce,' Ca nlda t Go'~ dw t ft ~ t aL. 
- (~ , "' .. J r ' ", :11 .. ~, ( a. /11 " " ",';..J.' ' 

1972). Gr.·,dt,e.greenstorr"',~e'rra~es do.t'nlte the' Archean 
J '.... , ,~ .... 

pro v t. ft'cre S :-"0:' r"~r t h A.e r t c~ ',; .s_o!i'tl e r rr';~ f r'N:'a and we 5 te r,n 
,)..... , " ,. , 
, . ~ ... ~ '... ' ,. """ \~ 

Austtal1a., _'." ' ,.' J,', •• '! ,\:.:' :.' ','~', \ , " 

..... _. , 
, 1 ~'.' ,1 

l ' ... ~" ) r .. ' -; I--j .... - ,."," 

, Gr.e.A',.:tQn e ,,_b, l.t.',:a re c'o' •• on 1 y.) nt ru d e d by. 0 r; ):ri fa u 1 te 4 
•. 1, ".W',_._"\ 

.,,.. 
, .... 

• • l' 6.· , l ,r, ~ ..... ,_ 
l '1 L ~ ~ " " 

contact' 'wf th. 'you:nger grl'h:,1 tot d plutons'. >50.e greens'tone be 1 ts • 
, " • ) , 10 .. " .. hO.~.,7~r, unconforl!l~_~J.-y oY\e"rlfé' '01 de~;,base.ent rp~',t~ (eg. 'ong01,a 

...... r 'r... "" 

1 .~uperg,o~p,' i~u~h~frfta, Mathews. 1967; U~p,r Greenstones, 
.. V;" , l ' f~ ~ • " . 
, Zhlbabwe, 8fckle et al ... 1975; Yellowknife Supergroup, Canada,' 

, .. .} 1 ~~~ t ..... ' ''t 

, 

.,.:' Frf th et al •• 1'977).- .. 
~ ... ' " ".,.~1 \ 

. 
• •• f 

-, " . 
, 1 , Archean gr~enstone bel ts Ire (co •• o,nly ·préser,!.J~,d as 

, , 

cuspa\,e st;:'"ictura l, trends Ind ," 

~. r 

sy~/or.~,l 'lteel s,' wttl<;,ilnelr or 
, '1 

'l&'",',e length.to,;"t'dth ~_~.<~~tos •. Thè"h~' .e.t .•• orphtc gr.~;~e fs 

~.typical~y greeq.ch1st but .ay Itta1n a.ph1bol1te facies near 
, .' ,., •• , ,; H • ' " ,,(,.,~,I·, ~" 

"..... , -f C'"'1 Jo .. , ~ 
,') ~,J 1"" ~) t 

J. 'r _ 'f\t~"'" 1 
J'"' . 

,: 1.~1,.';\ .' , ". ,.,J ~ .. ," 

f 

"~~~~~~~~~~~-1~ 
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éontlcts vith piutons (Jolly, 19~O). The ovetall structure of 
l , ~ t~ f, .. -

alny gre.nstone belts appears to hlve been control1ed by_ 

vert tCll tecton 1 c processes assoc 1ated vi t,h tlte eap 1 eêe.e.nt of 

slnt.~toJlI1C grl,nft01d plut,on,s (Condie, 1980). Soae gree'nsto,ne 
, C 

belts'!")however, havé unde"rgone ~arly' Pha~~"S' of deforaatton tha-t 

are do.tn.ted by h~rJzontal ~ecton1c processes tncl~~1ng thrust 
- 1 1,4 • ( ..t'" ... ~~> .~ 

fi'" 1 ttng, recu.bent fol dtng and, the eaplaceaènt of nappe 

struct~res (e.9. Barbet~o~ Mountatn land, Raasay, 1965~ Ptlbara, 
l 

"estern Australta, Btck1e et aL, 1980; W1111aàis et a
r
'., 1979). 

, , 
The oldest volc'an1c rocks 1n greenstone,belts ar,e comlIIonly_ 

, . , 
~ 1nt~rpr.ted to have, beend.rupted 1n 5ubaar1ne env,fron.ants.-" 

~ - ' -
wherels extrustve' rocks at h1gher level s in _any, success1or:U· " ''', , 

have fteld ehara~ter1st1ts suggest1ve of subler1a' e~p]ace~e~t~-

Th~ P'ower strat1graphte success1on~ preser,'ecïl1n greenston'e,:: 

belts are do.1nated by thole11t1e basalts and ko_attttes such as 

those fou"d in the Ab1t1bi belt of Canlda/(D1.roth et.<:-a1., 
" , 

198 2 ) • Thol 1 1'1 t 1 c bas a 1 t sir e co •• 0 n 1 y 1 n t'e r cal a t, d w t th, 0 r 
\ 1 ,~ 

) , 

replaced,by, vol~anie rocks of calc.llkaltne,affinit~ al h1gher 

levels vith,1n the supP'lerusta,l p11e (Jolly, 1975, 1980; Thurston' 

,,'.et a1.(11983). The ratto of ko.atUt1e ta eale-alklUne voleanie 
, . , 

r.oeks glnerilly deer.II.Se.s up sect10n. V~lean1,c .r~ekS of alkaline ~, 

=:- 1 f f hl t t Y 1 rI r e la t t , e 1-y ri r e in Arc hl à n suc ces s ton 5 and are 
f 

'- ' 
~, . . , .. 

. -, 

r.,~' 

'gene.r.l1y found at the highest le,vels of the supracrustal pile, 
.,J~ ._ 

u~confor.ab~y overtying tholet1tls and ~alc-Ilklline vol~ln1c 
~'I 

rocks (e.g. Bijou Point, Ontario ,S.tt'h et al .. -, 1974'1 \OxfCH'd 

~~.ake· •. Manitoba, Brooks et al.,1982). 
,l' . 
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, ~"" 
\~ 

..... 
. ~_" Se dt. e nt. r y roc le s'!' '...... ,f 0 und th r ~'u 9 hou t 9 r e e n s ton e\ 

, , ~ • ~. : 1 r 

, 'successions. Hovever, the ''l'','J'$t ~'«:c:u.ulattons are generally 
-! - ' ... ,., ~ .. 

""f~" the upper levels. They'"1"" ~p'redo.tna':htly~ cllstie rocle$- suetl 
,~:~ .. ~~ .. , .. "-0/ ~ 

.s i ••• ture llthtc ar~:n\ites~:; ':â~to$~es', s1ltstones and 
, ." 

eongl o·~er.tes. ".tu~: '>cll"ast'f,~~"s",tl.~'nt.'r.Y rocks, such as 
" ', .... ' ~ . ' . " 

orthoquartz f tes, are eo.pa'at1 v:e 1 y ""'ra~oe ' in "Archeu gr'e-enstone 

be16. Che.ie~~' sedi.ints f:'u~d"'n'~·9r~~e~'s.t,~ne '~e'lts Includ'e, 1n 
~ : . 

decreas1ng, ord#e .... of abundance: bandè,Cf:.Tro~' fpr.at1on. dolomites • 
..., 

Ind l evapori tes. ~or.a~ ton of .an1 _9reens~oné bla 1 ts was fo 11 owed 
1 - ~ 'i'.(' ..., fi a' 'J "_ ~':.~.., ... 

by the dev.10p.ent of se'd1.1entl'ry basins (~.g. the T1.tska.ing 
) • ~ 1 ,- , 

H' ,- , 
&ro\lp~ Abit,ibi be~~" ,Canada, Di.roth ~t. al,., 1982; and other 

--.......,.--- ---
~ . , 

- -JÇ~I _ -.. - -" ~- 1t': _' -" ~ • 

J" 

-: 

'. 

/' , 

" 

-
" 

" 

.. "-exa.ples refereneed in Biclele et al., 1982) • 

1,(\'1 

, 
A variety of depositionll envlron.ents hls been documented 

in Archean greenstone successions. Th'ese include fluvial 

(braided strea, and alluvial fan) (Sioux Lookout, Canada. Turner 
',,' l, .: ' 

1 • 1-~ . "l '" Australia. Ertksson~ 1981). l.n-~the Pflbara of Vestern Australla, 
,~ # - , 

Eriksson (op. c1t.) has de"on.~tr.'~eêl an abrupt transition from 
• -1" ~,! 

ter r i g e n 0 us ( b ra' ide d 1 1 1 u v i al) t 0 • a r i ne ( s u b m a:r i nef an) 

. S.dh~é~ts wlthout Iny thallow.)'ar1\1e" ;açfes, thus suggest1ng a 

narrov continental shelf. Si.l1ar tran"slt1onal terrigenous-to-
~ ~ ~ ;-.. 

• artne su~~esstons hlve been d~scrl~e~ Jn a nu.ber of,other 

9 l' e e n s t'o n e bel t s ( e • 9 • Ma h i t 0 u Loo k 0 il t, ,ê. ~ a·d.. Val k e r et, 1 1 •• ' " 

, 1971; Sioux LooJtout, Turner~ al •• ~19'13;' 8arbertonl~Mountatn 
1" ,~~~ 
1::, ~ ~ r' 

Land, Eriksson. 1980). In the Barberton."ountafn land an initial 

5 tel! p - r i ft. a r gin ( a bru ptt e r r i 9 e n 0 u l - t 0 -;o. art nef a c i e"s ' 

3 

, '. 
f .' 

n' 

, " , ) 

r 

, . \ 



( ) 

, ) 

If 

l ,r 1 
1 ~ 

~ra"s1t1bn) was succeeded"by the developaent of 1 shelf-rise 
" aarg 1-n vi th a ve 11 dev e,l oped cont 1 nenta 1 s he 1 f u pon wh\ ch 

Ixtensfve deltatc, barr1er beach and. t1dal flat sedi.ents 

Icculn'lIted (Er1 ksson, 1918, 1980). 

-- ~-' 

M~ny .od~ls have been proposed to"explain the origin Ind 
. ~ 

evoluttolf of Archean greenstone belts. Cl ... ssi~àl· aodets of 
r 

Archeln crusta' evolution," fncludtng dens1ty inversion lIl,odel s, 
_ ~, i • , --: 

( Mie Gre g 0 r .:" -1 95 1) a n ci .a n t 1 e con v e~, ~,1 0 n, a 0 d e 1 s (F Y f e • 1 914 , 

"ftllia.s, 1917) Ind .odels -';h1C~ treat greenstone belts'as 
. " 

Archeln anllogoes of .~dern oceantc cru~t (Glik~on, ,1971, 

1972; Glik~on et,al., ~976; ~nd Goodw~~ et al., 1970), have 

ti-een revtewed els.where! (e.g. "tndley,' 1977; Çondte, 1981). 

Conttnental-rift tectonic settings have beè'n propostd'for a 
~~: .... 

nuaber o~ireenstone 'elts which have sedi~~ntlry ~o~tacts with' 

und~rl,tftg stalic blse.ent, as well IS those belts whtci-~re 
1 - ~ 1 

• 0 • • ~ • 

~,1~~v.d, bas.d on the: proyenlnce of thetr sedf.ént~,. to hlye 

for •• d close to, if not cH.rec,tly on conttnental cru,t (e.g. 
'p"- .. 

'Barberton, ,Eriksson, 1980):- Soae 'of th! earliest ri ft aodel St 
o 

wh 1 ch don ~ t 1 cl d r e s s ~ h e a c tua 1 • e cha n t Sil Q f, r t ft t la ~. i n c 1 u de, 

those o~ Anhluesser (19jij, Ind "tndley (1~73J. Hu~ter ~1974) 

Ind Condte and ·Hu'nter (1976) have 'proposed tbat cO,nttnental 

rift1~.g in the Ar.chlan aay hav~~ been tnttiated by up,w~ll 1'ng . ' 

.antle plu.es. Mantle plu.e aodets are appealing in that they 

.P r 0 v' id 1 a a e cha ft 1 sa t 0 1 n 1.t"1 a i ~ ri ft 1 n g, a s we 1 1 , à s a a e ans 0 f 

'( generating ko.att1tes' by .ult1stage~ aelt1ng (Arndt, 1917). These 

" 

" -, 
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.odels require that subsidence occurs as 1 result of isostattc 

co.p .. nslt i on due ta tl}, ero sion of the cont 1 nen ta 1 cru s t 
". , 

Issoci.ted with an ear1y phase of dO.I' up11ft. 

A ~~~sive .ode1 of continental rtfttng has been for.ulated 
," , 

by Mclefzfe (1978) ta explltn the evolutton of sed1.eni~~y 
1 

'Isins for.ed in, conttnental sett1ngs. Thts .odel entail s two 

r 

stlges of subs'idence. the ,initial subsidence 1s in response to " 

t •• ed1ate isottattc adjust.ents ~ssocilted w1th th1nning of the 

conttnental' crust. The second stage of substdence. teraed 
- • 

ther.ll subsidence (Royden et al •• i s are sul t ,0 f 
, • 1 

1spst!t1c,.co.pensat10n assoc1ated with denstt.)' 1ncreases that 
- { 

oec{r w1th conduet1ve cooltng Ind th1cken1ng of the ltthosphere. 

McKenzte et al. (1980). Btekle et al. '(l9jJ2) and Ntsbet 

'(1984a, ~1984b) havè sugg'es,ted that thts .od,el cou1d exp1a1n the, 

.' evolution of Archean 'YcJlcano-sedta"ntary bastns that are 

unconfor.ably overlatn ~y sedt.ent-doa1nated bastns (such as the 

Beltngwa g,reenstoni belt. "ti.babwe; Witwaterstrand and 

Trlnsyaal, South Africa). The e"'r\~--for.e~ 'volcantc-doIl1n'ated 
"\ 

succ~s~1~ns would have for.ed during per10ds of inittll 

substdep-ce when the heat flow was htgh, whereas oYerl.)'tng 

sed1.lntlr.)'~s1ns aa.)' have fOI!~_ed during the plr,iod of.therllil 
, 

subst dence (iu ck 1 e et al., 1982) • . ' , 

So.e workérs have appealed ta a •• r""ll-baSin .odel fO,.,5' 

Arciaean granite-greenstone te."r~anes (Tarney et al., 1977, 

IItndley. 1977). Tarney et a1-. (op. cit.) have suggested that 

Rocas Verdes co.pl ex of southwestern Chil e, jâ 
./ 
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~ " ' 

• 

.~ t ~,,~ 

f 0 s s t.1' ,'~a f~ t n. 1 b. sin, ha sin 0 ver 1 1 1 tee t (J nie 5 et t 1J!?' ._ n d, ~ a 
!, ' 

record o.f aaga.tts.- that clolely p.rllle~s th.a~ 'fOùlld ln~ 

grant te-greenstone terrines. 
~ 

. . , 

, 
" - ,-, ::. ,..' .... 

• \ ~ 1 

Soae Archeàn greens tone be 1 ts ha y~ fea tutes· COMPIl",ab i e w1 th , . . 

a 0 der n t 5 1 • n d . arc s ( Lan g for d et .. 1 " •. : 1.976) ~ , '. OJ a rot ~ et· .'1 • 
~ , , .. • r, )..: .... ': ~, '" ' 

(1982, 1983a. 1983b) have sugg,sted. on-tbe b·asls of ltru-.c~t.,.r-e • 
.! . .,!' l.t l ' 1 \ 1... • ..... ~ ... 

tgneou~;,:p~~roeheatstry. paleoenvlronaent and ~.I~eogef~.9r'Jl~y ~h~-t 

~"e Abft~~~-','belt aa:y be an Archean a"'lloguI o~~a dêrn.:arc

for e arc 'c o.~~' ~ ~,x. .r h e 1 n ter n 1 1 no r the r n . 1 ft d È x t ~ r n 1 sou t h ~ r fi 
'. -

lone~ 'ire b.etle'ved to represent the aain .rc coapllx and the . " .. 
forearc terrine respectively. The External ~one 15 believed, on 

• ' • - l' 

the blsls of t'Ios~atf~-~rgu.ents. to have been, e.place~ on .. ~ "", ., ~, .. ~ " 

oc.inte trust, wher ... I':'.î'h·.·.I"'terna..l, lone •• y have been for.ed on 
- " ,< r "'., 

I"'"r· " "-

elther thin'ned contlnent,a 1 '0.1" oce~nlc 1 fth.osphere (Dtaroth et 
i .1.'. 1984). The l'':ternal' .~.o:ne":1s b.lt~'Yed to hav'\~ '1i)'~'en, 1 

;::::::nht~: ::~:r:~::~: by shal10w hui t~i~-.lkall;. P1ut,o~S'",' ! 
• '.' C·holee b.t..en these .odels ll'ut be' baud on .;, "t~e ",' 11 
Ival1abl. geologtel'1 and geophy$1cal dlta '1~r i,~''9.1ven gré'ènstone-

, ~ ~_ • .'''' ,,-.~ ... 1 

t .;. ~ \ t. ''1'\ 

b.lt. G1ven the co.plextt1es of fnd:fvohl'u.a1'.greenstone belts'and 
w. le 

. ' ~,. .... 

the large t 1a. spin t nvo 1 !~d b~~WJl..e v. ri ous gr.n 1 te~gree.nstone' 

for.tng .phodes. tt is un'llkely at one .0d~1 appltes'-'to all . ~ 

.!"i 

bel ts. ,-. 

. .., , . 
~~~. ~ 

1.2 ' St.t •••• t 
~-,'" . ' 

~~u 

.\ . 

of t.li. Prpbl •• 

\ 
fi 

.:C' 

J~ 

.. "'.- ..... " 

.,!T .t 
~., 
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"This thests addressÎ'S a nu.ber of aspec~s of Ai-ch-ean 
. "', t 

'crustal ".'Yo,lutlon {~ thè'la Grandegreenstone belt of 'central 
, , ") 'Jo} ~,_ 

, . . ~ ,', 

t1Lt,~:l~c. A -tra,.~~ct 1n the central ,port10n ~f thi$' belt pro,vides , 
.. J _. _~~.: ~ ';':'iI. ~ .. - • 

the •• f~ 4.ta base for ln Interpretation .0,·thi:ieGtonic:~~ttln~' 
"1 
! 

• f" - ... i; , ,~. ~ .. 

;. ... _ : t • -;' ._ ~ • 

and ' •• g.attc,-,evolutton of the v.olcano'-sedl.entary succession and 
r , ' ~ 

1, \ ..,., 'f,.; f'. 'v • ' • 

pluto"n1'c roc~s',. .The.,firs.t part of thts Ules'ts'.deal,s vith ·'the' 
.. • ~ 1 .s~ ~. \ ,) ,,~:- ,;: ..! ., '",- • 

overall .settlng 0,1, the belt, s'trat1graph1c re6lat1.onsh1ps of the 
" ',' • " 1 .:-;-

~ .. /1/ , ,. r" _ ,,,-... • 

central seglten~.v.p'etl'ographY~,and field rela.tlonships of.the 
.... .,.~t.. - t 

varlous l1tholo~1.s. and the structbr.l and'.eta.orphi~' h~story. 
, -, " ~ 

:and Pll eog~ographl c ,.'~~co·n$l~u_c~ton '~f the" 
1 .. rço ~" 

. 
A p.leoenvlroÀ.ental • 

~ ._-
then-,-r,e-sented. The secon4 'pa rt' of th 1 s-.... .. \ 

'.~cent .. a1 seg.ent 15 
:;, ••• 'r , 

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

th è' 9 e 0 che.1 s t r y 0 f the v J) fc 1 n t c ~ roc k san d 'thes1s co-ncerns 
" , \ J • 

syn,.o~c.nlc lntrus,ives and the nature of the physi'ca1 and 
-" "," C. .. • ~IV ~ ..... , ,Q • \ , • 1 .... • _,. 

che.tca. processes that, ~ntrol.1ed the.1r ev?'ution. Finally, a 
, . 

prel1.1nar6 tectonfc .odel of the pre-def~r.at1~nll evolût10~ of 

th~ be1t 1s_~proposed~ a6d 1 nù.ber of tests 'df' ~h1s .ode1 are 

suigested.".f"bt..", t~turé 1 nvest1 gat 1 ons~ .... ', 
".r. 
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ela.pter 2 Re,.ton.l ~1.tt·h,g and 6~'l ogy 0' the LG-3 Are. 
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... ..r ~t.."';') f [. , ,,:: 

rf,! 

2.1 .eglonal Setting of the La 6rUl4e Greens'Gne,·tél t, 

, , 

Th,e Archean La ~~a~de ~reenst_~,~e bel-t. eonsists,~a series 

of NE to ENE ta E'<'trending synfor.s of vol eano-sed1mentary rocks 
,- " . ~ 

".. / 

that extend eastward froll Ja.es,Bay'''SOlIIe 450 km toward centra 1 
• _ v 

. 4ue'b,éc(F1g: -1). Rad1olletr{c- a'ges (K/Ar) deterlll1ned on biotite 
,-

and .useovtte separ~:te's of vol eano-sedtaenlary rocks from the 

Gr a ri d eB a 1 é' 1 n e R 1 v ~ r 1 r è a (F f 9-e 1) 9 1 y el. e a n a 9 ~ 0 f 2 5-1:° + 1 2 5 
, , , 

Ma_ for t w 0 S .a p 1 es' ( L 0 w don. 1 9 6 0. ; E-a de. 1 9 6 6 ) • E a 'd e h a s 

suggested 't-lIa't -thl sage deterllinatlon and those determined on 
1--"''' • ~ 1 ! 

"Il". ...-'" --,. .. 

granftofd lntrusfve~ and gneisses (Eade op. e_it~i units 1-6) 

indlcate that the last phase ofaetaaorph1s11 tp·reset the K/Ar' 

isotopie systea wa$"\ at 'approx1l1ately 2500 Ma (Kenoran orogeny) • ... 

Regiona 1 lIapping of' the La Gr~nde greenstone be 1 t ine) udes the 

work,Qf Elde et .... al. (1957) and Eade (1966) (at ,. seale of 

1:500.000) ; Fouqu-e et al. (1979) (1:250.000); Sharma (1977) 

~ (1:11»0.0'00';- Avra.tchev 

(1984) (1:250.000). 

(1983 ) (,1: 250.000 h _a n d C 1 es i e 1 ski 

j 

... 

Fouq.ue et al. (1979) dfv1ded the r~cks of the La Grande 

a ré;. 1nto el-even l1thos~rattgra~-~'1e units (Tablè 1). They - ~~. " -di videil the 10weraost unf<'t. 
,< 
~ , 

wh,teli cOJllprtses the greénstone 
/ " 'Jo - , 

The firs"'t-c.yele 'ts compri·sed of 
. 

sucee s's 1 on. i nto' two cye 1 es • 

• aft, Yoleanie rocks, includ1ng lIassive. and p1110wed basalts, 

and tntercllated .afi' .tuffs, and .ay contain 'banded 1ron , 

f,;~.~ti1)! nea r '_J~s t~P. ~ The second-cye 1 e. whi ch they tentltf ve 1 y. 
.. ~;r", 

p ~?J 

8 
~~"J \ 

}-"'- ~ 

dXli. 

---t • ..... v' 

~ qIC a tI )jOdLa ft st:, !\! , 3\" 

/ . 
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Table 1 Lft.oltratfgrap~fc Unfts of the LI Grande Greenst~ne 
_1'" 

aelt (after Fouq •• :ret •• 1 •• 1179) -

Proterozo1e~ ••• n •••• D1àbastc-textured gab~ro 

,r Early' Hel1kfen.S~· • •• Saka.t For.atton 
1 • t ~ 

SERIE LAGUICHE AND ASSOCIATED GRANITIZATION 
Elrly Apla.bfln 1 ," • 

or Archeln ••••• V3 ••• Post Tectonte Grantte 

••••• X2 ••. Leucocrattc Granite and Pegmattte 
J _ 

1 : ... ~2 • •• M1 g.a tftes all.d Granl t 1 c Mi g.a t 1 te 

••••• ~2 •• #A.phtbole-Btôttte Paragneiss 

--------------·---------~DISCOROANCE------~-------~--- -----,----
, ' 

'1ERIE DES YIÈUX -GNEISS' , , 

Archea" ••••• ft .... "19.~ttt·1c ~n·elss and Mtgllt.t·te 

Undl fferenttated 
• 

••••• ~l ••• Fo1tated ~·ranodtortte-D10r1të. (A~.atecttc 1) 

.. ••• ~1 ••• " t 91a t 1 t.~. s • G n e 15 5 • 0 r t ho g n e 1 s s ( Gr a n 1 t 1 c • 

Grlftod t'.orf t te) 

•••••• VS ••• Bas t c and A e i d t c y 01' e a n t c and Y 0 1 ca ÎI 0 • 

Sedt •• ntary Units. Btottte.Allphl~91e Schtsts 

.A.PhlbOleGneisS, Andes1te-basal'tr Quartzite, 

"" Arkose, Conglo.era te , ' , . 

-~~~~--------·----------~PISCORDAicE (1)----------------·_·-----
. FIRST-CYCLE' ' . 

••••• RY ••• Sl1ts. Tuff. P1-110w Lava, Interlledtate-

~ 1 Felslç Flows, Congl0.erate ,. . ~ ~~ ~ ~ 

---··---------------------DISCORDANCE (')---------~-.---- ••• --- •• 
SECOND-CYCLE ,~ F~' ' . 1 

" , 
, . 

• • •••• R Y ••• 1 r c,n / . ~ 1 t 1 ~ n ,t M a f 1 c Tu. f f • Ma; f 1 c L a v ~ • 

Ul tra.a,f.i cLava " 
, ' 

, ,. 

,-

'. , 
"" , , , 

" ... 
. 

10 / 
" 

, -

, 
1 

1 .' " 1 

1 

. ·1 

.r 

1 
,.! 
1 



.. 

J •• 
1 .. ~ J 

11, • 

',1 

I l. 

~' ( 
1 

• 1 

,. , 

,.. -..Jo 0) .. 

• 
"' , 

Jf}' ""('1 

'suggested .ay be discordant vith the f1rst,-1s 
, ' 

co.pr1sed 'of 
- / 

, Î J; , " 
poly_1et Plracong10.e"tes overla1n by f1ner-gratned· sed1mentary , . ' 

rocks ârfd .af1c. 1ntenledh'te and" ra-re fels1c volean1c'-'and 

vofcanoelastic' rocks • , ' 
- 1 . ' 

, , 

Sta.Îte 1 opou 1 ou-Sey.our (.s. 1 n prep., 1985) hls erecte"d il 
.. l';' ~)~ f' ;~i' 

detll1ed ' strlt1graph~' <J,f. t1t .... Are.~e~n Vo'l,clno-s'edlllen'tary 
1""· ç ~ r'" - ( i" " ., 

success10n- 1n':~the vic1nfty of La~ Guye'r·'(f:1g • .1). Thê"lower 
,. ." ~ ~t-.. .., .. 

un1ts in'th1s are, .. ,~'ons1st of ,a;, successio'" to"f <last1c 
i ,\ 'l' ~ j 

sedf.entary.rocks ov"'èrla1rr bi' ~,h'yodacttes and' felsie, 
} 

" fo 1 CI n 0 c 1 41' t Il c roc k s.. Th 1 s 1 0 W e r u n 1 t, f s 0 ver 1 a f n b y a t th i c k 
. . l,:,...... \ '" ~, .. 

f,',s",cca'ssfon of .Issive "nd p1..110wed basalts wh1ch are in'turn 
,,\\. ""-'1 ... 

o-verllf"n 'by a sèquenci: of p1l ,roved .perido'tit1'c" pyroxenftie and 
~<~ ,r~ ~ ~ ~;~ ",:l~ ~:" • " 

-Ita s. l t 1 e , ,:'k o •• t 1t tes. The t h 1 rd and u p p ~fr _,0 s t uni t 1 n the Lac .. 
"Suyer area 1s Î stquen~e of p'fll0 •• d and .asshe ba,alts.' 

l 
.... ~ ~ ": ~. 

~~ 1~ f' PI 

L 1 u (1 9 8 5 ) h a ses t a b 1 J S he d ::. a s t rat t 9 ra., h Y , 1 n ,t·h e 
~ ~. ~ 

,-

~,.upraerust,!.l suce;ess10n ~outheau of :'LIC Guyer (Fig'. 1).,ln, th~S 
'l' ?,,' , .. ll'; , 
\ • t ~ 1" ~ • ~ _.. ~ r. ,~-t 

':,' j'rea, •• ffe ·voJcl.noclastic rocks are overla1n by pi.110wed and, l", """>J. ;r , 

~~ass1v~' basal ts ~fth_ thin lensts of, •. a'f1c",',vol elnoé~,;$t1cs 
;,i'" 1 • ' , 

, , 

> " .~ l' 

f nterea1 ated a.on9.s..t the l,ower ,D fl ows. The basal ts .re o. er:1 a t n 
... ~~ ~ ~ ;. 

by.pi11owed and .ass'ive ko •• tf1t .... and ·1n turn bY,an upper 
" ~ ~'''' -~ '? 

• 
suc~'~sio_ of ba~llts. 

" , 
" ',' 

,oa.t11,t,1'c rock,~ are rest .. t.ctè.d t~, the els~ern plrt of the 
'::'}- t',j~ >- • ~~- •• ".~ 

La Grlnd. greenstone belt (Avf •• tchev, 1983, U·u. 19a5"). These 
,~' \ ~ ", • ~ ~ ! 1 _~' , • " 

rocks :appear to exts,t,,'.a,t,,both the 'b"s8' .ind near the toP," o', the 
• • ~ ~, \ ',~",~ ;~ '- -. r ,..-, '. J t' 
~;. 1.,., , 1 ~ 

fucce~sfons in the vfe1ntty of Lac Guyer. , , . , 

,\1 : 

1 • 

", "( 

. . ' 

" 

l 
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At làast thrée seis of folds ~ .. ,e·'e(tde~nt.tn the Arc,he.n 
- • .1 IL 

's'u prler.ll-5 tal sequence (Grenon et"'-.l.. 1977; Fo~·~u,e.~;·et al -t 1979; 
• .. ~ 1 -

.;~ 

St •• at~·lopoulou-SeY.Qur. 1982). The '"t.rst, set Is rarely 

pr.ese~,ea a.n·d ·15 char.cterfzed by _fcroscoplc. isoclinal 
. 

fn,trafol·t.l folds t'hat are peneconte.porlneou·s wlth I.phtbolfta-' 

,'AC; t es 'reglona t leta.orphI5 •• The secorld set 1 s,\c"'a rlcter:-.1-zed by 
Il, \ J • 

.e5èneoptc isoclinal folds that •. re .oderately pl ungr~'g toward.' 
, 4' ~""...:' .. : -:' - --'--/ - 1 

the N and S. and \are accor.panted by a pronounced ElfE s~r"ltht·g. 
~ 

steeply no'rth-dfpptn9 ... axt.l-planar sch1stoslty_~,~~The Uflrd set 
, ., ( 

1's .O$t ,vident ln "t't.~ foltlted lftHolog,tes •. "an,cl·,·'ls 
, - ,,,, #. \,' ~, .. ' 

characterl~ld by kln,k-bandtng as~~'clated, t'tith,· lntrafo11a1 
", .. ' , 

trl,n,s,erse t~' the 
. , 

-~ , 

fol1atic"". 

~. . 
T wo' •• j 0 r ph a s e ~' ° f -.' br 1 t t 1 e de for _ a t Ion ha, e b e e n' 

rec'ogn,tzed tn the ~. Grande' greenston'l be 1 t (Fouque et al •• 
, " 
) ! • ~ 

1979): The Serte Lagulche "1 s' sep_r.ted froll the vteux Gnefss 
- . - ' ~'.,', J 

(Table 1),<by a wel1-deftned line,alient wh'ièh.'trends"N 70O"and 15 
• J ..s" l, ,,~ ~I, _, t ~ y " 

evident.1n satellfte ilagerY"(ERTS) (Fouque et .f~.·op cft .. ; 
)11.. ~ ,- , J 

Schu.acher 'et,al •• 1978). This llnea.ent t5 belie,ed to 
l, ' l ' ',> ~~ 

\ " 

represent 1 s1nist~~~ s,hear ~one which dé~1nes the ' •• r g ln"S.,of 

the ,arlous .Sakali sed1lentary b.s1ns~· Fouque et Il.' (op. cit.) , -
, ' . 

have SU.9,estêd that the ProteroJotc Sak •• t basins were forlled as 
• ~., ' .. w 

')'pul1-IPart'structures. A second ph'l's'e of brlttle d,for.atlon ," " ' ' 

·"resul tad 
~ ,-"" " t .>.., 

in transverse conjugate.fault$ th~t trenl ~ 20-40 and N 
, ~. 

~. . 
140-16~. These lite-stage faults post'date the e.pl acellent of a 
, . ;;. . 

. '''Proterozot c di abasic gabbro Sw.r •• 
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1. \ 

"'. /, , 

" . 
. , 

,', . .(.\ . 
, ,a' 

, ~. ~ -

FA" nu.b'er af workers ha ve lJ)v,--es'U gated'-the, petrol ag'y and 
~, (,' - .. 

, 4,./' " 

'pe_!rogeneS'is 'af th~ Y·o/ic.nic 
, ... -.-. 

.nd Jntrustve rocks in the La 
r r, / l ,c t ' -~ cr ~ ~ r' .J'-' 

Grarfde,Green'stone Belt. Sta.atelopo.u1'ou-Sey.our (1982, 1983. aiS. 
,... \ . ,.... ~ ~ ., ~ - ' ) 

ln prep., 1986) has studled t~e,.,petrogenet1c his-tory of the , " 
b~s.l t-~o •• t11te and rhYOdleite-granodlorite assoctation in "the 

• a ' ,.\ 1 _ ; J 

LIe Guyer area. Liu (1985) haslnYesttgatecf the petrogenet1e 

htstory al,lbasaltie Ind ko.atjitlE rocks l'f'/we11 as the 

pragr,lSlye .lg.ati,zatton o~ bf'Ot1~;e gn.~.tsses ,tn·, the .. Îrea 
- ~ ...... ,. .r., ' 

south.àst,af Lac Guaer. Rhard et al. (~984. 1985) have studfe~ ,. 

t'he petrogen'~s1s of basalts. gabbros,'and perldotites tn the 

-·~estern.' p. ~t of' the ·ta. Grande greenstone be lt 'and co.pared these 
/ ' 

,vtth -th ••. Yal1abl.~da'ta '~o ___ 'other parts 'Of the L. Grande belt. 
- , 

5 k u 1 s k t e t 1'1. (1.984) have ~"vesttglted the' stratigraphY and 
-1 ' '. 

petrogenests of bisa t'ts in the,centra 1 part of the La 'Grande 

"; , 

~ '"" - '\ ' "', 

',:" "gr •• nstone"bel t. Reg10nal •. odel s of the tecton1c and alagmatic 
" 

evolutto'n af.,the La Grande greenstone belt have "e-en presented 
, l' t. Il l' ~I~ 

/bj -Liu (1985') and Sku1 sJd et al. C-1985) • 
( ~ , .. J, 

, -2.f~ 'Access. , .. "stolr.play .ad Previous Mork ~" ,the LC-3 '-Arel 

" The present study. 15 based on deta1fed .,pp1ng 0:10.,000 
,,' 

s'è'ale. ~'u •• er 1983) and SI.,~J tn9 of 1 45 square k. aru ln the 
. 

centra-l" portion 'of the _ La Grande greens tone be 1 t in the yi e t nit y 
"',f>..... ,,"~" <loi , .... ;'} 

t, \ , ."' • • l ," ~ h 

Of the LG-3 hydropower station (latltude:- 53 3-9- 53 42 N. 
~ . 

- "., "'. 1 ~ , " • ..' 1 • , ,~ -' -' , ..... 

, Ion 9 1 ! u d e 7 6 0 5 - 7 6 5 7 ., ~ (F tg. l,!" T la 1 s s t '4. cl Y '~} sot r e a t s'a 

nU.bér of s •• p 1 es proY 1 ded, by A. Hynes, :that were co.ll ec'ted .$o.e . 
" t l' • f. ',,' , 1.. l' -' -

25k. to the "SV of th'" study Irea along the shores pf the LG-2 
\ • ~ 1 • * 1(; 
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k. n '0 ,. t h ~ f Mat agl.1 Il Que bec. and i s lac a te d w 1 th 1 n t,h e 

l,' 

ter rit or 1. 1 1 t. f"t s 0 fLa Soc 1 et é de 0 é v e 1 op p elle n t d e l' a Bat é 
' .. ' -' \ 

2~ ... 

.J ••• s (Hydro Que bée). Aeee s s is'by road fro. MatagalA1 or by 
.. l 

, 
" .. . jl 

Î~1 rport~ plane to the LG-3 
. 

,.l-' 
C> 

~ , 1 \' 

T'~~ • , 
topogra p~y of, the - lG-3 a rea "i s characteristlc of a 

-~ l " 
he.v11y\glactated terrlné, IS ev1de"ced i~ 'the Mul titude 'of 

1.~es an'd swa.ps (Sh.ar_ ... 1917). Thel tOPo.,g~ap·hy 'is ,~dued in 

a,\éls of'predO.'nÎ~tlfy vole-anoelastie and sedi.entary rocks • 
J I,,~ ~. 

suth as 1n the northern and central portions .of the .ap aru 
, ' 

r# "1 II 

(Appendh 'D)~ ln those re~g10ns ,do.inarte,d by pl utonic and 
, ) ;:.. ~ ... ' ~'. -

volca.n1c ,roch. (as 1n the c:entr.al. and western parts of the map 
" ' ' ', ",1>" ~ 

are.) th'f'topogtaphy 1s .ruggéd Ind abrupt elev~tion changes on 

.~ the order' of 165 • cano occur. Sutface exposure 15 approxilllately 
" . .. 

30 S 1 n th 1 sir el. Ho W e ver Il r e c e n t con s .t ru, c t ton -à c t 1 vit Y h as 

.~ also ereated'excellent rOldcuts. 

'. 
~ 

'In add~~,.1on to the reg10n.l .apphg of thé La Grande belt, 
- '; .. .-. 

-, part of the the LG-3 ar.a has been .apped by EkstrolA (1960) at 
t. ~ 

.a scal e of:.' 1~.s7 ,~OO. In the early seyent1es the arel was .ap~ed 
..,,, 1.~.~ -t , 

. 'l t 1 sel 1 ',,,.0 fi: 50,000 (L. R 0 $ e Il 1975) for t ~,e pur pose 0 f 
, f ..... ~ _ 1 ~ _ 

del1.fttrig ~urln1u •• ineraltzation at the bise of the Proterozotc 
, ... ..: 

, . 
S'ata.1 For.atf'On. Or111 hole dita and geology of the:.TA-26A ,~nd B 

) ' 
1 

dl. sites on the s'hores of th, LG-3 re$eryotr (Appendix D) are 
/ 

. ~, . , reported tn a 1:2,400 sca)e .ap preparedJby Tre.blay (1982) for 
.~, 

the Soc tetl d'Énergie, de 11 ,8a 1 é Ja.es. The geo 1 ogy 0 f the LG .. 3 

,-

~\'" 

,,-,:.': ,:","'"':"".,"-::"~' .7". ~-.~,.. •• _ ........ _-. 
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Irta hls Il'SO been d1scu.ssed in a regtonal study by Cies1e-lskt 
-

(1984). Aero.lgnetic .aps of the LG-3 arel 1nclude a 1:31.680 
D 

scale _.Ip 1ncluded 1n 1 .tnerll assess.ent report by Eckst'ro. 

(1960), 15 well as 1~50,OOO .aps by the Depart.ent of Èn-èrgy, . .. 
filin'es and Resourc_'J, -Clnada Ind the Depa"rtment of MaturaI 

,R e sou r ces. Que bec (n 0 w k no w n 'à s fil 1 n 1 s t ère de l' É ne r 9 1 e e t des 

Ressources) • 
~ 

2'.3 S •• lOltcI' Sitting.f the L&-3 Se,.ent Ind thl Lac 

Coutlce, u D,tes 
, , 

" 
2.3.1 LOCll $Ittt., And C ••• r.l':~trlt1fr.phl 

The central seg.e.nt of the La Grande gteenstone bel t 15 

predo.1narttly ENE trend1ng. Howev'lr. 1n the ~ic1n1ty of LG·3 the 

b.lt 1'~ Ireulte abo"ut 1 eo.p051te p'luton whtch 1ntrudes the 

southern p~r1 pher:'y of th. ~reé~stone success10n (~·1g. 1)., Toward 
~~. . -~ ~ 

the SE the grllnstone bll t p1nch~s out on the eastern 1 hlb of a 

llrge '''NE plung'1ng synfor. (, Eckstro •• 1960; Eade. 1966; LaRose. 
v, ..; 

1 975 ) • Th. Lac G Il ye r' ',~ e g. 1 n t 0 f t hl La G r and 8? bel t a pp el r s t 0 
, . 

.. l'''~ 

lie d1rectly on strike w1th the e,stern lt.b of this structure 

(Fig. 1)." 

. " 

ln the LG-3 area the volcano-sed1.entary succession 

. -.. 

a r,';' . . 

o. reprlsents the lower.ost strat1graph1e unit of Fouqu.,,* et ,al'. 
• 1 -

'(1979).JU~1t R.Y. Tlble 1). It •• y be su~d1v1dld 1nto'~four,,;,,-

stratigraphie units. Ttlese Ite. in stratigraph1c or.cfer;, '~nit t, 
. l'" ' ' J 

Lower YolClnoclastics 'Rd Metas~di.ents; unit 2. F1i..s..t':.~ie 
.. 

1S 
/ 

J f'~ , 

" 

" \ 

.1 

, 
" 
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. " 
'" 

w, ;:_ .... - "\ . , 
""' f';' 

, 'rOt ., gr '$ rrédÙ&' -tf 7 t't' 

"' ... , 1 

f'} 

.{'" -. 

Voleanies; unit 3. Met.sediaents-; and unit 4. Second-Cycle 

Voleanies. The .axt.u. thickness of the exposed strata 15 

approx1.ately 4.6 k •• This esti.ate ignores th-è'posstble effec·t 
- < ~.·I , 

of'J'olding, whtch fs 1nvarhbly present in the well-strat1fied 

units. The base of the supracrust,a 1 successt'on (s obs-cured 'by 
.. ~ ... .. '~- \ 

YOllnger' gran1to1d intrus1ves. 
, . 

I~ ., 

·'1"".Thë're are,.,~~ve suites. of syntectontç, lntru~1ves __ ln the LG-3 
, , 

.re • .: .the,Southern Co.postte pluton. Mtcfè:l'1e~Tonal1te pluton', 
~ , , 

Northen TonaUte. Northera Porphyrittc Tonal1te'-Granod1orite, 

a~d porphyr1tie ton.l1te and tr,ndjhe.1 t e d'~~'es ~nd pl ugs 

(Append1x 0). The .~onc'or,dince of structural fabrtcs bé'tween 
.', , ,., . 

vlrtous pl utons and the sûprlcrustal succession they intrude 

'1' -:t:t1d t CI tes th. t these rocks Ire sy'~~~ronous w1 th the ft rs t ,pha se 

CI .. 

. -" 

of defo r •• tt on • 
. " 

Ntne sa.prés of ftne gr.tned dtor:1te (LIC,Couilcelu dykes) 

w,re col1ected by A. Hynes 110ng the shores of 'the LG-2 .. 
r,1Uerv01,. IISV of the IG-3 ,rea. These rocks occur as dyles that ... . ~ 

have .~tuil crosscutt1n~ relat~!n$htps wtth lQ~al' granodtorites 
( - , - '., ... ' .. ' ., 

that 1 ntrud~ the. Archean suPtllc:rusta 1 success1~n (Hynes, persona 1 
" '.J " ...... 

co •• un1&-l,t1on). B.sed_o~ thetr s1.11er .odal cOllÎposltf'ons-the 
, , 

gr.'nod1orltes'in the Lac Coutaèeau I,rea are Issul!,ed to be 0" 
s1.111r Ige to' the Northern'~'Porphyr,itlc 

~ .'1, 'l-. 
T 0 n.a. r 1 te' a ri d 

Grlnod1or1te in the LG-3 are'-'~ , , 

.. 
The y.oung'est';'lntrustv·e bodies fn the LS .. 3 area eré 

\ , 
" ' 

IJ 

. 
'l \. r-;" . 

~ . ( .. 

\ , 

1 
1 
1 

1 
1 

.1 
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<, 

,- 4;'tt:Pb,rttc~, ttD" te cts3 '.rtk*bbtrtr'ti l *ebl't4nr) ta- 1jé:t*tMH{'i&Âf4r~dk.' 

r.l att vely fresh. dhbastc-tex,tured gabbro dykes of probabl e , ' 
r 

Pro~erozot c Ige. These dy,tees cros seut 111 structura 1 fa brt cs 1 nd 

lithologiell units. Thè llrgest of·these dykes strikes 

approxt.a~e'ly ENE and can be traeed fro. the extre.e SW corner 

to the elstern li_tts of the .ap area on the shores of t~e L(1-3 

res.ryot r (Appendi.~ D): 

, } 

rhe youngest lithologteal untt tn the area ts t,he . " 
Proterozote Saklmi For.atton. ft consists of shal10w-dtpp1ng to 

ho riz 0 n t a l '\ qua r t z are n t t l! san d e 0, n 9 1 0 III ë' f. a t e. beds ·t-hat 

·unconfor.ably ~verJ1e the Archean supracrustals"tn the nst-
" t. 

ce~ntral pl'rt of ·th,e .~'p area .• on the shdres of the LG-3 
" 

· ... é~e .. votr (~ppendix D). Rey te., of the strati,gr'a.phtc: and 
.,- ~, :-. ,- ,,":. :- ;-: ~L - .. _ f _ 

sedh'entologtc~l .Chara·e~e.rts~h:S ·of. thts. ·for.Ùfon can be fou.a:-d 

1n Elde" (19~~la~d' Fouque et:.al. ,(1.97'9). ' 
, ~- ,-' '" ' \. 

2.3.2 Str.ctur.l.Hfs~.r7 J 
.. ' . 

l , 

The ,Archean suprlcrustal su.ecesston fn the ·centr.l pa,rt 'of 
• 'v, ~ ~ l' • "\.. • • ' 

the la Grlo.d~ bel t has b'e~n l'f'fecte~'' 'by two Ph'ase.s of, 

<' dtlfor~.at,fon. The ft rst p'hase of' defor.~tion,(D1) accounts. ~C!,r ' 

t1tl"'synclinal ~orl of the greensto'~é blt'lt and,'1's conteiPorane9us 
" _, 1. • 

with the f1rst phase of .etalorph.ts. (Ml). The second phase of 

defor.ation ts character.lzed by str'Jke ~fp "julting that has 
" 1 

.····,dfsplaced tarlfer ft'rst-order Dl f()ld~ and appea.rs to b'e 

, 
--J,-

" J 

'\ 

as S 0 è i a te d w 1 t h .1 no r fol d f n 9 (F 2') • n d â 1 0 w - gr a der è t r 0 9 ri de.. . ",' 

, e •• t 1. 0 r p h t s. (M 2) • The r e 1 s no e "v ide n ce 0 f e a r'1 y 1 n t r a fol i a 1 . 
~ J w .. 1 .1 

• -.,/~' 0 

· .. Iolds IS suggesttd, by Fouque et .1.',(1979). and Grenon ·et al· .. :..,. 
" /, .J, 

17 
, ,. 
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......... , ,v -' , 

(1977). and'thu~. the "~01 and 02 e,vents docu.ented hare probabl y 
, 

correspond to the 02 and 03 events of these prev"tous workers. 

-..... " , 
FI foldS' are isoelina 1 fol dS'.'Of bedding surfaces (SO).~n'd "f 

'. -4Ii ._ 
have a penetrat.fve axfaf pl'anar fabric: (SI). The absence_ of'any . , , ) 

s'tgntficant'p"e Dl eVlnt ,s suggesied by the pol-,'rtty "1n ~o 
" 

p' 

sur f. ces as de te ra t ne d th 1'" 0 U 9 hou t the •• p 1 r e a 0 n the b. s 15 0 f 
î , .,.. ,. -r 

p1110w ~actng tn volclnt·c: !OC~s~n1.or.ll gradi'ng 1n t<he Lo~er.,-· 

Yo 1 canoe: las t 1 ès and Meta s.ed tiie n ts. V,O l:c a no C 1 a s t. 1 C s 0" f the --- .... " ~- - . 

. Ft rst .. Cyc 1 e' Yo 1 cantcs. and Slndstones 1 n the Met.sed1~ents and ., 
4 _ • ~~-'r!;." - ~~!:' r - -;, 

S • c o· n cf· C .Y t 1 e Y ole a n t cs_ F1 fol d S" • 1'" e 0' b s e r'Y-;e don ,Il 0 t ha, 
" .. • ~ J _ 1. ~." _ r _ 

.eglscop1c", (wavelengths ,{p to 4 t.} IR'èS ,.es··~~·~~pi'c s~ ... l.e "" 4-; 

(wavelengths u"p to 5 .). The supr~~'rus~~I~u~ce~sj.Dn h~~:s",been 
, '" l." - ~ , ," Ir' 

fo.1ded tnto 1 large, ffrst-order ,sync'11n.e (1n'~rÎla·1.1i· f'~fer.red,. 
,k < _ 

.. ."" ::t'" \ l ~ 

to'as/the Chatn L.kes syncline) wh1ch 1s E- trendt:~g a':n~ NNE-
, 0 ~ ~~ 'i 1 I~: { . 0 

pl ung1,ng (ca. 50. Appendtx 0). Both li.bs di p 'apprO:XJ*a.t·ely 70 

1 (Ft~.2 •• b, App •• di-Dr; Thehln~~ ZO·~ •• :'~f, ~h •.. Ch~tn lates 

- Slncline 1s-deflned on the basts or. partlar~-closure in-the , . . 

_.J S 

\ .. .'Metasedt.enJs and 'SeC'ond-cyc le Vo 1 cani c s fn. -th.! wes terri'· Pa.J;~' of 

""','the IÏIP are, (APP'Ind'h' D).··.nd'1n< ~arig~lo.·;1-até:i in ~tb"e 
'~ ~: ~ ..... " ,l-.. .... , 

l'Metaseiill!1ents in the central part of the··~.<.ap a'rea 1~1g. 11)." 
• 1 1.'" • ~ :; ;:;. ~. 

Congloaeratls in the Metasediaents tn ithe h1n91·.zôtae" ire hfghly ,.'. 
" 1\ J Il ~..f~ 1 ..... ';..r:.;'-

-~ defoy.ed (Phte 1). and:1n th.1:c'~~trll pI!rt'of the •• p area a~~ , .. ' 
. .... . . ~ ~.... -< .. "~ JI- .~ ............ ~, 

" 

over1a1n bY.,s11tstones tn which the.rbeddfng has<.been 't-ra.ri.$posed·~ .. 
:' into the 'SI cle.vage. " 

, . 

, " (., 
~ ~,\ .. ~:"1 .. 

5aal1 er FI .acros~optc folds (wave 1 eniths uP~,.~.o 150-.. t-"~re·'·:'· 
~. , , 

, " 
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} 1 tctt'IMttttNrz1'._t'YttièW 

Ftguri";':~ l!ol.s ta be~dr1ng ($0), ,lntersect1,on l1nei&J;ion 
( 

(LI. '-
-, .. ...., ... ....~ ~ -li/' " J~ ~ , 

~,pA 51) and l1Iinp,,"l fo-l"ch in Unit'3 Metasedllle'nts*. (a> SO 
I;",:.~, .;<j_: ~<, .• : ~ "~ ... ":_ ~ ,: ... ' ~ .. -_:, ....... ,,, ~ • 

"rtH-,t-h o't<i,Jle Chain 'La::l(el~'lault, ('b) $0, South of the Chain 
"1-..4.', • ~~~~;v <'''~., ':> .. ': ~~'" '""':. - • (I -........<; ~ ... ~ _~ '..f';~'; 4~~;-:. .... 

"·,·"I:.::·~,:\"ke5~ tault In4" tc) J.l,,~·!Jr·,t'he M,et'ls,ed1.ents north of the 

''',~~~ ""'C~'ln ~'kes f-fu~t,t' (d6t)~~':'~d<*.Ù,th (slIllll circle): M'lltor FI 

If !. 
ci; "'", 

r~fo~i" '-:"; 

~, " 

,', 
• 

~ ,'" .. 
S''r'~ J - -

fold ,,,,,çtos,sJ,~<was ~~;~'f~1":e4,':,~0;th o~~ the Chal~"'Lak;'~ ~fault. 
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restrtcted to the stratlf.ed. 'sedf.entary rocks ln the 

Metasedl.ents and Lower Volcanoclastlcs and Metasedl.ents 
" 

(Appendlx ~!~croscoPtc folds Ire no~ found tn the First

Cycle Volclntcs, as evldeneed by the strllght contlnuous nature 

of a él0.erop~rphyr1tlc .~rk~r ~n the northern 11mb of the Chain 

Lakes syn~11ne (Appendlx 0). Mlnor FI .esoscoplc folds are found 
~ 

~ ln stratlfled sed1.entary and volcanoclastle rocks ln all four 
< • 

/ 
units (Plate 2). M~sosc-oplC folds are typ1cal1y tlght to 

l • 

Isocl1nal and hlve moderate plunges (ca. 50. Fig. 2c). 

-
SI 15 a sch1stos1ty ln a.phlbolltes and epidote 

r 
a.phlbol1tes. The SI fabrlc 15 .an 1 fes ted by the paral1el 

al1gn.ent of actlnol1te. chlor1te, plagioclase and quartz ln low 
/1 grade rocks ,nd the paral1el allgnment of ha r.ra b 1 end e • 

plagioclase, biot1te and quartz ln hlgher grade rocks. The S~ 

fabric 15 preferent1ally developed in 'sedll1entary and 

"'voleanoelast1c rocks in generll. ~hereas .asslve vQlca'nlc (~nd 

plutontc rocks have ~ less wêl1 developed schtsto_~tty! The~ . 
'abrlc ts parallel to the contact between the Southe~n Composite 

Pluton and the supracrustal succession ~nd Is 10cal1y west

strlklng Ind north dlpplng. (ap'proxillatel; 70·, Fig.3a). Taward 
~ , 

tfle east of the .ap area (Fig. 1). the supr:,acrusta 1 succession 

beco.es arcuate about tt\e Southern Co.posJte Pl uton an.d the SI· 
<1 

f.brlc beco.es progresslvely lIore N-strlking in this area from 

" .. to E, (Eckstra. t 1960). The 'concordance o'f beddlng 1n the 
'-' 

'. 
supracr,usta 1 succession, the contact vith, and the SI fabric ln 

Ir 

the Southern Co.postte Pluton reflects the synchro~ous nature of· .. . 
c" 

the ellplace • .ent of 'th 1 s pl ut,qA Ind the defor.atfon of the 
.., 
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1 
Figure' 3 Poles 'to 51 in the Frts~-Cycle Volcantcs,' h) south 

and (b) north of ·the Chain Lakes fault. 
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_ green 5 tone be 1 t. 

The, second phase ~~ ~~for.at 10n 15 ~tertzed by str1 ke 

sltp fa9,1t1ng and .tnor.,c;rDss-foldtng~ A large, s1nlstral strUe 
. 

s 1 1 p fa u 1 t (1 n for _ a 1 1 Y n ail e d the 'c h a t n La k es fa u 1 t) ha s 

d1s~l.eed the southern l1.b of the ~ha1n Lakes synel1ne eastw~rd 

r",.ttve to the northern lt.b. The fault tr.a-ee 1s no~ exposed. 

the surface expres410n of th1s faul t 15 a lIIarked 11ne'ar' 
~ . 
topogr.phie depress10n that 1s f111ed by glacial sediments and "a .. 

èhà 1 n of E-W str1 king 1. tes 1 n the centra 1 part of' the ma p area 
I! 

(Append tx D h -
. 

The Chain Lakes fault juxtaposes Lower Yoleanoelast1cs and 

Metasedl.ants of, the southern 1 t.b of -the Chain Lakes syne1 ine 
• agltnst Metlsedl.ents Ind,Seeond-Cy~Te Vol~an1es of the northern 

l t' •. 

": ll.b (Ap,p,end{x D)., A 1 arg'e eoneentratlon of ~tn'or cross-fol ds .' , 
• 1 "' .. 

(1ncludlng tint- and box~type folds fn the north. and moderatel~~ 

op,en, steeply plung1ng ,folds tn the south) whteh are NNW. 
1 JI tj"'l 

trend1ng Ind Issochted with l 'HHW vertical fracture ".cleavage" .. 
.' 

oecurs tn the vle1n1ty.of the fault (Appendix ~) •. 
1 , 

tir , 
, < 

The ~ i n 1 s t;~ a 1 d 1 s p la ce ... n ton the -C h l' i n L 1 ~ e s f. u 1 t /1 s 
r l 1 Ji _ .. ~I 

f' ~ '1 

ev1deneed by t-he reappearlnee of the elosure betwetn .the Lower ".-
__ ; d '" , s' 

... 'f' j~-. 

Volelnoelastles and Metasedi.ents and tne Ftrst-Cycle Volcanics 

! '.' n "t h, e.~, ". t n the S e e n ~ ri 1 li art 0 f t h t .• a p 1 r e a (A p pen d 1 x D ) • 
f'~ ) •• ' • 

Furt~er.ore. thè Metasedt.ents in the east Ire. not directly 
~ • l_ 

1 .. , , ',..... • ..: 

cQlr-related on both stdes.~of the fault. whereas the west-ern 
.. ':'" , .... 
'xpos~~es of thls unit ln t~e north cln be eorrelated to tbe 

',' -, 

-, or 
r .. 

:'.1 , , 

, 
, 
~~ 6~ 

"!;:~~tl,~.*,.t~p!li&W:~ë~~\:,~S~ J, .,ih"fi .~ !.t.~ __ ,J1.. 2,$~ 
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,\ ' Metasedi .• ents tn t~e south. Evtdence fb'r str'1ke s11p faul t1ng 

" , 

'" 
cln be found tn ather parts of the •• ~ are. tPllte 3) I~d 1t hls , -, 

" 

been reported fro. ott",r pa,rts' of the La Grande. be 1 t, (Fouquê. et 
1 \ 1 :11 

al., ',:î ,'79., Gre n qn .'·e·t' ~'1 ., 1977). ,'.' 

~1nor F2 fol~s 1n the southern 11.b of the t~ain lakes 
-./ 't 

,slncltne are r~lat1~e~y open, w1th h1nge l1nes that trend 

• tY.P'"ft a11Y N~ an'd P1Ung~·tow.r!'~~ttie ~"" .at'about 50·'(F1g. ~). 'J~' 
Both sy •• etrtc ~n~ Isy •• etric fol ds occur. They '~are found 

• J l ,/-< 
predo.t nant 1 yin. 'the Lower Vo 1 ,-anoc 1 as t 1 es and Metased illents" 

l ' ! 

fi wher. ~hey refold ea;'lier SO and SI surfaces (Plate 4). 

, 

1 " 

r/in ~he n'~1"the, .. r; fau~lt b1ack. k1nk 'fôld'~ are, conc'entrated 1n 

." the arg~11ac~o~s ~ed1.ent~r, roCk~ of the Second-Cycle Valcan1c~ 
t 

'adjlçent ta the faul t in pa-rttcular, and 1n' other arg111aceous 

( ,:" un 1 ts thr~,ughout the .a p ar'ea., The fa 1 d;S adjacent ta the flu 1 t 
ii- )~ , • * l', 

, 
< 

'are' predo.tn~ntly sinistral ,(viewed down plunge) and are 
, ' 

assd~1,ated ~:,1t" box f~1dS" (P,late ,5). T~e' h1nge lines of the box 
- . 

falds are NNW'trendfng. and the'folds p.lunge var10usly ta the' 
~ ~ ..'" ~ ';1 

""~, Ind ~~E (~~. ,,~~ kC~,r·a~.~ aeasure.ents in, thf s area. are 

POSSibl~\ls "result of ihe erratic bahaviaur of the compass . ' , " , 

not 

due 

ta the local presence of banded tron for.ation (8IF). Many of 
, 

the 'open folds in the Second-Cycle Volcanies adjacent to the ., 

Chl'tn Lakes flult have faulted li.bs and are associated wfth 

zones of Intense breeelatfon thlt .ay be assoelated wlth the 

5 e c: 0--1. d phi seo f de for. à t 1 0 l'l. ' M 1 no r F 2 fol d s 1 n . the Lowe r 

,Va'lelnoelastle"! .'nd Met~$ed1.ents', First-Cyele volca~ics. and, 
',. 
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"et'$ed~.ents nbrth,of thé fault ••. re predet.1nantly north 

plu n gin 9,' but v a' r yin ~ r' end (F" g. 5). T h 1 s var 1 a t .. 0'".'1 1 n t r end 

.ay be due- to the devel0,p.ent of a conjuga·te fold set, Dr 

r.fllet thetr proxt.tty to the f~ultt or alternatlve'y, 1t lIay 

be due to thé flet thlt 111 of these late stage folds" cannot be 
. 

Iscrlbed to 1 single phase of deformatlon. C~0051ng between 

these alternatives 1s not pO,ss1ble g1ven the l1111ted datl' 

l,allable. 

Megascoptc F2 folds tn t'he argt11ac~ous sed1l1entar,y rocks 

of the Second-Cyc1e Yoleanles fn the c~ntral part of the IUp 
,1 

" 1 

.rea Ire 'open, asy •• etr1e (slnlstrll 15y ••• try) and have hinge 
o 

l1nes that trend NNW, Ind plung' tow.rd the NNE (ca. 55). These 

folds have'wavelengths . .,f abO'ut 5 • and refold earl'1er SO and 51 
a .. 4"W->, 

surfaces. ,\ . 

~I , 

.A elGsely spaeed (1-3 e. ) fr.leture eleavage (52)" 1s 

developed 1n the Lower Yolcanoelastles and Metlsedi.ents in the 

sout,hern 1 '.b of the Chain Lakls synel1ne. 52 15 "NW str1kfng., 
~ , . 

• and 1 s a 1 "',0 S t v é r tic a 1 ( F tg. _6 ) • Th 1 s fa b r t c 1 s b e t t e v e d ta b e 

paralle.~ ta· the ... x1al p~ane of Ft folds ln the-lsouthern faul t 

black • .olt h O'riented at apprQx1.ately 70
0 

to the proposed faul t 
." 

trace and .ay refleet the development of Ft folding fn response 
, ' -. 

to".,".~:-S" co.~res..!.!..on that ult1.ately resulted tn ~tr1ke-slip 
<' 

fi U 1 tin g (F 1 g .7 ). Th 1 5 fa b r l.c wa 5 no t 0 b s e r v e d t n the n 0 r the r n 

fa'ult black. 
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" " 2.3.3 lIeta.orph1 s •• ad Secondar" A.1 terltion 

~Jl , 

Two .eta.orphiC: eve.t;tts· tiave affected the supracrustal and 

intrusfve rocks 1n the '~G-3 Irea. -The ear14,r pr~grade event Ml 

Ittlins .1d-a.ph1bo11te facies 1n the southern fault block and 

u'pper green.sch1st ta ep1'dote'a.ph1bo11te facies 1n the north. 
r 

. Tlt1l .eta.orph 1 c event i s br'oad 1 y conte.poraneou s w1 th the Ji rs t 
, , II' , 

ph'àse of. defor.atfon ,and the intrusion of ~yntectonfc plutons, 
" 

stnce S11s def1ned by the para,l'el a11gnalent of 111nerlls 1n the 
• 1 

typo.orphic ISS,~~age and the .eta.orphic grade 1n the 

s u pra cru s t a 1 suc c e ~ i o-n " 1 n cre 1 ses t 0 w a rd the e ont a c t 5 W 1 t h 

syn~~cto'n1c pl utons .• 

\ . 
~ . '~ . ~ . , , 

ln the southern'11.b of the Chain-Laites syncl'1ne the 
• ~ L -

, 

•• tallorph1c 111nera-. asse.blage in volcanoelast1e 'rocks changes . " 

fro.' h'o.~nb l~nde - p i a~ 1 oe fa's~e. b ~,otfte ~'ep 1 do te- quartz ~o ga .. rne t 

t'al.andl·ne)~ ho~nbl~n'de-p'la,g10cl ... se-b1ot1te-q~artt toward the 

," '. s~u~her~' co~p~ i te ~;\, ~~~n. ~ 1 th'oU~~ .".and 1'-ne g~ rnet occ~ rs in 
, ... .. . ~~ 

, (... ~ ~. , t 

t"h'e:, a'II:.' i'n. the Mettséd1.ents" qutte far\from the Southern 
:Il~ " 

, '. 

" 

'~,0.P,OS.1te Tqn":11~e 'pluton~ ind ;~djiC~-nt tO~.Ph1~Ô11teS .that dp 

not ,con~11n garnet t The presence o'" glrnet in the BIF 15 no 
, , ' 

" 
doub~" due ~o th.e-,' unusua1 coia,pos1t1o'n (1n particular the Fe.· .. ~ -:-_ ~ :,.0 ~ .... • 

'. con,tent)' o'f these rocks.' 

, > .. 

, 
.' ' 

,-\ ,JI!, the l~r~ern 11.b of the,~ Cha1ft Lakes syncline' the 

.et •• or.ph1ç g~ade"' and <dëgree· of recryst~111iation 15 10wer than' 
1 ,. " ~ _ • 

f ~- thit south. ::' ~1.11 ar 1 y, " in" ..ihe/ ~o-rthern ,1 t.b the 1 d1,str1 buff on 
: . < >"1 • ' .. l'~ • ~ -

'() ";, ',':. ~/,of' r'o(:k'~ '·'corrtatnfng.\ an.' SI-' sch1~tosfty is' sporad1c. and 
-. "",' " :', :~,~; ". "~'~'~ .: ' .' , . :.-..: :. 
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" . . . 
.. r 'ê HthItf'. Ypèt t -t'tf'- r"'~b«h'.'t·è· 5 'n_"'Ie ;'S:/ J frit 1 'W#i 

. , 
"'eonsequen~ly .any of ~he voleanic and sed1.eriti'ry roc;ks .preserve 

-. . ... \ ... ~ , 
~ ~" l,' '7 1 • 

é~~tdenee of pr1.ary t,extu_res. T'he .etamo~r~"tc gra.de t~ the L 
~): \ • ~ ~ ~ ~ .~~ j , 

.etab·l-salts of '~n1t 2 varte.s e~onttnuouslY·:from .tdd'l-e," 
- ~ r 

,-g~eensehfst fae 1 es, {actt no 11 "-C'~ i 01'1 te-al b l' te'-e p t do t~ - qua r t,z-
.. • • .. , • h'.. 1..,... .~.... • ~ -_ 

,sphefl:~) through epi,dote a'-phi b'o lite f_ac hs (h'ornb l'end,e";'ep 1 dote,-

}) albit~-quariz-sphene) t~ lover a.ph1b·ol1te flCies ('hornblend~~ 

01 tgoclase-quartz-sphen.e) .djice"t to the syntecton'h: t.onal ttht 
, \ .. ) ~ ' .. 1 • "''l- _ ." .. ' f ... 

plu ton s t ft the ce n t' ra l ,a n d no l' the r n li art ,5 0 f' the Il a par e a, • 
- }t' ... J 

Sed1.~ntar~ rocks of untt 3 ~nd volelnoclasttc roc~s of unit 4 

fn th. central part of the .ap area tn the northern 1tmb of the 
• 

Chain Lakes synelfne have been recrystall1zed to m1d-greensc~ist 
~, ' 

faetes and are co.posed of lIusco.vfte. ehlor1te. qUlrtznJalbite. 

and Icttnql1te (1n the volcanoclast1c units) •. ' 

<-
Evidence of a- re~rograde metamorph1511, M2. 1$ n'ot 

wtdesp~ead\ 'in the ~L~~r Volcanoclast1cs 'and Metasedt,entJ ~nd 
- • _ ... ~ 1 _ ("".; "1 ~ '\ 

Ftrst~Cye1e Yoleantes in the .outhern 11mb of the Chain Lakes 
) ,~ ~ 

synel1ne. Retrograde .~tallorph1'UJ ~ç.curs in the "Southern"',,', 
, ' -:# - "c, 

.-Co.postte pluton as ch,lor1t1zat10n of ~iot1te': S2 in the 
t-~, \ -' 

sou,~hern 11mb ts.. fracture cleavage that. ;.at-:'least 1~/the case" 
, ., 

. -
.' ~~ C"~f a $I\ngle sallple exa.1ned under the .1croscope. i$ not . ~ . 

assochted with any ev1dent recrystall tzat10n. In the northern 

11.b of the Chatn Lakes sync11~e. on the ot~er hand. retrograde 

ieta.orph1s11 is evident 1!, Il.ny of the rocks. This retro~rad,f! 
;;:"r 

.et •• orphts. 1$ charaeter,1zed b
r

Y aei1no,l\~~~hlS around 

hornbl~ndes ~d the appear~n'ce of e.hlorite. These retrog1'~de 
~ -~ ..... 

a,ss~.b1ages ocour tn a.pftbo11tes adJ.acent to tonal ft1c ~1 utons. 
-. 
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., 
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ï'l1d .,re very locally developed in the axial planes of F2 folds, 

" 

:> 

",,1ndië.~i'hg th~t M2 is syn4~onous with 02. " 
:'!..-. 

. ..,: ... '-.. 
l.-,!.. 

0'· .$ . 
'. " 

.;." . r.he:-,ef'ects of secondary alAration, as well as the late 
;:","'- " '~" 

~ ~' .. ~- / 

~tage i"èt •• orph1c s~.grega·tion of .ono.1nera11c veins that 
',-

c r o:S S eut 'lt 1, , ."b rie s , c an.. b e fou n d i n a t 1 'p art s 0 f the 
- i:..:! ... 

~~ 1 

", .. '" ... ':1 ~ ~. 1 • 

",. '.", Sl.4,prlcrust;1:o,s.ucce,ss10n. Th1s secondary alter.tion and ve1ning 
~ : .,'>,;<,) :,:!~:'," "- ~',,:; , .'. 

"". _,,' 1 s Ô'itfl y w 1 des pre a d 1 non e par t 0 f the sou the r n 1 i III b 0 of t h"e Cha 1 n 
, .... ,,, ~ .... ~ • 1~ 

~' ,',,-"""t; l.ake~:':..:$ynC11ri~'~:"'·~':',~ '\ ','.' ; • 
, ,.,', ,- -~,' ~ , 1 • ~ 

'. "'''' • 't 

.. ': ".: ',: ·th typlcat tHeratlon prO,d.ct~. I~ b.!.i1 ts ln th~1 rst-

"~("~;<~I",. _,_ "', il,; ,~, C,cl. ;YolS:I.1'l1c'i~.re tlttn q'uartz VenlS, cal c1tê ve1ns, ep dote 

~,' ,<,,"'c, '~" ,,'~' ".,/Y·~1'"S,~'~n~;~~~10r1:~'ve1·~S and,ra're·he~:·ttte"~e1~s. Most'of t e,se 
.~ (:,.' , .<C~, " ~ ",< ' __ 

, v e~~rt ~ ~.~p~a r ,~o-~;.cr.p..~ sc u.t S 1 fab,r,~ cs. ~ nd;,a re t h~ s be 11~0 . 

, 
~:4~~:~_~ .. > 

.(.\L· 

" , 

~~: 't l 

<",' 

~·i-t., ... 
""~~ .. 

. - - r • '-!. ',r ,. -:.'" J ~' ". ~ J _ -

postdate- reg1o~al .eta.or.ph1s_! Secondary alt,rat1on in the 
4.~'. ~~'~ _ .' '" .. ~ ( _ 

southérn 11.b of' the Cha1A',:laltes S,ln,011ne 1's rare-,. apart. froll 
..,;; , '. ~ ~ ii" ~.. ,. _ 

.~", ",',' '~_,-: 'the pr.~e,~~ce of quartz:i've1ns, and '~4he !èp~ .. cem·ent of ~~ag1oclase 
by fine gra1necl,; ep,idote, cal~1,te, ser1c1te, and c~lay l11nerals • 

., - 'l'<vt..;.r..... JI,. 

. S 1. 1 1 a r fy~:' the s e ~ ,1. e n t a r y ~r' 1:;' c k S 0 fun 1 t 3 d n the n 0 r t h 
.... ,.<,.,,. 

~ t~,.1caT'ly conta1n second,.ry 'c~'}bonates (ankè:r1te and calcite) , 
.f." 1 ~"," "'~ _' 

.;,chlor1te an~ quarti"I,.'s replacement patches between detr1ta'l '! 
';L~, 4-,. ,,~, 

""~'-"-«' ~ -"~,:',,g"8ins,"..~nd·as- th1n Yeinlets.~'t;; ')., t l ' J.,.. •• ' 

, -~\ 

.' '_ ~~, On t..., ~~~ores·ot.,th.;.lG,,~ reservoir (close to t,he TA-26B 
.... ~ ,<.... ...;. - ~ 

(-,:~. 

\. 

~ -.::.. "7 .. .....~~ <~.. .,.... Co 

.C !.-ga •• ~p'pend1x,0), ,in the..south, -a'zone of pervas1ve alferation 
.oO ~_ .... ,., • -1.. ... ) ~ ~, , • "', ", 

, ',:,,: < .. '>bÎi.:i j.I.~,t~ct-~ the ba s al t i ~:- roc k s ,o[ t.hê"- F 1 r st .. C"y.c l'e Vol cv~ n 1 cs. 
, 

• _ ,''',' " , .fil 

~',:_, This alt;erattQ!I's.,of the.ve1n typ~,'.,and 1s character1zed by the 

, 
.. I~ , "t \ _" ~., r 

)- ""~;' • \rl- "'-' 

pre',ence ,f; quartz-tour.al t rié"I'",(schor t..l, and tourlla 11 ne-cal ci t'e 
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vefns. T~ése ve;f.ns' host pyr1,te and chal~opyr11te lIIinera 11 ZI t f on. 
" 

The vefns attafn ait thfck-Ass of 'approxf.ately '30 c •• arî'd a·re 

only ct~selY spaced fn a lf.tted n'ulllber of expos'ures. T.}he;se 
• • 

v e 1 n 5 CI".O S sc U t a 1 L fa br f e san d , r eth u s rel .. te d t Ô. a po s i -
-J~' • ,teclonte .! ,so.at",,'"event. The Jack of erosscutt1ng 

re lit 1 6"~h1 ps bet"e these la_te vef ns and M2 fa br1 cs prect 1 udes 
;: ....... 

:s 
an 1nterpreta{fon of tbe re ll~ i onsh 1 p bètween .these two even t5'. 

( . , 
:.: 

F .. ' ~ (. 
The ffne-grva1ned dfor1ttc LIC Coutaceau clykes have. been 

co.p1etely recrystal11zed to ;~ .lftypo.or~ asselllblage of_ 
r ~ 

hornbl ende-ep1dote-bfo~f te-olt god ase-quartz, +/"!_ diops f de. Thi s 
.. '-:, ' 

als'.blag~ .ay be corr~lat1ve to the Ml event 1n the LG·3 area 
~ 

althouj'h 50ae of these dykes crO$$cut pre'~10usly defor.ed (Dl 1) 

5uprlcrustal s. s.o. e sa. p les r e cor d· are t r a 9 rad e u p p e r 
~~' .. ) 

greenschist asse.blage of Ict1n011te, ch.lorite, albite and 

quartz that .ay bé equivalent to the .M2 event in the LG-3 area • 

f . 
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CII.ptl ... 3 Field .ellttons Ind petrogrlphy 

\ 

ln tll15 chapter th, field and petrographie relat10nships of 
. ' 

the supracrust.l successton ud t~e younger syntecton1c pl utons 

Ire su • .A"ized. Particular 'attention i5 focussed on feature's of 
l' 

t h, e 'u pra Cl rus t. 1 suc cess ion th a t h a v e a d ire c t b e a r 1 ft 9 0 n the 

paleoenvtron.,ent and p'aleogeography ().f th~s area (Chapter 4). 

3.1.1 untt 1 Lower VO~ClnocllStfcs Ind "etesedi.ents, 

Ftel d Re llttonshtps 

.. 
On the northern 11ab of,the Chatn llkes'synel tne, the Lower 

> , . 
~olcuocl~sttcs ud MetasedtMent'S are approxt.ately 750 Il th1ck. 

They constst of'1nte'rbedded aafic tG- tntenediate volcanoclastic 
~ 

rocks at the base ant fi,le-grained, t .. aature clasttc sedtmentary 

roc k $> • b 1 n d e d i r 0 n for _ a t t cta. (B 1 -F) and p 0, 1 Y Il 1 c t 

orthocongl oaera tes ,nea'r the t'op. There are nu.erous tht n (0.5 .. 2 
\ 

a) gabbrotc stl1s. On the sou'thern ltab of the Chatn LakèS 
>.~-

syncl1ne the lower Y01clftocluttcs and MetasedJllents eonsist of 

"wel1-a.eclded, a,nd nor •• l'11 graded .afte voleanocal stie ~ocks. and 
'. ' 

fine~gr.a.t-ned clast1c sedi.entary 'rocks 1n apparently random 

sequence, eut by thfn (0.25-0.75.) porphyr1tte d10rite dykes. 
, ~ 

They are directly overl11n by F1rst-Cyc'l e Vol cantes 1n the 

northern lt.b of the Chain Lat.s syncline. wherea,sa lateral 

trans1t1-()n' between the ho unt-ts occùrs 1n the south. 

-l \' "'-
"'In the northern lt.b of the Chajn Lakes syncl1ne. the 

y,01canoclast1c rocks are wel1-bedded .afie tG 1nter.edhte f1ne-' 
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. 
grained~tuffs and tuffites. wtt'tt minor a_oLldlts'ôf we"-bedd~d 

", 
.afie crystal tu_ff (Plate<6). le":ses of wel~.bedded lapl1l tstone 

, , . 
(Plate 3). and so".e .aflc bOllbs' th~t forlll beddt,ng-sags (Plate 

7). Mlny of the yoleanoclastic rocks are probably strictly 

ep1cllst1e Ind occur as wel'-bedded and gradeCt eplclastic 
-s11ts,tones and sandston.es. T'hese eplclast1c rock's are 

lnterbedded wlth i.mature, f1nely bedded' ~nd graded, lutites and 

arenttes and BIr near the ~op of the 'un'it (Plate_8). 
~-

The fine-grained lutites are cO.llonly eolour banded and 
" 

ver y fine 1 y 1 1. t n'te d • The 'a r e n t te s are pre d 0 IIl'n a n t 1 Y f 1 n e 
.. " ~ 1 

, ' 

guined 'sublrkoses. A pol~.ict orttroconglollerate oc;curs as a 

1 ~n s o:i d de po s 1 t ' .... nt e r b e 4 d e d w i t h 1 n fin e r ~ gr. 1 n e d c 1 a s t 1 c 

sedi.èntary, pocks (Plate 9). It 1~ we"-sorted. and cons1sts of 
, 

both •• fic, volcanlc (10cal1y d~rtye~?) ~od fels1c pluton1c 
, "if , , ' i· 

cObble-s,tzed clast~ °(28 c.). Tl\è cl~sts are co .... only ob,late and . . , " . .. 
• ay ha,Y! been flattene,d te\~,o-:.a1C."y • 

. ' il } 

The gabr,-·01e 5111 s in 'the' no'rth .~e. generall y 1 ess than 1 m 
"~ -.' \ 

th,ck~ ... So.e of t'he siJ 1 S tonta1n 9ran1~otd 'xenol1ths,., The s111 s' 
~ 

.rè .ediu.- grained'"alrd liavent hNs fe tex turÎs' 't n pl a'ees. S Im1l a r ' 
j" ~1"~ " • .. 

51] 1 s are present in the sputherl) ..1illb 'qf the Chlin Lakes . 
, . 

, sync line • " 

.. 
, ... 

Yolcanocllst~,c rocks, of unit" 1 tn the southe.rn 11mb of the 
, ~, 

Chain Lakes synel ine 'cons,t.st al.ost ènttre,ly of fine .. (1-2 ClIl. 
~ , l ' 

to .edJua-bedded U'·5 c.) alfie ep1e1'as't1~ sl1tstones Ind" , : 

.. 
. , 

--.. -- .,.--, 
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"' 
sandstones. Oes'p.Jte aid-aaph1bolite facfes. lIIetaliorphis~, 

original graded bedding 'is re"e~,ted in s,Ize gradation in 

individu.l hornblende porphyrob1asts~ There are sOAie 1nterbedded 

ftne-grained clastic sedi .• ents that have been recrystall1Jed ta . .' ~ .. 

quar~!z •• uscovite. Plag11,aSe and hornblende. 
~! • 

, , .,"" 
\ 

3.1.2 'etrogrl'"'' of the Lover Yol canoclast1es and Metasedl.ents 

ln the northern,l iab of the thain Lakes syncl t'ne, mafic and 

1nterJiledtate tU'ffs are generally recrystall ized to schists, 

typ1cally consisting of .11gned actinol 1te or hornblende (60S. 

percentages are visual esti.ates unless otherw1se stated), with 
, " 

s.aller a.ounts of plagioclase (20S). quartz (SI), epidote . , 
(lOI). traces of secondary ch 1 brUe and .1 nor opaque phases.'~he 

pervlsfve 'SChii'tOSfty in .any of ~hese rocks preclu~es 
recogn 1 t10n of .1 croscopi c pri.ary textures. 

, 

Lapl1ltstones typ1éally, cons1st of 'ehic: lapilli (up to 
" 

." 

30S) that have been recrystal11zed to v~ty f1ne-grained 

sluss"rite .ith·patches of coarser_-gr'a1necl ;quartz. calcfte, 

~~J<::~S~OY1te.and e·P1!_~e •. ~~fitSi/~1"aPfl1i occur ~1n 1 ground.ass 
~~--( ----- ~ 

. ,'co.posed of. horn~ 1 eflde (301), quartz (10') and -very, fi ne-gra 1 .~d 
~ .. ,.,{'" • - ,~ l ' 

epidôn. pl'agfQc1.ase ind calc1t~ (3QI).'; 

E,1c1ast1f_sfltstones consist of f1ne-gra1ned ep1dote 
, '\ 

(201) •.. hornbtende (401) and quartz (lOI) w1th rare felsic 
,/ 

Y01Cllffc cl.sts «51) rec:rysta11hed to sauss'Irite and coatser 
'"' - '-"', 

~;P1doit~ ',' and~ sè'rici te.: The ,i'Subarkosés .are co.p'l etefy-

37 
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reer/stal,l fze~ and Ire co.posed ot?,plàg1oclase (401}. ql/artz 
~ ~ 
~~ .J. 

(2 Dl ). e p t dot e , 5 ~~ • n d t r '! ces 0 f b 1 0 t 1 te 

. , .. 
'" .. 

• 
M-a fic '1 pte 1 a s t i es" n d, 5 ~ 0 ne s j n the sou the' r n 1 1. bof the' 

. :'" 
Chain Lakes synel1ne ty'p1cal.ly constst of 1d1oblast1c hor.nb-lend,e 

,... J .. -.' 

(551) ele,r. 'nat'tered bio,tite (51). quartz (lOI), plagioclase 
• r,) I-

f "'; f', " 

(201). eptdote (~I)' anct traces o,f ln opaque phase(s) «51). 
•• ... ~ l ~ 

~ -", 

I •• ,ture clalt1c sed1.ènts in the south conta1n volygonal quartz 
f j 

( 551). J 1 r 9 e (2 •• ). :~.:. ban 9 u 1 a r • a 1 t ~ r e d :..,'1' 1 9 1'0 t 1 Ise ( 2 0 S ) , . ,'. " . 
• ptdote (51) and traces of an opaque phase(s) «51). Porphyr1t1c .... . , -c' 
dtQlft. d'ykeS" Ind 5111 sJ,n th·e southern 11.b I,re co.posed of 

~,~.~~rysts of Pl~~as~ (Urf~or;1ed) (301). in a groundmass of 

jl.i~Cl.se .(601). quartz (l~~,). hornblende (201) l'~d' tr'acl's of 
.... --;:l , .. ' _ 'r ~ , ~ 

, ~ n 0 pl que" phi 5 e ( s ) ;'( < 5 1 ). 1:' .: i' ,!'." 1 

" 
) ) h ~ 

./ ('1 • :/ 'i ':' ' ~". " • ~ 
~r r' r;..tJ f -

3.2.1 Uatt 2 FtiJst'-C1el, Yolc ... 1es. Ftel d •• lationships 
J • ~ ,. ~ 

'.,! 
. , 
"y r'f 

f ;; 1. J" " t, 

(II; n 't'h é ~ 0 r. t hie,~ n 1 t. bof the C "a t n, ~L ~ k es s y n C lin e • the.' 
, • t" , ' , " J 

F 1 rsJt.~ Cyétl", l 'y'p 1F'
a n 1 CI$: "-eon/s 1 st 0 f al'PPt~X t' •• te 1-y 3,.-1 (km '0 f ... 

• "jJlf~ (,\ 1 l '(~~, ,> 1 

'or 'i .. • 

,sub.lr1n~ •• a,ssf!e..r and 'p11lowe~' bas'a 1 ts. w1tti ISsot1;lt,d' glbbr01c 
J ,'" 1 ~ J l ,'( ~' J'. 'f , , -

'J A' ~ J, .. ; f .. 7... " • 'f, \," 

~ ',' s,-11s~ :.1nor hYlloclls,t1te, .,nd: •• all lenses of~ banët'ed {tron~ 
1 J <>' : ,,", ;' < ' ~ .:. r... r J. 

• l 'r ~ ";: ~ J ' J ~ ',. • .. 

, 'j for •• t~on ,(tIF). Tvo d1s~t~~nctt·yé stràtJgr,aph1c· ~or',1zons of, 
;} r J' 1 Y " ,f' ~ e' • . ..... ,~: ... -. l ' :' .. : - : ; 

1 i/l,.·~ •. ~.·l J;.Y per'sts:te.nt. ;Glo~er'Oporphyr':ttc: :arid, ·j)ll·g~.ocl,ts'e . 
/ .. r- '« ~ " ;o. Q# l ,J ", \' ~ l 

'porphlr(tic' ,basl't'~,s 1~.d:\g'ib.tbj-fOfC· 'sLl.}s oceur :wfth1n\ t,Jie, 
• 1': J \..-, r ~ " .' • > - , r ,; .:. .; Jo.:' ''''''... 1 : 1 

;~ucc.ss1,n. ait- tkfn;"utlit~_O'.f. "'Issive; 'Ind IPf·l,1'o!'ed b.,salt1c 
? l';"'" • J,. ,... _ .. i ,.' ,l! ,,' ;. if • ': ~' ." ..,':. .'"' 

and.~1te ~nct and~s'f~e\,occ~,r~' ~~ ~d't,S:c!J.~~fn'bus: ~ enses 'nelr. the .. 

" '. 
.: / 

1 • '':!'~ 

"-', {, 
, , ','.. , 

1 1 

t,r , 

" 

v, 
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l 
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't~p. Th~ upper,pa~~s of thfs untt, cbnta1n .1nor a.ounls of flne-

l ,': J' 

_ pratiied •• ftc hylloclast1te, .nd SIlall lenses of BIF. ' 

" 
/ 

l· 

r 

1" tti~ southern 11.b of the Chatn lakes syncline. p~l1owed 

a ~ •• s s t ye b. 5.' t 5 Ils 0 p r ,.~ 01111 na te. B. SI 1 t 1 c, . 1 n ~ e's i te 5 • 
:. ~" ~ ~ _( , l, 

BIF and llyalocla!t1t.~s:lwe",e not fou~,,~;:"lri th1s are,a • 
• ,; - .'.......\ ;,+ ~ 1 " 

G 1 o.i r Q pO r p h Y r 1 t 1 C 1 n, d ae 9,a cr)' s t te 'li 1 a 9 1 0 c 1 a s e 9 a b b r 0 S 11 1 s 
... ~ ", ' ~ 1 

, ~; ~ ( 

occur as s •• 11 lëns01d tt.n·us,lons It ,two levels (Appendh 0). 
, .. ~ ~ , . ( . \, ... i 

The degrèl of origtnal' textural· preservation 15 11.Ued 1.n these 
~ ,}~ -; -

rocks due to the h""her ~~ti.orph1c grade (.fd.a~phfbol1te). 
~ ;. 

;: 

P t 1 1 0 w e d . f 1 0 W s 1 n, t f!.,at' F 1 r 5 t - C.v c 1 e Y 0 1 c a n 1 C soc c ur a S 
i ~ ~ , 1 t ' 

\ ~. , .""'" , 
'.attress· and ~ baIl.' Jor.s (Pl.ate 10). They are, tran51ttonal ~ 

t) l~ ',. ~ • 
~ ,~ 

.'ong" str'tke Into ilass1ve~ lateral1y continous basalt floW5, 
.. t 'ft ; ~ 

~. ~ . \ 
: generally a couple 'of .eters, tl).tck. It 15 co •• only dfff1cult ta 

1.. :' ;'"" ~' : ~I ~' ... ~ • 't ~~ 

'd1s'tln~u1s,a; .ass'1ve bl~llt flows.,;that'.IY have coarse-grain,ed) 
'1 ~ ... " W i • 

lnt.rfors. fro •• 'asslve 9abbro1c st Ils (c.f.,Dt.r,oth ~~ al ... . 
~' _.. ' .;, IF ( ., " ... , 

:'. t _ '~~, / • , ... 

1982). Ma 55 1 v-e {III C)ws cou 1 d be,,1 pos) t i }t,e:l y ,: 1 de~t 1 ft'e~ O~l y w"be:re 
~ - ... ~ \ ~, l ' \ ... \ ' ~ ~ 

.~,' '" they •• re seeri' to have ~we:l f dèvelop~c1 ,ic:hl1'l,~d.'.arg.lns. lat~ral1 
, .. ', '_ ;. - ~ / , , - \ t" l' ~ -:., :;. ~ 1, ' 1 

:~~r.dlt1oJl ,tn~~.~p111Gw·s·o~:ft:nlt :~r~1",~t~e. Brecc;,fated-;'fiCfl!S , 
,) l \' , • .. - - ~ \... i' 

a~p~ar t,o Ile abs~nt 1n thè a.ss1ve flows' and.occ,yr very.,rar'ely 
i ,~ ~ • :. ~, 

.. ~ ~11;,q .. , ~r_ ... .,-;~ -i', 
'tn" the pt')10".d,~ba~a,lt1c flow,' Is~~ntlrstft1\ll (111 'betw,~n, 

~} '),~) -t; J ~ r- j'" f 

~ ." /II • t> l' .... 1 

f~d,1vtdual pf.11ows~ / \, J ( J ~ r, ( :' • 
( . \. ~ 

" 
~ 

, " , 

. l:' . ~' 
• . i ' , ~ 

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

:: ,P~ 1 ~ oWld, b~,~'~ i t~ ',I~~ t·Y~1. éa l ,~;,y: ~1 ~'~,~"r./,".~~. ',a~'\ '~Phyr'~ ~ ~~,~, ;',.;: ~ ~~ 
-< chil fed , •• r,t ns, "and have '" 1'1 ght 1 y, toa .. s.r-gratned '1"t.rt ~rs' . tri 1 

.",...; •• ".... :' ~ • #", ,- \ 1 t ~ j ~ t \ ~ ',~ ~.~ '\ J. f ,.J j Ff, ~ f' J '1,~ 
.. '.. • • , f, 1 ~ 1 " , '{ " 

. 1.~g. ,i 11 o~s • .' 'Ilidt v 1 ~ua l "pl1J ow~ co •• on 1 y '1b4~~ '. s~ar',p. 1 d.,'r~1Oo " 
,- .. ~; 1. "'~ 1 .lo. ,t ~ .'" ~ '1 .;", ~ l" j't t' ,; !- / ; l '<r' " ,r l '. g .. il 

" .co'lored •. }1ne-g .... lned ~hl1 l'l!d' Iiargfn. (P,llte;,1l) .. \ THe pt 11owtf'd· 
J • tI ;/ ~ ....... {~ lt of' I.!:', , ,\ t:' : l,: .. ' 1 .:, ~ 1'" ( • 

• ! \ • I~ ~ J , \' 

1 } L \ ~~ , . , 
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basalts are not vesleul,ar. So.e p1110Med flolfs contatn lar~ 

ph. no cry S ~ S (..II P t 0 2 c • ) o'f pl. 9 1 0 c lis e ( 1 n . pl. ces 

. gl oaeropol!phyrt t 1 c. Prate 11'. 

. , 
'l' ~, B.saltte andeslte and andesfte occur'-pr1,.arI1y as .assi've 

'\ 

i ' 
'l

g
ows, alth~ugh so~e p111,oMed facies Mere a150 found. These 

rocks are very ltght green on the fresh surface. For the most . 
part thej ~re ftne-gr.ined ta, aphyrtc. but"tn so.e cases 511.11 

&i .;; \ , , 

, ". 
«3 •• ) ph'enocrysts of pl,lgtoclase can be found. The fl OMS of 

.~ ~ , .'"" 

basal:t1c andestte àp,pear to have li.t'ted (ca. 50 III) lateral 
-, 

elt,ent, .nd Ire co.aonly, 2-3 • th1ék (Appendf~ D). 
ri:. 

i 

... 
There :"~e 

1-

\ 

•• ny' subvolcanle stl15 tt: the Firs't-Cycle 
. r 

Voltantcs. The 
! , 

c. 

1;:a r 9 est 0 f the s e .0 ecu r sne art h e bas e 0 f t h ~ 
" 

u n 1 t,. .. n 4' e a n b • t r ace d ~ h r 0 u 9 h dis Cr a n tin 0 u sIe ni 5 e s for 

1 pp ra x11.' ~ e'11 3 k. (A-p p e'n dix D) .1 Al th 0 u 9 h 5 e con da r y 
- ~ 1 ., 1 - '., r j:' JI 1",~lj', Ji t' ... :. t 

,', l"ecryi'tallfution has repl.eed all pri.ary .1nera~ogy. relict 

tex tu r' Si. s J, b est th a t, th 1 s t n t r Il 5 ton wa s'a ID e d t U III- 9 ra 1 ne d • 

>: _ d,al,as1c .. iex~uie~. gabbro. ~ t 
;\:, t !}{,'I ~; 

~ r, ~ 

i Il' " 
..TlltnnersAl1s occur as d1sconttnous lensatd or tabular t ~4 Z t 
'. l+ V ~ ~ • 

~sh.ets ~ith dist1n.ct chl1led •• ,rgfns. The1'r tntèrfor p'ort;1ons 
.. );' '. f," • '7,~" ~ ',,;. l' 

\ .a~ ~e ~r<Ud~,lf" (~o'".'d.:, ~fth l1ne-grained .'argins a-nd, coarie-
1. f'l i ~ w 

gr~tned t,.~ertrors.;'and co •• on!1y 'ha~e suboph1ttc texiures M1th 
" , 

~. 
to 1 
" r 

t 
t 
l , 

, 
1 : ' 
i , 
1 
< 

", 

'. 

~ • , ~" -j 1 ~j '", t'~: ~ '/ .. 
I.Phi:~.b~';)'e~ P.~uc4:o.p'r'pbs after c,~inOPyrOxene. ~ericlos1ng -:,:\" ;:. 

;:, pl ast~c 1~~ se la ths.' T"" gr~'und.as s 15 ,~o.po;ed, of f1';ner~gra 1 !.!~d. 
1",' ,i ,i ,t . ': " ; 
·Slubhed,r:.ll ·p,1Ig10clase lltt,hls; In;(J post.-c~ f,!,opy_roxene" 

~ l 1 \ \ \' • • , 1 

d t \ 'Ii ~ (,', " 
~ ;' .:!.. ~, '~_ l' i ,~î ,\ .... " l' 
, r), _ '4 .. 
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4le+;,*o"trC Ë(j.;"'t'!fe'l.Mt,*, • .,M?tstt'1r'tWwH~'l" ·s~ ... tnat1zt rstr1:trnUa "Wh 1 

pseudo.orph s. The pr~ sence 0 f a bu II'da n t euhed ral. s 1%e\g raded 

'cl tnC!pyroxene tn ln a ground.ass co.posed of anhedral: 1ine-\ 

grataed phases, indicates tha~ these rocks are orthocUllul_at~s.· 

) , 
r 

~ -
. Sil 1 $ 'wtth glo.er.oporphyrtttc and .egaèrysttc p1agfo~1ase 

~ r 

(SMP) occur in two cf1stincttve"horizons wtthfn the first-.. cyele 

volcanics~ These 51115 are spat1ally associated w.th p1110wed 
; 

b.,a 1 ts with sf.i lar textures. GHP s111 s are al 50 found 1n other 
',. ;. 

plrts of the La Grande be 1 t (St •• ate 1 opou 1 o-SeY.oury-H83). 

-They-have been t~,r.eél sfns in the present stu-dy. alt~ou~h, true 
" 

intrushe textures were not observed 1n the field. Stnee stll1lar 

~. textures are found in p'tllowed ba.s,alts, albeit finer grained, 

.' 
~', 

" 

- -, 

they •• y well be flows '(C;.f. D1.roth et.a1.,' 1982). c-
• J 

Glo.eroporphyrtttc.and .egaeryst1c (up to ., Cil) plagioclase 
~..: ;:. ~ 

occurs 1n so.e textura 11y zoued s111 5 (coarse-gratned tnteri'ors. 

ftner gra1ned .argins) in 'the nÎrthern 11.b of t.~e Cha1n' Lakes 

syncline (Pllte 12.). The outl1nes of the lIega~rysts and 
, t 

glo.eroporphyrittc cl usters are typieal1y sharp and ind1v tdual 

cry.tals are co •• only euhedral (Plate 12). .. .. '\ .. ' , 
contain p1a9.,o;çlase .egacrysts with 

outl1 nes.-

So.e sn 1 s. however, 

roul"ld~~. and corroded 
r' .. ~? 

ln one loc.tio~ 1n the east central part of the,-.ap area, 
~'< ..,.. " 

aMP gabbr"O s111 S over.l1e a '.ediu.-grafned ,~abbro 5111 t.hat: 

'":C~~'~~1ns "'large "'roundei'xenoliths of .td-a.phtboltte faç1es 
v 

.etasedi.ent. The xenol1ths a,. up to 30 c. long (Pllte 13) • 

;'. ,XenoTiths c.n~ be 'trlc'ed,'o'ver only a short "distance in the sill 
• ~, ~r 

~ ~: 
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'Kt nU ,'t! ~ <g e he 1« [Œ tW tl;tr.rW' b • 

i 
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(60 .). S1.11ar crustaJ xe"o 11 ths a ré, as soelate.4 wt th GMP s 1115 

t"n ~he Lac Guyer 'irea (Plate 0,14) (L.tu, 198·5~. There 1 s no 

evtdent. of 
-.:... \... ;; 

reaé:'tlon text-ures between the 

.~~. 
" 

:JI 

, 
xeno l1th,s .nd the ho\t 

/ ' 

gabbro. 

.. 
Mlflc yoleanoelast1es, oecur .a1n.1Y 1,n the upper part of the 

tlrlt-Cycle VolcJnlcs'l~ the northern l11b of the Chain Lakes 

syncl1ne: They areï~lentlcul~r over s·o.e 100 .. and are up to 5 Il 

wtde. T'Ii~ depos,its typica11y ·,ns.t,~t of .ediu. bedde~, norllally 

grlded, ftne-'hpt,111-S1zed .af1è .nts. over1at~ byeoar5ely 

U.fn-âtld, gradéd"tuff. Mlf1e Igglo.erlte occurs less eo •• on1l 
l\} 

t ft b e ch u p ta 2 • th tek, of 1 1,.U e d la.t e ra 1 ex te nt. 1 n d f v 1 du a 1 

bloek;'.are of bas~-'lt1c co.posftion and a~,e t'ypfcally sUAangular 

and up ta 27 c~ long. The blocks are .atrtxI4 supportedY}n-d"the 

- .ltr1x Is • fl\ne- to '~edlu.-gra1ned'\'.a,.fle tuff. Microscopie 

prl •• ry texture's are not' preserved etn an; o.f thes" 

voleanoelastte' rocks due to secondary recrystall1zatlon.. It 15 
• .. ! y~:- ~ .~ 

'not, therefore, po'ssfille ta deter.1ne whether.~these .:rocks ,lIIa'y-~o, 'f 
.. -~-, .\ r' 

hlve been revorked by .ater ëtr densi.ty currents. 
4,' 

BIF oecurs as 1 ensold depos 1 ts up to 5 • th t ck and 0(''-
l' ~ 

• j. .J' 

11.1 ted llterll extent' ( ~75 .). The BIF occ~r 1 "terea lated vith 
r 

~ , 

p1110wed and .asslve basalts tn the upper,pac.t,S d" the"F1r5t-

Cycle Yole.nles Jon the northern 11.b of the Chaino~Lake5 . ' 

syncline. BIF typ1cÂlly eO,nslsts of cOlrsely la.tna'ted 
, . 

• lgnet1.te-he.atlte Ind flne-grltned qUlrtz (Ifte,r" che~t?).: "The' 
• " ~~ • l 

1 •• 1nae are typ1cally s11ghtly wlvy an,~ lateral1y ~onttno'us ~nd'
.( 

"~' \ t- " -
" 
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cons1st of afl~,ern-a.,ing quartz and .agnet1te-helÎl~t1te. 

... 
3.2.2 Petrog,.play of tlle Ftrst-Cycle roI cantes 

• The'cht1'ed .lrg1ns of .. least-defar.ed pillaw basalts 
..... , ~ ~ 

preserve deltClte ~kèletal textures and .tcrophenocrysts (lOS). 

Shleta1 crystals of plagioclase. which are co.pletely replaced 
" , ' 

1 

,b ys. u s sur 1 te, ' hl V e s W al 1 o. - t 1 11 .t é r _ 1 na t ion s ( Pli te 3 2 ) • 
J S1.11ar textures hlve been found tn o-ther Archea" vol clnie rocks 

C6el1nls et,11. 1974; Pearce. 1974) and are co •• on in 91as51 

-b a Sil t 1 c roc k ~ s \à chi S .1 d - 0 cel n - r 1 d 9 e ~ a sa 1 t 5 ( MO R 8) (B r yan. 

1 972 ) • Tb e , g"~ 0 und. a s s con s fs t s ,0 f P l,tu. 0 se,:, tex t u r Iii, a c t 1 no '1 1 te 

ancl'chlor1te (Plate 32), that are 1nterp,reted to be ,i'tepllcement 

produc ts after 9 1 ~},'S : 

• t ' 

Th. f 1 ne r -':"9 r. 1 ne d • a r 9 1 n 5 0 f ,t h e l 'e a st cl e for Il e dpi f 1 0" e d 
, ! 

flow, -~onta-i" 11crophenocrysts of-la,th- shaped, plagioclase {50S) 

w,1I t cha r e c, O. P 1 ~ tel y r e pla c e d b Y s ~ U 5 s·u r '1 te and' Pit c h y' qua r t z • 
y • ' 

'(~~It"e 33). Quartz" calette a~d c~10r1te 'pseudollor~h .equa~'t 

phenocrysts - (<.51) th,.t .ay have been pyroxen'e (Plâte 34). F1~e

"gr.ined -sphen.e pseudo.orphs s.all (~t .t, C~UC1forJR' opaque 

.1nerals (lOS), that .a' have been t-1t.~no.agnett.te in the 

ground.ass. Most pl1lottled basa1ts contain th1n (~1 AI.) Yl!1ns ~f 

c~ 1 ci Je'. qv. rtz or rare 1 y epi dot~. ), 

. ) j 

- , 
6MP pl1 lowed basalts have a ground.as$ s'1.11ar to that of 

tle apbyric basa1ts. ~1.g1oCla,e .egaçry~ts 'in th~s'e -rQcks, ~r~ 
<{ , \ (1 

~g.ener_a III __ c_o.llple.tet:j ..:'repJaced by saussur1te, ~qua'rtzr .n.d 
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sha~p bo~n~i'r1es. with'tl,e,·,rou,n.RJlss. The •• xi.u. size of the 
, ., 1 1. >~ "i,.: . ....... \~ .'''' ..... ,.~ 4 

aeglcrysts' and' glo.eroporphyr1tic clusters 15 ap'pr.oll.atily 1 
J ~ \ .r. 1 ; \~ f i 

c., • .-n d t h.·y •• 1 ·co.pri se..,.,. p to 51 0 f the ro c k. 
'-.!' • ~ { , 

t. ,. 

. "Many of the basal is thit w'.re ÀnOlyzed do not retatn any 

prt.lry .tcroscop1c textures' and are coaposed of hornblende, 

very 'fne.gt~ 1 .red p lag1 oc l~,se'i epi d;,te. qua rtz InQ sphene (. fter 
,~1. . , 

" l~ ' • 

. titanoaagn.tite?). Lower'.'grlde assea.blages contatn acttn.o11te 

and Chlo~~,~'te' in':place of ho~n~-lende:'PH lowted blhl ts in the 

" southern 11.b· of the Cha t n La kes syne line 'are genera 11 y in the 

low,r a.ph1bo11te factés and",consh,t of hornb1ende.,pl~g10clase, 

. \ 

" 

, , 

.' 

• 

q u .. r t z ifn d e p 1 dot • .- 1 ri pla ces t h.e y a t t a i ~ ' .. f d .. a Il p h 1 bol 1 te 
v: 

~f.~1es. wtth hornblende. garnet. plagioclase, and quartz. 
~. 

r,.! \ 

Th"e basalt1c andesites 1n the up~er p\rts of the Ftrst .. 
/ - ___ 1. , 

• '< • 1 ~,' '. -

Cycle' Volcanics have abundant .icrophenocrysts (lOS), and 
! ' ", 

.1crolites of' lath-shaped pl1o~ax1tie :plagioélase (60S) (Pl~te .. , 
35'). Ftne-gratned 'sph-ue replates s •• 'l' ,opaque grafns (5S) that 

", are interst'tttal to individual .1cr<olttès in'the ground.ass. The 

ground.ass (25S) of the pl1lowed Yarie~in consists of fine-. ," 

. gratned chlorite, ep~dote. actfnoltte and traces of calc'1ie. o.' 

.' 

Equlgranul.r gabbros tn"'both the'rorthern. and southern 

fault blocks exJatbtt "conSiderable Modal variation whtc:h, with 

i~é'reaslng dtfferenthtio!,. 15 charaete,f,1zed by, an lncrease ln 
,1' t .. 

Or irodal plagioclase, .agnetUe. quart'z and granophyre. and" 

, . 
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4 M5fte~ i "?it.tt l 1 r'W t Nttt' S:bf nt W g "'i'M'I ~ .' . t)à ; ,l %' d 

, " 

, 
, , 

c ~ r r e s pO n ,d t nid e cre a's • t n c 1 f n 0 p y r 0 JI e n e (è o. p 1 ete 1 y 

pseudo.drphed by hornbl ende). À' lÎedi'ulI-gra t ned ga bbro froll, the 

northe.rll ,fault block 15. typtca1 of the least-d1fferenthted 
, 

gabbros. Thl~s' rock co'nshts\ of 1 arge (4 m.). subhedra-l', 
• • ~J . ." 

subophft1c cl,nopy~oxene (now hornblende 541) enclosing slIIall 
, ~ i', _ 

(e2 •• )'.' 'e'Uhedral plagioclase laths (collpl'etely saussuritized 
\ . 

401}. The interstices between;t.cl tnopyroxenes aJ'e tOllposed of 

slIiall (<2 •• ) subhedral or.cruc1for •• agnetite •. :s.al1 «1 mm) 

1nterst1thl. anhedral, q,uartz (lS) and traces of~thin apatfte 

ne e dJ es « 1 •• ). T Ii-e 0 rd e r 0 f cry st a 1 1 1z a t 1 0 n 1 n th f s roc k f 5 
, : 

.,. fn.ferred to be: eJ .. fnopyroxene and plagioclase (cotectie), 
~. 

An equigralH.llar. lIedfull-grafned gabbro froll tile southern 
, ,. 

fa u 1 t b 1 0 c k' h -. s, fi .. 0 d a 1 C·O • Il ost t ton t y P te a lof the' m 0 s t 
'" " .. 

dtlfere;nthted gabbroic end IDeaber (Plate 36). Post-

c'l1noP,ro~~eudo.GrphS U5S) in this rock are euhedra) to 

,~1.1gf1tlY" roùnde~ S~lll JI .11). equant{'to 111ghtly elong.te on 
, \, 

'(100), and are co.pletely 'pseudo.ô'rphed by hornblende~ 
.. ' '', 

,Subhedral. large (3 'II.) plagioclase lat:f1)" (561. ,~,l.ost 
.. .' , t 

co.pletely S'lussurt"tized). partly eltc:lo$e post--c:ltnopyroxene, 
. l .• ; l. 

ps,udOlorphs. The 'i nterstt ces of, ~'I\ts rock. re cOllposed 0 f: sIDa 11 

(,~1 ~.) JranOPh'yrtc fntergrowths' and Inhedra'~' quartz (61), 
1 .... J • : 1 

, subhedra 1 and cru~t for •• a gneU te ci Il), and s •• 1 1 need 1 e- sha ped," " 
- " '\ 

a pat f te ( 1 1 ) • Sec 0 ri dl r y .1 n e r a, 1 s 1 rit 1 u d e ~ a 1 t;-1 ~ e w h 1 ch' 

preferentf.11y 

cl1f1opyroxene. and 

1 roun\d aagneti te. 

~ 

, r e pl. ces h' 0 r n b 1 e n d'~ , p s e u do. 0 r p"b 5 0 ,f 
. . \ 

biotite whfeh aecurs '15 s.al1 (~1 •• ) "flakes 
l ,\ 

The order of c~ystall i;atton 1'n, ~h1s ro(:k fs 

,', , " 
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fnferred to be: c11nopyroxue and pTagf~.tlase (cotèctic). 

.Ignetite. quartz and apat1te: 

. , .... ~ ~ 

/., ft... "' .:;1~ 

Gabbrotc orthocu.ulat.e' $111 s in the F1rst-Cyc 1 e Yfl canics 

"typ1cally conta1n',up to'·60S cu.ulus cl1nopyroxene (lt-s.e·udoAiorphed 
• ..Jo".-J , . 

by hornblende). Ind 401 f1ne-gratned «2 .m).1ntercu.ulate . , 
plagioclase'. quartz a,nd .agne'tite. The post-c11nopyroxene 

pseudolor~,are s:ubhecl!~rll.' and vary 1 n she and mode froll the 
, #-

ftne-gra1ned largins. (30-40S post-c11nop.yroxene pseudOlIIorphs. 

1-2 •• in dh.etër) 1;.0 the inter10r (601 post-c'11nopy'roxene 
-"" 

p$e~dolorphs. 3 •• , •. T~e C 11 nopyroxenes hlve 1 n oph 1 tic tex ture 

and enclose ,.all O .•• ) euhedral. co.pletely saussur-1tized 

plag1ocl.ase laths. ~1ag1ocl ase 'enclosed 'n clinopyroxene and in 
• 

-t\ 

~ 

.a- ,.. ,~ - ........ 

the groundllass comprises 301 of t~e rock. T~e 1~tercullluJ s . ,~.~ 

laterhl cons1sts of. 511.11 (1 lm) subhedral plagioclase. small 

{1 •• , anhedral quartz and .1nor gr;anophyre (41). smll1 
> " ,. " 

subhedraJ tftanolagnetfte' ('repl aced i n"part by sphene) (51) t, 

-' 
,/ JP~~-1te needles (dl). and-. seçondary epidot" and chlorite (51). 

1 • • ~ _. 

The 0 r der 0 fer .; ~ ta 1.1 1z a t ton 1 n t h 15 roc k 1 5 1.,~ fer r e d t 0 b e ': 
• /, l 

Il r 1 y c, 1 1 no p y'r 0 Ji e n e 1 n d pli 9 i 0 C lis e (c 0 te c t 1 c , , fol 1 0 W ~ d b Y 
l ,\ L , ~ ~ 

postcululus crystall1zation· of p1agtoclas~ (c"linopyrorxene 

ove r 9 r 0 w t h 5 'on el r 1 1 e r cu I!II u 1 us. a ter 1 a 1 7). • a 9 n i' t 1 te; ~ ~ 'u art i 

a'nd IPtti te. 

..... - '-
1 ._ 2' \ • ~ • 

... .' , "'., .. ' 

S,Mp beart ng 5111 scons 1 st of ~p to 80S' è'u hed .ra l .ega~rysts . ,,~'-~ ..", . ., 

of p'lagtocl'~'se up to 7 c.1n d1a.e~~ri. The.eg •. .c:rysts'hav'e sh'arp 

contacts w1th ,the host grou,Rd.ass. The 9lagtocl.ase ts '~~olJlÙllon;.Y" 
, . 

, , 
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,cet e $ -'" 
il 

l~\', 

r_~p:l~C~d. ~J saussurtte.' and-chl or1te. calcite., eptdote •• 'n,d 
".er..t .. ;~'{:~ H .... ~ ....... , ... _ J ~-~r 

quartz. ,'he ground •• ss is typiéal1y .edtu. ~rained. Pri •• ry 
-1 .. _ / VI 

""'Â'" ... 

-" textures in the gr'oundl.SS w~ere preserved •• re tdent1cal .to 
'\ ~~; " 

those 1ri'" the, 1 east d 1 fferent 1 ated equi grlnu 1 ar gabbros. 
(.;., t '-.,' .;:" [_ .. ""'~ 

{~ " ~ ~.' 
" .. '" 

.. <;..'~ 

:.:\ ..,~ ~.,.~ t _ 

... The xenpl1 ths found tn gabbro1c 5111 s'are .ed1u ... to coarse-
.f. 

They are cOliposed . . :rJ- ~ gra t ned rocks "wt th " pronoun~,~ 
..... ~ , { -, 

v 
scMstosity .. 

~ ~.' 
• ~... 1 - "~; ":l ~ ..... 1,.' .. , 

br'; w n': r e d 'c 0 1 0 r " 5 U 9 9 est s th a t of' porphyroblast1c garnet (the 
-

th 1 s 1 a f" b e 9 r1:à 5 tu 1 1 r -r 1 ch) t S. \ ye - tex t ure d s tau r 0 1 1 t e ~ 
_ 0( ~.. 

cl1noz01s1te •• uscov'te. treI01.1te l,}1ot'tte, chl~r1te (after 
~ .... - 1,,' 

<blot(tl and garnet), -sphene. quartz Il\.d traces of pla.9ioct'ase. ,,, 

"{ 

, . 
M t il 0 r . 0 p. que Il~ 1 se 5 t !I t h t 5 t:O c k ha" e f f n 1 - 9 ra f ne d s p ta en e 
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·southern shores _ of t"e lG-3 res~rYoi r' (AppenUf .. " q);' 
~I - '1 

• .J .' fi: : y . - .' ~.. --"0.. • 
/.. .!:.~~ .iJ1' 1 ... r :. r 'loi b "" ..., 

r Th,' seClJ,ent"ary rocks/of ~ni.,t' ~;··consist.. o,f 1.ens-sh·ape~ 
• 1: • , . ;' - .'. 't ~ ~ 

~
epos.fts ~,ot',.C"b_~~i1'.;c)Jl:.er~.,Ite w~th1n .. l,atera,11y cont1nous 

.... v ..:#.1 .JI i ~~ ~ 

ccu.u la tlo ns 0' .1 n tesrbeëlde cf' 5 -Ï,l'"t stone a nd sa n d stone. Ba n ded 
,.;,'1 " co_.) _,' 

iron '-tr.ation tB'IF) 4afcur~s 1$o>····large. tlens;-~ltape~ bo.!1f~~s.·a·t tbs '.-

top 0.( th~ suc~esston t'n\ :he ilor~hern,rt~uf~ bl o~~ ~a~"d. ~s' cl a~,ts 

-
i 

'Iv -'1 
" w1thtn 1 congl0.erlte It th,e base O:f

l 
~he sJlccess1o.n in the 

ii1 ,- ::... "~ ... _ ~ ~ ~ 

~tSbthern tiult:r;,'block. The.sedt.entlry rocks .a.l(: be~ ass1tned to 
~... \ ~ 1 1 ~ .. ,J ~ / ~ ~ _ .. 

~~ .: .} :!!) .' ~ , ...)- .!I- ,...... .. 

0't'bre~ dlstJ,nct "Icles': ."t,he s .. t 1 tst.one-Jandstone 'f.-.acies.' "the 

Corigl/.~r.lt;< 'ac1e~. à~~ ,the blntte~ 1ro~ fe,r.,âtto'l~ f~c1es. thes~ 
"" ~ .! " ./ \:.. "..t •• 

~. 'Ici es,., are described in- turne and an tntei'pr.etatlo'n.,. of the v . ~,' 

.... ,'cl~és Issoctati~n' 15 pr,sente' in Chapté-r 4. t ,. 

~ Ji ~l './~.; J''' .". , 1 
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<> 

brown weathered ,surfaces. The sha 1 es are' genera 11 y dar-t grey to 

treen on both" W,e.th~ncr fresh surfaces. The 1 ... a tur~..
~ubarkos.s, arkoses and l1thtc areAtte~ are tan to brown on 

fresh surtaces and white to' pale brown 1"" weathered su'rfaces.~ ... .. ~ ... 

The gray,wack.es. ar·e dlr·k grey-green on fresh 'surfaces <,and dark 

grey,·!to brown ,on wea thereèt surfaces. 
t \, 

0' 'the S11t~,tQne.-sands~one 'actes ,S char .. cterized 'by sets of 

nor.I~\Y graded coarse 'cl asti,cs (rang1n9' in she fro~ sil tstone 

to fine p~~bly..."ongl0.erate) with sharp, planar ;basal contacts, 
, , 

1 - f .... .. 

t ha t 9 rad e ~ p t 0 ft rf e rel a s t i ès (1 n c 1 u d 1 n 9 s ha" es. fil t s ton t! s 
, ..,. 

<a nd fin e 9 ra 1. ne d san d s ton es. . Pla te 15. 16).. The f 1 nef c 1 a s tic s .. . 
-:arf! ig~~erally f1nely' bedde,~ in coars~ end memhers to well 

la.tnated (planar to wavy) in t'he shales. Pr.fmary structures 1n 

the f1nér unfts are not~observed everywhere, probably as a 

result of ,preferenttll w'eather1ng àn~ defor.at1on of these 

d1v1stons._Cro$s stratffication was rarely observed in tne finer .. 
S f 1 t st o. ne s ,a n d san li s ton es 1 n the no r the r n 1 1. bof t1l e C,h a 1 n ' 

") l 4 

La k i s s y n c 11 ~ e • Ho we ver.' 1 non e' 0 u tcr.Q p i '!_ the n 0 r the r n fa u 1 t 
bl"ock, f1ne-grafne-d graywac..tes grade- norm~11Y,1nto la.1nated 

5 il t st 0 n es, r 1 pp 1 e - d r1 ft 1 a.1 na te d , t ne, 5 11 t s ~ 0 n es a ~,d f 1 na 1'1 ~, . 
, .. 

f1n~-wavy ,la.tnated shales. The contact between the sandy basè 

of ,an over,l y1 ng pebb1 y cong 1 o.era te and the :'underl ying s ha 1 e 15 
~ , ~ . 

charlcterfzed~.J,y ball--Ind PtJlow-'structur,e t~n"'the sands and 
, l ' 

, . 
f:1a.es 1n the ~sht'l~,s~ Planar ,cross strattf1càtion. with sets up 

1 l ~ l' 

t'to 10 c. thick ,1I!.'1.lIilture subarkoses, oc-cur~ 1n the sectton 
-'. 

aeasured fn the1lorthetn faJ.l'~t"block. As a result of the èOlRlRon 
• 1 _ 

~ . 
lack o:f a thfrd d?f.ens1o~ fn'outcrops. pr1.ary sedt.ent,lry .. 
.. 

, \\j ".'''P. ", ,$.. .. Ii!22 St $. .' , "'1"', , 
~ "'...... . 
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struct~res could no~ b~~escribed fro. the und.rsldes bf beds., 

1 n th. ,s 0 u t Il e r n 1 1. bof th. Cha 1 n la k e. ~ ~ S y ne' 1 ne. the - .... 
~ ...' . : .. 
si 1 tstone-sa'ndsjone fac1.s is chlrlctertzed by llghter-colored 

., ~, ,,~~- .... ' , ~ ~ ~ 

rocks due to ttt,e recrystall fZlt1on",~f clly .lne.ral s Issociated 
• 'c 1 '";;) 

~fth the, hl !her •• tl.orph f c tr1d'a The sha 1 es alld 511 ts ton"es are 

•• d1ua- "t'o,dark-grey on bQ,th the fresh .and wea.-thered su'aces: .. 
'. 

whe.,.e.s the sandstones ar:~'ge~erally .ed1uII-grey on fresh' 
~ " 

surfaces à1Id 11ght .. grey to wbfte on weatherèd surfaces • .... 

'>. - ,... ' 

Th! s~'1 ts~on,-slndsto!le. facfe~ 1n the southern .)iMb of the 
,1 :, 

Chi'" Lliés syflc11ne 1s' characterf'zed by success1ons,of coars'e 
, .. 

to f1ne clastics wfth a Ylriety ~f prfalry structures. The 
, , 

,~olrser s.'ndstones of this facies'are g~~erally gr,a.dational to 
~' '1 

und e r 1 y 1 n 9 con 9 1 0 ia e rat. s. and 1 r e t y P 1 é: 1 1 1 Y chi ra c ter 1 i'e d b Y 
, '>. '" ""! .. J' ...' ~ , ~ .. 

.as..s1·vé..,and graded. sandsto.ne or·.~sslve. grl..deA ind,p~,rall'el~ 
'\ .. ~ .... . 

1a.1 ni t ë d sequences of s a ri d s t 0 ri e: ",( P ,. te 11 } • T r 0 u 9 h - type 

croSs,b'edd.~ 

succes,s f ons 
.' , 

, , 
• 1..- ~ 

f1ne,'" s,andsto'a.es or s11 tstones occùr in th1ck '. ' ," 
~ ~..,. '" l " 1 ~ , 

of si 1 t s t-g 1) e ~S.I n d-s ton e fa ete s fI' 11 t e 18). T r 0 u 9 h ':. 

type 'CrOSSb~d'Cled slndltones (indtvidual sets up' to 3 c. th1ck) 
,. • t • , 

- rj' , 

1 

1 1 

'. are generll1y-.1nterbedded Wft~ coarsely la.1n~ted and graded l'~. 
,'''"sïndstonès :1'" alternlt'1ng succes·s10';s •• Pl'anar and l~~;'anglel -', 

, \ ~ fi'" '" !:\. 
'-. troWugh, cross7straUffed sÎnds.tones. w.th sets up to 10~~. th.~~k. ' .... ,1 ":.,':> 

~ccur interbedded wtt~~.assfve sandstones (Plate 19)~ Ffner f _ 
,'1. j 

ctastfcs are charlcterfzed by thfrtly-bedde-d. stl tstones thit. j .); 

grlde up 1nt~ laafnated shlles. 
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, 3.3.1.2 

. 
The" congloaerlte facies in the northern l1.b of the ~ha1n 

j 1 ' 'f 

Lakes syncltne )s' "ebaractê.r1zed by tabular'to lens~s-hape'd 
.. ) ~ .' 

depos1ts of Iiredo.1nantly .atr1x.~upport'ed; conglo.erates"wfth 
,/ • " f' 

subrou~ded. oblat, to s~ero1~ll pl,as,ti'uP tq,85 ca in d1aaeter,j . , 
• .. ! ... 

The ellsts ire aai"1y tona11t1e (Table 2. Plate 20), but,_ saall 

· i . , 
• ! , 

1 
.~ 

pro,y!10~ a"~ intraforaat110nll (arenite, ~,1l tstonJ~ an,(4 8IF)~ 
.. .' ") 

-'. 
'C 

Coarse voleanlc clasts are Yery rare. The .atr1x 1s generall".:, 
~ {, ~ ", 

grea ter than 151 by YO 1 u.e. and i s predo.inant 1 y in ttfê.,.'.uds t."iie ," 
, .L ( i" A ~{ ... \, ~ 

to stltstOrte s~'ze range with 'lesser quantft1es of sandy lIatr1x. 
"{ l ' 

) . , 

The .a'trix 1s. etther dark grey to .green, or, brown to green in 
~, 1; 

~ ~ .~ 

the aud- and silt-rtib ~~riettes an~ighter-toned in the sand-

rtç<h vlrieties. I"dividual beds .of plrlcong'o.erlte range in 

" 

thiekness .'fro. 1 to 10 Il. ïhe"e conglo.erate-s are general1y 
'... ~ -< , 

.• ' •• s. s 1 v e ~ u n 9 r 1 de dan d d 1 sor g a n i z e d • and h.a v est ru c tu r e 1.;e s s· 

.Itr.(ees.,t fev exposure~,have coa,rse-ta11 gradtn'g (Ffg. 10). 
.. ~, ~ r 

'" ~~~ . 
The ba~es of indtvidual cong10.er.lte' unit<s are scoured and sharp 

1 _ !... .. " ,l 

Wher:~".obs;~ved. and ~aY"als~be cha~nnelled fnto underly1ng 

",' 'stltstone-\S'll'Ids'tone fac1es units (Plate 21). 
"t' ~ "II ...., J t ~I • .,1 ;- _~ 

, " 

Th:'n' orthocong10.er.ates are fo"Uld in parts of the ,;orthern 
" l l , .. ' - l' • '. 

11.b af the, Ch.tn tLakes syncliné and are gener.ally',e6arlc.ter,ize~ 

" pe..,,,O'.- to CObbl'~~S1 zed c lasts. Th~' Oc 1Is~s" a.r~ ..• 
cr ~,\.' ./ 

Y':!lt~grlnttotd"CO.POS~it;i:on, ho~·èver,. e'l,a,sts of 81FI 
, J" ~r \,..., ... 

cl.s~tc sedt.ents,lnd .afie voleanic ~ocks are found in the 
; ~J 1 •• ' 

w~!Stern"part et tlle .~; ~re. =(Plate 22). These_!,oc~s ha'Ye c.D,_rse 
\ \0 - Î -: 

s.and-s1ud .'ItriC;,es that are identica 1 to the,t •• ature 1 tthic 

-. , 
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Ir~n.f tes of 'the S 11,tstone~Slnds~O,ne fap-t es. Ortbocon.g"l oaera t'es 
.' 

grade up 1nto sandstones Ind s11tstones vith1n Hldtvtdual beds. 

\ , 
1 

ln tM, sotlt·hlrn l.tib of the ,Chatn', L,akes syncJ ine th-e 
: 1 

" ,.conglo.er'ate factes,.ày be subdtv'fded f~tQ twp sub~factes,: A 
• 1 • JI' 

, 
1 s cha,otic 

d1str1butt~n of cla'sts and a, gradatton. 'ra. a l~wer clas~-, -, ~ , 
, ., 

-;. sa.pport:ed congJo.e;~ to an uppen .atrt'x-supported 
~ . /1 J,. • , 1 -

~ '\. ~ J 

cong 1 oaerate, Th. lo:Wer c liS t~suPPQrtect,: cong10aerates are coarse 
'" • 1 ~ - • \ ~ • 

g'ratned. And' co,nt'a1n a~\lncJan~. angular. BIf c)lasts '(aaxtaum 
" \ ~ l' , 

• \. ~" " ~ 1 .. 

,cllst-'s.1ze u'p tq 1~9 ça) ,11fd .1nor ,angular ta subingu1ar clasts 
\ , ~ _ • ,\., \ ' ~ J 

Of·~ •• p,htb~,1·1te tn'I\,aatr.1t\'of s'Irid-sf~ed coa.tn~ted,.aterfal, 
, \, > 1\ ~ , • ~ , 1 ... ' 1 \ " ~ 1 

,tner~lo~fcâ~~'y .q~1,alent to the c'la'~ts (Plate 23). The l,ower 
l1li ; :. ' • \ • ; J' " ~ : 1 • ~ ,. 

1" 1 ~ '1 ~ II" , l 'f 1 ~ " 

~l.st-support· .. d c.ol'lgJo •• ra,te grades 'up 1nto a' .,atr1x-supported 
1"' '\ ' ~ J;< l, " ~ J , .. • i , 

";i1 , 1J J • ~ ~ , J ~ , , 1 1 \ /, \ ,. 

-con,lo.erate v1th $o.! i; .. a .. t,t1,c,cla'sts and rare çllsts of bande,d 
• l 'l ~ f , l- 'r' 1 1 

,'1rOft,Jfor.'.tton.' Th'!: c,la,s'ts,'in,' the.sé conglo.erates aré' 
" ~ \ r J 

• \.. '1 '~, \}' l ,_' < ' \'!; , ,11'-. 1 

cons1derably fir\.r gra1h.ct thafi the,tr ,ullderl-y1n9 cou,.t.rp~rts. 
\. - t .. \.. ' '1 i , 

.' 
> 

t • ~ :; \ 1 1 
,r 1 \- r, , " 

;' w' • " : ~ / "\ ~, 

i ~' Th.. ',Iecond s;ubfaci~e~ of' c~ngl0 •• rate f5 character1ze~ by 
, t' ':! ~ t1 \ 'J ' ~... ; , J , \ • • , 

,,\~h1n l»eds,(up to'> 2, a) 'of ~rlas~-su(pported co.bblè- ,tG boulde!'-
""' ~ - .. , ~,.1 

s f.z e ,d . c ], ... s t s 1 n:, 1 san d - s t z e dan d s u bar k 0 ste a. t r 1 x .' T Il e 
~~; ... 

? " - l ~ J J' 
c.ongTo.erates have sharp eros1ve, bases, 'and gl"ade IIP frtto\. 

~ , 3 ~ J ' l 

thtnn"':,', ... sstve d'1v1st~ons of ,u,ndstone (Plite 17.). 'Th~ 'clasts 
" 1 J .. .... \ ~ 

ar. pred~~tn.,ntly ~on'ltttc, s,u,roùnded. ,I(,and Oblat,:, t~' 

'( '.':::::':~ :~.yl.~~n:~::,.~~:: :~::~. !::;~:::.::: 1 :.,':: h: ~:4:::. 
;;; . st~lt~to~~ 't~_,~p C1IS·tS];.~t ,t~~ ~ba~e Of·.d~POs1~t·~na~· ,_un1t·~ and 

,. - - l,' _ • 
, 1 f ~;'. 1 {t ( l \ ) • 

r (' ",1'" 
< , 
1 

i 
) 

~., ~. '- '*: ~:;~;~:,~~~tj: It 

1 

• 1 f 
, ,1 
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,', gra.de u~ lnto •• 'sst,e s .• nds~one (Plate 24). Hg c'last'labrfc'at10n 
" ' 

" 
/ " '. . 

,. 
,1 • 'w~s:,o~ser~ed~~<:! 

, ~~- ~- :.~ 1 .. ' (. 

., 
\ 

1 • . ' 
... 1 .-~ f l ,~ 

.-

.' 3.~.ï.~ ,I~.d.. Iron :;or •• t~o~ ~~ct.-s 
' . . .. " . 
" 

, ' 

, " , , . 
1 l' '1 " t"", 

, 1 n t' h,.' sa u t il e r n 1 1.b 0 f t h 'e Cha t n L. k e s si n è lin e ' t he 0 n 1, 
" , 

• J' A J l 
, \ '. ~ 

evtd~nce for 8)F-;1S 11)- th.,' debrl~ f ilo,:, canglo.erates at the base 
.... " .. ~ ( !' \ 

ln the ,Ro,rt_hern )1.b ,of the ~h'aln -Lakes 
1 1 ~ ... 

c~'ns',{'$t's ô~oarse- ':'to flnely-,l.~f'nated" 
"01 ,~ 

lof'-the sucèess10n. , ' , 
~ ( , , ~ 

,'syncJ lne. 'the/aIF' "cies 

, .~gnet t te and, qua1"~Z .. th'at _.1 5: dï rit g'rey,:o" t6e l'~eàthered< surfl"t-e. 
• t.. '1 1" 

1 l ,? ~ ( '_" ~ ... .. II 

,.., 
l . ", t . 

<l 
} 

, 
,~ 

, . ," 1 if , , , 
',.n~-,gre1 :~,o bta~k on th,e" f,~es,,' $uw'~a,~e. T~e 1ndtl,Vl~Ùa.r u~tts .'O~\" ,'. 

)~ 
-0;: 

, ,1 

'. , 
, \ 

/. 

jv 
" 

-, 

.\ ' -p ... />' 

"" ~'" .. r 

BIF -occ~r' .~5 ,tlb'ûlar to .. lens01~{ bp~t .. ~s_'I:'P; ta i.sO, _, tbtc~. 
, l, 1 ~ ~ 1 ",,\,,~.. ' • 

Ind, v 1,~ua 1 "unt-ts, of BIF Cln'j~e tra,c.~CI ior I:t least 1 kil al ong,J 
~ ) ( , '(d' r •• l't., 1 \ 

. "strtke~,'T"~; 1 •• 1na~fo>n.s ,,1thfn t~,e"atIF"a,re ,pl.n~r,to- .. avy an~ \ 
1 1. ' ( ......', \ ...-~. .. ) 1 ~ " t / '. ~) t, J ' , ~ ; ~ " , "'. 

s~ ~o.'t e~ldenc·e. qf sy,.~ed,~"entl;ry ",fa':ulttng. In~1y1dual 
, 1 J~ • ,~ , " 1" 1. 't. ( f, 1 ~ t 

l'~~\~~aé Ir~ d~~,o~,t,:~n:o~s .,n~ W1,'$~Y~ ~'~:d SW~_l:~/ ~_nd, It~.~n f~10~9" 'f~"_ 
s'trtlte, ~,Plat'e 25). iRare,. th,1n. dts,colfit1nous,'beds', riCh,1In:"~ . 

l ,! fi' ~'\)' ~ ~ " " 

, , 

, . 

, .. 
"r chlor1,t"",o'tcur 'W.1t:Mn i th~( JU'F. pYr_1fe,.~qua~tz "à~d, helflattte, ': ,', ~l 

• • " . " ,,(sp~t~,Hrlt~:, ~~tn~'~r,~t,~c~tt~1., ,u.~~t~ '4JI,'ss,e:.~n,.~~d: j,~r':!t,e :'L 
,',; , <l , C;ll~"$ ',4'"", ~o,.~~n-<".,~ :,,' ',J ! ">.'. " " i' " ' 1> l" i', ,'1 

. , ' 

\ ' 

\ - i 

, ' 
, , ' 

,: 
• l,' 

" ~: 

, l,'" If' i f "l' 
\ \ r~ ~ ~I \ J ') ... J i l' l' 0( 

t ~ t ' .. 

.. ( ,~I "\ t \ ":' 

3.3.2 ,.i,rOI~f'P".J, '~f l';~'''' ~.,~.sê4t.i!nts, \ 
J 

1 

. I~ 

1 .' ~ , f,' ~ t .... ,J '" \. -( i" , ) J 
• ,':'1' ~',ta "'. (.t

J ~ ,·~}'""",t··',lt"" 1 /J~_" 

, , "Pr1 •• ..-y sed 1.ente,r 1 tex tu-te's o'n - 1 \~ te ros'co ,ue.' 5 ca 1 e,' a re ;'. 
~ _ -~ t ,~ ~ t J ~ • \ ... \ _ 

bes,.t ,p'res~r~ed t'~n the' ;-Sl,ndst~n~$' 1 n the' ~northern 1au 1 t 'b 1 oç,kl. ' In." 
• ~' t t J • '" 'r v,' ,\ ; _ ;/ t,l. - \ ~ - l' "r t' 

- the s~uthern f~.b of :the ',Chafn Llk~s sy~ël"~,_e th", 'h1ghe'r ,~'j.;,1,-
";'~ .. J • , l ' f' - l 1; ~ ~ J - ~ 

.• età.or:phtc~r.·de I!Î's, ~esulted ,n~ ih~,'co.pl:etè:\'r_ecry,stal1 tzÎt10ft 
, { • .. ,~... ; ~ t ~, ; 'i' J ~ - !. -, ..... , 

r' 

"- ~i \' t i' , : : of, the~~., rpc\ks'. I:no ,pr;t'-ary'-ilfc"OSè'O~1c:- ~e'~~~.r'.,s a"e l
, very poorl,' 

1,1 f.; \ \ :. : :: ~ .t' • ~ i ' ~ ; !t t 

_1 '?'t 4: "~, ~~, i ri _ ;\1 ' t \ J ~ ~ t '\ I_ 

l ~ f'-1fT • ~" ~, • - 5" 3:- ';' i . ~."" t ... ~ 
f~'., (f 1, -.,,'" ~ " r=\~o( ~ ;?rH t;'''\ j ~ 

, l" " 1 1" '1, ..... ~, ~ t ~ ~ , ) 

) , J:, f1.... .. .. ' ;1' ~- " ~ 1 \ ~ l '" t 'f 

l 'l ~ 1" I~ r' li. ;. d ~ c ~ J' ~ i.:. 
~\." .t 1.. ~"c J:"'~ \'~'r\ 

..l' f .... J tl 

l, 

l' 

J' 1~ 

'" 
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1 1 

, 
'. ~ . , '-

i, 
~ ~ ~ .1.. ........ 

r :' '.' II,.. f '.. ~r'; ... 1 ~~ • ~/, f 

pr~tserved.':~"S~~ sa.plles of sandsto.ne frollÎ the no:rthern f~~l' i 
f ' • \ 1\;- \ \ tr' 

,r'·. Ir " ,1 - " ~ 1 

:. "block wert selltcted Ifor \de~.1Jed petrograp,hJc exalll1nltic»-n (Table 
1 ,r., , ' ~.., \ ~,". (" , 1 

~ , "JI l " J ; • ~ [ ~ .' ... 

1,2). Th',se s,~ple~lare,cl~s~1f1ed pn t~e ,Q..If,-R te,rnai1'y d1~~ram 
.. " , ,,! , 

:'" U:~lk.' 196al see Ft~.i a). !The !~oj.pàs.1~tons vary fro. 1 •• ~t·ure 
.. ",!: 

, ,'. " ~ '1 ) -i 

,~su.lt'arkosè·' ,to~,. t •• at,u~~, arltose< and 11thtc, are,nt,tà ·('F1g. --a): .• 

- .] 
l ", . JI~ 

" 

1 
i 
• 

j' '" " .} " ~. : ,. { ~ ~1. l" • 

.. ' :'I •• atur,-e' ts use$l here to tndtçati! thatl""al.ost al1 these r'ock~ , 

" , con/ta fn ~ 'HO, ~e~~yst~ p-f lèd c la,y' .1 neral~. '.' , " 1 

l , l 
./ J 

,, 
< " . .' 

\ '. ! 1 
/\ !~" 

I, 
1 ~. 

t ~ ~ \ ... t J,I ~ 

( 1 ... a t Il r, e ::fS U bar k 0 s'il s .• n ct.\ .' rk ose s .a v 'e st. 1 1 a r 9 r a f n , . , 
;, 

, • - t( :.. • 
, " ... '» 1" 

aorJ9..ho'lof1es~',s~rttng.and; sfze-range 1." the sa.ples exa.t'ned 
1 '. }J 1 \., ) " ' ! 

~'" ~ IJ ... !J., t~ f ~ 1 ." ~ i. 

('Ta~le::2). Th'e _.,trt'x 1s',co.po~ed of,co •• t'n;utedJ rock èlebr1s;" 
,. ~ t !' l, \.1 '" ,1. j ~ ~ " t 

• • 1 - ( 'j + 
--qtT-Théd qUI-r-t1~lnd fe1ctTplr. IInl f1ne-gra·tne~ s'rtffle aft,oej 

ri;} _ À ,J :~; • , '-

" " 

chlortte athè alterat.lon pr'ôd\icts of unstable d:etr'1tal 
) ~ ~ ,.~,. • If ,t/ 

irag.e~~s). sefonaary .1~eralf. fnclude q~art~~!\:.C~lc1t'e, Inker:1.t:~~ 
a:nd he •• tite-and are/ "generally coneefUratad 1n the .atr1x. 

: 'l', • f ,(.. • J 

!' ~,! ~ • 'l - , • l ".' 

Secondary .1 neral :gr' ins ,crosscut both dtp,tr1 ta f: gra f n boundar:1 es· ). 
1 .' f,' Î-" , • '1 

~ a.d~:.atrt x .1 ~.ral $.\ Meta.orphf sa ând Jèfor.a t1'c{lI âf thJse rocks t', 

-h~S 'result.ect tn thè'\1nc1Pf·e'~t !r,ëcr.ystal1~'z.t;'on Of','so.e of ffle ': >~i 
• r .' 1 ~.... t ' 1, 1 /«' .~*:f 

·coarse .... cr_V·ttal, grafns. and'O/co.p1eté, recrysta1.11z'Îtion of the Jt 
--~,y, 'r >-ft 

~ ..• altrtces. ,. fol~,.tfon ~$ co •• ()n,~Y preserved and fs cha,ractertzed' 
~ ~l , ' 

in the lealt clefor.ed ro~ts by a parall~11s. ôf .1c.ceous 
. t , t 

.tfl.rals and}' wfth fncreas'ng"degr'ees of defor.ation, by~t~e' 
~ ~ pf . , 

para11elfs.o·f detrttal .'rag.ents. 
" .,' 

'\-
~ Detrttal,qu.rtz grl(ns tn all the slndstones are angutar to 

l, .' ;', 

'Iuban,gu lar. Detrftl} f~,l dspars 'are (\sublngu llr to subrounded and 

;.;', Ir"';' al!~b.ite-Ol fgo~lase, ~eneral1l wtth so.e se'rfc1ttzltton 

l
i . . ~ i, .. 'f .. 
) ,1 ""t ,; f'. 
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1 
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i: Tabl_ ,:2 Modal Co.position of S,elected Arenites fn the 

" .. _tas.d1 •• ats . ' } ~ 

t ~. " -~----------------~-------------------~-~--~--~-----------------:,".':~. ' ", .. ~.. . COMrONENTS (S). , 

" . 
" 

" 

'. 

Jf • 

<-

Jt" 

SAMPLE ROCK' ~', 1 2 .', 3 4 ',5 6 7· 8 9 
NO :flAME . 

TS-X .. 83. .' 
.. ~ -----,-------- --_ .. ---~ ... ------------- -- -- --------------_. -.-----
~95A lMMATURE 5;3 15.8 2.9 41.0 16.9 0.1 2.1 0.3 15.3 

1" SUBARKOSE, 
li ~~. ~,. • 

';'A ~M"ATURË 4.0 7.3 1~2': ;,26.3 12.8 O.~ 10.9 
:: , LIT HIC ~; 

37.2 

" ::. AREN 1 TE, 
"1 "6.8 5 1 M MAT URE 1. 2 9 • 9 2 • 2 2 2 • 3 .,9 • 7'1 • 0 9 • 5, 0". 4, 4 3 • 4 

ARKOSE 

'. .. 

'.' 

'44 
.... '. 
321 

688 

326 
,"' , 

'320 

IMMATURE 
x. ARKOSE 

.TONAl,ITE 
CL'AST 

IMMATURE 
SUIARKOSE 

ARKOSE 

,P.' 

IMMATURE 

0.4, 13.6 

18.9 

0.2 ·13.0 

• 
0}1 13~. 7 

" 
" 

0.1 16.5 
\ " ,,' 

,0.8 17.5 13.9- 35.2 " 18 ~ 3 
':' 

i' 79.0 2.0 
------- -"~ -- - - -

.. 
( , .' 

3.2 47.4 i 8.2 0;;3 6 .~3 '21.3 

.' 
1.7 26.3 17 .6 2.1 29.5 

l' ~" 

0.5 -"37.3 18.3 0.6 3.0 18.) 
~ j~. 1. ARKOSE 

ft" r" ~ '!i *t' 1 • " 

.,) ,,'.-_ .... _- -- ._------- ---------.-. -_ .. __ .---~~ -----------.... -. --,.- -\~ .. - "', 

COMPU~E"TS ._ 
1 straight extinction q~artz ? 
~ undulose extinction quartz 1 

3 polycrystalline quartz 
4 ' coarse stlt ~ , 
5 plagioc"lasè 
6 "k-feldspar 
7 ltthic (plutonic) 
8 lfthic (volcanic) 
9 clay Ind luthigenic constituents 

:1 

, .' 

" .. , 
:- ' 

~'~l j ,.1 # { 

Modal co.posttto~s were detérlidned by point c~t1ng.:"A .i!'i.ulI 
of 1500 points was count,d pe~ section. . ~ \, 

o .' 
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Classification of arenltes ln th~ Hetased'~nts 
'oorth of the Chain Lakes fault (Q Is the total amount of 

-quartz, F 15 tfie total feldspar and quartzofeldspathfc 

11 th f~agmentLa'l8 8..,.J s~ck frag.ments) 
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", . ~ 
, sa us sur 1 t 1 z a t 1 0 n ( Pla te 37 ). 'S u ban 9 u 1 a r gr a1 n s "of s 1 1 9 h t 1-y 

,'er1ctt1zed .tcrocl1",e were fO,u}nd 1n,so.e of the salAp)es (Table 

2 Coa~se-gra f nedt subangu la r q\ua ~tzo fe 1 d's pa th i~c (p 1 ag i GC 1 ase) 
JI, \ ~ 

fth~c grains co.prise -an fmportant component of t'h'e c,oarse-

g atned fmmatur~ arkoses~'(Plate 37). Indiv1dual pluton1c l1th1c 

'·ag.en~ a're coarse.'-!'grafned a.,.d e~uigranflar. and t.n·a few 
. , 

clses contain so.e $~Ill euhedral cry~tlls of zircon. (fth1c 

seât.entarl gri1ns were' found on1 y in, one'~sl.pl e of arkose, and 
Ir{' ~ • ~ 

" 

i' , 

consfst of cGarse-gratned, sub~ounded, quartz-rtch ~11~stone. 
- r 

1 
~ ~, .1 l' ' 

- 'Immature lf*hfc~arenftes ~0.pr1se a sllal1 proportion of the 
--.,;- - --- -~_.~,---'-::- _\_----~--:--- -- -;:- -

san~stones tn the nor~hern lfmb of the Cha1n Lakes synclirie. The 
, '. ~ " 

l' t t' h 1 c . f r a g m ~ ~ t s " 1 ~ the 5 e r 0 é' k s .. r~ ~ '1-n' de cre ~ s' 1 n 9 p rd e r 0 f 

abund~~cè:, tonal1te,! ba~.alt .. ï,ndi s/l1ts,t~~:e. MG~o.ineraltC: grains 

, ~y pla 9 1 0 cl as e an èI qua r. t~i "i ~;e a 1 s 0 fou n d. Lit hic de tri tus -) fs 
~JIÎ '" , ~ ~ ,. J { • {} 

generally suban~~i~r to s'btounded, whereas the qu.riz and 
1 • 

,plagioclase g{rÎtns 'are ,predo ... 1nantl-y su6angular. The .air1x of 
'11 \,.. ~ , , " 

)t, : ~hese :,'.'rotks t s ch ~.or1 t-e-rt ch and cOllp .. 1 ses' grea ter than 15,1: of 
, "l. \. ' .. ' ( ~ • i 

: _,~ the rocks. The coa'rse detr1tus 'in these rocks ts",--general1y 
, . ;!, .' ' 

1 ~ .at:r1x'~'~upported. s,e'cond~r1_ quartz, and~c'alc1te croS5cut a11 
"", .. , l' CI'" • .. , ~ 

J. ' 

, ' 

',1 
, r:.,7, " 
Ct..,.\- ;", 

',r j 
, . , 

", , , 

.j,..;j;,.t§"%~ p:~!~~~,,".,,:,~!. )1':ll'Stkw{ U--:JI12CL t ! ~ 

- . 1 

• , c' 

l " 
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édt'WS( b "'Y:t.f'Wt'til 's'" ' •• '. 0 

. 
t,,·ckt '\'*" tè é:d;&t'W'''Ot M+f+1Àtt, ·;tt 

càns~sts of subangular quart~ (2PS) and plagioclase (lOI), in a 

f1ner-~r.1ried •• tr1i ~f silt (201) and recrystall1zed chlorite

r1ch cla.y .fnerals (201). Sand-shed detr1tal fragments in these 

rocks are .atri~,-s'upported. Tonalitie clasts are equ1granular . )' 

and cons1st of plagioclase. quartz and hornblende. The fersie 
,':!.., ". .. • 

, y 0 1 c a n i c roc k f'r a 9 • e n t 5 ,a r e p 0 r ph, r 1 t 1 e' and e '0 n sis t 0 f 
-- . \ 

plagioclase and quartz ph~nocrysts in a ground •• ss w1th a 
, " .. 

t r l'C h, tt ete x tu r e • 5 e con d a r y cal c 1 te, e fi 1 0 r 1 tel n d' e p 1 dot e 
, 

crosscut the 51 schis'tôs 11t, 1 n·' these rocks. 

\' 
,- , 

'..... Twenty-one pI'leocurrent .easure.ents vere ~.de in the 

sect,~on in the s.o .. th~r~ fiaI, of"the'è~a1n.take'S s,n~1ine (Fig. 

9)~ These .e,.'sure.ents·' vere" aade, o~ 1~w'.a.p,l1tud,e (" 3 cm se,ts) 
, } . ' ,'. .' . 

trough- i~d r't PP,1 e-ll'.1 n~ted ,$.nds,tè'nes t.hroughout the s.ee t 1 on 
,," '-

,{f,g. 9). T~e crossbeddtng ,data ti~ve bèell 'c~rré,cted (or' folding 

"àn~ t1lt1ng 'bY ~s1ng local bedd1ng and .,1'~~r'-fold1n~ data./ The 

fOl'eset' Pl.~~s w~re f1~st u:t11t:ed and, t'he~' ~nfolded. Il' 15 not 
l' )' , sI '", .. • • 1 ~ , ~ 

, po $ S 1 b 1 è ~t 0 c h 0, ~ s é u n t que l y b e t v e e ft .. U n fol d 1 n 9 0, r' u n t i 1 i ,1 n 9 
, ' , ,~ ," .. ~..r 

ffrst. and ,t,hus the' solution "resented ·her~"ls'. not unique. 
. <'1. ~ 

Movever.' the' d1fferén-ce' 'between tbe v~c:tor '.ean- (az1~uth)' of the 
~ '. ~ ~ ~ .. . 

'w ~ ~} '.' ~'," ',r. 

pa'leo~urrent ~a~. ,cor.rectted f1
l
rst for tt 1 ting L.and: then' fo\dOg . 

t ~ .' ~,'Il ~ 
,.. "1 ... " ~~ ~ r \? ~ { 

!'.nd',Ytce Ye,r~~ 1$, ,~ess, th,I,I\" ~ne ,.~e,g.ree.:'Meà~urea"en'ts 'vete taten. 

...... 

\ 

1 
\ 

L 
'; 

.. • ,f.. ,~ .. 1" r ... .: (" ,r ~ 1" 1 l ~ ! _ 

in' eX'pQsure:s fn ',whfch' bedd1ng,-para.1l el stra,ln can be ass-ulll_d io' se 
, ( . . 

, , 
l' r' ,,' 

.' 

~ 

... 
" " 

", 
,,' . ' \ 

" .. -' \ 

-. .: 
" "/ 

'. t. ' " , " 
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iW·'titl;1 ayàtlt#fi3iCo(jH+tifWi)ùHt~ $t • 'lbN *'*1', r,4"W?i* .. ,t.t1âèb ('.1 ft 

" ' ... 

f • 

Fig.re , Melsurë,'~f strit1grlph'fc se~tfori' in the Metasedi.ents 

south of the 'Cha1n Lakes flult. The location of "the sect10n 
, .'. ~ ',' " 

.15' shown in Fig- Il. :rJle 'se~t10n )t~5< , .. asured throug,h the 
'l . " - . ,~. , 

" , 

ent1r~ unit, 3 exposures Ilong the southern 5h~re$ of thé LG-3 
• ~ , ~ 1 ~ 

"re.serY'01r.' Th1~ sect'~on, 15.:'not orthogonal •. &ut 1s lIelsured . \ ' 

diagnoll,{across $tr1ke for...·so.~,' 4"10 RI. 
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FOR CROSSBEDOÎNG ' 
n- 21 'r" . ,., 

li 
,-

". , ,. ' 

" , 

c' 
.' 

~ . 
I~......... ... ' 

, "FA CIE S . 0 

,J.- -
" 

SIL:TSTONE ISLA tE 
',' .. 

SANOSTONE 

ORTHOCÇ>NGlOMERA 
l .. ~. ~" 

'. PÀRACONGLOMERATE 
. , 

lm! DEBRIS FLOW'",· 

.' III PILlOW BASAL T 
. -.' 

.' 
-fi 

1 

1 
l' 

l ' , 
"J ,..i , 
r 
" li, , . 



"".,'" -

• 

--., 

.l'.' ,.. " . -,. .. 
... 11 \'" 

" 
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,. , 

/ .. 
, ' ~ t- r • • 1 l' fl,(' 

• J'~ 

l' 

,. , 

• -1 • 

" 
"'. .' 

" 

-'i~r.;"'(':+- ,:::'''' .~'t,.. • .;- ~ JI ." ....... 01 ....... 'l'" '-~ J ~~1 ... 1f ~" ... 

" • ... > '!J«~"'~ , I.t- .... Jo. ~ _' • _ ~ -.Ir 
'\. \.. i.,:,.. .'~ r·... ...,.... ... ,..." tu....... ~ .. 

"...AI..' ~ ....... ..,. "'~"'t<::'('!.~~":-- 't.. Jt .J 

dep!stt!~fr s-u,~'a~ •• ' "',. ,~ •. ,.- \' >" .. 

:i • ..,1;, ". ... ;,,..,,,,, .. \. ... ~ l ".,: ~ ,~t ....... -.: -.. ~"";' ",,'M ... ~ t' '.. l, 

.. ' ""1. .... , 1y _ t.;- _ ..,..; , ... ': '- ~ .o/f... ",~. ~t; 
.. ' '/'< l>. -~.,. , .... _. ) ........ ~~':.. ~ "~"b-' "JL.'~ Jo 1 

: ".~T-~; v;ct.or<,.ellft ~f the 'correèted.,""êtata '(correspondfng to the. 
l' ,~~,,"'.' - .• ~... ) .... ~ ...... '<.. 41 ~' .. , ol. t" ,~ t... 

... "', d}~~~Ç;,t~~~ ~!' ~~. vec<tor"I~'ulI!'~~~ t~e. ~atat' ,,"era each datl'p,cft nt 
1 ... >, • , '0; ...(,~ ti' Il~... -lJ.~ 0 

, ·fs 'as·s-'t;gttea .~untti length of 1) ts 68 (for'data çorrecte,d for 
Il' ""r -.-1- ,,_,~,,~ • \ ~ 

, ~ !' ... ' " ..::::. ... ""M t.( .::; _" J 0 

, . ',·1'01 d1 ng ~t rs t .nd tfleo~' t 11 tf'ng t'he' vector .ea Ir 15 61.5}. The 
... ~".. ':0 • . ~ l,. """ ~ \ ~ ..(". t""'~ 

, .• agn.1tude o.f titis ~,~ctci"r .eàn (J:he .agn1 tud,e of the vé.çtor su. 
v ~, '1'11:. 1..,.." t.. .,'! \ ." ," 

t... lI' ".,., \t "'/ 1 J 

of n .ea5ure.e~ts 1, cbnstra1ne.;\o lie between 0 and'n) t5 
'" ~ { J 

0:;-' ;.~." l. f ' ...... "'11 1 "', 

"f:9.r,:".and thu'S il'c!,cates .t~a~"'lbé":··~l.,dat~:"poD~nts are unillodally 
~.. v ~ ..- "'~.. ~,'r'1.;. , .. ' ~1' <t' : p. l .. 

• i .. ,~ • • li l,; ~ 

,'l' d1st.,.rl-bu.ted (c.f. !1~'l:U5. J95'6'~'_see,al tO fig. 9). On(tha ~as'1.s. 
.... ~... il ~ " \.- fr. .., " 

,~ ~>' o-t.0thtï dat~, ,e-i>'''t-~q-v.1~, ip-p,'a1-, t,!ta t the' pfed"f-na~.f n1t,iaent 
~ ~~~ .. ,~ \ .. • '" , 1 .. t..,_ .. .,1 - li' 

..• tr".n$,p'.ort d1~,èc.'t1;0-n,·'fw~s e.s·twa'~t~ p·lr,"11~·,i<I,tô. the lpre~ent :-
"t ~ ~ u" ,/ ~ , t- 1 .. " ,.... " ~ :: ~t' ,~~~ ~ ': 

.., .tecto,.,lc, .strl{ke 'of tlle- La' Grande be lt:" 
,,1' t... f ~:!' 

3.4.1 Unt;~ 4 . ~ . .' ~\ 

i
l 

1. t_ t' . 't; ,. r t_ .... ;~r t~ 

:r:bf" Slc,ond-Cyc-le V'olcan~té's ".O.~~e"'·;t'tîe ~oungest 'Archean 
-":"~-'.... <' !''') ~. r " 1 1 • "f.' ", 7.. ! - ,.. -...,. .' J ..,r~ 

,I~" o, .. s,f·~;a'ï1,gr·aphtc ,ùntt, in ·the L,4O(f'.''''~i: Th'ay are coaprif$sad of
c 

:,:::.. :',. ~L .. ~J,.4 ,l t l't, J ~ t • t'.'/'f t< tI J .d ltSP.. • ~ ri~'" 
,"~." .,e'· ,' .. :·g1l1fcequs sedtMlnt,a.r:Yt ~r~tks., ;.1no~. 81F, )ntar~edtate 

.1>' ... ,. t .' T~.1. f ~~. '. rr. \. '. ~ oS. .f:,'" ~ .. ~:;.-. 'MrJ,: 

,,' .. ,',...,' ... : .'" Ipt ~ 1 as~1 croc ts t, ;~'S$t,Ye ba sa 1 tt c àAcll~j tes and andes t tes t and 
'?1 r"::"""": ,', ,If' , .. ' f., 1.,..., II> } ~: /~ . 

. ~ ..... ~ 

~.,,! SOMe s.a 1 t ,1~~~l):rotc' p;l ugs. Tuy are "restrtc~d to' the north~rn 
t ... ~ t" t t, . t ;, ~,.J ,Wz... 

" '....... I~\ ,\ a;.. v .. ~ ,~ , 

'" ~ lt.biJ'~t"l .. e Chatn Lat~s syntJl'fne. The $1~ond-C.1cle votcanH:s 
1 _' l'; .-e;'J1ft 

., ~;.. ! • v " .. 

" ',:" \é'oitfcrr.~Pb~'1"overlte tha co.arse cl asttc sedtMants of un·it 3 in 
,<. ~" .,. -". , 1"- .; -' . 

the wes.te~i t'part of ,the .Ipp .I·ea,~ .~dl8IF 1~ t .. he central_~nd . 
.c; 1 r 

,.astern 4patrts of the •• p area ~'JAppendlx D). -The ·agg.ré·gate' 
il', r~ I" \ * v ,,' . 

:; 

thtckness· of. the Second-Cycle Yolcantcs ts dJfftcult to est1.ite~ 
C"- '.1. '.;. ~ • '- t' \ .. 

(.L' .rt " "Ir, 

du,~r.io f2',Jo.ld1ng and llct of co~t,1nous exposure. However •. tn 
.LI 4- _. 

thi, lelst deriJ;r.ed expos:ufIes trrth,e'western part of the ~area' 
"....... G L.. ,. 

L;ç:;"'" r2"i':~ r,~" ~ ~ Iv ~~ ( 

-..: .t;' ~ ~',1, 
t.;. ,~..-t';:._ 

t J ~ ";"-.v1r ') {I;' 
1 Il'' 'A. >. /:.. 

..( ~? ~:~t: -!,~~:.,( 
~' ..... >$ .,"'t'- ~< 
~ ~~( 

,.~, , . ,--~, 

" ( . 
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The 'genera1 strat1graphy of the Second~Cycle Volean1es 
; . 

consf,sts o:f lower green-.black argi 11 ites over1-a1n by 
1 ·~c ~, 

t nter.ed hte ept c ta.te ,sedt_entar)' rocks. In the wes t~rn pa rt 
.t ~: 

of the .I,p area the epielastle .~ock$ are ,relativel)' thfn and are 
. , 

Intercal'lted vith BIF ·and .green-black ar9111 ite. They are 
~ ;, \, '1 -

tntrudèd by. a thfn «1 .) gabbroit 51111 that contalns grani tic 
, \ c '1 ~ • , 

xeftoJ l~ths up to 10 c. Icross (Plate 26);",ln the cV'tra 1 part:of 
: l ~ '! " " i \ < • 

th'.'.a';' area. green-black argf11Ues 'appear ta,be th'lnner than 
>..... . .. ,,- '\ 

1n the ~est and .re'overl.1n by Inter.ediate epl~lastic .. 
se dt. e lit a r:y roc k s. i v 0' ~ 1 0 v ~ 0 f • a s s f v' e bas. 1 t 1 c ',. n des i te and 

, . 
and e s l ,t e ( e 1 c'1I CI.. 3 • t 11 1 c k) are i n ter cal a t e d w i t h the 

." t '*" • 

eptcllstlc rocks. Th~ easte .... n exposu"es of the Second-Cyc 1 e 
~ Q 

Yolelntes al'"e do.lnatad by eplc'ta5tic rocks and dlrect1)' overl1e 

BIF of unit ~. Two s.al.1 intruslves are found ln thls area. A 
, " 

no r 1 tic " p.l u 9 11ft:tu ~ e $ the ' se d f • en ta r y roc k 5 and 1 5 f n t u r n 

1ntucled by 1 s •• 11 plug of ~on.l fte. 

The grey-.gre.eri Irg1.11 tteos. (PJ~te 27) ~re 'massiv,e or. 

cciarsely la.1nated. There 1s very' l1itl'e Interbedded s11 tstone • 
qj " 

ln the ustern part of the .ap area. th1n (CI. 3 cm wide) . . 
"eptunli'ft sandstone dykes crosscut the argfllttes (Plate 34). 

'" ' .. ) \' .. 
They, Clft be t-raced fro. the base to the top of a cltff-side 

, " • t • 

sec,tion through unit 4" for at 1e-l'st l'S •• The ,san,dstone5 are 
~ 

rusty brown and s~barkosf~. S1nce' ro~ks ~f this co.posltlonar~ 
" , 

not found.,el sRhere, ~n ,~he Sec,G,nd-Cyele Y.'olc'I~1CS. ti see.s 
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1 ,t ke 1 y tblt tbey w.re deri ved frol! the under lying Metased 1.ent5. 

The efp1ct'ast1e I"octs found 1n the s~Cyele Volcanfcs 

c '0 n s 1 5 t 0 f san d s ton es' ~ n ct . p-e b b 1 1. : ion 9 Ùua e rat e ~,. The 
c' 

- "--}' 
" congl0.erates arf .tound onlY in the exposures in the centra 1 

par.t of the,Map area. The eptclastfc slnd,tones are dtst1nctly l' _ .. , 
~ r ~ • 

',reY-.. lnd gree~.,blnCS~d ('Jate 28) Ind consist of th.1n beds of 

"s,and"s"fzed plagioclase, quartz and volcantc grains. They a,re 

. generally nor.a11y grlded. The cong10.erates consfst of pebble-. . , 
s1zed, an!fu1ar , 1nter.e~fate volcan1c clasts ,in a'Alatrh of 

. epi clis tic sandstône. They are cl ast-supported and are ge.nera 11 y 
, \ -'" 

.as~f ve or nor~ally grad.ed. The congl0.erates and sandstones are .... 
inter'edd-ed. and san,dstones nor.ally gra,de up.fro. underlyfng 

.congl o.er" tes. 

;-
, 

The Massive ba5alt1c andesftes found in th~LcentraJ part of 

th'e .•• p area ha ve brecchted fJ.o" to~. The .'·~S1 ~ e f1 0"5 haie 
. 

ftne-gra1n'ed exteriors Il\.d .ediu.-grained inte~10rs. These rocks. 

Ire typtca11y c~o'sscut by abuniint thtn quarU -\feins and are 
~. ""'"' . 

cons'1derably recrysta l'l1zed fn p"laèes.- -The •• ost recrysta 11 ized 
J 

expo:Sures cons1st:~f cOlrse-gratned hornblende and plagfo,clase 

,crosscut by thin,veins of'quartz and ch.lorite'." 

~, 

3.4.2 'etr.ogra"JI, of tta. Second-Cycle 'olc •• tcs 

", 
Mlssghe basa1t1c Indesites of unit 4 are co.posed of .. 

hornblendè, aethol,ite, 'albite. chlorfte~ ep1doté, quart-l, 

calcite, Ind sphane. The I.phibolès 1n 50.e of these rocks havEt 

~ ,. 
" " 
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bl ~e-green pl eoehroie. hornb'l ende c~res ~ an,d pal e gr'een a/t.~.,nr 1 ~e 
rf.s. These volcan'lc r~ are co.pletely recrystall1zed ana ,.---
"preserve no pr1.ary textures. 
" 

lbe epicla5t1c 5andstones cons15t of pl a910cl ase, quartz, 

1ft d h t g b 1 Y lIt e r e d 9 ra 1n s 0 f pla 9 1 0 c 1 a S e and c h 1 0 rit e • A 1 ao s t . 
111 thf plagioclase has,been replaced by saussùrite .• The .atri! 

con5ists of chlorite, seric1te and Ict1n011te. These rocks.. have 
.....' . 

1 !ery pronou9.èed sch{sto~1ty that oblHerates .ost pri~ary: . . ...... 
.', 

, te'x leV.,., S • 

" 
. ' " i • 

The ftort,.t1c 'plug in the eastern part of the aap area lS a 

a e ~ 1 u.· 9 r 1 f ne d:':r 0, c lE' th 1 t con s 1 s t s,of pla 9 1 0 e 1 a se ( 4 SI ) , . -, 

ortbopyroxene (pseudQ..orphed by .ag~et1h and chlorite 301), 
:; ... 

... .hornble!'de <SSp' biott,te (51), ,quartz and granophyr-? (51), 
, ~- , 

al 9 ft et '1 te ( 5 • lOS) t a pa tJ te tt r ) and ç h 1 0 r 1 te ( t r ) • 1 t ha S a 
J\ ,- -. -

.. suboph'lt1c tex'tur., 1 n whfc.h eul1edra 1 pl ag10c lase 1.ths: 

.. 

. 
• 

, .. . 
partially enclose,rec:tlngular id10top1c thlorite pseudo.orphs 
~ 

after orthopyroxe'ne ,.ith s.al1 crystal S of .agnet1te on their , , 
y 

aarg1ns (pj'àtt' 38).' Hornbl ende~ ocèurS oiS sail1 euhedr..l 
, ~ 

o 

C"Yftll~ ~nd 15 te.,~tton r1 .. 5 ,a'~ound"post-orthOpyrOXene 

p,seu-,!oao~p.hs,;. Biotite occurs as both. ffne anhedral ,grI1~s 

throughaut the rock as an a'lteration oproduet. and as ,large', 
'1' .. 

subhedral cryst.ls inteisttt1al to plagfoclase (Plate 38). These 
J' Q "'. 't. 

larger.\subhedral Cryst~l,s .a~>be prl.ary'. '~nce they have 

str.lght. well-deffned, crystal boundAr •• s. Btot1)e al~~ occ~rs 
tn reactton ri.s 'arouncl,hornbJende. 'J,..tersttt~rlnop"yre 

' . 
• 

'f 
" 
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.. , , .. ;., 
,.occurs bet •• en plagioclase laths. Magnet1tè occurs as's-"bhedral 

"' interstttial crystals and as s.al.".l cruetfor. co.p05ite crysta15. 
! 

U'co •• anly contatns exsolutfon lillellae of il.enite. The ~rder .... 
\ ... , ... :. " \. 

~.... '. ,~ .~ J, ~~ ... 

of crystal l1ution of thi5 rock 15 fnferred to b,: orthopyroxene 
'"' 

and plagioclase (èotectic) •• agtietfte. hornblende. b10t1te, and 
v 4 

~ .. ,'" 
" gr'nophyre. 
f ; .. 

- , 

3.5.1 Intrusi~ ROcks.field Relatt.nshtpi 
i· 

'- ... --
, ,j 

.4 "t r 

The tntrusive rockS in the LG-3 area have been tentltivel; .. 
~ j.F~ ~ ~" • 

"" brdered 'chronologtcally baud on the degree ot developllent of a 
r lI, ~ , l' J -

.eta.orpht~ 'abric (Slf, and on crosscuttfrig relatfon~lii ps :where 
:...!li. ... l ;., ' .. 

I·, .. nable. The Southern Co.posite pluton and Northern Tonldte':' 
- ~ 

! . 
are consid~ynteçtôni.c·, w..,hereas •• the less fo11ated Middle" . .. ~ .~: ,~ , ~ ~ 

, 1'1, ... 1 ! ,~ 

Tonal ite p,l uton~ Northern P,9rphyr1tfc Tonal ft~-Granod10rite and 

porpbyritfc tonalitt,! and trondhjellitie dykes are considered -

'late slntectonic~. 'In' this sec~ion t~' ffel~ relat10nsh1ps and 
'- . 

petrography of t-.hese .rocks, as well as tif. Lac Coutacéa'U, 'dyke5 t , 
·1 f 

are desct:'1 bect. • 
.J JI .. ,~ 

r ; 1, T; 1 
\' 

j (' 41 'r '~ . 
The syntecton1c Southern Composite plu ton 1 s a seaii-

,.,.. c1r.~ular .esozonal intrusion aPtrox1.atel,')' .. 
has four distinc·t 4 zones. ~ln the Sil part of 

1 

(Apptndix 0), the per1phe-ry of the 1ntru~1on 15 characterized 

b,: A quartz-plagioclAse peg_atite that 1ntrudes the adjacent 

,,:'èenstone (~n1t 1) along the principal (SI) schfstos1ty. 

'TGWArds the eut, 1 n the south central Ind, south elstern pa rt o.f 
- \ r 
the~·p. .re., the pertphe'l'Il phlse 1s 1 very f1ne-grained 
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to".11t •• : In tfte i"tel"1ol'ï the pluton 15:'& Med1ulI- to coarse-
~..... ~ 'J \ • ( 

\ ,,. . " 
gr.fnèd. wel1 f~l tlted. qUIr'tz-r1c'tI tonalite tha,t fs porphyrit1c 

.f ~~ ~. J ~ 4 ., ~ 1 • ~.' , ; 

" Il ~ ~ ~ , 

tn places. Fouque et .1. "(1979) 'bave àllpped\'th4!' co're and largest 
fi ,;., '-

~ • '\ " J , 
\.'Y.olu •• 0" the pl~ton (out's1de< the region studfert here), as 

( , 

" 
1,ucocrattc grancrd10rite and",.1g.~tHe. Th1s pl uton' has a wH!e! , , 
(~a. 1 ~.d ~ ~ower- to .1d-a.phibolite fac1.es Meta.Otph1c ~ureol{! 

" 

(see .2.3.3). ;: ,.' 
\'\ t f' (l' 

j'I \1.. 
'. 

t' , 

1 
" 

, , 

" , 

, dl , 

, r 

Tir, M1dd)e To".!11te plu~on 15 a la,te synte~ton1·c .. :mesozonal 
~ ; l ,\." , '1- , " r 

,r 1ntrus1ve.I, It ~as an 1rregular shi'pe and is loc.l1y °d1scordaht " 
" \ \..: " ~ .. ( _ t'r 

i '.. l 1 ~', J ~ ~, 1 

'. i .,'t,to:the regional te~ton1c st'rfke. r.f1ect1ng fts- relat1vely late 
} ~ , ~ 

'r' ,~ '~ :' i~" 1\ ' :. , , J 

· \, ;'$t.ge e.pllce.ènt. The"pluton has a su~flce ~reà'o' 25 square \Cil! 
~" 4.. r • ri' .. '" 

, ~. l, l \ ~. '_ 

","'~' ,,(Ap,pen'd1X 0). The su.pr-11crustàl countr,y rocks fac_!to~ard the 
Jr,'\.' 1 ~ .. C Jt~\.t 

~ : ';'J t' l·,pH.t,n 1'n ~he north,_th ... s tnd1clti.ng th~at the p,1ut()n 1ntrud~d 
,; 1. ' • 1\ ,_ Il ,',~. f ; 1 

-, pre., 10us 1 y'. defor.ed ;roc ks. ',he M 1 ddl'e 'Tona lite co nta-i ns sert a te ( '. 
J ~ \ ~,~ • 

i , ~.t i Il .. ;I~ '4. ..t.~~ • 4. ... , ~ f 

'. < .' and porphyrl tic phases. The pOTPbyr,l t1 c tona 11 te 1 S ;cofposed of 
~.. 1 /. '.' ~ ", .." ~ ..~. 1 \: • Il \ - \ 

,~ ) .1 ,t. ... ~ i • " 

1 J, plagtocla'$e. hornblende .'and IUot,tte phen~crysts ,ln Il gJ'ound.a'ss 
" ~, • 0 " ~ l '" ~ ~ , 

~ 1\ .. .J '; \ ,~ ~ ~ ~ '" J 

., ',', 'Î ~f quartz ,~ ... d_. plagioclase. ~ lts ~arg1ns preserY~ 1 discont1nôus 
.. 1 '1 $ 1< .~ ~ ,", i- "t 
t' i l' j' folht10n para11el to th. reg10naJ;:'r-w structural trendtlnd!;. 

"Ç. f • \ 4. ~, ~, ~ ~ ~ , 1 ). 1 ~ Ir f ir t" :. / 

" ~_, ;-c:\o n t 1 t ft nu. e r 0 ~ $ x en 0 1, t th s' c)f •• P h 1 bol 1 te (b 1 5 Il 1 t) t 1 t 5 { f· / t t \; ," -
'- 'J' ' n • t ,1. ,jJ 1: 
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The late s,tn'tectonte Northern"Porphy.rlt1e; ,Tonalite-
l '. ~ .. ~ < ' .... ,.. ~ ;p 

~,' 1'~l"a~0.dtor1te ~,n t,he nort~er~ .~~g~n of t~ur,~e,n\~~o.n:e be~t ;~s~:, 
~ ;.éo.posit10nal:1y a~d texturally si.Uar t1» the M1ddle- Tonalite 

1 t "\. " , r ' : t . 

and alio-codt.1ns .af~c. ~enon~i~s CP}ate ~,9). ,B~th;'0111~e,~t~nd 
,;." _. _,...., ~ ! '. f 

non-folJi~d pluto .. ,c rocks Qccur ,in It,ii.,The,: __ etamot:'ph1c 'aùreole f 

r 
/;. . ",' ~ ~ , ~ . .. 

assoe1ated~:w1th.<'tb'ls pluton 15 th1n arill Yery ~,lff~s-e •. atta1.ntng 
.. j' l, 

" ~ ,\ 

( 

'\. !t' ~... J " 1" ' 
l,' '" 't, ?>, .. ., 1 • .... ~ I~: .... L. > , ~ 

. ep,fdQte-..&IIph,t bo l 'te fac;:!es 1 ft the a(jacent Lowlr Yol canoéllast tes' 
, . ~,' '.' '~' , , ~ _t ' -' r' 

and MetaJëdf.en~s. ï' f', .. _ ,,' ~. , 
( I,~' ,\ -..., ~~ ... J', ':7 .. ,' (~ 
~. !:...} !, \"' , -, ~ l' •• , 

1, , ',.. 1 1 • 

" , 
l', 

·'·,s •• fl dykes oit "late syntect'ôn1'ë' ton •. lite-t;f"ondh'je~1te 
'. .. ~ ,_} ;.. ~ ,~~ t 

.por,hyry intrudé unl~ 1 h.' the-'!,orth. In;d are Ibu?dln~ J1n~·tri4! -/ 
, • • .. 1 ~ • .. ~ ; , ~ , _! 

F1rst~Cycle Volc.n1es.1n the northern 11.b of the ,Chain L~.kes 
~ • l ~: 1 ~ , ; " 1 ( 

1 

sy:n~ltne. Th~ dyk'e~ ge,nerally'tren.d par .. llel to 1htl ré'gi,onal • 
, / \ ~_... 1. J 1 t t ~, { 

-".. ~ ,.,. ~ , 
fabrtc. ~and ar. the.sélyes wea!tly to ..• oderitely f'or~lted. ~a.n.v, ,\ 

• ~ .. ~ J 

dtsP..f.y th1n chilled,.argtns and so.e c~nta1n sIII111 ,,'énol'tths of, 
t i; ,l~ )- r \. \'" , • 

walrroek. t.The .dykes'.ay rePresent·. apophyses of the. M1dd,le 

t ~ 1 

, " 
il' • 

~. 

; ( 

l' 
,1 1< • \ l' 

j6.1.tte pl ~ton'- or. t"he Ncrrthir'n' POrphyrf,t:fc T,ana 11't"e~ " 

\ . 
\ 

r:.~ 1.: i 

" -t", .. l,l" 

\.~ ; 

~f.' .. 

; - :', ' 

Gra:nodio~1te. or b.oth: .'./ " 
. ; 

" 

'i ~ , ~ 
( , 

{, , 1 ': -~ .. ! ' 
A sli.l1 ~plug of l'at~ s,ntec, è,nie porp,hyrtttc tan~te; ".1 d 

\ ,...~. r f ~ " .1;Î
j 

,. '1ntrud,s the Se,cond-Cycle' Volcanies the'SE shore ,of ,the L~-3 
'. ''". f -1 ~ \ l'~ ~ : • '~. , 

reser.vot r. ,'r.hè intrus1 ye 1..s apprôx 1. squa re • in ,area. ' 
.... 1; ~ ". ,: ~ i. , 

\ l' • J. f 

: .. n,d conststs~of ..s.al1 phen,oérysts of plag1~elase and quartz 1ft i ,o. 
:,. ~ . - --' . 

foliated~ 1fne-g~.~ned 9ro~n~.ass.,There·.s .bund.nt qUlrtz' 
t ".. • 

• 

- ~ f :/ t t 
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;rt, ti$i'Sirw,mtttt rHN.r te nltt)â,"lM'taMt 'ltJ'hwtt' '.Midlt" • 

• t 

,1 
1-

;' 1. 

1"" ' ~ ,'" 

vetninl. The"ground.ISS of the ~onaltte w.athers whit,e, wherels .. 
il\ 

the f.r e s h sur fa cet s p 1 n k ,1.s t\'!" 0 ra n 9 ~. ') S.I 11 I? 1 u 9 S 0 f la t e 
" ,. '1, • ~ ; ~;, t 

'f \ . . : 
. syntecto~ c tona N ~e ~ ~ 50 ~ceur 1 n the no"rth-cent.ra 1 p~rt of tbe' 

1 ~''l '1 ~I , 

.ari area where 'they tntrude the ftrs't-cyele yolcantes (Appendlx 
.. ' ' ; '. ). 

:1»). In . th1s clse,lia.ever. these s.i:ll fntrus1ve$' Ire cOlrse· ;\ ~ 

.' 

gratned .nd .qutgran'ùlar:'· 
\- ' .... 

" 

... , '.' 

The Lac Coutaceau' dyket a,t~ flne-g,r.lned diorites that 
" F \ ~ . " 

range fro. 1-·15. 1".wldt~. They cont.ln abundlnt xenol tths of 
;" ~. .. .. ,t' 

'irafto.df1Jrtte .nd·
1

.lflc roc~s and 1:ntru4e prè'Y10usly defor.ed' 
J :1 ( " • ~ i J ' 

'-..0.. \ • .,' • ' 
pillowed blsalts and basal,tic ~ndes1tes coapr1s1ng the 

.~ u p r. cru s t'a 1 5 Q 0 ~ ~.~ s Ion. The " e d y k e ~ "a p p e art 0 b e 
':",' f 

conte.por~llèous witt. granodlori tit c •• g •• tt s. YO,unger than the 
"/f~ .., ,,' ~ y , 

supr~ç~s'tal :rocks. 15", ev1denced by lIutual1y crosscutting 
'.. • 1 ., ,-;' • > - • 1 

r fi ~ l , j r f," 

.!W-elat·tonsht)ps.' DY~IS",tha~t ~otltat n xenol1ths of. granod10r1 te are 
, ) l '. ~ , - .. 
~ .. ; 1 ~ ( ~ 1 -., .......... 

I}ctosscut, by gran'odtorite. whl,le1·elsewhere diorite d~es iDtrudè 
;' 1 ~ ) ~ .. ,- , i .. f· " l ~.. ." 

t~eJgrlnodJor\t.e IP;l,a~i 3,~J.:'Xenolfthstin the dyk'~s rl\ln~, in . , 

s1zè fre,. 1 few centLf..:eters tOI 50 CM 1m 'di.lleter and show no, 
}' t ' , , 1 

" : ";a~pàr'~ni~ ~ign~ o'f Iss:(.1"itf'on'by the diorite. ln those area,s in 
.: .. 1 j' ..... ~' ~, ,.' • 

, 

wht'çh the d1~rl,te dykes I~t(,ntrud~ ba~ll t5. unresorbed angul ar 
,1 l ~. ~. ' \ :," .. 

\. ~ ~ - ~ ... 
, , . J"enol;tths of b.sllt ire foù'nd in the <dy,kes (Plate 3·1). 
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COI rs.~grli n.d. ,nd po.,rphyri t tc-tonal t te. 

1 , .. 
'The quartz pllgioclase peg.~ttté (indlvidual crystals (>3 

.' , -
, ' , ,1 

CI) 1s co.posed of plagioclaSl Ind quartz. ,The pllgfoclas~ ~s 

subh.dral .nd sodic ,(ca. An 5 ). c".e qU~~tz has undu ose 

extinction. and is c(» •• only recrystall1zed 
v " , 

po 1 ycrystalll ne asse.b 1 age. 
-4 - r 

... . ,7 
'T~e f1ne~gralned tonalites of the So'!.\hern Co.posite pluton 

1 r e t y pic a 1 1 Y COI pose d., 0 f pla g i 0 c.l 1 sep h e n 0 cry 5 t 5 W f t h 

recrystallized and' grlnul ated 'borders. (lOI) iri a foliated 
t l' 

troun'dlass of biotite (lOI), "quartz (601), ep1dote (51) • . 
iuscovlté (5$.) and plagioclase (lOI)'wit'h traces'of zircon and 

$:'" ", j " "''t._' 
'1., '\ ; .. r _ 

laln,Ute. These rocks pr.serve 11tt1, eVide!!Ce of 1 prillary 
" texture ap!rt !ro. the slussurftized ·pl ag1oc1 ase phenocrystS. 

'. 

" ' , 
The largest volu.e~~o' the Southern'Co.posite"pluton 15 

• ~l. 

cOI'prtsed of a .edlul-gralned,-c"".only porph"yrltic. foltated 
""-

tonalite. The rock consJsts of plagioclase phenocrysts (151 ~ 
, • - ! 

point counting, Append1x .). l~ a groundmass of pOlygonal quartz , , 

(601), biotite (111). ep1dot~ (2~51) and plagioclase (lOI) w1th • • • 

t r a,e e s 0 f • a g'll e t t te, ho r n b 1 end e an ... d z 1 r c' 0 n. S 0 d 1 U III 
... 

ço'bll ~1 ni tra te Itl ~ ~1 ng of these roc ks (llethod a fter Hu tch 1 n50n. 
, ' 

1974.) ravea l\\s":no p-otass1 c - fe 1 dspa'r. The p lagioc 1 ase phenocrysts 
, .... ' ..... 

~r - , 
"hlve recrystall1-zed; granulated borders Ind haye been repllced 

" 
by s.ussur1t,~. ",any o,f'the pll,1~clase phenocrysts are zone\d. 

Chlor1te occurs 15 1 s~condlry {replace.ant If ter biotite. 
" , 1 , , 
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The Northern Tonalite 1s ,a relat1vely well fo,11ated rock 

that 15 typ1cally co.posed qf plag10clase phenocrysts (up ta 8 

Il, 12 1), 1n a g~ound.ass of hornblende (71), plag10clase 

(301). quartz (351), biot1te (71). epidote (51) and secondary 
.. .. ..,. . 

chlorite (41, af~er b10tite) (Append1x B). Sod1uI cobaltin1trate 
" 

5 tat n 1 n 9 r ev 1 a 1 s th a t a 11 'of the fel dspar 1n' th1 s rock 15 
f plag1ocllse. Sale of 

,ost are rep 1 ace'd by 

• 
the pl.4g1'ocl ase phenocrysts are zoned and 

( 

sauss.A-, te.-""The hornbl ende . in' these .rocks 
t 

is genlr,llly equant and co •• only has, a secondary (retroJrade) 

ICU no li tl outer rll • • 

! 

; The porphyr1t1é ph,~*e of the Mtddll Tonalite pluton fs 
... 

'foltatad 1n pllces, and fs typ1cal1y'colp05ed .. of plag10cl~se 

(281. point. coun~"quartz (11), ,tlornblen'de, (18~,1) and 

.chlorfthed b10t1 te phenocrysts in a groundlass (531) of fine .. 
"li! • , 

gratned quartz, pllgiocla~e~ ser1e1te, chlor1te and traces of 
, , . 

Î 
Ipld,ot,l and !!!'con. The plag10clase 15 general',y replac'ed by 

saussurite and is co.positfonally zone,d. So.e of, the quartz 
.. 

phenoeryst.s are elbayad by, f1 ne-gra1 ned ground.ass. Hotnb 1 ende 

phenoerysts ln these rocks are co •• on11 tw1nned on POO) and 

show sOie ev1dence of zOlling. Sod1u. cobaltfn1lrate sta1ning of 
,( 

f"dspars fn these roc'ts reveals that plagioclase is the only 

fl1.d.spar. 
• 

• 

." 
" , 

, . ~ 

The northern grano~ tQrt te (pi rt of the NQrthern Tonl11 te-

Granod1or1te suite) 1s co.posed of .1crocl1ne and plagioclase 

phenoc-rystt 1n • 9round •• ss of quartz, biotite, and secondary 
, , ~ .. 

• • 
~ 

/1 
\" 
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'!Mi4jaë;w "EI t t ~ db' "'t, t'br rnf:'~c* .. .+d •• Il! 

s.t'tette, epfdote and chlortte. The one sa.ple exallfned 15-. .:. . " 

h1ghly fof1ate~ .~d has a 'pseudo.ylon1t1c textUl'e (tera1no10gy" 
~ "'1 \ \ 

of Spry, r969). fia. strong pen,trlt1ve, fabric in thts rock 15 .. ,. . : ' 

def1ned by q.,artz Ind btotite. The quar,tz fs polycry~ta 11 tne and 
" 

. h' a sas t r 0 ft (~ und u 1 0 5 _e ex tin c t ton. The 1 'a tes y n t e c ton i c 
".... v il 

r;, 
ton.lttes, on the other hand, are unfol1ated andconta1n bath , 

porphyrttte and equfgranular (aedfua-grafned) phases. The 
, ' 

porphyr1ttc phases are coaposed of lar-ge ( '>6 •• ) pl ag10cl ase 

phenoerysts"(601) in aground.a,ss of quartz (201)', hornb1 ende 
.~ \ r 

(51), b10ttte (.91), .1croeline (21), ~~z,irc,on (trlc,e) IndY 
" 

secondary ~p1dote (4~) w1t ... traces' of chl'orite. The pl â910cl ase 

in these \Gets 15 typically replaced by saussurtte: . 
, " -, 

! .... , 
Lat e s y n tee t,a n f c po r p h Y r t t 1 c t ~n a lit e d y k e s CJ) n s f st, 0 f 

1 

"Plagioclase. -hornblende '~nd btoti,te., phenocrysts 11l a groUrrd.ass 
" ..' -. , i.. 

of quartz, .lblte. ztrcoq, lIagnetite and apat1te wtth secondary 
. 

chlor1 te, seri ci te In.d epi dote. ,the .odes of se 1 ectéd spec 111ens 

.re show~',tn Appendh B. P1tenocrysts .ay accoun~t',10r tO·561 of 

the voluae of these rocks. Plagioclase phenoc:rysts 'f'e. com.on1y .. \' ........".-

zoned. wftb ol1gocl.se cores and a1bitte r1.s" The<cores are 

9 e n e r a 1 1 Y a 1 t'e r e d t 0' sa us 5 u r 1 tel n d the r hl S t 0 se r 1 c tt e • The 

ground •• ss in th.se i;ocks t s co •• only fa11ated, and tJlis .. , 
fol1ltton~raps aroun,d >t~e larger' plagioclase phenocrysts. All 

the pr1.ary biotite and .ost of the hornblende in these rocks 

has been repllced by chlorite. Sod1u. tobalt1n1t;'~te s~I1n1n'g of 

of the fel dspar in these ,,"oeks 15 
.. 

these rocks reveals "·tha t a 11 
\ 

plagtoellSe. 

:. ~ 
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Modes of sle 1 ected 1 ate syntecton te trondj he.Ue, dyk.es .1 re 
~ ., l "" 

~hown" ln Appendlx B. These rocks are porphyrltlc' ~nd contal'n 
~ r 

ph e n 0 t r ys t s 0 f qUI r t Z 1 n d pli 9 1 0 è 1 a 5 e. The • p d a. 1 a bu n dan ce 0 f 
" , ; 

..... ...... .' 
,pl:lg1o'Cla~e phenocJ;'yst$ ranges from 24-351 and tha~ pf! quartz't 

~ <) j 

1-

fraI <li-Ill. Chlorltlzed biotite 15 the onl~ maftc mlneral 
J " 

found and 1$ present ln trace quantl~li$. The ground~~ss Is 

,,;co •• only fol1ated and-I$,~o.posed·of quartz, pllg1oc~as~ .. and 

tri ce $ 0 f z 1 r e a n' a n d' .a,g net 1 t, • Sec 0 n da r y .1 n e r f $ 1 n c 1 u d e 

!serfclté. chlorlti. and calCite. The plagioclase phenocrysts are . , , 
i~ l '1 1'" 

è'zone.~ f:" so.e"of the sa.pl~s ex~.lned, ·and .. a"ge ln loO.posltion 

fro. 011goc14$e to alblte~' Secondary 11teratlon, of plaglocla~e 
10 'i • f ' .. 

by slu5sur1te Ind $~rlc~té Is ~o •• on.· Th, qu.~tz phenocrysts are 

co •• on 1 y anhedra'. or 1 n a few cases. subhedra 1, and sh,D. 1. 

é .. , ~c è .Of.· •• ba1.en.t ,;, 9 ~O u~a.u s ., nerl t. s. 

Late syntectonic tona11te plugs are found in both the 
• 1" rt# ~ 

northern anci, ·souther" flu 1 t ' b' oc k and are typl ca 1 J Y porphyr1 tic 
v 

rocks c:o.posed of plagioclase (461. point ~ounting)t and 

ho r n b 1 end e (11) p he nO cry 5,,\ s 1 na' g r 0 und. a s s (7 6 S) 0 f qua ~·t z , 

c: • plagioclase. an,d', biotite w1th trace apat1te. zircon. and 

, . 

, . 
• a 9 net 1 te. 5 e con d a r y .1 n e ra 1 s 1 n"c tu de c h 1 0 rit e and s e rie 1 te. 

p 't-I g 1 0 c: lis e ph e n 0 cry 5 t s are c 0 •• 11 0 n 1 y Z 0 ne dan d s ho W cor e 
" .. ~ , 

. . re~açe.ent by sau5surlte. Although these r~cks are discordant • 

there, 15 a welk fol tatlon apparent ln the. that suggest.s tha't 

the, :have been .defor.ed and .eta.orphos,d (Dl. Mlh 
1 

,. 
, 

The Lac Couta ceau dyke sare ft ne- gral ned J".oc ks and '1 re . ,. ~ /' 
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'e0!'lP~sed of 'hornbl,ende., e-.p1dote. ,biotite, o11goclase. quartz +/-

cf1~p'~1de. So.e. ;a.Ples contain retrograde actino,11te 
, - "- )' • - 1 

(overgro,w~hs on hornblende).-chlorite. albite and quartz. There 
~ ... _~' , ) 1 

dè,è,s Rot' ap'pear to be .lnY re 1ict prl.ary .1 nera 1 ogy. or' 
~. • 1 ~. \ ';,. ~ " ~ • • 

. ),seÙd~,~-o<rp,.s- ,thereof. -' Sq.e sa.pl es contl1n xenocryst1c 
. ' . 

" " 
1 ~< plagioc1l,se •. h1c·h is co.position'al1-y:zoned and).s a .ortar 

~ 1,\:'" %,' • ~ ~.." " 

I~ 

texture on its peripherie. Al'hou,gh these roels have been 
.;...(( -, ~;-' . 

, ~o.pl· ete1 y ~eer,'y'stl lU zed, the 'un1 fo r.l y fine gra1 n- 51 ze and 
, . .~"'", ..~. ~. ~ ~. . 

'" .1 let of p~enoc~.rsts· s~ggests that ~he1 .ay tepresent chl1-1 ~d . ~ 

1iQu'hIS:-'{ "~,' . 
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4itiSWdt " ,~ $ g ri -tri t Na t# ri f M Pt 1'#''1 t uc ..... *h f L 

• 
Chapt.r 4 Fact~s Associaitons, Paleoeaviron.ent, pale0ge~9r,phy 

a.d ',oven •• c •. 
• 

1 1 

t 
ln this chapter. the data fro. (hap~er 3 are used as tbe 

bis f s f 0 ~ a .0 de lof t. he env t r 0" n. e n t 0 f" ex t rus 1 C) n 0 f the 

voleante )rOCkS. and "thé' ,'depos,1tton'1 :environ.ent of the 
, . , 

- 'O'~.. '" " J ~ • 

4' sedt.entlry .and voleanoclastic rock$~' So.e of the tllpl1eation$ 
~ ~ ... '. .. ~ -./ .. 1 1 • 1 

,t; r , l' 

of th1s .oèlel Ire ~estect qui"ttt.atively in Chapter 7.r-
, • n 

l" 
,-, 

'... ~.' 

4.1.1 . Lowe .. '0 1 c.no~ 11sUcs and "etasedi.ints. 

J'" 

, , 

i' 

,-

1 

1 
i ' 
1 . 

.- r-

. 
Jo-

.'It" 
~ ~ *. 

Mafie voleanoclastic rocks .'re found ,:in a vlr.tety of 

deposition.l $ett'tngs. both sUbaerial, Ind sub.ar1ne (Lajo1e • 
.. "{', 

ri • CI \ t if /" 

. J 9.84) •. Ho w ev e r, the 1 a ter ~ 1 and 1 ver t 1 cal t ra n s 1 t 1 0 n s t 0 , 
~ ~!<n 

"·"S~b.'t:1ne blsal ts in un1ts 1 Ind 2 in tthe souttfern li.b of the' 

Clt11n Lakes sy!,el1fte requ1re prox111rty to\'~ lIarine environAlent • .. 
Th. abundane,e of tnterclllted voleanocllstie and terr1genou.s , , 

sed'i.entary rocks It the blse·of the succession indicates that . " 

vo 1 clnte leth i ty wes eOf'l,t •• poraneous w1 th sedt.enta'thn dur1ng '. 
tNe deposition of the. Lower Voleanoc1.astfcs and Meta'sed1A1ents • .. 

1 

QU.ll1tattve, li.its .ay be assi·gn~d to the- depth 1Jf-e.placem~nt 

:0' the 'L,ow,er V'blcanocla';,t1c~ and Metasedi.ents.,The fine gra1n- ' 
• . s t z e 0 f t h e'l 5 e d 1 • e n tir y roc k s 0 f t h 1 sun 1 t, a s we 1 1 a s the , 

• 0 presence of BlF, Ind the lie k of tractt on 5 tructures throughout. 

su 9 g. s t t oh a t the s e roc k s we r e e a pl. c e d bel 0 W wa v e b. 5 e 1,n 1 

qu1 et-wlter env 1 ron.ent. ,On the other hand. the presence 0 f bOlb 

",sags in the northern 11.b Of'\he Chain Lakes ~ynel1.ne requires 

t,hlt It lelst part of the depos~ttonal .,.,i .. on.ent .ust have 
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b.en .t r.l't1vel:y sli.llow d.pths (c.f. ,Fisher et .1 •• 198,),. 
~ . ;;.~~., '\ 

ThÎls, 1t woul"d ,Ippear that,the.Lower V01canoclas.Uc,s and 
~... , • 4 • 'l,' .. 

~'Mètasedi •• nts were fepos1tÎd" at le~st 1n p.rt, in .w.ter d'epths' 
:x~"'. -

ehiract" siÎc of th":~~ 1 ttora1 zone. ,. 
'.: t-

, ' , " l' 

4.1.2 'rOY •• llce 0" the LOlfer Vol canoelastles and .letasedhÎlents: 
:' ( . . t; .. , 

" ' fi "- ... 

The-abundance ,of volt'~ante ep1'Clast1e and 1 •• a~u'l'e 

l't~rr1g.nous sedf.ents .nd the.presenee ot'gran1t1è 'e:'I'(s 1~ 
.. ' 1 ~. ..'. • 

conglo.erates 1n 'the northern l't.b of the Ch~1n Lakes, s,yn.çl1ne ' 
. / ' .' , . ' (7 

1n.ate that the Lower Vo1eanoellst1cs and Met .. sed1.ent~. 

cllst1e r.oe.h, have 1 •. txed' provenance. Bcrth \ fntraba.s1nâl' 
~ 1 

(vole.noclast1c) and extrab.sf~.l detr1tus' .ppe.r ta. be 
\ 

present. Th~·,. co.pos1tion.1 i •• atur1ty1t of thé :terr.~gènou5 
, ,'\ 

~ld1.e~tar y- 'rOêkl probab 11 ref1 eets on l y 11.1 ted ...-ework 1 ng ,of 

'th-ese "rocks •• nd depos1tfa,. .1n a· teetonieally aetiv;' 

env1rOn.en~.;The 1nter~.lat1on of i')y.rigenous Ind vOlca~ot,last1e 
.d',td.hS.~ SUlIIISts [:}t th~ 'Ol .. i=~.; 1.'t1vlty "II .ptsodlc •.. ".~ 
"tha~' ~~r1od~ of w.J ~g vo 1 ean1 clet f vi ty were ch,rtr.cter1 ~e,~. ~Y 

, .... 
. the 'd-=pos ft 1 on' of terri genous-' sedf.ent • 

.. 

• , . 
4.2 Ft,rst-Cycle Yolean1es 

" 

q 

" 

, , 
# 

Th'e Flrst-C'yele Yolçllntes were IxttruCled·1n a sub •• 'rf'ne 

• n~H.~n.en~_aS,'e,Ytd.nfed,-~y the' pres.enc~ o.~ .. Pll10wed.'il~W~_. The 

p1110wl Ind .a'sive I.lows tn these' rocks .re not ',ve'slcul.r al!d, 
• ~ t 

i _ " . 
• ,y thus haVI been eJJtruded·1n a deep-wat/' environ.erit (e.f. 

~ . r · 
1 _ 

15 , 

... 
• 

ï 

i 
, < 

i 
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) 
,'Moore, 1965; Jones. 1969; Di.roth et aL, 1982; Fisher et al •• 

1984). This interpretation 15 further supported.by the general 
, / 

,d' scarc1ty of hyaloclast1c rocks (c.f. Basalt1c Volcanfsm Study 

\ 

Project. 1981; D1.roth et aL, 1982a; Fisher et.a 1., 1984). 

D1mroth et. al. (1982a) have suggested that basaltic lavas 

e r u pte don s u b a q u e,o u s \ l a v a pla 1 n s are cha r a c ter i z e d b Y 
, 

.onotonous sequences of thole11tic basalts within which 

'.portant local centers cannot be recogn1zed, have laterally 

persistent stratigraphie units and randolll vert1ca 1 and 1 atera 1 

pro x '.a 1 t 0 d 1 st a 1 fa cie s rel a t 1 00 s. Mas s 1 v e bas a 1 t sin t he s e 

environ.ents are belleved to be proximal, and to have formed in 

lavi pools over1ying fissures. Pl1lowed f10ws, 00 the other 

hand, are bel ieved to represent a channel ed. marginal facies 

(D1.roth et al •• 1978; Ballard et al •• 1979. 8aragar. 1984). The 

• 
-1 

1 
.1 . f 

F1rst-Cyc1e Yo1can1cs appear to have some of these t 

• Î 

1 
! 

characterist1cs. GMP f10ws and 5111s can be traced throughout 

the .ap area and are found w1thin the 1II1d parts of the 

strat1graphy e1sewhere in the La Grande be1t (Liu, 1985) 

s u 9 9 est 1 n 'g t h 'a t the y lU Y h a v e 1 a r gela ter 1 a ter ale )( te nt. 

G rad u a 1 t r ans ~ t 1 0 0 5 f r 0 III Il a s s 1 v..e top i 1 1 0 w e d f a cie s bas a 1 t 5' 

occur rando.ly both vertlca 111 and latera11y in the Fir5t-Cycl e 

Volcan1cs. Fe15ic volcan1c centers are absent froll the First-

Cyc 1 e Vo 1 ca~lcs • 

. , 
Sheet flows or sublllarine lava plains Ire cOIII.on1y found at 

fast-spread1ng r1dges, such as the East Pacifie R1se~ at 21 N 

(Nor.ark. 1976) and the Galapagos Rift (Lonsda1e, 1977) andhare 
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bel1eved ta be -the charlcter1st1c volcan1e landfor.s produced in 
~ . 

, . 
Ireas of h1gh effuston rate, and large extrusive volume 

(Cousineau et aL, 1978i Greeley'. 1982). The acculftulation of 

sed1aents 15 not appreciable in such env1ronments (Basalt1c 

Vol canjs. Study Project. 1981). The mo1'phological features of 

the First-Cyele Voleanies are consistent with thefr having been 
/ 

der1ved f,:oa vents at Whf there were high effusion rate-s. 

Throughout aost of the first-Cycle Volcanies the facies 

relattonships of flows (p1llowed and aas's1ve) and 10w 

v e 'S i c u '1 a rit Y are,. a 1 n t a 1 n e d • T h us, the rat e ri f vol c a n i c 

Ictuaulat10n was propably rare1y great enough to permit mal"ked' 

upwlrd shoa l1ng of the sequence. An extensiona 1 tec tonfe reg1me

.1ght reconel1e the 1nferred large effusion rates with the lack 

o f u p w a r d s h 0 a 1 i n 9 (s e ,e a 1 S 0 7. 2 ). The r est rie t ion 0 f m a fie 

volcanoclastic rocks to the uppe,r levels of the unit in the 

northern 11mb of the Chain Lakes syncl ine suggests that the 

volcanie pile grew at a rate greater than that of subsidence 

there. Consequently, the voleanie pile .. ay hav.e shoaled upward 

10cl11y in the iate stages of the First-Cycle Volcantes 

de p 0 s i t ion. The vol e a no c 1 1 s ·t i c roc k s a' t the top 0 f the uni t 1 n 

the north Illy have accullul ated as a result of sha llow-water 

•• g_atophreat1c erupt10ns (c.f. Fisher et. al., 1984). 

The lateral and vertical transition between the Lower 

Vol canoel astics and Metased1111ents and the F1rst-Cyel e Vol canies 

15 believed to represent a shallow- ta deep-water transition. 

tG 

77 

Pl Sl a ! ( 2$ Si;p;e; ;sa aS4 q 

" 

i 
:-

, 

il 

• 
i 
t 
; 
l 

1 

J 

• 



... 

.. 

••• 1 t ~ i'ft' 'flt 1 

Thus the eastward lateral transition froll unit 1 to unit 2 in 

t'he southern' l1.b of the Chain lakes syne11ne reflects an 

eastward inerease in basin depth. Similarly, t.tle vertical 

transition frOI'll The Lower Vol eanoél ast1es and Hetasediments and 
J 

The geolletry of the deposit1onal basin for un'it 3 1s 

dtfficult to delineate. gtven the ~l1l1ited sedi11entolog1cal data 

" on the La Grande belt and ,the uncertain position of 1t.s margins. 
~ i 

This second point 1$ a probl em common to many Archean greenstorie 

,belts (Wal ker, 1978), and arises b~use ta deI imit the geametry 

of a basin it 1s necessary to identify and palinspastical1y 

recenstruct a basin-marg1n facies. AIthough a relattvely shallow 

water facies (littoral zone of unit 1) exists at the base of the 

. su cee s s ion a t L G - 3' 1 t ca n no t b eus e d t 0 d e fin eth e m'a r gin S 0 f 
, ~ 

the basin unaA1biguously. sinee the lower Voleanoclasttcs and 

Metased1.ents cannat be stratigraphically pinned to a 

predepos 1t i ana 1 ba sellu~n t. .. 

) 

t 
t-. 
J 
1 
l 
l 

, 
~ 

The coarse clastic sedi.entary rocks of unit 3 Ire believed ;/ 

to b'e r,esedi.ented. This 1nterpTetat1on 1s based on the 

stratigraphie context of th1s unit - these rocks eonformably 

overlie and are 1 nterca 1 ated with the upper parts of a sequence 

o f dé e psu b. a r i n e vol c a 'n i c roc k s - and a 1 s 0 ont h e fa c t t ha t 
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these rocks have an internaI facieS' organ1zation consistent with 

that obse-rved in Modern and ancient resedimented facies 
, . 

Iss,oeiations. In parttcular, tonglomerate-faclès rocks have' 

sharp erosive bases w1th. and gt:'ade up into, s11tston,e-
, 

.s and s ton e - fa cie s roc k s ( W a 1 ~ e r, 1 98 4 ). Fur the r m 0 ,-,e, the 
a; 

sl1tstone-sandstone-facies rocks have th1ck, stacked, partial 

"sequences of pr1.ary structures that are stllflar to those of the 

Bou.a .ode 1 • 

, 

In Chapter 3 ft was seeit that t'he prido.1nln~, sedil1ent 

transport direction for unit 3 was eastward. An eas-t-d1pping 

. pile 0 5 1 0 pei s a 1 soc 0 n sis te nt' w 1 th the e a s t w a rd 1 a ter a 1 

t ra n s t t 1 on f rom rel a t 1 v e 1 y s ha 11 0 W - W 1 té r fa c i es 0 f t he l 0 we r 

Volcanoclast1cs and Metasedlments to the deeper-water facies of 

the FJrst-Cycle Volcanlcs irn ~he southern 11mb of the Chain 

Llkes, synel1ne (see 4.2). This pal eoslope may therefore have 
ÎI 

existed throughout the depositton and emplacelllent of unfts l, 2 

1 n d' 3. It s pre se n ce m a y exp la i n t he â 1 F - fa cie s r e la t ion S 0 f t he 

F 1 r st - C y c le V 0-1 ca n 1 c san d Met a se d t men ts . 

A number of 11nes of evldence tndicate that BIF-facies 

roçks represent background bastn\ sedhlentatlon and can be 
, 

ascribed to a basin-plain facies association: , . 
-l) -BIf'facies roc~s occur as sedi.entary drape depostts near 
,the top of unit 2 in the northern fàu1t block. T~us BIF 
clasts in the debrts-f10w cong10.erates at the base of the 
southern section "(Fig. 9) 'and ln cong10.erates 1,. the western 
exp os ure s 0 f the Met as e di. eil t sin the no r th,. a'y h a ve b e e n 
der1ved froll BIF Iccu.u1ations et the top of the First-Cyc1e 
Vol cantes. 
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2) Stltstone-sandstone-fac1es rocks are vert1cally transitional 
up sectton into Blf-facies rocks in the central exposures of 
the Metasedi.ents 1 n the north. 

3) The coarse clastie sedimentary facies of unit 3 ar.e 
e 1 s t w a rd 1 Y (d 0 w n s 1 0 P e) t ra n s 1 t 1 0 n a 1 1 n t 0 B 1 F. - fa c 1 e s roc le s • 
which thicken fro. west to east. J 

~ . 
4) BIF-facles rocks are 1nterbedded \111 th arg1111tes at the base 
of unit 4. . 

5) Blf-facies rocks and slates 1tave been interpreted to be a 
bis ln a 1 fa c 1 e 5 ( e Cl u i val e n t t ° III 0 de r n h ell i pel agi c s e d 1111 e n t s ) 1 n 
Archeln greenstone belts, whe-re they are interflngered w1th 
sedi.entlry rocls, of the resed1111ented facies association (Wal ker 
et Il ... 1~71; Diaroth, 1975. Teal et al. t 1977; 'Hyde et al., 
1977, Walker, 1978; Eriksson. 1982. 1980). , 

/ 
/ 

The BI F - f a ~ te s roc k S are i h in ( ca. 2 .) 1 n t h.e we ste r n par t 

of the .ap area ,where th~y overlie silt,stone-sandstone-fac1es 

.. 0 c k s. and th 1 c k e'n t 0 a pp r 0 x 1 mat e l y 50 lA .t n the ce n t ra l par t S 0 f 

\ t ~~ t~r e a (n 0 r the r n l 1111 bof the Cha i n La k e s 's y n c 1 f ne). The y 
, 0' 

do."\Hte the section in the easternmost exposures of uni t 3 (ca. 
" 

100 _, Fig. 11). The.1r 1ncrease in thickness frolll west to east 

ts consistent wtth an eastward increase in basin depth and 

co~sequently a general scarctty of cl astlc facies in the deeper 
, . 
perts of the basin. Further.ore. BIF-facies rocks th1cken and 

thin along str1ke, ~hus suggesting that they are sedimentary 

drape deposfts that f111 topographie depressions. 

""" 
The lateral and vertical facies relat10nships of the 

c,lutic sedl.entary rocks .of the Metasediments' provide iJ)sight 

tnto the processes that controll ed the input of cl astic sediment 

tnto the basin and the tellporal and spatial variations of these 

sedi.entary processes. 
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Ftgure 10 Measured strat1graphie section in -the Met.'sediments 

exposed north of the Chain Lakes faul t. The 'exact '1 ocatjon 15 

shown in F1g. 11. The~~etion has beell subd1vided 

fin1ng-upward (F,:,U) and coarsening-upward (C-U) cycles. 

in to 

This 

sec t ion 1 seo 111 p r 15 ,e d 0 f a 2 7 m sec t ion me a sur e don a c 1 i ff 
o 0 

side in overturned beds d1pp1ng 51 and s'tr1k1ng 270. A ca. 

20111 break overlying th1$ surface exposure is followed bya 

7 • 711 sec t 1 on lD,e a sure d in a ver t '1 ca 1 d r 111 ho 1 e (T. F. - 347. N Q 

core, 26.3-76.3 feet (8.01-23.25m) provided by the Societe de 

fDevelopllent~e la Baie Jalles). 
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Figure 11 Facl es map of the Un 1 t 3 Met as edl men 

Sectt.ons A-A' and 8-8 ' are shown for reference 
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The largest volume of clast1c rocks in the Metased1l1ents 

belongs to the s11 tstone-sandstone facies (Fig~ Il). 'This facies 

15 found throughout the clastic wedge. as lateral1y persistent 

depo51ts that are abruptly overlain bYe grade up from. and a 

have a sharp lateral transition 1nto conglolllerate-fac:ies rocks. 

The sl1tstone-sandstone-fac1es rocks grade up into alF-fac1es 

rocks of the basin-plain facies assot1ation. The siltstone- .' 

sandstone-fac1es rocks are characterized by coarsening- and 

t,h1ckening-upward .egasequences, anù fin1ng-upward lIIegasequenc-es 
-. ,. j 

when they are interbedded.w1th conglolllerate-fac1è's rocks (Fig. 

10). The coartening- and th1cken1ng upward megasequences are 
i .. 

interpreted to represent progradat1onal depos1tion of clast1c j 

detri tus on the' smooth lobes of a submar1 ne fan (c.f~ Wa 1 ker. 

1984). The f!ning-upward .egasequences that overlie 'the 

conglomerates .ay represent channel-f111 depos1t10,n as a result 

,of chann.:!l abandon.ent (c.f. Walker, 1984). 

The conglo.erate-facies rocks cOllprise lenses that are 

found througltout the we-stern a,.d central parts of the 

Mètasedil1ents' (Fig. 11). Congloll,erate-fac1es rocks are never 

vertically transitional into BIF-facies rocks. They are 

characterized by f1n1ng- and thinn1ng-upward megasequences. The 

'abundant conglolllerate-facies rocks·in th~ lower 27 m of the 
.1 " 

stratlgraph1c section lIIeasured in the north (Fig. la), and in 

the 1 0 we r 240 Il 0 f the sou the r n sec t ion (F 1 g. 9) 1 n d t Cà te t ha 't 

these rocks were deposited in a proxiMal Irasin (c.f. Hutt1 • 

1972). The cl ast-supported conglolllerates o~ the southern and 

no r, the r n sec t ion s are t e n ta t ive 1 y a sc r 1 b e d t 0 the u p p e r - fan 
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environ.e'nt.s 15 co •• only the case fot .any lIodern subllirine 
• 

faiu (Walker, 19S4). The debris-flow congl0.erates at the base 

of the section in (the south ~Fig. 9) are interpreted to have 

been deposited in a feeder channel to a submarine fan. Such 

debris-flow conglollerates are genera1'ly found in feedffr channels 

t 0 su ba a r 1 nef a n 5 ( Wa 1k e r, 1 975 • 1 984 ) . 

The occurrence of thick, lusshe sandstones, and sandstones 

> , 
trough-type crossbedding, 1 n the sil tstone . .-

'sandstone-fac1es rocks are a5sociated with ehanneled, 
Jo. , ... ~ 

coftg1~.erate-faeies rocks (Flg's. 9, 10) ls interpreted here to 

be Indicatlve of channel lIIigration,. These features could be 

eas111 ntistalcen for fluvial facies associations, but the 

stratigraphie context i5 diagnostlc here, and simi lar deposi ts 

have been reported in other deep submarine clastic depos1ts 

, 
• 

-~ 

(Winn et 11., 1977; Chough et al., 1978). \ 

Fine clastics of the sl1tstone-sandstone facies that are 

t n t e·r b e d d e d w i t han d g rad é u p f r 0 al the pro x 1111 a 1 bas 1 n 

con 9 1 0 .. e rat e ,$ i n the sou t 1\ e r n and no r the r n sec t ion s (F i giS. 9. 
-

~ 10). are c. h a ra ct e r 1 z e d b Y the s tac k1 n g 0 f the fol 1 0 W 1 n g, Sb u .. a 

s e que n c-e s: A, AB, Be, 8 CO, B 0 * The sera c le 5 are i nt e r b e d de d 

with conglomerates of the ,upper fan envlronment, and probably 

represent a variety of deposHional settings. A detalled, faei es 

* A- .ass1ve or graded, B- sandy parallel lalDinations, C· 
ripp1ed and/or convol u'ted, 0- del teate parall el inte,rla.inations 
of sl1t and .ud, E(t)- .ud tntroduced ·by the turbidity current, 
E(h)- the he.tpelagic background .ud of ,the basin (Walker, 
1984). ' 
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analys1s of a large nUllber'of stratigraphie sections would be 

r e qui re d une qui y 0 cal l Y t 0 as cri b eth e s e roc k s top art 1 cul a r 

deposittonal sett1ngs. The lIass1ve and pebbly sandstones that 
\ 

dtrectly overl1e clast-supported congTomerates probably , ... , 
represent w1thin-channel deposttion in the low~r parts of the 

upper f)tn. or in the .id-fan reg10n (c.f. Walker, 1984). The 

si 1 tstone-sandstone-fac1es rocks that comprise coarsening-upward 

.egasequences and are bel ieved to have been deposited on the 

s.ooth lobes of a " ' su bill a" in e fan are cl as sic tu r b 1 d 1 tes and 

': conta1n BC and 8-CO sequences. 

S1ap l ified 1II0de 1 s of sublllari ne fans Ire often charac terhed > 

by an overall coarsening upw'ard that 1s tnterpreted to ind1cate 

progradat10n 01 the fan (Walker, 1984). However, the upper 

reaches of the southern and northern sections are compr1 sed of 

1 •• inated shales and BIF-facies rocks· of the basf!.'-plafn facies 
J 

association 1ndtcat1ng that the rate of subsidence was greater 

than that of deposit1on and the subllarine fan grew in 

pro 9 r e 5 s 1 Y'e 1 y -d e e p e r wa ter con dit 1 0 n s. The -.... a n i n 9 0 f c las tic 

sedi.ents into this basin with time could have, been caused by a 

.,jor regress10n or the lateral switch1 ng of the sect 1ment suppl y {, 

to'another main channel. ft 15 n'ot possible at present. given 

the 1111 ted sed1.ento 1 og1caJ data, to choose between these two 

Il ternatt yeso 

.. 

The presence of deep submar1ne vol canic r1)cks (unit 2), and 

sedi.entary rocks of resedt.èntéd facies assocfat,ion, suggests 

that the lIinhluli depth of the basin during the emplacelllent and 
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de p 0 5 1 t f 0 n 0 f the F f r 5 t - C y c 1 e· Vol e a n 1 c san d 0 v e '-1 y 1 n 9 
• '> 

Metased1.ents'w~s below lIaxt.URI 5torll wave base * (in order to 

preserve pr1.ary sedilIIentary textures that develop as a re5ult 

of turbidtty currents) for the Metased1ments (ca. ZOOm and a.t 

least 1 lem for the First-Cycle Volcan1cs (c.f. -Jones. 1969). 

4.3.2 Provenance of the Metasedi.ents 

The provenance of un1t 3 sedt.ents ean be treated fro. two 

vie_points: the provenance of the cOlrse clastfc fraction in 

- congl o.era tes, and the provenance of sandstones. Both the eoarse 
f,. 

clast1c and ffne clasttc fractfons of these sedhlents refl ect a 

provenance of, fntrabas1nal and extrabaslnal origin. 

Tb,ere are t_o faportan t source terranes for congl0.erates 
~ 

in the sedil11entary rocks of unit 3. The BIF and voleanic 

de t r 1 tu 5 1 n the we 5 ter ,n con g 1 o. e rat es and a t t b e bas e 0 f the 

section in the southern 1111b of the Chain Lake5 syncline are 

'511111ar in compost,tfon to bas1na'1 rocks that underl1e them. The 

or1g1nal s1te of deposition for these sed1mentary rocks must 

have been sOlIIewhere to the 'west, stnce the southern fault block 

has been t1"ansported tecton1cal1y eastward. In the case of the 

-debris-Flow conglolllerates 1n the southern 11mb of the Chain 

* Although lIax1111uII storln wave base 15 an abstract concept in 
that 1n depends on the preva111ng weather and geometry of the 
bas1n (amongst other factors), the l1Iax1111um depths at wh1ch 
sed1.ent has been observed to have been dfsturbèd by storm 
processes, that dOIS not include density currents triggered by 
star. adivity, is on the coast of Washington and Oregon at ca. 
20~. (Koltar et al., 1972). 
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Lakes syncl ine this intrabas1nal provenance appears to be the 

.a1n provenance in ~he earl..y-suges of basin .f111. The largest 

volu.e of conglo.erates in unit 3 contain clasts of 
~ êDll\~ITl01J _. 

predo.inantly tonal1tic tndicating an- é-x'trabasinal source. The 

volu.e of tonalittc detritus increases markedly up section in 

the southern l1ab of the Chain Lakes syncl1ne, and the ratto of , 
1ntrabas1nal to extrabasina1 clasts decreases from west to east 

tn the northern 1 imb. The textures of the tonal1tes 1ndicate 

that the source reg10n was probably a mature crysta11 1ne 

ter r "1 ne. The occurrence of acid volcanic detritus in 

conglo.erates in the northern 11mb of the Chain Lakes syncline 

suggefts that th1s source terrane may have contairied 

consanguineous volcanic rocks, although their scarci~y indicates 

a predolllinantly relatively dissected crystall1ne terra ne • 

. 
Whereas the provenance of the clasts in conglomerates can 

he read1ly determined, the sandstones pose a particular problem, 
~\ 

sinee these roeks have been altered and recrystal11zed durtng 

secondary processes. Only the least deformed and recrystall1zed 

s •• ples of sandstone are cons1dered here. 

, 1.mature subarkoses and arkoses are composed predom1nantly 

of an 9 u 1 a r qua r t z, su ban guI a r pl à"g 1 0 c 1 as e, 1 i th t c plu ton 1 c 

grains cOllposed of plagioclase and quartz. and rare m1crocline. 

The1r matrix 1s r1ch ln ser1cite, quartz and secondary 

carbonates. The source of these rocks was probably dom1nated by 

an extrabasinal terrane of tonal1t1c composition • 

88 

--- -""" -------- - - W4z:c~fc:!lPpJ.t 2$ 44 gp ç:::""""" 2t±ft«W 5 ( .+ 

< 
{ , 
" 

l 
j , 

} 

" 1 , 

l . 
i~ 



. . 

1 ~ 

• 

1 

.. 
,tt'tMntbd • t rit t 

... 

r •• ature l1thic arenftes refl ect a .ixed provenance that 

- . tncludes extrabasinal and possible fntraba,~fnal sources. The 

tonal1tfc rock fragments, abundant plagt~lase, and rare fels1c 

volcanfc rock frag_ents are derlved from outslde the basin, 
" 

whereas basic volcanic and sedimentary rock fragments could 

represent f1nely cOllm1nuted debris.of 1ntrabasinal origin. 

Thus the clast compositions in unit 3 may reflect the 

der1vatfon of sedi.ent from outside the basin, and are 

predominantly tonalit1c. Coarse sedimentary detr1tus that may be 

of 1ntrabasinal origin is found predominantly in t~e lower p!rts 

of the succession and in the western part of the map area. Finer' 

c ~1 a s t 1 c d e tri tus 0 f bot h i n t rab a s 1 n a ~l and e x t rab a sin a 1 

provenance is found 1n lenses throughout the section, but 
• 

do.fnates the 10wer parts of the section ln the northern 11mb of' 

the Cha1n laites syncline. Jt appears that initial sed1mentatiQn 
~ 

> 
i n the bas i n con t a f n e\è1 a n 1 DI po r tan t c 0 m p 0 n e n t off n t rab !1 s 1 n a 1 

c las tic s e d 1. e1\ t, and t ha t w 1 t h t 1 al eth e bas i n wa s f e d b Y 

sedf.ent from outside. The fntrabasina1 origin of sediments in 

the lower parts of th1s unit is consistent wit~,the fact that 

late-stage Ffrst-Cycle volcan1c actlvlty was contemporaneous 

with the early deposltfon of t~é Metasedfmènts, as evfdenced by 

the intercalation of these two units in the southern 11mb of the 

Chain laites syncline. With tilDe, sedimentation lIay have been a 

result of the progressive uplift and unroofing of a crystall1ne 
\.r-

terrane that bordered the deposit1ona1 basin or, alternatlvely, 

the de9radatfon and resedillentation of prevlously deposfted 
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sedi.ent of predo.1nant1y tonalltie co.position • 

. 4.4 Secolld-Clcle Yole.nies 

The .bundanee of volcano~llstic rocks, 1nclud1ng ep1tl~siic 

sandstanes and conglo.erates. as well as the presence of .assive 

lava.flows in the Second-Cycle '101can1es, suggest that these 

rocks were deposited and elllplaeed in shallower water than the 

undérlylng submar1ne fan and basin-plain facies rocks of unit 3. 

These rocks conformabl~ overl1e the Metasediments and thus the 

transition between the" two lIIust refl ect a gradual upward

sholling of the succession. The green argl1l1tes that compr1 se 

the base of the succession are crosscut by Neptunian dykes that 

are eo •• on1y interpreted to indicate rapid accumulation of 

sedi.ent in submarine conditions. 

The Second-Cycle Volcanlcs .ay have forlfted volcanCf< 

tslands, s1nce they represent centers of yoleanic activity 1n . 
shallow .arine to subaerial conditions and confor.ably over11e 

r 

.edi.erttary rocks of deep marine or1g1n. There 1s no evfdence of 

extrabas1nal detritus in these rocks .. In fact. the largest 

yo~u.e of this unit 15 comprised of epiclastic sedimentary 

rocks. The lack of volcanic detr.itus of intermedfate 

co.position in the underly1ng Metasedim~nts ind1cates that there 

•• y,have been a considerable hiatus between the Ffrst- and 

Secon4-Cyc 1 e '1 a 1 can 1 cs. 1 

'. 
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Th. supracrustll succession 15 bel1eved·to have .been 
/ 

deposlted ~nd , •• placed in a basin which wàs activelysubslding 

such that sedl.entary and vol~anic rocks were deposited in 
t 

progressive1y d_eper Wijer tonditions unttl 

deposition of the lower .ost units 1n the 

the tille of 

Second-Cycle 

Volelnics. The Second-Cycte Volcanies .ay have been emplaced in 

sha110wer water conditions at a ti.e when the rate ~f subsidence 

WIS less than that of deposition (Fig. 12). The paleoslope of 

the ,,basin was probably east-dlpping durlng the depos,ition and 

.aplace.ent of the Lowe~ Volcanoclastlcs and Metasedlme~ts, 

Fir~t-Cycle Volcanics and Metasedh,ents. Thus, the source of 

sedl.ent durtng the deposition of the MetasediR1ents was toward 
, 

the west, and Is assullled to have been an upllfted plutonic 

high1and. The supracrustal succession is believed to have formed 

on a continental crust of predominantly tona1it1e composition. 

T h 1 sin ter pre t a t ion t ·s bas e don the pro ven a n c e 0 f the 

sedi.entary rocks in the Lower V01canoclast1es and Metasediments 

and the Metasedi.ents, and on the presence of metasedimentary 

xenollths ln the First-Cyele Volcanles and granittc xenoliths in 

. the Second-Cy·ele Volcanies. Further evidenee for an underlying 

early continental crust .ay exlst in the western part of the La 

Grande belt (Lac Yasinskl area, Fig. 1), where elastie sediments 

(Including eonglolIIerates) of tonal1tic provenance occur at the 

base of the supracrustal successio'n which Is believed to 10cally 
. . 1 

overlle a tonal1tic basement (personal communication, B. Rlvard, 

19.85). 
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Ftgure 12 Paleogeogr~phfc and depositional .odel for the 
1 

Archean suprat~ustal successt~n in the central part of'the La 

Grande belt. The h~chured pattern represents an extended 

sial1c Ct'ust unde'rly1ng the succession. the Lower 

Volcanoclast1cs ~'nd Metasedia1ents overlie this basement. The 
l "'-

'dotted and seal1circular patterns represent massive (proxim~l) 

and pi1lowed (dis'ta1) F1rst-Cycle Volcanics lava ~lows' that 

have erupted onlo submarine plains. Toward thé west th. 

First-Cycle Vo~canics are 'overlain by resedimented sediments 

in submar1rre f~n~ whereas toward the east the basinal facies 

15 banded iron for.ation (shown by the fine st1pled _pattern 
", 

in plan and fine rulcd pat~~rn in section). The youngest 

volcan1c rocks (Second-Cycle Volcan'1cs) are shown ,~s pa~tly 

.. e.ergent island volcanoes. 
~ 
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C".p~.r 5 boell.als trlJ of tlae Yo 1 c,ln te Ind Synvo 1 clnte 

Intrust ve Rocks 

5.1 Introduction 

This chapter concerns the geoc~e~1stry and ~etrology of the 

'volcan1~ and 1ntrus1ve rocks in the lG·3 area. and the fntrus1ve 

rocks in the lac Coutaceau area. It prov1des the bas1s for the 

- pet r 0 9 e ft e t 1 C III 0 d e 1 S 0 f C ~ a pte r' 6. Fou r t y - e 1 9 h t vol c a nie and 

intrus1ve ro~ks were analyzed for ~ajor and sele~ted trace 
l , 

eleaents (Appendix B). Details of the sampl109 criteria, 

locàtions, saaple preparation and analyt1cal technjques' are" 
" 

g1ven 1n ,Appendix A. The data set contains 34 samples of the 

First-Cycle Volcantcs (15 volcan1c and 19 intrusive)', 5 sa1llples 

of the Second-Cycle Volcanics (4 volcan1c and 1 1ntrusive) and 9 

s.aples of dykes from the lac Coutaceau area. 

The vol can1e rocts, in the LG·] area are cl assifted on the 
, 

. basis of their S10Z'weight'I',(no'rma11zed to 100s volatile.'free) 
, , , '. ~ 
(c.f~ Jolly, 1975; Ge11na.s et aL, 19S4). Volcanic rocks with , 

S,102 "521 are term,e" 'basal t's,I'; ,'th'ose with Si02 52-57% are 
, .. ~ 

• . bas a 1 t 1 c and es il.e s 1 and th 0 $ e. w it.h S 1 02 5 7 - 63% are 'a n des 'ft e Si. 
., 

l' ,) • 

The che.iéal- subdivision, of the5e ro.cks 15 consistent with the 

qua 1 1 ta t 1 V e c,o 1 0 u r - 1 n d ex. c 1 a s s' 1 fic a t ion s che m e e m plo y e d 1 n the 
4~ ~~ 

f tel dan d, a t 1 e a s t t n the c à s -e ''0 f the 1 e a s t d (! for m e dan d ... 
recrystal11zed SllIIpl.es. with the1-r 'petrography~ 

. 
5.2 The .Ffrst-t,~l e Vol cAntes' 
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~1111!1 lut Hb • ,IJIIIIIU: 7 Ma "11% ;ç;t$SS: 52.fUdi. mj J i~" 

\ , 
The F1rst-Cyele Yoleanies are cOllposed., in deer,easing arder 

o f a bu n dan ce. 0 f' b Il 5 a 1 t s • s y n vol Cil nie 1 nt rus 1 v es and bas a 1 tic 
,', 

andesites (3.2.1). All these rocks are r'ecrystall1zed and onl'y a ;, 

-

, 

,few preserve rel tet prilllary textures (3.2.2.). Before d1seussing 

the pri.ary (.agaaUc) chem1stry of these rocks, the extent of 

sec 0 n da r y. (p 0 st· a Il g .. Il tic) che _ i cal r e ID 0 b i 1 1 Z Il t 1 0 n mus t b e 

evaluated. 

" To .ss •• :~ ut.nt of post-mag.aUe ehemjeal alteration, 

i t i 5 ft e q ~ 5 5 a r y toi den tif y' e l e,1II e n t s t h a t are rel a t f v e 1 y 

unsuscept1ble ta secandary re~Dbilization and compare their 
. 

ab~ndances w1th those of other elements. Zirconium and Y are 

part1cularly useful, sinee Ithese elements have high field 

.strengths (charge/radius) and are not usual1y transparted in 

aqueaus flu1ds of low F-',and C02 act1vity (Pearce et al., 1979). 

F ~ r the r Il ore • the s e el, e III e n t S .5 h P w s y ste mat 1 e var i a t ion sin 

u n a 1 ter e d vol c a nie roc k s • S i fte e' , Zr 1 S 111 0 r e 1 n C 0 III P Il t lb 1 eth a n Y 
" 

in aast igne'ous systéms. chan'ges in the lr/Y ratio should 
, 

r~flect fract1onat~on pr~cesses whereas equ1valent increases in 
, . 

Zr' or Y reflect enrit~men~. processes resulting from fractional 

crys,tal11zatlon (Pearce et., aL, 1979, Ludden et. a1.. 1984). 
1 

The Zr/Y ratio of the intrus1ve and extrusive rocks in the 

First-Cycle Volcan1cs is near chondr1t1c (2.~4) and increases 

s11ghtly with increas1ng Zr (fig. 13). These ch~mical var:-iations 
, . 

are cons l1Stent wfth those of basl"c magm,a-tf,c rocks- that have 
l, 
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Ft'g~rè' 13 (a) Zr1Y. t.nd (b) Mg 1 "9 + Fe (f4\g,) versus Zr 
r 

(lfplI) for thé First-Cycle ,Yolcanics. So11d.bleck c1rcles -are 

ptl}ow basalts. solid bl,aCk triangles are baslat1c andesites. 

'x' are pyrox"ene cumuljlt"e gabbro sn1 St open 'd1ainonds are,," C , ' 

,d1abas1c gab'bros, crosses are ..,assfve basa 1 ts and t'he D.pen 

triangle 15 a GMP gabbro s111. 
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," undergone lON pressure fractfonatton (Pearce et.al., 1979). 

Z1rconfu. and Mg' (MgS / MgS + FeS) are good indices '~f lIIagllatfc 
C\;l • 

'd1fferent1atton in basic rocks and show a negative correlation 

in the F1rst-Cycle Yo1canics (Fig. 13b). The systematic trends 

of the Zr/Y ratio and Mg' versus Zr suggest that the se rocks are 

for the 1I0st part cOllagllatfc and that Zr, Y and the Mg' have not 

been ~ffected by .etaso.atic protesses. 

The variations of Si. Tt. Al. Fe and. to a lesser extent Mg 

and Ca. abundances relative to Zr (Fig. 14); suggest that these 

ele.ents have not been s1gntficantly rellobf 1 ized. Sodium and K 

v 1 r ia ti-.Q,,n s w ft h Z r are ver y s c a t ter e d (F '1 g. 1 4 9 and h ) • S t u die s 

o f h Y d rot he rai a 1 a 1 ter a t ion 0 foc e a n 1 c bas a 1 t s b y s e a wa ter 

suggest that Na,and K are easl1y remobi11zed (Humphr1s et aL, 

. , 
) 

, .' 

1978; Mott1. 1983). Humphris (op. cit.) study on natural samples ~ 

:,1 
J 

showed non-systemattc variations in Na and K bet~en altered 

'~1.s of pf lloNs and fresh cores. Mottl '5 experimental work on 

~he batch-alterat'lon of basalts by seawater at temperatures 
î· 

c"haracter1stic of the greenschfst facies suggest that, at low " 

watef"-to-rock rattos Na 15 taken up by the rock (alb1tization). 

;'hereas at higher Nater-to-rock ratiQs it is leached. Thus, ft 

see.s lH-ely that Na and K have been remobilized in the F1rst

Cycle Volcantcs by secondary processes and the present 

abundances of these elements .are probably not representattve of 

thet r pri •. ary abundances. 

At • gtven'Zr content. the basalt1c andesftes have h1gher 

-$ '1 and A 1 and 1 0 W e r Mg., Fe and C a a bu n dan ces the n the 0 the r 

98 

--...... ~--,-, ~-.,."', 1II*.; .... T~ .... "'l,,!I'!!y.p ..... ~i6,!It:,i! :-'1 ~';"·'::"+O·-~lIffWllJ.nn~.2_1 "".1 -~-"II!'~"'-"131115I1a.""
. If ..... ,. , 

~, 

. , 

, ! 



, ' 

.. 

. -. 

1 .. 

1 
" ,', 

f' , , ,. , 
n Il ) li 

" ". 
" -; 

" \' 

-·ffg.ré 14 ta) Si. (b) Tf, (c) ~.J, rd) Fe, (e)' Mg, (f) Ca, , 
L, 

( g) -fi'.' and ( h) '1( ( a 1'1 
L 

1 n c a 't ion S ) ver sus Z r (p P III ) 1 n the 
~ ~ ~ 

F1rst-Cycle Volcan1cs. $Yllbols are as in Fig. 13. 
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roc ksi n the F i r 5 t - C y c 1 e Y a 1 c a~. ( F 1 g • 1 4 ) • The bas a 1 t 1 e 
...... 

• il des ft e s ha ·j:'e a h i 9 h a 0 da 1 a bu n dan c e 0 f pla 9 i 0 c las e ( 3.2. 2") and 
, 

the high "a and 10w Ca in these rocks suggest that the 

plagioclase was relat1vely sod1e (Fig. 14). 

~ 

W1th increasing different1ation (1ncreasing Zr abundanee), 

the blsalts and synvolean1c intrusives in the' Flrst~Cye)e 

Yoleanies are charaeter1zed by: an 1ncrease 1n Ti. ~ slight 

Increase in St, and Fe, a constant Al abundânce and decrease in 

Ca and Mg (Fig. 14}.r The _ost different1ated Fe·r1eh basalts 

occur throughout the F1rst-Cyele Yoleanics, but attain the 

'h1ghest Fe abundances in the upper part of the succession (see 

Appendh B for saJIlple locations). 

P1110wed basalts in the First-Cycle Voleanies contain 

ph e n 0 cry s t s (J. 2 .. 2) 0 f pla 9 i 0 ç 1 a s a and po s s i b l, Y po s t - P y r a x e n ~ 

pseudoMorphs, whereas dfabas1c gabbros in the succession contain 

post-c11nopyroxene pseudoaorphs, plagioclase, titanomagnet1te 

and granophyre. It 1s irstructive to see what c~ntrol these 
~ 

a1neral phases exerted on the l1qu1d 11ne of descente The 

eont1nuous dec~ease in Mg and Ca (F1g: 14e and f) requfres that 

the melt was saturated in a phase (or phases) that contains 

these components. Saturation of the mett w1th clinopyroxene 

c~~ld expla1n the decrease 1n Ca and Mg, whereas equ1l1brat1on 

w1th olivine could expla1n ~ decrease in Mg alone. The 

t 
* The basalt1c andesite w1th the lowest Zr , Ti and Fe 15 

characterized by the highest Al. S1, Ni and Cr abundances, 
wh~reas Its Mg cOrftent 1s i.nter.ediate between those of the 

'fot.,har simples (Fig_ 1~, 1.6a and d). 
" 
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~ end e n c y t O,~iIa rd 1 r 0 n -: e n rie h men tin t 11 e m 0 ste vol v e d bas a l t s 

would require that the magma was saturated w1th a phase with low 

1ron content. such as pl,~g10clase (Fig 15a). The tendency toward 

increasing Fe and Ti with increasing differentiation suggests 

that the basalt1c ma glUI d1d not fractionate an Fe- and Ti-

<"'. bel ri n g ph a 5 e (F 1 g. 1 4 d t b. 15 il and b ). The pre sen c e 0 f 

tHano.agnet1te in the basalts and in the interstices of 

• 'd 1 f f ~ r e n t 1 a t e d gabbros probably reflects 1 ate-stage 

" 

, 

... 

crystall1zat1on of these phases (3.2.2). 

'1 't 
" 

ln Al-Si space. the basalts of the First-Cycle Volcan1cs' 

exhibit a diffuse trend (Fig. 15c). The IIOst iron-rich basalts 
.. 

plo t a t the 1 0 w - A 1 and h i 9 h - Sie n d 0 f th i s s p e~ t ru III • 'If he r e a s the 

• ost .agnesiulll-rich basalts have the lowest Si antl highest AJ 

abundances. The field fOr MORB basalts directly overlaps ,the 
... 

co.positional envelope of the First-Cycle Volcanics. This 

co.positional envelope in Al-Si space c'H'responds to a ho- or 

three-phase cotectfc for many basaltic liquids that have 

fraçt10nated along 01 ivine-éontrol lines until they became 

saturated w1th rèspect to plagioclase and perha-ps cl1nopyroxene 

(Cox et al •• 1979, Francis, 1983, ms. 1985). Plagloclase 

-----fract1onat1on in Al-Si space drives the melt towa~higher Si 

and lower Al. Siml1arly, ln Ti-Mg and Mg-Fe space (Fig. 15b and 

a,respectively). plagf"oclase fractionation (either by the 

.elt1ng or crystall ization of this phase) is marked by 

1n'creasing Ti wfth decreas1ng Hg Ilnd an increase in Fe w1th 
'. 

decreasing Mg • 
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ft gu,..e 15 (a) Mg versus Fe, (b) Ti versus Mg and (c) Al 

versus Si (a 11 in citionS) for the F1rst-Cycle Volcanics. 
l , 

Sy.bols are as in Fig. 13. The dotte.d field in (c) i5 that of 

MORB (FAMOUS) glasses (Bryan, 1979). 
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The basalt1c andes1tes have higher Al and Si abundances 

than the basalts of the F1rst-Cycle Voleanies (Fig. ISe). The 

a bu n d a ne e 0 f .1 c r 0 p h en 0 cry s t S 0 f pla 9 i 0 C 1 a sei n the s e roc k s 

'(3.2.2) 1s consistent w1th thèir position in Al-S1 space. 

S111111arly. the one sample of GMP analyzed 15 dfsplaced toward a 

h1gher Al abundance than the main cluster of data for the F1rst

Cycle Volcanics (Fig. ISe). 

With 1nereas1ng Zr content the F1rst-Cycle Volcanics are 

character1zed by a continous decrease in H1 and Cr (Fig. 16a and 

dl. There 1s considerable seatter in Sr-tr space, but overall Sr 

decreases in abundance relative ta Zr (Fig., 16b). Phosphorus and 

V have a positive slope relative to Zr in the basalts of the 

Flrst-Cycle Vol-can1cs (F1g. l6c, el. S.c,and1um shows l1tt1e 

change ,1n abundance w1th increasing Zr in the basalts (Fig • 

. 169) • 

Chondrite-nor.a11zed rare earth element (REE) abundances of 

the basalts in the F1rst-Cyc1e Volcan1cs are flat and paral1el, >t 

ranging from 1 to- lh chondrite (Fig. 17). The 1II0St magnesium- l 
rtch basal ts have low chondrite-norlllalized REE abundances, 

whereas the 1I0st -iron-rich basal ts have high abundances. The 
t> 

(La/S_)n and (La/Yb)n ratios show only a s11ght 1ncrease with 

1 n cre-a s 1 n 9 l a a b und a n c e (F 1 g. 18 a and b). The sec 0 m po s 1 t ion al, 

"rè'lationships suggest that these ele_ents were not greatly 

fract10nated wtth - respec~ to+ each other w1th 1ncreas1ng degrees 

of d 1'f te r e n t 1a t 10 n. The Zrl y r.t1os of the basalts inerease 

s11ghtly w1 th inc r,eas 1 ng Zr a bunda nce ( F 1 9 .1.3 a ) , sU9g e s t1n g that 
'"'~ 
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(,i) Sc ver sus ' Zr (a 11 i ri P pli ) for t JI e Fi r 5 t - C y c leV 0 1 ca n 1 c $.. 
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Black c1rcles are p1110w basa1ts and triangles ar@ basalt1c 

andes1tes. 
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Ft9ure 17 Chondrtte 'narlul1zed REE in the First~Cycle 

t Va 1 ~a'ni c s~ SY.Ilbo 1 s a re as 
" 

in Fig. 16. Normaltzation factors' 

~re, t~O$' of the LEEot chondr1te (Hanson, 1980). 
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figure 18 (a) (La/Sai)n ,and (b) (LajVb)n versus (la)n' for the 

F1r$t-Cycle Volcal'l1,cs and Lac Guyer komatiites. Lanthanum and 

Samarium are normalized as pe", Fig. 17. Open c1rcles are 

per1dot1t1c komati1tes (samp1.es 

• Staaaatelopoulou-Seymour, 1982). Other symbols are as per Fig. 

.16. 
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there .ry have'been so.e fractionation o.f these ele.énts 

with increlsing d1fferenthtion. 

The basalt'ic andesites have ratios of Ni. Y. P. Sc aad Sr 

te; Zr shi 11r to those of the basal tic rocks. However. they have 

btgher Cr and V (F1g. 16). They have LREE depl'eted profiles'and 

flat,' unfract10nated profiles from Sm toward the HREE (Ffg. 17). 

The basal tic andesites are characterized by lower (La/Sm)" and 

(la/Yb)n ratios thln ,the basalts (Fig. 181 and b). The Zr/Y .. 
.lo ~ " 

ratios of two of the bas'altic andesltes are s11ghtly higher th4n 

the bisa 1 t s wh e n c 0 Ji par e dit s 1 ln 11 a r Zr a b und a n ces (F i g'. 1 3 a ) • 

The Fe-ellrichment wlth fncr~as1ng dffferentiation in the 

Flrst-Cycle Volcanics, as well as the low alka11 and relatively 

low Ti abundances; are characterfst1c of low-K tholeiites. The 
" 

Flrst-Cycle~Volcan1cs are sfml1ar ta the Thl Ar.chean tholeiites, 
, , 

• of Condf~ (1981. Table 3, thfs thesis). They have similar 

S 1 02 • Ti 02, Fe 0 , M 9 0 , Na 2 0, P 205 a r:' d M nO a bu n dan ces, but s 1 i g h t 1 Y 

b1gher ·A1203 and 10wer CaO and K20. They have very strni lar trace 

el,. e n t rat ,los' (T f / V, Zr/ y t Tf1 V, (L a / Sm) n. E u / Eu * and 
-

j (Y b / Gd) n ) • a 1 t h a u 9 h Cr. Van. d R E E a bu n dan Ces are 1 0 w e r. 0 f 

aYer~ge 1I0dern y'al canie ,suites the First-Cyele high-magnesium 
-, 

basal t.s 'are closest in maJor- and trace-el ement composition to 

MORB (Tabl e- ,3). So ... , notabh d1fferences betwe.en tG-3 basa 1 ts 

'- * Type Thl thole1 ftes are characterfzed by fl at REE profi 1 es 
'- (ca •. 10x chondrtte) with or without slIall Eu anomal ies. Type Th2 

tholeiUes are èharacterized by enrlched lREE and slopfng 
REE profiles. Thl differs frOID Th2 in' 1ts. higher T102. K20. 
P20S. Y. ZR. Sr, Y and Zr/Y and Us lower CaO. Cr. FeO/Fe20)':.·and 
li/Zr (Condie. 1981; 'Table 3-7). 
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Table 3 Ca.,ar1son -of Analyses (Ftrst-Cyele Yoleantes) 
".---- ------------ ------- ----- ------ ----- -- ----- ------------ ------

Archean lG-3 Modern 

5102 
Tt02 
A1203 
FeO( *) 
MgO 
CIO 
NI20 
K20 
P205 
MnO, 
H20 . 
LOI 

1 

50.2 49.5 
0.94 1.49 

15.5 15.2 
10.1 11.6 
7.53 6.82 

11.6 8.79 
2.15 2.70 
0.22 0.69 
0.10 0.17 
0.22 0.18 
1.62' 2.04 

3 4 

50.37 52.76 
0.86 1.54 

17.1613.66 
Il.28 15.38 
7.91 5.75 
9.17 6.37 
2.32 4.08 
0.02 \.~.10 
0.06 tU.09 
0.21 0.25 

5 

51. 5 7 
0.41 
9.13 
8.94 

15.98 
10.11 

1 .54 
0.56 
0.09 
0.19 

4.52 2.06 4.16 

6 

49.8 
1 .5 

16.0 
9.29 
7.5 

Il.2 
2.8 
0.14 
0.20 
0.17 
1 .3 

7 

51.1 
0.83 

16.1 
9.99 
5.1 

10.8 
2.0 
0.30 
0.15 
0.17 
0.50 

8 

50.2 
1.0 

17 .7 
9.80 
5.4 
9.8 
2.7 
0.9 
0.2 
0.2 
0.70 

9 

50.3 
2.2 

14.3-
12.4 

5.9 
9.7 
2.5 
0.8 
0.16 
0.2 
0.65 .. 

CaO/A1203 '0.15 0.58 0.56 0.46 1.10 0.70 0.67 0.55 0.68 
Mg'(**) 0.41 0.36 0.41 0.27 0.64 0.44 0.33 0.36 0.32 

,Cr 490, 250 272 
Ni 140 125 148" 

260 365 195 Y 
Zr, ,) 53 135 45 
8a 

,. Sr 
3.~ La 

ç. 
~d 
s. 
Eu 
Gd 
Yb 
Lu 
Y 
Ti/Zr 
lr/Y 
Tt/V 
(La/S.)n 
Eu/Eu * 
(Yb/Gd)n 

80 90 41 
,100 190 246 

3.6 13 2.6 
9.2 30 6.4 
6.6 17 4.6 
2.0 4.0 1.9 
0.13 1.3 0.59 
2.6 3.8 J 
1 .9 2.2 ;.0 
0.31 0.38 \11.29 

20 30 lO 
106 66 114 

2.7 '4.5 2.3 
22 24 26 

0.99 1.8 0.83 
0.96 1.0 
0.91 0.73 

90 
47 

482 
,8J 
88 
80 
4.2 

1558 
430 
138 

42 
180 
157 
15.0 

11.8 
8.6 
3.1 
0.96 

3.50 
0.48 

34 
114 

2.4 
19 
0.82 

35.6 
17.5 
3.41 
0.76 

0.79 
0.01 
9 

58 
'4.6 
18 
2.68 

300 
100 
300 
100 
Il 

135 
3.5 

12 
Il 

3.9 
1 .5 
6.2 
3.0 
0.3 

30 
90 
3~3 

30 
0.49 
0.92 
0.60 

50 
25 "-

270 
60 
60 

225 
3.9 
7 
6' 
2.2 
0.9 
2.5 

- 2.0 
0.3 

20 
83 ' 

3.0 
18 

0.97 
1.2 
1.0 

50 
50 

150 
100 
100 
300 

9.2 
25 
15 

3.8 
1.3 
4.5· 
2.5 
0.5 

23 
60 

4.3 
40 

1.3 
1.0 
0.69 

100 
100 
300 
'200 
200 
350 

27 
140 

61 
8.2 
2.0 
6.5 
2.5 
0.4 

,30 
66 

6.7 
44 

1.8 
0 .. 85 
0 .. 48 

CL 1 average Archean tholeifte (Candie. 1981. Table 3-7, type Th1) 
2 average Archean tholeifte (COndie. 1981. Table 3-7, type' TH2) 
3 F1rst-Cycle p1110wed plagfoclase-phyrie baSalt (83-216)' 
4 F1rst-Cycle p1110wed basal~ (83-158) ',' 
5 Second-Cycle basalt (8J-285c) .... 
6 average MORB (Cond1e. 1981, Table 3-7) 
7 average arc tholeiité (Condie, 1981, Table 3.7) 
8 average calc-alkalfne tholeiite (Candie, 1981. Ta,ble 3-7) 
9 average continental rift tholettte (Condie, 1981. Table 3-7) 
* (total 1ron reea 1 culated as FeO) -* (Mg' • HgO 1 MgO + FeO*) 
La/Sil and. La/Yb are normal1zed to Leedy ehondrite (Hanson, 1980) 
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and MORB are: lower Tl02, cao ln the forlller and lower (l'a/Sm)n, 

Tt/Zr and h1gher Zr/Y, V and REE abundances in the latter 

(Table 3). 

. 5.3 Sec:ond-C~ 1 e Vo 1 ~Int cs .and the Lac Cout.ceau Dyltes 

The Second-Cycle Volcan1cs are composed of basalt, basaltic; 

andesite. andesUe and an lntrusive plug of nOl"ite. Fiye 

sa.plu were collected for chemieal analysis; three from the 

toP •• fddle and ~ear the base of one flow (Appendix B), one 

'ro. an adjacent flow and one from a noritic plug ln the eastern 

'p.-rt of the lDap area (Appendix B). The three sampl es from one 

flow range in composition from basaltic andesite at the top and • 

. center ta basa l t at the base of the ft OW.-

~111con, Tf, Al. Mg, Fe and Ca in the extrusiye rocks of 

,t'he Second-Cycle Volcan1cs define well developed linear 

variations with Zr, whereas. Ha and K display more scatter (Fig 

195. These compositional variations suggest agafn that, with the 

exceptfon of Na and K. these el ements have nO,t been 

signiftcantly remobil1zed by secondary processes. Silicon, Al 

and Ha increase, whereas Mg, Fe and Ca decrease and Ti and K 

.. 

i , 

show llttle change in abundance with locreaslng Zr in the ; 

Second-Cycle Volcanics (Fl.9. 19). The First- and Second-Cycle 

Volcanics have dfstinctly dUferent chemfcal compositions. The 

Second-Cycle Volcanics have hlghèr S1. Mg and Na and lower Ti, 

Al. Fe and Ca -abundances than the First-Cycle Volcanlcs (colllpare 

'Figures 19, 14 and Table 3). 
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19 (a) 

Na and (h) (9) 

st. (~ ) T 1. ( c) A'l. ( d ) Fe • ( e) Mg. 

K (a11 in cationS) vél'!sus Zr (ppm) 

(f) Ca. 

l' for ,the -B 1 a c k Se c..l n d - C y c 1 e Vol c a nie s a ~ lac Cou tac eau d y k es. 

dfamonds are basa1t1c andes1 tes and andes1tes and the cross 

1$ a nor1te' plug t~at 1nÙ'udes the Second-Cyc 1 e Vo 1 can1cs. 

The open trhngl es are Lac Coutaceau dykes. 
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The noritic p1lfg in the eastern part of the lIIap area does 

not 1te,on the .at~ trend of chemica1 variation of the extrus1ve 
, 

rocks of"tJae Second-Cycle Vo1can1cs (Fig. 19). This rock has 

higher Zr, Ti, Fe and ,1 ower' Ca abundances than the extrusi ve 

roçks. The abundance of titanolllagnetite in this rock (3.4.2). 

and the htgh Ti and Fe concentrations relative ~o the extrus1ve 

rocks. suggest that titanomagnetite is a cumu1ate phase. 

The Lac Coutaeeau d10l'ite dykes are chellicaT 1y very s1,m11 ar 

ta 'the extrus1ve rock$ of the Second-Cycle Volcantcs (Fig. 

19). The dykes lIay have been feeders to Second-Cycle lava f1ows, 

espee1ally sinee both suites were emp1aced relatively late in 

,the history of the greenstone bel t (a 1 though the lac Coutaceau 

dykes crosscut the supracrustal succession, whereas the Second

Cycle Volcanies compr1se the top of the supracrustal p11e)~ 

(' 

The Lac Cou tac e a' u d i 0 r 1 t e d y k e s are cha ra,,: t e r.j,t'è d b y 

1ncreas1ng st. Al and Na, decreasing Mg and Ca and little change 

1n Tt, Fe and K with 'tncreasing Zr abundance (Fig. 19). The 

'\ 

, , 

co.positional trends of the Lac Coutaceau dykes overlap the ~ 
1 

trends 1n the Second-Cycle Volcanics and extend to higher Zr ; 

ab-undances. 

ln Mg-Fe space, the Second-Cycle Volcanics define an iron

deplet10n trend with decr~asin9 Mg. The Lac Coutaceau dykes 

overlap this' trend at high Mg contents and evolve to lower .. 
decreasing Mg at constant Fe'abundance (Fig. 20a). Both suites 
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are charaeter1zed by increas1ng S1 and Al. deereas1ng Ca and a 

relative'ly low, constant abundanees of Ti w1th deereas1ng Mg 

" 'J (Fig. 20, 21). The 1ncrease in Al w1th decreasing Mg suggests 

that these rocks were saturated with a lugnes1u.-bearing phase 

(or phases) (Fig. 2Ib). 

ln Al-S1 space (Fig. 20e.>. the Second-Cycle Volcanies and 

Lie Coutaeeau dykes correlate postt1vely. T~e continous positive 

slope in Al-S1 space and làck of' Fe-'-nr1èlrtnent suggests that 

these rocks d1d not fract10nate an appreciable amount of 

.~ , 

" 

plagioclase, s1nce this phase would have decreased the Al .~ 

.. ~ 

abundance w1th 1ncreasing Si (Fig. 20c). Thus. the decrease in 

Ca abundance with decreasing Mg abundance (Fig. 21a) must be due 

in a large part to some other Ca-be'r1ng phase, su~~ as 
" 

cl1nopyroxene. 

It 15 unl1kely that cl1nopyroxene alone could account for 

the aajor ele.ent variations of these rocks, especially in light 

of the large range in Mg over wh1ch these rocks have evol veda In 

princ1ple the fracti~nat1on of olivine and/or ort~o~yroxene 
, . 

could account for the var1,ation of Fe, Ti, Al and Si relative to 

Mg (Fig. 20 and 21) and indeed on the basis of these eleménts 

/alone it is not possible to choose a unique fractionation 

5cheae. However, Al-Si variations (Fig. 20c) are more consistent 

with an olivine control ftne. s1nce th1s phase plots at 33.3S S1 
~ 

wh1ch is very close to the Si 1ntercept (29S Si, at OS Al) 
~ 

calculated by 11 nea r extrapolation. The nature of the phases 
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-ftgure 2 0 (a) M 9 y ers U 5, ' Fe,. ( b) Ti y e r 5 U s M 9 and ( cfA 1 

versus Si (-all in cationS) for the Second-"Cycle Volcan1cs and 

tac CoutaceAu dykes,o SYllbols are as in Fig. 19. Oltv1ne ,.,. 
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'wh1eh eontrol1ed the evolut1on of th1s suite will be exalltned in 

~orê'detat1 tn ehapt~r 6. 

There is' little change in Y with increasing Zr in the 

~eeond-Cycle Volcantcs and lac Coutaceau dyke~ (Fig. 22a). 

Phosphorus. and to a 1esser extent Ti, 1n'crease w1th increasing 

Zr abundance (Append1x B and Fig. 19b). Chrom1um, "1 and Sc a11 

Idecrease with increasing Zr with three~ and two- orders of 

.agnttude change i'n Cr and Ni respectively, and a three-fol d 

decrease in Sc accollpanying a four-fold increase in Zr (Fig. 22 

b, c and d). 

1 
1 

The chondrtte-nor.a11zed patterns of bath the Second-Cycle 

Yoleanies and Lac Coutaceau Dykes are character1zed by h1gh 

abundances of LREE (up to lOOx chondrite) and low abundances of 
, , 

, . 
HREE (as low as 2x chondrite, Fig. 23). The chondrHe-normaHzed 

.1dd1e and heayy REE have slightly flatter slopes relative to 

the 11ght REE. The (la/Sm)n and (la/Yb)n ratios of both suites 

1nerease with 1ncreas1ng La abundance (Fig. 

24c and b). The scatter in the (La/Yb)n versus (la)n diagram 

(Fi?_ 24b), 15 probably due in part to ana1yt1ca1 uncertainties l 

a t t h.e selo w lev el S 0 f H R E E (s e e A pp end 1 x A). The Zr / y rat i 0 

tncreases in both suite~ with increasing Zr abundance (Fig. 

2 4a ). 1 n g e ne r a 1 the RE Eco r rel a tep 0 s t t 1v e 1 y w it h i ne r e a sin 9 Zr 

and Si (Append1x B). 

The Second-Cycle ,Vo1cantcs and lac Cou~aceau dyk,es have few 

Archean or Hodern analogues in ter.s of their che.tcal 
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co.position (Table 4). When compared wfth Type1 * Archean 

andesites (Condie, 1981), the Second-Cycle and Coutaceau rocks 
-

It sillt'lar S1.02 abundanees ( Table 4, 12 and 13) have: lower 

T102. A1203, FeO*, Y, HREE and Zr abundances and h1gher HgO. 

CIO. K20. Cr. Ni, LREE.: Zr/Y, (La/Sm)n and (La/Yb)n. 

St_t la rI x~ dt fferent t. ted m.embers of t he Second

Cycle-Coutaceau suite (ego Table 4, Il) are different from type' 

BKI average basal tic komat1ites ** (Table 4, 15) at sim; 1 ar Si02 

abundanees. In part1eular, the basaltic komat11tes have higher 

T102. A1203:'FeO*.' CaO and Ti/Zr and lower MgO. MgI. Cr, N1. -" 

(LI/S_)n. (la/Yb)n and Zr/Y. The only modern volcan1c rocks 

wh 1 c 'h h a v e che Ali cal CORI po s 1 t ion s sim 1 1 art 0 t h 0 seo f the 

Secootld-Cycle Volcanics and lac Coutaceau Oykes are boninites 

~able 4, 18). When compared at s1m11ar Si02 abundal'lces (ego 
/' 

Tlble 4,13 and,·18) the bonfnites have: lower Ti02, A1203. CaO, 

K20, CaO/A 1203, Zr, Y, Sr, REE, '(La/Sm)n and (La/Yb)n and 

higher MgO. Cr, N1 and Zr/Y than the Lac Coutaceau Dykes and 

Second-Cycle Volean1'es. 

., 

't .... 8 

" 

* Type 1 andesites:.h1gtÎ FeO, "gO, Ni. Cr, Zn and low K20, Rb 
and, Ba relat1vfc"to other Archean andesites and wh1ch have LREE 
enr1cheaent in the arder of,50 x chondrite. Type 2 andes1tes: 
notably enriched in LREE (ca. 200X chondrites) negl1gible 
europiuli ano.al1es. Type 3 andesites: flat REE patterns (ca. 20-
30x chondr1tes), negat1ve europfulI' anollalies, low Y and Sr 
rellt1 ve to types l'and 2. (Condie, 1981, Table 3-9). 

" 
.* BK exh1b1ts flat to very s11ghtly enr1ched ·lREE, 8K2 

exh1b1ts s11ghtly depleted LREE and BK3 strongly depleted LREE 
(Condie, 1981) • 
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Table 4 Ca.partson of Ana lyses ( Second-Cycle volcanics) • 
-_.---------------------------~_._-------------------------------

Archea n Modern 

----------------------------------- --- .... -----------
1 2 3 4 5 6 7 8 9 

----- ----- ----- ----- ----- . --_ .. ----- ----- -----
S 1'02 49.79 54.02 55.43 58.98 50.5 56.7 56.20 54.52 53.80 .. 
Ti 02 0.40 0.40 0.55 0.75 0.60 0.92 0.13 0.23 0.31 
A1203 9.39 13.69 12.70 16.75 11. 0 14.0 10.57 9.36 11.40 
FeO' *) 8.81 6.94 8.62 7.36 10.60 9. 07 8.05 6.99 7.47 
"nO 0.18 0.13 0.17 0.10 0.20 o . 16 0.27 0.16 
"gO 15.43 9.42 8.88 3.03 10.2 5.4 11 .19 14.62 12.54 
CaO fO.34 7.20 S.42 4.97 11.8 6.6 7 .44 3.55 S.73 
Na20 1.49 3.78 2.28 4.11 1.87 3.4 1 .54 1. 93 1. 30 
K20 0.54 0.48 1.14 1.44 0.17 0.67 0.40 0.41 . 0.15 
P205 0.09 0.21 0.30 0.34 0.06 O. 02 0.03 0.02 
H20(total) 2.4 3.0 3.95 7.62 3.79 
LOI 4.16 4.34 1. 56 1.69 ~J 

CaO/A1203 1.10 0.53 0.66 0.30 1.10 0.47 0.70 0.38 0.77 
Mg' (. If) 0.64 0.58 0.51 0.29 0.49 0.37 0.58 0.68 0.63 

Cr 1558 935 870 334 920 125 695 1100 9{i0 \ 

Mi· 430 217 122 (1 360 70 194 400 268 
V 138 120 250 , 181 105 204 
Zr 42 93 97 132 33 150 20 63 18 
Ba 180 166 20 230 30 54 12 
Sr 157 572 337 669 100 278 61 325 62 
La f~ .0 30.4 26.57 32.6 3.0 13 0.82 4.40 O.gS 
Ce 35 .. 6". 64.2 55.13 70.6 7.9 31 1.7910.39 2.22 
Nd 17.5 28.0 23. 90 29.7 5.2 17 1 .20 5.37 1. 91 
S. 3.41 4.98 4.60 5.75 1.6 3.6 0.35 1. 27 0.73 
Eu 0.76 '1.11 1. 09 1.~ 0.55 1.1 0.11 0.39 0.27 
Gd 3.83 2.0 3.6 0.40 1.28 0.96 
Yb 0.79 0.68 1.38 1. 12 1.5 1.8 0.52 0.75 l. 04 
Lu' 0.07 0.10 0.19 0.14 0.23 0.3 

Y 9 10 14 13 17 25 5 7 9 

T 1.f. Zr 58 66 34 34 109 37 39 22 103 
Zr '/Y 4.6 4.5 7. 1 Il. 1.9 6.0 4.0 9.0 2.0 
T1/V 18 20 14 4.3 13 9.1 
~LI/S.)n 2.6 3.7 3.5 3.5 1.1 2.2 1.4 2.1· 0.73 

La/Yb)n 12.5 29.5 12.7 19.2 1.3 4.8 1.0 3.5 0.56 

---~----------------_._-------------------------------.-.-------
1 Second-Cyc 1 e basa 1 t 83- 285t 
2 Second-Cycle basalt1c andesN:e 83-285a 
3 Lac Coutacea u d 1 orUe dyke 82 -493 
4 Lac Coutaceau diorite dyke 82-496 
5 average basaltic komatiite (Condie, 1981 Table 3-4 type BU) 
6 nerage Archean andesite (Condie, 1981 Table 3-9 type I) 
7 bonintte Bonin islands, (Cueron et al.., 1983 Table 2 Il) 

,..a bon1nite New Caledonh (Cameron et aL, 19B3 Table 2 '5) 
,.8 bontntte New Zealand (Cameron et al., 19B3 Table 2 'S) 

-..1 •. (total 1ron recalculated as FeO) ** (Mg' • Mgo / MgO + FeO*) 
l'a/S. and La/Yb are nOfma l1zed ta L~edy chondrtte (Hanson. 1980) 
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Ch.pter 'Pe-~rogenesfs of the Yoleanfe and S1ftvo1eanfe 

Intrusfves 
, " 

6.1 'Introductf on 

1 n Cha pte r 5 1 t wa s se en th a t the r e are fun, d'a men ta 1 

chem1 ca 1 d 1 fferences betwe'e n ~he two vo 1 ca ni c un 1t sin the LG--3 

area. In this chapter, the petrogenet1c stgniftcance of these 

d1fferences 15 exalllined. The chemistry of the volcantc rocks 1n 

the LG-3 area 1s compared with that of other suites 1n the La 

Grande greenstone bel t and petrogenet1c model s for tfle magmatic 

processes'are developed and evaluated. 

6.2.1 , Petrogenes1s of the Ffrst-Cyele Yolelnfes 

The basalts and synvolcan1c 1ntrus1ves tn the F1r,st-Cycle 
. ~ 

Volcanies cOlllprise a chelllical cont1nuum and thus were probably' 

related ta a common parental magma by a similar petrological 

process(es). The best est1IAate of lIagmat1c 1 tquid compositions 

in the Ftrst-Cyele Voleanies 1s that of the pillow basalts. The 

.ost Idlgnestum-rich basalts 1n th1s suite have 10.94% Mg and 

8.74S Fe (Fig. 15a). Th~se high-Mg basa lts do not lie in the 

poss1ble field of compositions that could have beén in 

equil1brium wtth an upper mantle of pyrol1te compos1tion (c.f~ 

Hans~ et a L, 1978). Thus, 1 t wou 1 d appear that the basa 1 ts in 

the First-Cycle Volcanies are not prilllary. 

The 1 aek of fraettonat1on between the li ght and heavy REt 
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aÎ'Id the r4!l.lthely large change in the abundance of compatibl.e 

ele.~nts (such as Ni. Cr Ilnd Sr) cOllpared wi th that 'of 

1 ne o,iI p Il t 1 b 1 e e 1 e .. e n t s (s U cha s . Zr) w i t h i n cre a sin g 

:d1fferentfation suggests that the basa1ts in the First-Cycle 

VeS1canies have ev01 ved by fractiona1 crysta11 hatton from more 

,pr1.1tive parents (c.f. Arth, 1976). The decrease 1n Ca, Mg and 

lack 01 increase in Sc wlth increasing differentiation could 

ref1ect 'ract1onation of c11nopyroxene. S1milarly, the decrease 

1n Ca. Al. Sr and Eu and Increase 1n Fe are consistent wi th the 

presence of plagioclase 1n the fract10nating assemblage. The 

d.crease in Cr abundance with increasing fract1onation may 

reflect the fract10oation of small quanUties of a Cr-bear1ng 

spinel. Plagioclase 15 found in both the 'extrus1ve and intrusive 

roc~s, whereas clfnopyroxene can only be identiff~d with 

r e a son a b 1 e Ae r t a 1 n t y 1 n the 1 n t rus 1 ver 0 C k s, a l t hou 9 h . \ 

phenocrysts lIIay have occured 1n the basal ts (3.2.2). Chromite 

ha '$ b e en fou n d in' s y n vol c a n 1 c p e r i dot i tes i Ils f n the w est e r n 

part of the ta Grande belt (Rtvard et aL, 1984). 

The decrease in Ni with 1ncrelsing d1fferent1ation 

suggesU that 01 i-vlne or orthopyroxene illY have formed Pclrt of 

the fraet1onat1ng assellblage. Although lIIagmatle sulphides have - . . 
y ~!y h i g h par t t t 1 0 n. c 0 e f fic i e 1) t s for Hi, t h i s P h a sei s no t 

invoted to explaln thé variatfons in the First-Cycle Voleanics, 

s1nee .ag.atie sulphides have not been reported frolll the La 

Grande belt. Olivine 1s favoured over orthopyroxene s1nee 1t has 

been reported as a phenoeryst 'phase '1n komatiites and as a 

133' 

~ ~ j 
?#,~ 445 914#&' ,t;~"fZ"'"";",,j"-IJIIIi.r_-"'_;"'t~'''''.''; _,_;_, .ld.s.Q .... 4---:--·----~'-'" ,

';j' •. :-:f1 

'f 

, . 

, -, , 
/' 

. ' 
' . 

-,' 

.-



,~ . 

" , 
" . 

t 
1 _ .. ~~~~ .. ~~._~ ,~'J;~'~''IOI!! : .. ' ,,.,., .... -U_ ... 4._.'r-. __ ..... tr.n _____________ ... ___ .... , '_~I'.' .; 44 seM' b $Q;SO ..... ..., 

,~ 

1 

-
cu.ul ate phase in synvolcanic-h1gh-l eve1 peridot.itic sil1 s 1'n 

otfier parts of the La Grande belt. whereas orthopyroxene has not 

-(Stl.etolopoulou-Seymour. 1982. Rivard et aL. 1984). 

A hast-squares mlxing program (Wr1'ght et aL. 1970) us1ng" 

the .ajor elellént abundanc.es of an Mg-rich basalt (sample 216,

'83,. Appendix B) as parent and an Fe-rich basalt as daughter 

(ll.ple 158-83, Append1x 8) was used to test the v1ab111ty of 

frlcttonal crystall1zation to reproduce the trend of Fe": 

enrtchllent in the basalts (Table 5). Various phase assemblage~ 

were tested 1nclud1ng orthopyroxene plagioclase 

c 11 no p y ro x e'n e • 0 1 i v 1 ne - p 1 a~g 1 0 c la. e ) and c 1 1 no p y r 0 xe n e 

plagioclase. The 1II0st sat1sfactory model (Table 5) has 

Icceptably low residuals and indicates that 491 fractionat1on of 

plagioclase. olivfne and cl:'inopyroxene" in the proportions 

- - 62:20:18, could reproduce the Fe-enr1chment trefld ,in the 

I)lsl1ts. The olivine composttion required (Fa 71) 1s . 

• 

1nter.ed1ate between those olivines which would coexist with the 

plrent (Fo 81) and the daughter (Fa 68). using a distribution 

coefficient (Kd-(Mg/Fe o11v~ne / Mg/Fe ltqu1d) of 0.30 with,

total ,1ron calculated as FeO (c .. f. Roeder et aL, 1(170). The 

pyroxene e.ployed in the calculation is an average of hfgh-Câ 

clfnopyroxene phenocryst~ talten frClm a thole1ttic basalt from· 

Hawaii (F~dor et aL. 1915) ,of sl.11ar che.·ical 'COfllPO's'ition_ to . 
the Mg-r1ch basal t pa~ent (216-83). 

1 " . 
• _ t 

\ 

It 15 possible to test whethe~ t~e fractioriat1on of 
... 

olhi~e. plagioclase and C11nopyroxene fro." ~n ,.g-rich basalt to 
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Table 5 Fnctton.l Crystall1zation Calcul.tion. Fe-Enrlch.ent in 
the Ftrst-Cycle Yolc.nlcs 
HISH-Mg BASALT • Fe-RICH BASALT + PLAS + OLtv + CPX 

---------~---------------------------.--------------_.--.-----~ ELEMENT DAUGHTER OLIV CPX PLAG PROPOSED CALCUlATED' RESIDUAlS 
(wtS) ,1 PARÉNT PARENT 

.:. : -St OZ ---; 2 ~ 11- ---j ; ~ ; 5 -5 2 ~ 90-4 â : 9 à -5 0 ~ 4 i -----; 0 : i 4 -----0 \i -.. --
,A1203 fJ.66 2.67 32.7S 17.17 17.08 0.'09 r 

~ 

l 

" 

~ 

( l," 

; 

~ FeO 15.38 28.01 6.24 11.28 Il.22 0.06 
MgO !.75 34.55 11.34 7.91 1.87 0.04 

r . , 

.1 

j, 
-/ 

,,-

CaO 6.31 18.92 15.59 9.77 9.60 0.17 
Na20 4.08 2.68 2.32 2.91 0.59 
,TI02', r.S4 ' 0.72' 0.86' 0.86 

MT·PROP,: Si:S3··" --9: ëi--ë:7 j -29:'~5 ------~(RËsi i)üAlSr: -0 :46- ---
1 CRYSTAtLIZATION • 48.471 PLAG:OLIV:CPX ~ 62:20:18 

Fo· 70.6 En· 50.3 An- 82 
Fs· 10.2 
No· 39:5 

-------.--------------------------------.-------------------~---These:calculat1ct1ts were perfor.ed with the Mineral distribution 
'p r 0 9 ra. 0 f W r 1 9 h tan d Do he r t y (1 91 0 ). S 1 02. A 12 03 , Fe O. and M 9 0 
were weighted 5. CaO l'nd 'Na20 were we1ghted 1 and Ti02 was 
we1ghted 30. Olivine and plagioclase were entered as end-lIIembers 
and their cOllpositions wer'e deterllined by the calculat1on: The 
-clinopyroxene is a h1'gh Ca cl1nopyroxen,e phenocryst from a 
'hole1it1c basalt from Hawaii (average from Fodor and Keil. 
1975). The daughter rock 1s an Fe-enr1ched pillow basalt trom 
the First-Cycle Yolcanics (TS-158-a3). The proposed parent 1s an 
Mg-r1ch pi110w basalt froll the F1rst-Cycle Yolcan1cs·(TS-216-

,83). The calculation uses a least-squares 1II1xing algorithm that 
.clds in th1s case the .1neral phases, back 1nto the daughter 

,1'1quid co.posftion to produce the parent cOlDposit1on. The 
d1fference between the proposed paf'ènt and calculated parent is 
shown as I,residua1. An arb1trary sum of 'the squires of ~he 
"es1dua 1'5 • 1 was ehosen as Ion upper eut-off li_U in the ffrst 
,tep towar'd deter.infng the aece,.ptabl1ity of a part1cular.llodel. 
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'produce ,th~ Fe-rich basalt can reproduce the variation in 

inco.patible trace"elellent concentrations, such as the REE, Zr • 
.... 

T 1 and P • ,: T w 0 a p pro a che s are t a ken h e r e • 1 n m 0 d e 1 1. ' b u 1 k . 

;_ineral-11quid partition coefficients for the trace elements are 

ca)culated (Table 6a. Fig. 25) using publ'ishedmineral-liquid 

partit,ion coefficients weighted for the proportions of mineral 

p'hases calculated froll the 1east-squares calculat10n (Table 5). 

ln _odel 2, bul k partition coefficients are calcul ated from the' 

. - , 

slope of log (trace element) versus log {hygromagmatophile • 

ele.ent (La) variations (c.f. Allegre e.t aL, (l977) (Table 

6 b ) • Bot h m 0 d e 1 s s u' c ~ e s f u 1 J Y r e pro duc e ~. h e a b und a n c e 0 f 
, 

inco.pat1ble trace elements observed in the different1ated Fe- 1 

.r1ch éo.pos1t-ion for 491 erysÙl11zation when cal.culated using 
'. ' 

the Rayleigh fraction.l crysta-111zation equation, (Table 6, Fig. 

2 5 ). T h us. tt W 0 u'l d a p P, e art h a t f r a c t i. 0 n ale 1" y 5 t a 1 1 i z a t 1 0 n 0 f 

olivine, plagioc1ast: and clinopyro,cene from Mg~r1ch parënt 

f basa 1 ts can reproduce the major and trace el ement compos 1110ns ". , 

of the Fe-rich bafa 1 ts. 

.' 
the, proportfons of plagioclase. olivine and clfnopyroxene 

• 
~6.~.:'20t18 respecttvely, Table 5) used in the model, ar.e wtthin 

,. 1 , ~ 

the.lhl1ts (50:15:30 to 60:20:20) that can crystal11'ze from a , , . 
basaT.t to produce thol ef i tic dl fferentiates as d~termi ned by 

B 1 9 9 a r ( 1 9 8 3 ). Exp e 1" i al e n t a 1 s t u die son ,n a t u r a 1 and b à s a 1 tic 
~ I"/~ .. 
~ . 

, ~J n 1 log u e 5 y ste Il ~ 0 f 1 0 W - K t ho 1 e 1 i tes i n die a t eth a t bas a 1 t i ç 
. . 

liquids àre@lult1ply saturated with plagioc-1ase;oltvine and 

c\ 1 nopyroxene at pressure,S of less than 10 Kb l si nce the phase 
1 .. " ~ 1 

.yôlu.es of cl1no~roxene increase and olivine and plagiocl,ase 
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Table Sa (110 •• 1 1) Ilyle1gh Fr.Jct'fonll Crystrll11zItion 
Calculat10n (Trlce Ele.ents) Fe-Enrlch.ent in tbe 
the First-Cycle 'olcan1es, . 
HI6"-lIg BASALT • Fe-RICH BASALT + PLA' + Ù't.IY + CPX 

l~ • - - - _. - - - - - - - .. - - - - - - - - - - • - - - .. - ... - - - - - - .. - - - - - - - - - - - - - - ~ .. - - - - - - - • - -

{l-F)100 ELEMENT Co Cl Kplag Koli v kcpx 
_.-_._------------------------_._---------._.---------------_._-

Ni 148 47 0.04 19.73 2.0 40S' 
Cr 272 90 0.01 0.20 10 711 
Ti 5171 9260 0.01 0.024 0.47 491 , , 20 34 0.03 0.01 0.5 451 
Zr 45 81 0.01 0.01 0.10 491 
Sc 39 47 0.'017 0.265 4.05 591 
Ce 6.41 11.85 0.10 0.001 0.10 491, . 
S. 1.90 3.13 0.07 0.002 0.26 43S 
Ev 0.593 0.960 0.30 0.002 0.20 471 
Yb 2.01 3.50 0.03 0.002 0.28 451 

._~_ ... -.-.---------------------------------------------~-------
, ' 

Fracttonation was .odelled using the Rayleigh expression 

Cl 1 Co • (F) exp (D-l) ( 
where: 

t ' 

Cl-, concentrat ion (pp.) in the da ughter (TS-158-93) 
. Co. concentration (pP.) in the parent ,(1S.,.216-83) 

0- bu 1 k dis tri but ion co e f fic 1e nt. wh e r e D .~w ~ and w • wei 9 h t 
proportion of individual .inerals and ,1( 1$ the lIineral-liquid 
part.itton coefficient 
F "proportion of original l1quid remaining . . 

..) Mtneral-11qu1d partition :coeff1cients were taken trom, l, Cox et 
~. .à 1 •• 1 9 7 g. 2, P e arc e e t al.. 1 9 7 9;, 3. 1 r v'1 n g. 1 9 7 8 • M 1 n e r a 1 

proportions are taken fro. the .ineral distribution calculation 
t ... Tlble 6 where p1ag1oc1ase:ol1v1ne:cl1ria~yroxene • 62:20:18.: 
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Table 6b (Madel 2) Rayleigh Fract10nal Crystall1zItion 
'Cal cullt 1 on (Trlce El e.ents) Fe-Enr1 ch.ent 1 ft the 
F1rst-Cycle Yolcanies 

" HI&H-Mg BASALT ,tI'Fe-RICH àASALT + PLA' +OLIY+ CPX 
--- _____ - - ___ a - - __ ... __ ---_ - - --- __ - -- ..... - --- ___ ---_ - - ___ ~_ - - ____ _ 

, ELEMENT Cl Co B r (O • 8-1) (l-F) 100 
~----_._-----------------.-------------------------------~------Nd 8.58 4.62 0.92 0.97 0.081 491 
s. 3.13 1. 90 0.84 0.90 0.165 451 
Eu 0.96 0.593 0.64 0.74 0.362 ' 531 
Yb 3.50 2.01 0.67 0.85 0.327 561 
Y 34, 20 0.62 0.77 0.376 511 
Zr 81 45 0.88 0.93' 0.,120 491 
p 440 270 0.86 0.94 ;> 0.140 431 
Sc 47 39 0.07 0.30 0.93 931 
Cr 272 90, -1.40 -0.87 2.40 551 
"1 47 148 -1.08 -0.85 2.08 651 
Ti 9260 5171 0.88 0.87 '0.125 491 
Y 482 195 0.82 0.83 0.177 671 --- ----- ------- ------- ----- ------ ------ ------ -- ---- ------ ---._--
Frlctionltion WIS .odelleJl us'ing the s-a.e equa~ion as in Table 

61 •. However the bulk pTrtit10n coefficient ,1s calculated 
grlph1eally (c.f. Allegre,et al ... 1977) by using the slope (8) 
fro. a log hygrollag.ltophl1e (La) versus log trace e1elllent plot 
and the relation D· (8-1). The correlation coefficient (r) 15 

. " 9 1 ven for the log h Y 9 r 0 In-a g Il a top h f 1, e ver sus 1 09 t ra cee 1 ~ 11\ e n t 
plo t $ • A 1 lot he r s y .. bol sas w.e 1 1 as the par e n tan d da u 9 h ter 
l1qu1d eo.po,sit1ons are as in Table 6a. .... 
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Figure 25 Resul ts of Rayl'eigh fractio,na 1 crystallization 

lIodel -calculations for Fe-enrichment in the basalts of the 

F1rst-Cycle Volcanics. K1gh-Mg basalt • Fe-rfch basalt + pla~ 

+ c, x + 0 1 1 y (M 0 d e 1 1. Ta b 1 e 6 a. M' 0 d e 1 2. Ta b 1 e 6 b ) • 
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decrease w1th. increasing' pressure (Grove et al., 1983: 81ggar. 

,1 983; Ben der, 1 978; G r 0 v e e t al.. 1 9 8 4 ). T h a t the bas a 1 t sint he 

F1rst-Cycle 'Yolcanics were mult1ply saturated ln olivine. 

pl ag10c 1 ase and cl1 nopyroxene at pressures 1 ess than lOKb can be 

se e n b y plo t t 1 n 9 the b a' s a 1 t sin t 5011 0 1 a r (E l th 0 net al.. 1,98 3/) 

pro je c t 1 0 n sin the 0 l .. y 1. n e ~ c 1 1 no p y. r 0 x en e, pla g 1 0 C 1 J 5 e and 

s flic a te t ra he d r 0 neF 1 9 '. 2 6 ) • 

Even though lt is possible to reproduce nUlIIerically the Fe

enrich.ent wlthin the F1rst-Cycle VoLcanics 1t 15 important to 

note that the fract1onat1on scheme proposed here ls not 

~ecessarny a un1que ~01ut1on. Francis (Nature~ 1985 ms.) has 

pofnted out that picrtt1c magmas can reproduce the' spe~\rum of 

1 i q u j'd • c 011'1 P 0 s 1t 1 0 n s 0 b s e r v e d i n the Ter t 1 a r y Ba ff '1 n 1 s 1 and 
-

baSJIlt,1c lavas by a combination ,().f fract'lonal and equllibri~,m 

cry st a 1 1 1 z a t 1 0 n 0 fol i. vin e. Th us the s pee t r,u m '0 f 1 i qui d' 

compos1t10ns observed 1n a reg10n need not represent a liquid 

11-ne'of descent s1nce each 1nd1vidual 11qu1d composition could 

,. 'h a ye e y 0 1 y e d d 1 r e c t 1 Y f rom p 1 c r 1 t 1 c 1 1 q u .. d s w '1 t hou t bec 0 m .. n 9 

saturated in olh1ne, plag1oc1ase and cl1nopyroxene (Frilncis, , 

'op. cit.). Furthermore, the model1ing dOlJe here does not 

.preclude open-system processes. 

Grande Green 5 tont Be 1 t ) 

\ . 
There 15 a broad consens~ tha.t .ost Archeln ihole11t1c 

basa 1 t5 ha ve under.gone salle deg ree of' 1 o,w-pre ssure fract i ona t ion 

141 . ' 
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Ft gure 26 (a) c lino pyroxene and (b),p 1 ag10c 1 a se proJe,.c t 1 ons, 

1'n the Isolllolar. hapl obasal tic quaternary system pl agioc1 a~e. 

olIvine, sf1Ica and clinopyro.x'ene for the F1".st-Cycl~ 
o -: ;, 

Volcanics. Symbols are a,S in Fig. 16. Pseu'do-cotectic fIelds 

are ,taken f-rom Elthon et al. ('1983) and are based on ,h,igh c:

pressure phase equ1l ibria studies of a h1gh-ma9n~sfa bàs-a-1t 

frOID the Tortug,a Oph1 0 l1,te. 
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(Hawkesworth et a L, 1917; Nisbet et al., 1977. Jo11y, 1978, 0; 

1980; J.hn et al., 1'980; Thurston et al::. 1983; 

Sta.atelopoulou-SeYlllour et aL. 1983; ~ddE;n et aL, 1984). 
./ 

However, there •. 1s less agreement on the chtmica 1 compos.ft1on of 

the parental lQ'agmas. lComati1tes are the least-differei\-l-tated 

bl. $ 1 c • a gll a s f 0 li n d 1 n Arc h e a. n 9 r e e n s ton e bel t san d are 0 f t e Tf 
.... ,J. 

intercalated ~1th tholeiitfc basalts (Py~e et aL, 1973. Arndt 
;. - ~ 

et al., 1977; N1sbet et a1.. 1977. Hawkesworth et aL, 1977. 

A'rndt et al., 1919. Jahn et aL, 1980. Basaltic Volcanism Study '.' 

ProJ,ect., 1981; Condie, 1981; Stamtelopoulou-Seymour, 1982. 

Sta.atelopoulou-Seymour et aL, 1983). Despite.,t~e close ~patial 

association of Ic.olllatiftes and thole11t1c basalts. 1t 1s 

uncerta1n whether the basalts represent the low. pressure 
l 

fract10nated products of komatiites (Stamatelopoulou-Seymour, 

1982; N 15 b e t, et al.. 1 977 i N i s b et. 1 982; Ha w te e s w 0 r the t al., 
1 

1977) or al terrlatively, whether the parenta 1 ,magmil to the 

b as a 1 t S' J 5 d 15 t 1 net f rom t1l. e k. 0 mat 1 i tes (A r n d t et a. l .; 1 91 7 , 

Arth et af •• 1977; Jahn et al •• 1980~ Bas~tfc Volcanism Study 

Project. 1981; Condie, 1981). Key'arguIPents for the seèo-nd 

v t e w pot n t are t h a t the r e 1 5~ C 0 m mon 1 y a dis tin etc 0 m p 0 s i t ; 0 n a 1 

gap between komat1ites and basaltic komatlites at 18%; MgO (~rndt 

et al •• 1982) and that tbere are distinct d1fferences in the 

t ra cee l e III e n t var 1 a t ion s (f n par tic u l a ra l RE E) b e t w e e n the 

ko.atiites and thole11tes in some volcanic provinces (Arth et 
. 

IL, 1977;'':lJahn et al., 1980; Nesbitt et aL, 1980). The 

relat1onS.h1 P ~etween kOlllat11tes ~nd basal ts is further 

co.pl1cated by reçent evidence suggesting that komat11t1c magmas 
, , , 

.1 Y ha y e b e en a b'r e t 0 a s s f 11111 .t e con t in en ta 1 cru s t (H U pp e rte t " " .. 
• 
144 
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al u 1984, Huppert et al., 1985). Their trace el ement contents 

•• y then reflect less ,th~1r source than the crust.l conduit 

through whic1l 'they have passed. 

Although earl1er work on the La Grande ia~as referred to a 

co.pos1t1on.l gap at 18S MgO between the kOllatiites and basal ts 

(Sta •• telopoulou-Seymour. 1983), r'ecent work (Stamate1opoulou

Seymour. unpublfshed) has reveaJed that there'are lavas tha,t 
\ 

, 1 
,s'Pan th1s co.positiona1 gap (Fig. '27a). The basalts in the First-

Cycle Volcanics l,nd in the Lac Guyer area (Stamate1opou1ou

Seymour, 1 982 ~ L f u. 198 5 )~ a ven e a r - c ho n d r 1 tic Zr/Y and T 1 / Zr 

rattos {ca. 2.5, 107 respeet1ve1y, Nesbitt et. aL. 1980) that 
" 

1nerease sl ight1y with inereasing Zr (Fig 29b, a). The Zr/Y 

versus Zr variations in the komat1it1c rocks from lac Guyer are 

very s1l1tlar 'to those in the basalts, but there 1s considerable 
f 

sc.tter in the Tf/Zr variations (Fig. 29). Sfmil ar1y (la/Sm)n 

versus La variations in the komat1ites (albeit for the few 

samples ava11able) are s1m1lar ta those in the basalts, whereas 
, 0 

(La/Yb)n versus la variations display more scatter (Fig. 18). 

The scatter in (La/yp)n versus la May be the resu1t of 

8n.1yt1ca1 unce~ta1nty at 10w abundances of Yb such as in the 

. ~ ko •• t11tes, o~ a1ternat1vely, as suggested by Stamate1opou10u

Sey.our et. al. (1983) lIay reflect different res1dua1 phases in 

the sou~ce reg10n of the pyroxenjtfc and per1dot1tfc ko.atiftes. 

The s1.11 a r..,.,t race el ement character; stfcs (Fig.lB, 29) of 

the bas.lts and ko.atiites ind1cate that these rocks may be 
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F f 9 u r è~ 2 7 ( a) 14 9 ver S 11 5 Fe. (b) T ive r sus M 9 a n:d. (c) S 1 
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versus Mg: (a11 1n cationS) for l-avas of the F1rst-Cycle , . 
Voltanics and from other parts of the La Grande greenstone 

" . 
belt. Indiv1dual samples have symbols as in Fig. 16. Solfd 

l1ne field and dash-dot field inc1ude lavas from the Lac 

Yasinski area and gabbros from the lac Menarfk tntrus1ve 

r e s pee t ive l,y ( B • R i var d • p. ers 0 n ale 0 mm uni c a t ton • 1 9 8 5 ) 1 

dashed pattern 1ncludes perfdot1t1c. pyroxenit1c and basalt.1c 

ko.at11 tes as wel1 as basa 1 ts from the Lac Guyer area 

(Stllutelopoulou-Seymour. 1-982) and dash-bar and do.tted 

patterns arê komat11tes and ba.salts respectively (roAl . .rsoùth 

of Lac Guyer {Liu. 1985). 
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Ftg.ure' 28 h,) Ca versus Mg'. (b) Al versus Mg and te)' Al 

" e r i- u s S 1 (a 1 1 1'n e l, t ion S ) for 1 a vas 0 f the F i r 5 t - C y c 1 e 
r , 

Vol C 1 n 1 c san d f r 0" 0 the r par t s ,of the . l a G r and e 9 r e e n s ton 'e 

,belt. SYlibols are as in Fig. 27. Olivine and Al.free 
, 

orthopyroxene are shown ln Fig. 28c for refe~e~ce. 
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-,lavas of U.e F1rst--Cycle' 'olcanics and from other partis of 

'~the Là Grande gre~nstone belt. So11d' c1~~cl es. and triangles. 
> 

"are ~t1low ~asa1ts and ba:;alt1c andesites of the first-Cy'cH! , 

. VOlc;an1cs: diamond, an~ open ~1rcles 
ri ' 

a .,. e bas a 1 t s a..n d 

; . 

kOllati1te:S respect1vely fro'm the Lac GUler, area 

~Sta,Jllatelopoulou.-~eymou,r-.• 1982) and open c1rcles, and-. 
ttt"arigles ari! basalts and komat11tes respecthel1 frOIi south 

. J 
qf: Lac Guy.r r(L.1u, 1985} • 
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genettea 11y related (c.f. Stamatelopoulou-Seymour. 1982. 

Sta.atelopoulou-Sey.our 'et. al •• 1983). Sta",atelopoulou-Seymour 

(0 p • c i t.) ha s su 9 9 e s t.e d th a t the p r i ma r y con t r 0 1 0 n 

co.positional variâtions in the komatiites may be different 

degrees of partial melting. whereas the basalts fn the Lac 

Guyer area lIay have evolved froID basal tic komatiite parents by 

fractional crystal1ization of olivine, clinopyroxene and 

orthopyroxene (StallatelopouJou-Seymour et al •• 1983, 1985 

( •. s.». 

Early saturation of h1gh Mg-basalts and basalt1c komàti1tes 

in orthopyroxene a~d olivine is evidenced in their compositional 

variations in Al-Si space(Ff9.28c). It i5 unlikely that 

equl1ibration with olivine alone could account for the steep 

positive slope of the basa1tic komatiites and thus ft seems 

likely that these l1qufd,s were on an orthopyroxene-olfvine 

control l1ne. The coexistence of orthopyroxene and olivine in 

the basaltic kOllatiites requires that these 1 fqufds 1ast 

equt11brated at pres~ures 1n the vicinity of 10-20 kb (O'Hara • 

1968; Yoder. 1976; E1thon et. aL. 1984). Stamatelopoulou

Seymour (1983) has pointed out that the large decrease in the 

concentration of compat1ble trace el ements (Ni. Cr) as opposed 
--, 

't 0 i n COli pat 1 b 1 e e 1 elle n t s ( Zr) s u 9 9 est s t h a t the \ bas a 1 tic 

ko.at11tes evol ved by fractional crystallization to produce 

blsaltic daughter liqu1ds. Thus. lf basal tic komatiftes were the 

parental .ag_as to basa1ts w1thin the la Grande belt su ch as the 
. - .. .,,, .. ". 

F1rst-Cyc1e Volcanics. then, 1t fo110ws from the 
1 J \ 1 

previous " 

discussion that these'magmas must have undergone a pOlybaric 
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fracttonatton history. In short~' the ,petrogenesis of. these laYa~ 

wa 5 cha r Il c ter 1 z e d ,b Y e Il r l:y h f 9 h - P r' e s sur e f r a c t ion a ] 

cry s ta 1 1 1 Z Il t ,f 0 n fol 1 0 W e d b Y s u ~ e que nt. ace u m u 1 a t ion 0 f the 

dertvat1ve magmas in shal10w sUbcru~ magma chambers in which 

the lIaglllas equilfbrated with a low pressyre assemblage. 

The Ffrst-Cycle basalts and basalts collected south. of lac 'f 
Guyer (Liu, 1985) have a tendency to 10erease in Fe, Ti and'Si" 

Ind decrease in Ca and Al with fncreastng different1ation (Fig. 

271-c. 28a and b). These compositional variations are consistent 

wtth the fraetional crystall hation at low pressures of 01 i vine, 

" c 11 no p y r 0 )( e ne . and p t ,a g 1 oc 1 a se w f t h 0 r w ft hou ter - spi ne l ( t h fs 

st'udy), or as suggested by Liu (op.cH), by a combination of 
J 

equil1briuIII and fractional crystall1zation of the same 

Isse_blage. On the other hand the lac Guyer ba sa 1 ts 

, ts t a lia tel 0 pOU l 0 u - S e y mou r et al.. 1 983, Fig. 27 a ), and lac· 

Ylsfnsk1 basalts (R1vard' et aL. 1984, 1 1985) appear to have 

constant Fe abunda~ces wfth fncre~sing d1fferent1ation. The 

co.positional variations of these lavas appears ta have been 

control1ed by the fractional crystal11zatlon of assemblages that 

" lack plagloclasé as evldenced by the smal1 changes ln Ti and Al 

and .decrease in Fe,.relat1ve to Mg (Fig. 27 a·nd 28, c.f. 

St.a.atelopou)ou-SeYliour et aL, 1983; R1vard et aL, 1984). lit 

~ould thus appear that although the basalts of the la Grande 

green stone belt may have evolved from a similar ~omatlit1c 
, 

parent, there are significant differences in the nature of the 

h1gh-level .ag.atle processes that account for the spectrum of 
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co.positions a.ongst the se rocks. 

The gabbro1c h1gh level 1nlrus1ves in the La Gr~nde belt 

(tnclU'd1rig F1rst-Cycle Volcan1c gabbro s111s and gabb~o1c d,Ykes 

- assocfated with the Lac Menarl~ intrushe. Rivard' et. aL" 1984, 

l' 9 8 5) lie a 1 0 n g F e - e n ri chilI n t t r end s s 1 ni i 1 art 0 t h 0 S e 1 n the 

F1rst-Cycle basalts and basalts south of Lac Guyer (Fig. 21a). 

The co.pos1t1onal variations as well as the cumulate textures in 

solie of these rocks (3.2.1) sU9gest that these 1ntrus1ves may 

repr'esent the hfgh-level magma chambers ln whlch Fe-enr'iched 

basalts evolved. The forlllation of basaltic magmas w·1th 

J 
• > 

, ~ 

relat1vely constant Fe abundances may be a result of problems of ! 
! 

nucleation k1net1cs (R1vard et. aL, 19'85). However, if the 

..... , . 
constant-Fe lavas evol ved from gabbroic. 1 iquids which were 

saturated in plagioclase as well as olivine and clingpyroxene" 

then' the control on Fe-dep1etion is more 1H~ly related to the 

abil1ty of plag10clase ta separate froll the melt. 

A nu.ber of workers have po1nted out that plagioclase rIIay be 

bouyant ln some thole1itic l1quids (Càmpbel1 et. aL, 1978; 

Bedard et al .• 1983). Indeed the 'presence of large megacrysts. 

and glollleroporphyritic clusters of plagioclase in 5111s (3.2.1) 

in proportions greater tha~ those required ta produce the Fe

enr1chment in the gabbros and basa 1 ts suggests that thts phase . 
• al be accullulat1ng or float1n'g in these rocks. Ph1nney'~. al. 

(1984) have found that 1 arge plagioclase megacrysts 1n vol can'tc 
" 

flows and basalt1c dykes and or s111s have a unique 5ha~e 

(e~u1d1.ensfonal) and cOMposition (An 80-85) 1n'lIla~y Arche~n 
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greenstone belts and -are out of equ111~r1". ~ith t,h-e host 

basÎlt1c,'11qù1ds .whose trends ind1cate fractionat1on dOlltnated 
, , 

, . 
by lugite and plagioclase (An 50-65 lath-shaped). They'have 

.,s u 9 9 est e d th a t the se_ e 9 a c r j st s we r e cry st a 1 1 1 le d f rom m 0 r e 

'pri.tttye l1quids and were subsequently incarporated by more 

frlcttonated l1quids and transported ta the surface or'near

'surface. The laek of eamplementary mafie megacrysts in flows has 

b •• n interpreted as a resu1t of pond1ng of high density melts irr 

th, 1 0 \If e r Cru s t 0 rat the cru s t - man t 1 e b 0 und a r y. fol 1..0 W e d b Y 
, \ 

S f n k 1 n 9 0 f Il a fic san d f 1 0 a t 1 n 9 0 f pla 9 i 0 c 1 a set h a t c! Q~ 1 d b e, 

later entra1ned 1n upward surges of less dense magma (Ph1fnney 

et',a1 •• op.ctt.). Although compositional data are lacking for 

.eglcryst1c land phenocryst pl agioc 1 ase in GHP si 11 s and pi 11 QW 

1 1 VIS 1 n the F 1 r s t - C y c 1 e ,V ole a n 1 'c s. Phi n n e y 1 S exp 1 a n a t ion 0 f 

these relat10nships may app1y in the case of the la'Grande be1t, 
1 

s1nee the plagioclase megacrysts are found in bath flaws and 
~. 

\ 1ntrusives in th1s terrane and the .egacryst·s c~mmon1y -occur in 

, 
, < 

gabbro1c .ltr1ces wh1ch conta1n lath-shaped crystals enclosed in 

lugite. 

The d1fferences between the constant-Fe and Fe-enriched 

1 1 VIS 1 n the l a G r and e bel.t • a y ber e lat e cf t 0 the b U 0 yan e y , 0 f 

plagioclase'in basalt1c melts. Fe-enriched lavas may have 

fract10nated plagioclase e1ther by atta1ning a density contrast 

sufffcfent for the plagioclase to sink or alternative1y. by .. 
s~parat1ng crystal fro. !lelt by some forlll of flawage 

dffferentfatfon 1n narrow s111s (Bhattacharji et al •• 1964; 
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K 0 III r. 1 912. 1 916; Bar r'" e r e, 1 97 6 ). l a vas 0 f con s tan t - Fe' m a y 

have had diff..1culty nucleat1ng plagioclase or alternatively 

,crysta 1 s of pl agioc 1 ase lIay have been buoyant 1 n the lIel t and 

ca rrt ed to the surface. 

., . 
" . 

6.3.1 Petrogenes1s of the ,Second-Cyc 1 e 'ol~an1cs In'cÎ' Lac 

Coutaeeau Dykes • 

ln Cha pte r 5 i t wa s de Il 0 n s t rat è d t ha t t h eS e con d - and 

Ftrst-Cycle Volcantcs could not- have been comagmatic. 

Furtherllore, the lac Coutaceau dykes were shown to b'e probabl e 
, 

ch.e.ical analogues of Second-Cycle .magma"S. In th1s sectton the 

que s t 1 0 n 0 f the 1 r u 1 t i III a te o,r 1 9 1 n il n d th.e 1 r· r 0 1 e t n the 

petrogenetic h1story of the la Gr~nde belt i5 address~d. 

',The systematic variation in major an'd trace element 

éO.positions wHh/i~ on,e flow of ,the Se'cond-Cycle Volcanies can 

be attributed tei differential crystal accumulation within the 

f 1 0 W (5 • 3 ) • S f la 1la r 1 y ~ t he 1 a r 9 e var i a t 1 0 n 1 n c 0 m p.a t i b 1 e t ra ~ e 

ele.ents (Nf, Cr) versus incompati9le elements (Zr) ln the 
• 

Second-Cycle Volcanics and lac Coutaceau dykes can be attrlbuted 

to the fractlonal crystall1zatfon of Ni- and Cr-bearing phases 

(F,1g.22b andcl However, fractional crystalllzatlon of Nl- and 

Cr-bearlng ph«ses such as olivine and cl1nopyroxene and or Cr

bearfng splnel alone cannot account for the increase in 

t n c 0 III pat i b let ra cee l e III en t rat i 0 s (Z r 1 Y, laI Sm, .. l a 1 Yb) w i t h 

tncreAs1ng differentiation tn the lac Coutaceau and. Second-Cycle 

s'u1te5 (Fig. 24). Several petrolog1cal processes could account 

156 

f 
~ 

" 

, ' 

.. \ 
1 . 
1 , 

, 1 ' 
'!pt.., .... ,P\!"'!, .~.,~R .... ,.,..'*" ... ;:11: ••. :"'. ~-"I!i&"".PI"",1 ....... "l1li1 ~-.... - ... lif1i"'J.::-:.:....,;'lIIIilll!l.lIIi.a .. i.c .tQ~'''------'~, ~""'T. -:-:.~,_l -
~... ~'I:" ~ ..... ~~ 

~ . 



.-

< r, 

:. . " 
~ 

L1 

1 " 

. . 

r 
, . 

,;. - , 
:;, 1 

; -
'. : 'r '. , ; • , ;. 12 , 

i' tC:r • , . ., 

Î 

!ôr thi~s type of va"r1atfon in trace element ratios fncludfng: 
~ 

d f f te r e ft t de 9 r e e S 0 f par t 1 a 1 IR e 1 tin g. 0 pen S y 5 ~ e m f r a c t ion a 1 
• 1 t 

'c ris ta, 1 1 1 z a t 1 0 il. IR a 9 IR a 11\ 1 x,1 n g and con ta min a t ion. 0 1 f fer e n t 
) , 

l' 

d e·g r e e $ 0 f, par t ia 1 III e 1 tin g C ,a n no t b e 1 n v 0 k e d sin cet h 1 S p, roc e S S 
\ > '> • 

,could .;not atcount' for tfi~t cOllpatible element variations. There 

~ 15 no f1e)d ev1dence in suppori of magma ~1xing. although there 

15' 'aAlple, evfdencè'of at least physical contamination of the 
• , r 

IR.glla ,as ev1denced by the presence of xe'nol1ths in bath the 
" 

Sec 0 n d - Coy c J, e and Lac Cou tac eau su, tés (J. 4 • 1. 3. 5 • 1 ). The 
, . 

poss1b111ty of ,çontalR1nat1on ,of the Second-Cycl'e and Lac .... 
~( , " 

u.t \or ' 1 () 

, Cou tac eau pa r-e n t al .. a 9 JI a ( s) 1 5 the r e for e W 0 r the 0 n 5 i'd e r 1 n 9 

further. 

The h1gh Mg.I ~~'~~o<lIIe of. the"La~ Couta,cea'f.~~~es (0°.16) and 

t ~ e hi 9 h IH and é f' a bu n dan c'e i s u 9 9 est th a t s 0 III e 0 i) t h ~ se h 1 9 h - M 9 

lIaglllas may have been in equ11ibr1u" w1th the upper mantle 

t 

1...;.r' ',';,,,, ;'>~ (Hanson et al., 1978). S1m11ar magala compositions are attained, 

by some of the komat1ftes in the la Grande be1t. The Second

Cycle and lac Coutaceau.suites, howeve~, ex tend ta h1gher Si and 

Al, III a 1 nt a i n con st an t T 1 w 1 th de cre as 1 n 9 Mg and 'a r e 

çharacter1zed by decreasing Ca and Fe w1th '1ncreasing 

d1fferenttat1on (Fig. 20 -and 21). At s1m11ar Mg abundances th1s 

~suite i5 character1z~d by lIIuch h1gher LREE and Zr abundances 

than the komat11tes. (5.3) • 

.". The major element and compatible ele.ent (Ni and·Cr) 

variations of the Secon~-Cycle and Lac Coutaceau sutte ~re 

157 

;if4:~J-~ i , ."",If ·~'"~'",,,,,A,".""."_I •• _t .... 1111 -':JllIII!)~.;(!IIII#!IIIIIJ_$"a.2.e"; .. , .... ,--:--""'''-r't'·--::-~--· 

J .'{ 
~ \ , , 
Il 

11 
() ,. 

gl 
d 

f 
1 

;, 
f 



, 4 

·",u SillS 

, 

1 
li 

lf. 

" ' " 

.i .; 
, 

/ 

• 1 • 

. . 

• 

~t 

consistent w1th these rocks havfng fractionally crystall ized 

o11vine and cl1nopyroxene. Furthermore. at 1east on the basis of 

these elelllent~ this suite coul d have been der; ved from 

k o. a t 1 i te - 1 1 k e me 1 t s • The de cre a sei n Fe w f th i ne r e a sin 9 

dtfferent1ation (decreasi"g M9) eould be explafned by the 

equl1ibrfulll er,)'lltall1zation 'of olivine. sinee this process leads 

ta lower Fe abL\ndances after larger degrees of fract1onation 

(c;f. Hanson et aL. 1978). However. the fractionation of . 
-

olt v 1 n e and c 1 i n 0 p y r 0 x 'e nec a n no tex pla 1 n the ,t ra cee 1 e al e n t 
-

abundances in the Second-Cycle and Lae Coutaceau s·ufte .. 

'. 

'- , 
It t5 possible that a kOllatiit;c maglla interacted with a 

s fil tee rus t t Q pro duc eth e Sec 0 n d - C y e te and Lac Cou tac eau 
'': 

suttes. Evidenc~ far'this pracess is only jndirect, komatiites 
,.' 

are found near the top of the supracrustal succession 

e xc 1 us 1 ve 1 yin the e a ste r n par t 0 f the la Gr an d,e b e J t (2.1. ~ 

St a _ a tel 0 pou 1 0 u - 5 e y mou r, 1 982 i li u, 1 98 5) wh e r e a s the ~ e c 0 n,d -
, 

" ~ycl'~ VO,lc~s an~,Lac Coutaceau dykes are late-stage magmâs r 

\.,: 

that conta'in crustal xenol1ths and are the h1ghest-Mg magma's 

re po rte d f rOll the c e n t r' a 1 and we ste r n par t s 0 f the bel t. 1 n 

o r)j e rv t 0 s e e i f t 111S ~ Y pot he sis i seo n sis t e n t w i t h the che mie al" 
, ' 

f 
vartations i'n the Seco~~-Cycle'and lac Coutaceau suite ft fs 

necessar'y to estillate the cOlllposition of the proposed 
'1 .... 

c 

Al thou9h there .ay have been cons,fder-able hetero~ene,fty in 
\. . 

':tbe to.position of the stalle ctus't a reasonable estf.at-e of the 
, ' 

·b~lk ,co.position of the crust underly1ng ·the la Grande 
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greenstone'belt is that of a ton.lite. This est1.ate 1s baud on 

the co.position of xenol1ths in the- volcanic and 1ntrusive 

rodt.s, the provenance" of sedi .. entar.1~l"ocks in the supracrustal 
. ""-

succession and the composition of the granitoid basement 

tntruded by·the lac Menarik intrusive (Rfvard et. al., 1984, 

1 985 ). S t a 1ft a tel 0 pou 1 0 u - Se YIII 0 u r (1 9 8 2) h a 5 5 U 9 9 est e d t ha t the 

rhyolites and rhyodacftes found in the lac Guyer area are t~e 

extrusive equivalents of granodiorit1c-tonalitfc ·intrusives 1n 

t h 1 s are a. The rl! for e, the r h y 0 1 f tes pro v ide u 5 W i t h a cru d e 

est1.ate of the composition of 3 partial me1t of the crust that 

.ay have reacted w1th the komatiitfc melt • 

11 ln order to test the viabilfty of assimilation fractiona1 

crystal11zat10n a least-squares m1x1ng program was used to test . 
co.blnations of fraction~tfng phases that wou1d have to be added 

/; 

to a derivat1ve liqufd to produce a mixture of the parental 

liqu1d and the contillainant (ada'pted after Wright et al. t 1970). 

This technique 15 at best an approximate one in that, ft does not 

account for the expected cont1nous compositional variation of 

so.e of the fractionating phases. The. following crystallizing 

asse_blages were tested: * KOM + RHY • OLI + DAU, • OlI + CPX 

+ DAU. • OLI+ CPX + PLAG + OAU, • OPX + Olt + CPX + PL AG + DAU, 
, 

OPX + CP~ + 'PLAG + DAU. Allongst these lIode,l s the best residua l s 

were calculated for the assemblage contatn1ng OPX + CPX + PlAG + 

DAU (Table 71 The OLI + CPX + DAU ass.R.b1age had rel'ati vely low 

* where ko.at11te 
'cl1nopyroxene • CPX, 
-.~aughter • DAU. 

• KOM, rhyolite • RHY, 01lv1ne 
plagioclase • PLAG. ·.~rthoPY:rïn. • 

.' OL 1 • 
OPX and 

1 
i 

, 1 

,j 
1 
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Table 7 

IGIlATlITE 

'-

Asst.l1ltton Fract10nal Crystall1zation Model Usfng A 
Least'Squares "txiag Calculation for tlteSecond-Cycle 
Yol canics . 

+ RHYOLITE (COITAMUANT) • A.OESITE + OPI + CPI + PLAG . --------_ .. ----"- -. --. --------------_. ------ ~ _ .... _ .. ---..... ---------
E L E 1ft N TE" S TA FER R S ~ X PLA GA" 0 ESC 0 ru A M PRO P'. CAL C. RES 1 0 U E . • 

" , 

-

XOMAT KOMAT' 
.. _.- ---- .. ---------... ----~ ------------.. ---_ .. ------..... ---_ .... -----.. ---
~~'~'~3 59.84 45.35 5~::~ j~:~~ ~~:~~ r::~~ 4;:~~ 4j:~~ -~:~~ 
F~eO 54.45 5.95 5.14 0.66 10.40 10.41 0.00 
"g1) 40.16 18.53 5.19 0.18 23.95 23.96 -0.01 
CaO 19.83 20.17 5.41 2.16 8.36 8.41 -0.04 
Ha20 ,0.12 5.09 5.47 0.38 0.44 -0.05 
K20 0.50 0.85 0.10 -0.09 0.20 
T102. 0.21 0.61 0.06 0.35 0'.36 0.00 -----.. ---.. -...... ---.. ----.. -.. -- -..-----:::--..... ----.. -----.. --- ----- ;.. ---..... --

IIT.PRO.44.21 12.44 18.55 13.39 54.77 -43.33 2:(RES 1 OUALSf·0.05 
S CRYSTAll IZAT 1 ON • -45S , ASSIM IlATlON 43% 
(ENSTA78 :·CPX :'PLAG (AN-IOO)· 64': 21: 15 
E"5 TA· E " S TA t 1 TE. F.Q R S -- fER RO SIL I.l E. C PX· C lIN 0 P y R 0 X E NE. 
PLAS • PLAGIOClASV. ANDES • ANDESlTt. CONTA" • CONTAM INANT. 
PROP. KOMAT • PROPOSED PARENT. CALC. KOMAT • CALCULATED PARE"T 
- - .. - - • - - - - - - - - - .. - - - - - - - - - - - - _ .. - - - IIIIIIII ___ .-. ______________________ .. \ __ 

Theu c.leutati'ons were perfor.ed with the adneral distribution 
progr •• of "ri gt\t and Doherty (1970). S102. CaO, Na20 and K20 

- ' .• ere wei ghte4 1.' A1203 and MgO were wei ghted 3. feO was we i ghted 
1 0 and T i 02 III a sille 1 9 h t e d 5 O. The par e n t Il 1 9 .. a 15 a p e r i dot 1t i c 
k 0, •• t t 1 t e ( L G - 3 1 5 ) "a n d the con t a Il 1 na n t 1 s a r h y 0 1 i te (l G - 3 0 6 C ) 
bottllnalysis are of vo'lcanic rocks frolll the Lac Guyer area. 
(Stall.telopoulou-SeYlllour, 1982). The derivative lava composition 
1s' an andeslte froll the Second-Cycl e Vol canies (TS-283-85). 
O~t.opyroxene and plagioclase co.positions were deterlllined by 
t'h,e progra. by .hi ng end .elebers. whereas the c l1nopyroxene 
a.n,4lys1s 15 -taken froll Stallatelopoulou-Seymour (1982). The 
calculatlon uses '1 lelSt..:squlres .hing algorithlll that combines 
t ft e .1 n e r il 1 . a" d da u 9 h ter co .. po s i t ion 5 top r 0 due e ami x' t ure 0 f 
eontalinant and kOllatfHe. An arbitrary SUin of the squares of 
the res1duils • 1 was ehosen as an upper eut-off limft 1n 
~he ftrst step towlrd deterll1n1n.g whether a partfeul ar 1110 de 1 was 
accepata~e~ 
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res1dual s with the except1on,'of N·a, 'but the solution of thfs 

.qdel d1d not use the conta.fnant. The OPX + CPX +PlAG+ DAU 

.odel requlres slfghtly greater degrees of crystal11zatfon than 

conta.ination (Tabl e 7). 

The abundance of plag10clase 1n the fractfonattlg 

~sse.b1age (Table 7) 1s very low and thu$ consistent wlth the 

i"crease 1n SI and Al w1th fncreas1ng differentiat10n in the 

Sec 0 n ,d • C y c 1 e Vol c a n 1 c 5 and lac Cou tac eau 5 u i te (F i g. 2 0 c ). 1 f 

assl.'1atlon of tona11tic matertal was invol ved in the 

fract1onat10n hlstory, of these magmas than the modelling 

-pr.ed1cts orthopyroxene and not olivine would Qe an the liquidus • 

" An OPX control line.ay be lI1asked in Al-Si space by the presence 

,of a rhyol1tic cont.amfnant whfch c:aUSi!S the lfquid 1 ine of 

descent x'b tend toward h1gher Si content~ (Ffg. 2Dc). This Is .' .... .J 

consistent" ~ith the fact that tnct'eases in the sil ica activity 

o'f a me 1 t sa tu rat e d w i th 0 1 i vin e s hou 1 d for ce· the 

,crysta1lfzat1on of orthopyroxene. Evldencè for the presence of 

or t hop y r 0 xe n e 1 s fou n d 1 n the h i 9 h lev e l ,n 0 r 1 t " plu 9 th a t 
J , 5 5 , . 

intrudes the Second-Cyè le ~o l ~an 1 cs (3.4.2). 

It i s necessary to tes't whether the favoured a551.11 at10n 

frac;tional crystalltzatlorr (AFC) model favoured above (OPX + CPX 

+ PLAG, Table 7) can-account for the trace elelllent composition 

of the daughter liquide Th1s can be done with the Depaulo (I98l) 

AFC equat10n (Tabl:e 8) uslng the parent and contaminant trace 

e 1 e _ e nt a bu n dan ces ( C. , Ca). and cal cul a t 1 n 9 the bu 1 k pa r tJ t f 0 n 

coefficfent (O) by us1ng we1ghted proport10ns of .1nerals {fro. 
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Table 8 AssI.tlat'on Fracttoftll Crystall1zatton Calculation 
Usta, tla. DePlulo Equatton. " 

IORATIITE +'IHYOLITE (COITA"I"AIT) - A"DESITE + CPX + PLAG + OPX 
----_ .. _-----------------~---_._---------_ .. _-------------------
ELEMENTMa Mc C. C.o Ca F KplagKopxKcpx 0 Cm· 

----------------.----.----_.------.-----------------------------Ce 43.3 88.6 28.5 5.02 39.7 0.55 0.10 0.003 0.10 0.038 39.1 
·S. 43.388.6 3.1 0.81 2.74 0.55 0.07 0.0100.260.165 3.15 
Eu 43.3 88.6 0.86 0.21 0 .. 48 0.55 0.30 o • 0 1 3 0 • 20 O. 0_95 0.69 
Yb 43.3 88.6 0.73 1.01 0~40 0.55 0.03 0.05 0.28 0.095 2.03 
Tt 43.3 88.6 3635 2360 299 O. 55 'O. 04 0.1 O.JO 0.133 3887 
Zr 43.3 88.6 103 18 65 0.55 0.01 0.03 0.10 0.04Z 81 

,y 43.3 88.6 10 9 16 0.55 0.03 0.2 0.50 0.238 23 

~----------------------------------------------------------------\ Frlctionatian WIS ".odelled us1ng the equation: 
C.,C.o • F~ +((r)/(r-l) )Ca/(zCllo)('1 .. F-·) , 
where • • (r + 0 - 1)/(r-q and r·' Ma/Mc 

Ma -rate at which wallr.ock 15 asstllilated (1 assf.1lat10n 
Tabl eH, 

Mc· rate at which fractionat1ng phases are eff,ectively being 
re.oved (S' crystalltzation Table 7) " 

c. • c.O'-
Ca -
F • 

concentration (pp.rof trace ele.ent'1n .,ga" 
concentration (ppm) of trace e1e.ent in or1ginal ,magma 
concentration (ppm) of trace ele.ent 'n wall rock 
.,55 of the lIaglla as a fraction of the orig1nal .. aS5 

D· bulk so11d/liquid ,partition coefficient for the element 
between the fractionat1og lIineral phases and the magma 

C.*· calculated ,Çoncentration (ppm) of trace element 1n magma 

-----~----------------------~-----------------------------------The proportion of lIinerals used in calcullting'O as well as the 
',factô'rF are taken fro'lIl Tabl e 7. The l11nera,l l1quld parti t10n 
,'coefficients are taken from the follow1ng references (0 -Cox et 
,1 1 •• 1 9 19 • ( 2 ) P e arc e et, ,a 1 •• 1,9 7 9. Par en t • a 9" a ( 0 r 1 gin a l 
IIlg.a). contu1nant (wal1rock) and der1vathe .aglla (magma) are 

. tbe sa.e as in Table 7. The equation used here 1s taken from 
Deplulo (1981). The results of this calculat10n ar,e"shown 
9rlp~ically in Fig. 30. 
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f 1,gu r e 30 Resùlts of the ass11111lat1on fractfonal 

cryst"âl}1zat1on calcu,lation, komati1te + rhyolite • .opx + cpx 

+ plag + andesite (Second-Cycle lavas). Dark square 1s a 

per1dotitic komatiite (lG-315). ope n s qua r e i s t 'h e 

"contaminant rhyolite (lG-306c}. the black diamond i'5 the 

derivat1vè andesite (TS-283-83) and the mo4e1 ,value 15 shawn 

a san '0 pen he x tg 0 n. The no rm-a l 1 z 1 il 9 fa c t 0 r s are t"a' ken f r 0 ln 

Hanson (1980) and Sun'et al. (1977). 
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the least-squares calculation) and pub11shed m1neral-'11quid 

partfti1>n coefficients. The results of this analY5is show that 

t h t s .0 deI cou 1 d exp 1 a i n the a b und a n ces 0 f Ce. Sm, • E U II Zr and 

Ti', bul overesthlates the abundances Y and Yb (Fig. 30). 

The overestilllate of Y and Yb may be due a l'Iumber of 
-

fa ct 0 r s. 1 n c 1 u d i n gap 0 0 r ch 01 c e 0 f con ta df 1~1f an t 0 r par e n t a 1 

.a9,lla, selective exclusion of these eleme'nts by retention io a 

r e f r a c t 0 r y r e s i due dur 1 n gille 1 t. i n g, cry s ta 1 1 i z a t 1 0 n 0 f ami no r 

p'h a 5 eth a t pre fer e n t 1 a 1 1 Y par t 1 t ion s the se e 1 e m ~ n t s. 0 r 

alternatively. the contamina~ion process may have been one of 

select1ve d1f.fus1on of'cations (C.f. Watson. 1982; Watson et • 

al., 1984). The first ,possib111ty is thought to be the most 

11lcely since there is no evidence to warrant the latter. 

Despfte the success of a contamination mode1, op~n system 

fractiona1 crystatlizat10n cannot be excluded as a possible 

pro cess t 0 ace 0 u n t for the s e ·r 0 c k s • S 1 n cet' h e r e are f e ~ d a t a 

aval1able to c0'lstrain "odell lng of open system fractional 

crystall1zation ft 1 s not, however, treated further. 

It would see. then ~hat the bulk of fiel d and chemica 1 data 

on the Second-Cycl e Vol canies and lac Coutaceau dykes are 

consistent with a 1II0de 1 in which these rocks were der4·ved by the 

contamination of a kOlDatiitic mag ... a by a tonalitic crust. It i5 

interest1ng to note that a number of recent workers have 
.#, 

predicted that kOllatiitie Magmas in the Archean lDay have had a 

great capacity for the ass111ilat1on of wall rocks by virtu.e of 

the1r h1gh liquidus temperatures and probable turbulent state in--
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the near surface environ •• ut. wh1ch could have provfded a 

constant heat flux at the zone of .elting and "ass1.ilation 
.~ 

(Huppert et al., i9-84. Huppert et aL. 1985). 

The two-volc:.1nic cycles stud.ted in the central part of the 

La Grande- belt are believed to record the progreS~fYe effects of 

ln ter a c t ion b ~ t w e.e n a k o. a t ~ 1 tic ~ a g. a and the c ~ n t 1 n e n t a 1 

crust. The kOlllatiit1c '1I911a5 are be11eved to have undergone a 
t' 

polybar1c fract1onat10rf h1story. Init1ally. ris1ng komatiitic 

.ag.as were forced to fraction(te olivine and orthopyroxene"at 

relathely deep cr'ustal levels. The residual basalt1c komat1ites 

tha" rose to shallower depths where they are be11eved to have 

fract10nated at low-:pressures to produce basaltic daughter 

l1qu1ds. With tille. and perhaps cont1nued rift1ng (see 7.2), 

ko.at11tic lIIa9IDa_s were erupted ln the eastern part of the La 

Grande bel t whereas toward the west these magmas lIIay have been 

forced to 1nteract with the continental crust to produce 

conta .. fnated s1l1ceous differentfates. , 
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Chapt.r 7 Th. Tectonfc E,olution of tlte l. Grande Gt.tnstone 

B.lt 

" 
7.1 ~Areltean T.ctantes 

All .odels of Areheln cru,stll evolutton are cl,osely a l11ed 

tOI and de pend upon, the earth's ther.a 1 history. Heat fl OW in 

the Archean 15 general1y thought to have been h1gher than at 
. 

present, as a 'result of the greater abundance of long-11ved 

radioact1ve'nucleides and whole-earth post-accret1onary cool1ng. 

Most esthlates for rad10genic heat production in the Archean 
Li 

(2.6 Ga) are between 2 and 3 t1A1es the present (Wasserburg et 
" , 
iL. 1964; O'Mions et al., 1978). However •. the range of 

esti.ates of Archean global heat 10ss, wh1ch is a funetion of 

the relative proportions of whole-earth cool1ng and heat 

production, 15 1 arge. 

Priar to the recognition of pl ate tectonies most 

investigators assumed thlt helt transport by conduction was the 

principal lIeans by wh1ch heat was transported through the earth 

(lubtraova, 1958). However, it 15 now clear that convective heat 

transport through the creation of oceanie lithosphere at 

spreading centers and ifs recirculat10n through subduction 1s a 

very effective raeans of dissipating heat (Biekle. 1978; Sclater . . 

et aL, 1980). Consequently, many workers have considered 

convective heat transport mechanislls when A1odel11ng the earth's 

the r _ a 1 h i 5 t 0 r y ( e 9 • M c Ken z 1 e e t al'. • 1 97 5 ; Bic k 1 e , 1 97 B ; 

,Campbell et aL. 1984). 
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A nu.ber of investigators have argued that sinee calq.lated 

geotherlIIS in Archean h1gh-grade terranes are not sign1f1eantly 

h1gher than lIodern, coptinenta1 geotherms. the heat transport in 

the Arehun .. ust have been accomodated through greater heat 10ss 

f r 0 .. 0 e e a nie basin 5 (B i e k 1 e. 1 9 7 8 ; 8 u r.k e e t aL. 1 9 7 8 ). A 

greater heat 10ss from the Arehean ocean basins cou1d have' been. 

effected by higher rates of spreading and/or greater lengths of 

.id-oceanic r1d9,e (Bick1e, 1978). Hoffmall et al. (1984) have 

extended these arguments to the ear1y Proterozoie. and have 

suggested that the W11 son cycle opera'ted faster dur1ng t,he 

Proterozoic, as ev1denced in the formation and destruction of 

the short-1ived 1.9 Ga continental, margin of the Wopmay Orogen, 

Canada. 

The principal objections to plate tectontcs tn the Archean 

(Saer;. 1981) are that the higher mean temperatures of the 
< 

Archean lIantle wou1d hâve inhibtted the development of denstty 

contrasts between the cool oeeanie lithosphere and the 

underlying Asthenosphere suffieient ly large for the spontaneous 

subduction of oceanie plates. Baer (op cit.) has a1so argued 

that the higher mean temperature of the Archean mantle would 

have deereased the stab11 ity fiel d of ec 1 agite. Thus. even if 

subduction cou1d be 1n1t1ated. 1t would be difficult to 

.aintain. due to the decrease in the slab-pull force. which is 

4ided by the density increase accolllpany1ng the basalt-eclogi,te 

transfonation. However. assumtng the earth did not expand 1t 
• 
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'$ e e .. sun 1 1 k e 1 y t ha t the r e wa s nos u bd u c t ion dur i n 9 the 

Preca.brhn in lig~t of the probable higher rates of sea-floor 

spre'ad1ng at that t111e (Bickle et aL. 1978; Burke et aL, 

1979). Hynes (1982) has argued that during the Proterozoic a 11 

oceanie tectosphere was subducted young. because of its inherent 

~1 n 5 ta b 1 1 1 t Y a t the e art h • s 5 urfa ce. N 1 5 b ete t al. (1 9 8 3 ) and 

,Arndt (1983) have argued that Archean oeeanie crust was probably 

ko.atfitie i-n co.po~it1on and thus by v1rtue of it5 h1gh dens1ty 

.ay, have subducted $pontaneous1y w1th coo11ng. 

''1 
ln thts chapter the tecton1c setting of the La Grande 

. -
'grelnstone belt 15 diseussed 1n l1ght Qf contulporary 1deas on 

Archean crustal evolution. Model calculatton5 show that the La 

.Grande be.lt lIIay have developed in a passive'feont1nental r1ft1ng 

environllent. The alIIount of stretch1ng requ1red for the 

l1tho'sphere, to 'produee the observed subsidence, 1s sim11ar in 

•• gnitude to extension factors calculated vn similar Modern 

tectonte: env 1 ronments. 

The Tecton1c Sett1ng of the li Gr~nde Greenstone Belt" 

ln Chapter 4, var10us ev1dence was presented wh1ch favors 

forllation of the La Grande belt on sfal1c crust. It 15 n,ot 

possible frOID the availab1e data to determine whether this 

)' un éI e r 1 ii.n 9 con tin enta 1 cru s t wa sin the 1 nt e rio r 0 r 0 n the 

.argtn of a large stable cratontc land lIasS or. alternatively, a 

s.a11 continental nucleus (analogous to a mature arc complex) •. 
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A n u Il ber 0 f 1 i n e S 0 f e V 1 den ~ e f a v 0 r, a m 0 de' 1 1 n wh i ch' t·h e L a 

Gr~nde greenstone belt developed in an extensional tectonic' 

environllent. Sfal1c crust acts as a densfty barrier to primft1ve 

basic l'Iagllas such as komati1tes (Francis et al.. 1983). In' order 

'to overcolle this density barr1er. basic magmas must either cool' 

and consequently fractfonate to less dense compositions or. 

alterft)at1vely., the s1al1c cr~sta1 barrier,must be thi'nned to a 

level perlDitting the buoyant up~ell1ng of hot. unfractionated 

basic l'Iagml$ (c.f. lePfchon et al. 1982j~ The extrusion of -'large" 

y 01 u.es ~ f COli po s it i 0 na 11 y un Ua rm l 're 1 a t iv el y e v,a,l v ed;. ,b.a sa 1 tic 

_,ag_as requfres large-volume s'ubcrusta 1 magma chambers in wh1ch 
, , 

de ft 5 e. p r 11 f t ive ID a 9 l'II 1 S ca n ,c 0 1 1 e c tan d f ra c t 1 0 na te t 0 '1 e s s 

dense compI)s1tfons before eruptfon. The development of larg~ 

subcrustal magma chambers and the u1timate fal1ure of the sial'ie , 

densfty barrier 15 most lHel,y to occur in an extensional 

tectonic envfronlIIent 1n whfch the continental 1 ithosphere 15 

' .. 

#,- ... 

,.' 

th1nned. The extension of cont1nental 11thosphere 1s accompanied 4 
~ 

by the passive upwellfng of the asthenosphere, thus' permitting 

the generatfon by adiabatic lI'Ielt1ng of a large volume of 
'. 

basaltic magma •• nd ultimatèly leading to the eruption at 

surface of these unfractfonated magmas when the' densi~y barrie,r 

.1 s breac hed. 

The occurrence of primitive komati1tic lavas overlying a 

large volullle of basaltlc lavas in the eastern part of the la 

Grandê greenstone belt. as well as the fact that the 

Yc;»lcanosed1l1!ntary succession Ippears ta have accullulated in a 
• 
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subsld1ng basin which became progress1vely,deeper wlth time, 1s 

consistent w1 th its deri vat10n in an ex'tens1ona 1 tecton1 c 

environment. Initia 11y, the komatiitic magmas were forced,to 

,poo~ 1n large subcrustal magma chambers and cool to form 

b a 5 a 1 t'i c . d a u 9 h ter l 1 qui d s t h a t p e r 1 0 d 1 cal 1 Y e r u 'p t e d • 

Sta.ate10poulou-Seymour (1982) has suggested that the felsic , 

J 
f , , 

volcanics found near the base of the Lac Guyer success10n in the _. 
" "'.l 
~ e a 5'( e r n par t 0 f the L a Gr and e bel t, m a y h a v e f rom e d b Y par ti a 1 

.el"ting of sia11ç crust at a time when komatiitic were forced to • 

pool and fractionate in subcrustal magma chambers. UltimatelY9 

ltthospher1c extension resulted in the fail ure of the crusta l 

density barder and the consequent eruptlon of komat11tic lavas. 

J 

Liu (1985) sU9gested that the la Grande greenst-one bel t 

developed asa resul t of a westwardly propagating rift. This , 
suggest19!' was based on the restriction of komatiites to the 

east'ern -part of the belt (suggesting greater rifting in the 

east) a~d on an apparent eastward increase 1n pressure at which 
j 

basalts from the la Grande belt equ111brc1ted on the three-phase 

CO tee t 1 c ( p 1 a17~ c 1 a s e - 0 1 i vin e - c 1 1 no p y r 0 x e ne) i n d i ca tin g a n 

ini tiai 1 Y th1, er crust .. n the east where r1 fting woul d ~ave 
-'"a ...) 

cC1 •• enc'ed. The appar...,ent 1 ncrease 1n Jbasin-a'epth from west to 

." east in' the lG-3 a rea 1 scons i stent with th1s westward1 y 

c 

t , 

propagating rift model. However. a larger. more complete data- 1-

se t 0 f the bas a 1 t s 1 n the l a G ra n de bel t r e vell 1 s co n s 1 d e ra b 1 e 

scatter on the projections used by Liu (1985) (fsollolar plot), 
'1 

sot ha tan . e a s~ t w a r d dis pla ce men t t 0 wa rd h 1 g.h e r pre s sur e 

cotect1cs .ust be cons1dered uncertaill at th1s stage. 
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7.3 A Mode1 of 'assive lifting in the La Grande &reenstone Belt 

The extent to which the continental 11 thosphere lIay have 

been stretched to produce the subsidence recorded by the 

depos1tion and ellpl aCeilent of the Lower Volcanoclastics and 

Metasedhlents. First-Cycle Volcanics and Metasediments in the 

central part of the La Grande belt can be cal culated if d number 

Issu.ptions are made. McKenz1e (1978) and Royden et. al. (1980) 

descr1be the theory behind instantaneous thermal stretching of 

continental l ithosphere. Two stages of subsidence occur as a 

resu1t of isostatic compensation of continental lithosphere that 

~.s been rapidly extended. In the first stage, termed initial 

subsidence, immediate elevation changes occur to return the 

stretched l1thosphere to i sostatic equ il ibri um. The second stage 

of subsidence, termed thermal subsidence. occurs as a result of 

conductive cooling of the l1thosphere; and its effects are 

delayed due to the relatively low thermal diffusivity of the 

continental l1thosphere. The initial subsidence stage 

correspondS to a period of high heat f1 ow and may be accompanfed 

by •• gllatic activity, whereas the thermal subsidence stage is 

char.cter1zed by a dimfnfshlng heat flow and may be 

characterized by the development of a sedimentary basin. It 1s 

the initial subsidence phase that 15 believed to have been 

respons1ble for the depos1t1on and emplacement of the lower 

th ... ee units in the central part of the l. Grande belt. 
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ln order to determine the extent to which the lithosphere 

.ust have been deforlled ta account for the formation of the 

basin into which the units 1 to' 3 accumulated, it i5 nece5sary 
!, 

to .a'ke a nu.ber of assumptions. The maximum (not corrected for 

.lnor folding) thickness of units 1 ta 3154.35 km (unit 1 • 

0.75 kM. unit 2 • 3.1 km, unit 3 • 0.5 km) and the weighted mean 

denstt.)C of this pile nat carrected for compactiQn is 2.8 gm cm 

(Issu.lng that the lIIean density of unit 1 • 2.5 gm crii~. unit 2 e 

-'\ ,-\ 
Z.9 g .. -cli and unit 3 • 2.7 gm-cm).' In the simplest case the 

inittal subsidence corrected for loading fs given by (after 

Ntsbet 1984): 

Si • 4.35{(pm -P5}/pm -pw} • 0.93 kil 

This estimate is consistent with the amount of water that fs 

be 1 t ev e d t 0 h a ve ex i ste d f n the bas i n du ri n 9 t.h e e ru p t ion 0 f the 

Ffrst-Cycle Vol canfcs and deposttion of the Metasediments (4.2. 

4.3.1). 

The chotee of paralleters 15 not straightforward when 

.odel11ng l1th05pheric deforlaation durtng the Archean. Certafn 

para.!ters such as the therma 1 di ffust v i ty, therma 1 expansion 

coefficient. average crustal and mantle densities were probably 

s1.tlar to modern values. sfnce a large proportion of the 

earth's present continental land mass had segregated by 2.5 

b111ton years ago and thus the crust and upper mant le were 

probably of broadly sim! 1 ar compost tion to the present. 
("\ 

S1.tlarly, Nfsbet (1984), based on se~eral lines of evfdence, 
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hls suggested that crustal thicknesses during the Archean in 

southern Afrlca lIay have been in the arder of 35 km. For the 

sllte of simpl icity the same estimate 1s used here. A 

considerable amount of uncertainty 1 ies in estimates of the 

thtckness and temperature at the base of the slab. McKenzie et 

11. (1975, 1980) have estimated that the continental 1 ithosphere 

It 2.5 Ga was approxlmately 80 km thick and Its base was defined 

by the 1394·C Isotherm. Nisbet (1984), on the other hand, has 

suggested that the temperature at the base of the slab may have 

• 
been as high as 1700 C, since this estimate must account for the 

o 
.1nt.ua teIDperature of eruptlon of komatiitic melts at 1650 Cor 

.ore whlch rose adLlbatica) ly from a convecting region in the 

upper lIIantle. It will be shown here that the choices of 

thtckness of llthosphere and temperature àt the base of the 

l1thosphere produce only second-order changes to estimates of 

the lithospheric extension factor. The approach taken here is ta 

solve for the initial elevation change for a varlet y of uniform 

extension factors using both HcKenzie's and Nisbet's estimates 

of the te .. perature at the base of the slab (Fig. 31). 

To calculate the l ithospheric extension factor which can 

... Iccount for the initial subsidence of the lower three units ln 

the central part of the belt (given by 7.1) it 1S necessary ta 

co.bine expressions for therllul expansion (El, 7.3) with those 

for elevation changes due to crustal thinning or replacement 

(E2, 7.4) (equations are from Royden et al. 1980, parameters 

deftned in Table 9). Elevation changes assochted with therlllal 
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Ftgure 31 The resul ts of instantaneous l1thospher1c thinning 

calculat1ons. (a) tentperature (T) at the base of the slab, 

(b) 11thospher1c th1ekness' (A), (c) crustal thickness (te), 

and (d) uniform extension factors versus initia 1 elevat10n 
~ 

cha n 9 e (E 1 + E 2 ). The c u r v e s w e r e .c ale u 1 a t e dus 1 n 9 the 

equat10ns in chapter 7. 
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expansion are proportional to the amount of heat added to the 

l1thosphere (7.2). Where tlH-l i5 ,total oceanization', or non

equil ibrium heat .input at a mid ocean ridge. llH-O represents a 
." 

" \ 
stable thenul t!q'uilibriulII in the litho5phere (cold continent) 

and i5 giveJl by 

AH • 
2 t 

( 1- ( 1/ B)) + « y 1 a ) - ( 2y 1 a )( (l/ ô-II B) ). (1-y ) + y 7.2 

\. , 

and thus 

7.3 

, 

" 

.~ 

~ 
". 'r 
'f 

f 
The result of (7J3) 15 added to that of (7.4) the elevat10n ' . . 
change due ta crustal th1nn1ng or replacement (E~) 

E 2 • - ( ( pm - 'pc ) / ( pm ( 1 - a T, ») t c ( 1 - 1 / é + Y /6 ) 

x ( 1 - ( T, at c ) / 2 a) wh e r e y ~ t c 7.4.1 

E2· -«pm- ~)/pm (l-aT, » y(l-1/6+y/ô)(1-( aT, y/2a»+(tc-y) 

x ( 1- 1 / B + y 18 ) ( 1 - ( al, / 2 a ) (y + t c ) where y ~ te 7.4.2 

Pos1tive values of El + E2 indicate upltft. negative values , 
.' 
." 
'7 
\ 

S U.b 5 1 d ~ ce. For the s a k e 0 f s 1 III pli c i t Y the lit h 0 s P h e r e i s ,} 
1 ~. ) 

ISsulled to deforlll uniformally (0"6). By replacing El + El by the 

•• ount of subsidence calculated from (7.1) and using parameters 

specified in Table 9 it is possible to calculate the 

l1thospheric extension factor (Fig. 31). 
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Tlble 9 Para.eters Used in the Calaculat10ns 

P. 
pe 
PW 
ps 
a 
a 
TI 

K 

6 
S 
y 
y 
tc 

-1-

density of the mantle 3.3 gm.cm 
lIean dens1ty of the crust 2.89 gm.cm

l 

density of water 1.00 gm.clTÏ~ 
density of the sed1mentary pile 2.B_~m •• fni) 
therMal e)(pansion cOl'fficient 3.2)(10 C-
th1ckness of the 1 ithosphf're 80 km 
teDlperature at the bottom of the pl ate model a} 1394- C. 
b) 1700"C 
thermal dlffusivity n.OIJ7,) (m' /s 
extl!nsion factor from 5urfacp to depth y 
extension factor from depth y ta base of slab 
equal ta the crusta1 thickness (te) 36 j(m 
fraction of 1 ithosphere oceupied by dykes 0 
original thickness of the crust 36 kil 

80th lIodels of the initial subsidence (1394·C and 1700°C 

isother.s defin1ng the base of the slab) require 'Iery similar 

extension factors (approx1mately 1.5) ta produce the 0.93 km of 

subsidence (corrected for loading) recorded hy the protorift 

succession in the central part of the La Grande bel t (Fig. 31). 

Because the thermal expansion coefficient is very sma1 -l, changes 

in the temperature at the base of the slab do not great Iy affect 

the est1mate of El + E2 (Fig. 31). Similarly. El + E2 ls not 

greatly affected by varying the estlmated lithosphere thlckness. 

On the bther hand El + E2 1s quite sensitive to the estimated 

crustal thlckness (Fig. 31) • 

The e)(tension factor calculated for the central part of the 

la Grande belt (1.5) is very similar to that calculated by 

Royden et al. (1980) for the crustal extension ln a number of 

locations on :te eastern margin of Canada, (1.3-2.0) and the 

extension factors estimated for the Aegean Sea from seismic 

refraction studies (2); see Makris et al. (1977) and in the 
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North Sea (1.5 see HcKenzle, 1978). Perhaps more significant is 

the fact that two Archean protorift successions are bel ieved to 

have undergone similar degrees of extension (Witwatersrand • 1.3 

and Belingwe Upper Greenstones " 1.6 Nlsbet. 1984). 

The deformation of the 1 ithosphere during rifting need not 

have been purely plastic. Indeed it is possible that the 

presence of coarse clastic sediments of toalltic provenance in 

the higher levels of the supracrustal succssion (Metasedlments) 

.ay be due to rapid uplift and unroofing of the basement in 

geanticl1nes on both sides of the greenstone bel t (M. Liu, 

personal communication, 1985). The geantlclines may have formed 

in rlsponse to flexural deflection of the I1thosphere as ~ 

result of loadlng of the I1thosphere by volcanlc and sedimentary 

roc le s • 
\_--

A consequence of invokfng lnstantaneous 1 ithospheric 

ex te n s ion III 0 d e 1 s t 0 exp 1 ai n con tin e n ta 1 r.t ft s th r ou 9 hou t the 

e4rth's history 1s that one may expect the volume of magmatic 

activity in protorift regions ta have diminished with t1me for 

siml1ar degrees of extension. ThlS 15 due ta the decrease in 

temperature at the base of the continental i thosphere wi th 

thle. as SU9gested by model s of the earth's therma 1 history 

(McKenzie et a1.. 1975. 1980~ Campbell et aL. 1984). Higher 

te.peratures at the base of the slab place the geothermal 

gradient closer ta the peridotite solldU5 50 that with 

l1thospheric thinning and asthenospheric rise. greater degrees 
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,. of ad1abatic .elt1ng lIIay have been expected in the past (c.f. 

,. 

r 
.... 

S 1 e e pet aL. 1 9 8 Z ) • 1 n 1 i 9 h t 0 f t h f 5 1 t wou 1 d b e 1 n ter est 1 n 9 t 0' 

co.pare Archea'n t Proterozo1c and Phanerozo1c rift marg1ns for 

ev1dence of early .ag.atic activity prior to crustal fal1ure and 

the devet'p.ent of oceanie crust. 
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Ch.pter 8 Conclusions 

1.1 $u .. arl Ind Concl~sions 

The La Grande greenstone belt fs believed to have been the 

site of an Archean continental rift. There are four 1 ines of 

.vidence that suggest that continental cru!)t floored the rift 

blsin in the central and western parts of the greenstone belt: - e 

1) the "gr~n1t1c provenance of clastic sediments in the 

suc ces 5 1 0 n. b) the 0 c cu r r e n ce 0 f gr an 1 t 1 c a n'd met a se d i men ta r y~ 

x e no 1 i t_ h sin bot h the e a r l yan d 1 a tee r u p t ive pro duc t s. c) 

indirect ev1dence in the western part of the La Grande bel t for 

a tonalit1c basement underly1ng the supracrustal pile (Rivard et 

.'1..1985), and d) The bimodal character of volcanic roeks 1n 

the eastern part of the La Grande bel t which attest ta early 

s11icie raagmatism that lIIay have been produced by partial melting 

of shlic crust followed by subsequent mafie volcanism ineludtng 

prf.ative komat11tes and their fractionated products which may 

have erupted when the crustal barrier was breached. 

Sedillentological data indicate that 1ft the central part of the 

belt the basin deepened toward the east. Furthermore. the 

restriction of komatiites to the eastern part of the bel t may 

reflect a more protracted rifting hlstory there. which 

ultimately led to the eruption of dense primitive magmas through 

a thinner l1thosphere. The resul ts of the present work are 

consistent with an earl 1er suggestion that the r1ft1n9 was 

weshard propagating (Liu, 1985). 

181 

1 __ .. _.,_._~ ___ -__ 
pSir ;. 4; If ' .' ~$4 • 

-, 



. r 

1 
t 

" . 

' .. ft 

• 
1ft the la Grande greenstone belt volcantc actfvfty was 

.• ptsodie. and individu.l episodes were probably extensive and 

prolonged. Early volcanic act1vity may have occurred in a 

shallow water env1ronment as ev1denced by the accumulation 1n 

the central part of the belt of mafic pyroclastic and epiclast1c 

rocks fnterbedded \ll/ith immature terrigenous cl astic sediments. 

Continued subsidence resulted in the eruption and accumulation 

of thole1itic basalts. This volcanic activity 1s believed to 

have been characterized by high effusion rates and the eruption 

of lavas from fissures on submarfne lava plains. The restricted 

che.tcal variation of these basalts and evfdence of their hav1ng 

'ast equilibrated at relatively 10w pressures are compatible 

.tth their derivation from large, shallow. subcrustal magma 

'" c h il • ber s • The par e n t a 1 m a 9 mas t 0 the bas a 1 t S m a y h a v è b e èn\ 

ko.atiiitic as suggested by some earlier workers 

(Stl.atelopoulou-Seymour, 1982). The continental crust may have 

acted as a dens1ty barrier to these komat1itic magmas and forced 

the. to fract10nate in subcrustal magma chambers • 

To w a rd the end 0 f the III il 1 n p e rio d 0 f bas a' 1 t 1 c vol ca n'i sm a 

blanket of resed1mented coarse clastic sediments of tonal1t1c 

provenance was deposit'ed with1n the basin. These clastic 

sediments were transported eastward, parallel to the tectonic 

strike Ilf the basin. The presence of similar clastic sediments 

h1gh in the succession throughout the La Grande belt may reflect 

the upl1ft and unroofing of a tona11tic basement on marginal 

geant1cl ines of the greenstone bel t. These geantic 1 ines may have 
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foraed as a result of the flexural r1gid1dty of the deforlDing 

11 thosphere. \ 

\ 

~ 

lavas occur high in "the succession Ko· •• t i 1 tic 
\ 

1 n the 

.Istlrn part of the belt whereas in the central part of the 

greenstone belt. komatiitic magmas may have ass1~1'ated a stal1c 

conta.tnant to produce basal tic andes1tes and andes1tes 

chlracter1zed by h1gh magnesium and compatible-trace-element 

co.positions and lREE-enriched trace element compositions. These 

feltures ind1cate that crustal failure may have occurred as a 

result of protracted l ithospheric thinhing in the east, Whereas) 

in the central and western parts of the bel t, in front of the 

propagat1ng 'rift, the 11thosphere d1d not th1n to comparable 

.xtents. 

Lithosp~er1c extension factors in the order of 1.5 have 

bee" calculated for the central, 1n1tial subsfdence phase, 

\ '1 S S u.1 n 9 u n 1 for _ i n s tan tan e 0 use x te n s ion 0 f t he ç, 0 n tin e n ta 1 

, , 
l 

, L, ---__ --- ----

lt~osphere. Extension factors of thfs magnitude have been .' 
cllculated for the Archean Bel1ngwe and W1twatersrana 
~ 

successsions as wel1 as a number of sed1mentary basins on the 
1 

tast' coast of North America and the North Sea. 

8.2 Reco .. endlt1ons for Future York 

The fol10wing are recommendations for future work. 

l)'A pal1nspastic reconstruction of a shal10w water clast1c 

f Je 1 e s a t the bas e 0 f the suc ces s 1 o,n cou 1 d s e r v e . t 0 e 1 u c 1 da te 
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the geo.etry of the r1f,t ba~1n. There are several indications 

that the rtft bastn was shallower toward the west and an 

unconfor.tty between the greenstone belt and 1ts basement may be 

found there. 

2) It 15 necessary to exalline sedilDentary units throughout the 

l. Grande bel t with an ellphasis on determ1ning paleocurr~nt 

directions and the provenance of the sediments. 

3) A .ore thorough examinatlon of thp La Grande belt 1'i requ1red 

to deter.ine the disposition of shallow- and deep-water clast1c 
1> • 

• "d volcanic facies. This could serve to test the suggestion 

•• de here that the basin underwent a prolonged period of 

subsidence. 

4) More deta1led mapping and geochemical analyses of volcanic 

rocks are required 1n the central and western parts of the la 

Grande belt in order to ddetermine the extent of the Second-

Cycle Volcanics. 

/' 
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Alteration. Pillo'" lavas collected from the Ffrst-Cycle 

Yolcan1cs ",ere sampled at their margins so that 50-100 grams of 

.1crocrystall ine lava could be analyzed approximately 5-10 cm 

f r 011 the III a r gin 0 f the p i 1 1 0 \II . Th f sen sur e d a u n f for ra e d S a ra pli n 9 

procedure and a1so it 1s belfeved that these portions of pi1lo\lls 

are least 1 ikely to have undergone redistribution of 

phenocrysts. A petrographie description and location of al 1 

samples analyzed and used in thts thesfs is given in A2.4. Total 

volatile contents \IIere determined by using the 10ss on ignition 

technique. Analysis ",hich summed to 1ess than 99.01 and more 

than 101.01 were rejected (dry total + LOI). 

The .ajor elelllents <as well a\, Ni, Cr, Sr, Ba and V) and 

trlca elements tZr and Y) were analyzed by x-ray fluorescence 

using glass beads and pressed powder dises respectively. at the 

Depart.ent of Geological Sciences, McGill University. 

All samples analyzed by x-ray fluorescence at "cG111 

University were obtained us1ng a Phl1l1ps PW 1400 spectrometer 

w1th a 100 KY generator *. Major elelllent standardizatfon ",as 

achieved by comparfng net peak counts-per-second corrected for 

.. ass absorption with a galibration 'lfne derfved from 18 
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1nternatioRal reference mater1als. The precision is 0.21 

(absolute). 

Trace elements obta1ned at McGill University were 

deter.1ned fro~ peak- and five background-counts per second. The 

le. 
bacground data were used ta calculate a best-fit background 

curve of the fOrl. 

C a a + b exp(t) + c exp(2t) + d exp{3t) + e exp(4t) 

wh e r e C i s the bac kg r 0 und and t i s the val u e 0 f 2e-. 5 i ne e som e 

of thebackground positions are subject to lnterference. 

elllp1rical corrections (based on diluted "spike tests") were 

applied ta the bacgrounds. using the net peaks for elements at 

lower 2&positions. Severa1 successive bacground curves 

calculated. incorporating net peaks of elements 

progressively lower 2e-positions. [mpirlcal interference 

corrections were a1so applled to the peaks. Net peaks were 

corrected for mass absorption using mass absorption coefficlents 

froll the major element analyses. Standardllation of the trace 

element was achleved by comparing with cal ibratlon l1nes from a 

set of diluted spikes. This calibration WdS pref ered over that 

blsed on international standards. because there ;s considerable 

1nhomogeneity in many of the international ~tandards at the 

levels of concern in this study. Nevertheless, variations 

betW"ft.en the spilc.e-derived cal ibrations and those using an 

international standard data-set are less than 5' in all cases. 

* The analytical procedure for analysis by x-ray fluorescence 
obta1ned at McGill University is adapted after Liu. 1985. 

"Further deta11s of the analytical procedure can be found in 
, Ah.edalt (1983). 
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Chro.ium analysis from the Lac Coutaceau dykes was obtained 

at the Université de Montréal. GINNA 1 aboratory by x-ray 

fluorescence usfng pressed powder dises. Calibration techniques 

Ind .ass-absorption corrections and precisions of analysis are 

described in Schroeder et. aL. (1980). 

The REE Sc. Th, Ta. U, and Hf were ana 1 yzed by 

fnstru.ental neutron activation analysis at the GINNA 

laboratory. The sample~ were irradiated in a SLOWEPOKE II 

reactor for Z hours in a neutron flux of 10 nlcmlsec and counted 

over a period of l month using Ge detectors of 0.57 Kev. 

resolution at 122 Kev. and 1.8 Kev. resolution at 1.33 Kev. 
\ 

Details of the analytical technique can be found in Bergerioux 

et al. (1979) and Gariepy (1980). The precision of la, Sm, Eu. 

Yb, and Sc are estimated at less than 5% and 5-10% for Ce, Nd, 

Ho, Tb, Lu, U and Ta • 
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Append111 B FIRST-CYClE YOlCA"ICS 
PLBAS PLBAS PlBAS PLBAS PLBAS BSANO BSANO BSANO 

S102 
T-t 02 
A1203 
Fe203 
"gO 
FeO 
MnO 
CaO 
Na20 
K20 
P205 
lOI 
Tota 1 

Si 
Ti 
Al 
Fe3 
Mg 
Fe2 
Mn 
Ca 
NI 

• K 
P 
Total 

Ti 
Zr 
y 
Sc 0" 

V 
Cr 
Nt 
p 
Sr 
Ba 
la 
Ce 
Nd 
s. 
Eu 
Tb 
Ho 
T. 
Yb 
Lu 
PlBAS-

338 158 330e 152 554 451 229 452 

50.19 
0.96 

14.95 
0.00 
6.97 

10.75 
0.25 

12.51 
1.85 
0.24 
0.06 
1.02 

99.75 

51. 5 7 
1. 51 

13.35 
0.00 
5.62 

15.04 
0.24 
6.23 
3.99 
0.10 
0.09 
2.06 

99.80 

50.29 
0.81 

14.90 
0.00 
5.54 

10.75 
0.25 

12 . 16 
2. 08 
0.44 
0.05 
2. 79 

100.06 

47 .90 
1. 35 

12.56 
0.00 
6.05 

14.70 
0.24 
8.29 
2.01 
0.83 
0.09 
6.61 

100.63 

54. 04 
0.62 

14 • 12 
0.00 
7 .83 
9.20 
O. 17 

1 1 . 13 
1. 76 
O. Il 
0.04 
0.58 

99.60 

52.79 
l. 24 

16.40 
0.00 
5.97 

10.72 
0.25 
3.74 
3.73 
0.02 
0.07 
5.93 

100.86 

57.20 
0.79 

18.83 
0.00 
5.05 
6.20 
0.13 
4.05 
3.87 
0.31 
0.04 
3.81 

100.28 

CATION PROPORTIONS BASED ON 100 CATIONS 

47.59 
0.68 

16.71 
0.00 
9.85 
8.52 
0.20 

12.71 
3.40 
0.29 
0.05 

100.00 

49.49 
1. 09 

15.10 
0.00 
8.04 

12.07 
0.20 
6.41 
7.42 
O. 12 
0.07 

100.00 

5815 9232 
48. 82. 
19. 34. 
45.00 48.00 

243. 482. 
237. 90. 
112. 47. 
296. 440. 

98. 80. 
O. 88. 
2.50 4.22 
7.41 11.85 
4.83 8.58 
2.04 3. 1 3 
0.69 0.96 

48.55 
0.59 

16.95 
0.00 
7. 97 
8.68 
0.20 

12 _ 58 
3.89 
0.54 
0.04 

100.00 

4975 
41. 
18. 
44.00 

212. 
265. 
144. 
23l. 
150. 
157 • 

2.03 
4. 19 
3.77 
1. 73 

48.31 
l. 02 

14.93 
0.00 
9.10 

12.40 
0.21 
8.96 
3.93 
1. 07 
0.08 

100.00 

8632 
76. 
24. 
43.00 

33 2. 
Il 5 . 
69. 

453 . 
56. 

204. 
5.03 

12 . 5 a 
7 .64 
3.16 
0.86 

5 0.90 
0.44 

15.67 
0.00 

10.99 
7 .25 
O. 14 

1 1 . 23 
3.21 
O. 13 
0.03 

100.00 

51. S3 
0.91 

18.87 
0.00 
8.69 
8.75 
a . 21 
3.91 
7.06 
0.02 
0.06 

100.00 

3776 7853 
36. 60. 
15. 26. 
39.00 46.00 

200. 340. 
431. 286. 
123. 108. 
213. 340. 
115. 52. 

12. 49. 
2.40 1.90 
5.20 5.08 
3.58 4.89 
1.40 2.52 
0.42 1.25 

0.60 0.97 
0.62 
0.40 
0.74 
0.16 
1. 86 
0.32 

0.52 0.33 0.57 
0.53 1.15 
0.48 0.54 
1.95 3.50 
0.25 0.48 

PI LlOW BASAL T • BSANO-

B 1 

l. 09 
0.47 
2.68 
0.43 

BASAlTIC 

0.63 l.51 
0.32 0.43 
1.65 2.42 
0.27 0.37 
ANOESITE 

54.43 
0.57 

21.12 
0.00 
7.16 
4.93 
0.10 
4.13 
7.14 
0.38 
0.03 

100.00 

4915 
35. 
1 3. 
46.00 

264. 
475, 
174. 
218. 
11 O. 

83. 
1. 39 
3.27 
3.97 
1. 50 
0.60 

0.27 
0.61 
0.31 
1.47 
0.20 

56. Il 
l. 2 5 

16.53 
0.00 
3.63 
7.38 
O. 17 
4.66 
5.63 
0.10 
0.07 
4.89 

100.42 

53.17 
0.90 

18.67 
0.00 
5.18 
5.91 
0.14 
4.78 

10.46 
0.12 
0.06 

100.00 

7853 
64. 
2l. 
41. 00 

317 . 
263. 

94. 
278. 

59. 
149. 

1. 96 
5.03 
4.25 
2.15 
0.53 
0.35 
0.81 
0.30 
2.19 
0.40 

.. , 

-':----.. i ; #4 
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Appendh B FIRST-CYClE VOLCAN 1 CS 
PlBASP PLBASPPLBASPPLBAS PLBAS PLBAS PlBASP PL BAS 

216 447 A 18A 92B 426 330B 336B 336 C 

St02 48.47 48.58 51.83 49.88 5 a .66 50.09 49.19 51 . Il 
Tt02 0.83 1. 27 1. 05 0.95 0.87 0.84 0.93 1. 06 
A1203 16.51 15.20 15.02 14.38 15.66 15.40 14.21 14.58 
Fe203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 7.61 6.91 6.83 7. 02 5.63 4. 1 B 7.85 6. 13 
FeO 10.85 12.75 Il. la 10.96 10.35 Il . Il Il .64 Il. 09 
"nO 0.20 0.22 0.23 0.27 0.30 0.25 0.21 0.25 
CaO 9.40 10.25 9.46 Il .87 1 1 .39 Il .48 10.37 8.37 
"a20 2.23 1.B6 1. 81 1 .42 1 .83 2 .50 2 . 14 3. 4 9 
K20 0.02 0.62 0.16 O. 15 O. 03 0.39 0.29 0.28 
P205 0.06 0.08 0.06 O. 06 0.05 0.04 0.05 O. 07 
LOI 4.52 1. 84 2.91 3.86 3.75 4.06 3.86 3.64 
Total 100.70 99.58 100.46 100.82 100.52 100.34 100.74 100.07 

... 
CATION PROPORTIONS BASEO ON 100 CATIONS 

, . Si 46.78 46.69 49.89 48.37 49.23 48.97 47.33 49.21 
1 • 11 0.60 0.92 0.76 0.69 0.64 0.62 0.67 0.77 
1 Al 18.78 17.22 17.04 16.44 1 7 .94 1 7 . 74 16. 12 16.54 
1 Fe3 0.00 0.00 0.00 0.00 O. 00 0.00 0.00 0.00 
! 

1 
~g 10.95 9.90 9.80 10. 15 8. 15 6.09 1 1 . 26 8.80 
FeZ 8.76 10.25 8.94 8.89 8 .1\1 9.08 9.37 8.93 

1 Mn 0.16 0.18 0.19 0.22 0.25 0.21 O. 17 0.20 
1 Ca 9.72 10.56 9.76 12.33 Il .86 12 . 03 10.69 8.63 
1 

t Na 4.17 3.47 3. 38 2.67 3 .45 4 . 74 3.99 6.51 
1 K 0.02 0.76 0.20 O. 19 0.04 0.49 0.36 0.34 
t P 0.05 0.07 0.05 0.05 0.04 0.03 0.04 0.06 
! 

1 
Tota 1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

!. \ : 
Ti 5155 77 93 6450 5875 5396 5215 5755 6594 
Zr 45. 66. 54. 48. 42. 43. 50. 58. 
V 20. 24. 22. 20. 18. 1 B . 2I. 25. 
Sc 39.00 43.00 45.00 

\ V 195. 313. 279. 237. 243 . 219. 227. 294. 
~ Cr 272. 183. 233. 226. 27 6. 283. 365. 196, . 1 

'\ Ni 148. 103. 122. 114 . 166. 142. 163. 63. 
P 270. 392. 301. 270. 244. 196. 244. 288. 
Sr 246. 99. 133. 134. 180. 211 . 82. 64. 
Ba 41. 177. 86. 23. O. 169. 72. 1 ~6. 
LI 2.60 3.49 2.75 
Ce 6.41 8.02 6.28 
Nd 4.62 7.22 5.61 
S. 1. 90 2.64 2.32 
Eu 0.59 0.86 0.72 . Tb 0.25 0.58 0.50 Jo 

Ho 0.63 1. 21 0.85 
T. 0.00 0.39 0.31 • 

~ 
Vb ' 2.01 2.67 2.31 
Lu 0.29 0.37 0.36 
PLBAS- P,ILLON 8ASALT~ PL8AS'- PlAGIOCLASE-PHYRlt BASAL T 

~ 

B 2 
• 
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Appendt x 1 FlRST-CYClE YOlCAMICS 
MASBA MASBA MASSA PYGAB PYGAB PYGAB PYGAB PYGAB 

461 " 186 201 424A 427 428C 139 431 

( 
St02 50.52 50.58 52.03 50.60 49.87 48. 16 50.61 47.84 
Tt02 1.06 2.02 1. 03 0.84 0.82 0.89 0.91 1.09 
A1203 15.16 12.00 14.07 14.52 14.58 14.96 13.55 14.76 
FeZ03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O. 00 r 

MgO 5.63 6.00 6.95 8. 19 8.43 9.30 8.03 5.36 
FeO 12.24 16.11 12.02 10.90 Il . 21 12. 04 11. 84 10.79 
MnO 0.23 0.26 0.18 0.22 0.20 0.23 a . 21 0.25 

. CaO 9.,52 7.61 9.33 10.41 10.86 9. 57 8.76 Il. 33 
"a20 1.27 2.18 2.18 1. 33 1. 57 2.02 2.64 1. 71 
K20 0.04--_. 0.07 0.23 0.46 0.03 0.04 0.06 0.03 
P20S 0.06 "0.09 0.07 0.05 0.05 0.05 0.06 0.05 
LOI 5.01 3.06 1. 99 2.65 2.82 3.69 3. 78 7.67 
Tota 1 100.74 99.98 100.08 100 . 17 100.44 100 . 95 100.45 100.88 

CAT 1 OH PROPORTI ONS BASE 0 ON 100 CATIONS 

St 50.13 49.87 49.78 48.55 47.70 45.93 48.69 48.41 
, Tt 0.79 1. 50 0.74 0.61 0.59 0.64 0.65 0.83 ." 

.. 
Al 17.73 13.94 15.86 16.42 16.44 16.82 15.36 17.60 
Fe3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 8.33 8.82 9.91 Il . 71 12.02 13. 22 Il. 51 8.08 
Fe2 10.16 13.28 9.62 8. 75 8.97 9.60 9.53 9.13 
Mn 0.19 0.22 0.15 O. 18 O. 16 O. 19 O. 17 0.21 

" '-. CI 
. 10.12 8.04 9.56 10. 7 a Il. 13 9.78 9.03 12.28 

\/ Na 2.44 4 .17 4.04 2. ~ 7 2 .91 3.74 4.92 3.36 
le 0.05 0.09 0.28 0.56 0.04 0.05 0.07 0.04 
P 0.05 0.08 0.06 0.04 0.04 0.04 0.05 0.Q4 
Tota 1 100.00 100.00 100.00 100.00 100.00 100. 00 100.00 100. 00 

11 7900 10500 7400 6100 5900 640 0 6600 8300 
Zr 56. 75. 54. 42. 41. 43. 47. 57. .-
Y 24. 31. 23. 18. 20. 1 7 • 20. 24. ,. ,J' Cr 261. 68. 199. 261. 235. 201. 272. 261. , Mi 85. 19. 75. 152- 131. 120. 85. 98. 

: P 296. 418. 309. 231. 235. 222- .266. 274. 
Sr 103. 65. 123. 122. 138. 138. , 123. 108 .. 

, 

i , 

1 
, MASBA- MASSlVE BASAlT. PYGAB- PYROXE"E CUMULATE GABBRO 

B 3 

. ..,......-- - . ,-- -- ------- .... 



'. T -----____ ~ .. S~~ .... ~ ... $-· 





'-"_1 • Il 
1 ___ ...... _ - ....................... _ .. _- .. 1 

1-

Append 1 li B SECOND-CYCLE YOlCANICS 
ANDES BSAND BSANO BASl T NORIT 
283 285C 285B 285A 537C 

f' • , 
t Si02 60.28 49.79 54.85 54.02 52.04 

t 
n02 0.58 0.40 0.38 0.40 3.07 
A1203 14.21 9.39 12.52 13.69 12.10 

t FeZ03 ,0.00 0.00 0.00 0.00 0.00 t 
MgO 4.95 15.43 10.46 9.42 4.75 

" FeO 4.90 8.81 , 6.85 6.94 13.81 
MnO 0.09 0.18 0.13 0.13 0.20 
C.O 5.16 10.34 7.68 7. 20 3.55 
N.ZO 4.85 1.49 3.34 3.78 3.89 
~20 0.47 0.54 0.72 0.48 2.08 

, P205 0.14 0.09 0.20 0.21 0.79 
LOI 5.03 4.16 3.32 4.34 3.15 
Tota 1 100.66 100.62 100.45 100.61 100.03 • 
CAT 1 ON PROPORTIONS BASEO ,ON 100 CATIONS 

Si 57.59 46.79 51.21 50.85 50.63 
Ti 0.42 0.28 0.27 0.28 2.25 
Al 16.00 10.40 13.78 15.19 14.56 
Fel 0.00 0.00 0.00 0.00 0.00 

~ 
Mg 7. 05 21. 61 14.56 13.22 6.89 
Fe2 3.92 6.92 5.35 5.46 Il .24 
Mn '0.07 0.14 0.10 0.10 0.16 
Ca 5.28 10.41 7.68 7.26 3.10 
"a 8.98 2.71 6.05 6.90 7.34 
K 0.57 0.65 0.86 0.58 2.58 
P 0.11 0.07 0.16 0.17 0.65 
Total 100.00 100.00 100.00 100.00 100.00 

Ti 3634 2457 2341 2457 22500 
Zr 103. 42. 86. 93. 205. 
Y la. 9. 10. 10. 31. c/ . Sc 13 • 40. 26. 25. 
Cr 305. 1558. 983. 935. 43 
Ni 153. 430. 245. Z 17. 17 • 
P 638. 392. 916. 960. 3591. 
Sr 282. 158. 494. 572. 341 ':; 

Ba 82. 180. 290. 166. 
La 13.90 15.00 29.35 30.37 Q 

Ce 28.50 35.64 60.34 64.22 
Nd 13.70 17.52 24.18 28.00 ' , 

Sm 3.09 3.41 4.45 4.98 . 
r Eu 0.87 0.76 0.96 1.11 

Tb 0.23 0.20 0.62 0.07 
Ho 0.29 0.20 0.34 0.29 
Til 0.09 0.19 0.21 0.19 

~ 
Yb 0.73 0.79 0.70 0.68 
Lu 0.12 0.07 0.09 0.10 
ANDES· ANDES 1 TE • BSAMO- BASAlTIC ANDESITE. BASL T· BASAL T 
NORIT- NORJ.TE \ '. 

86 

Q 4 a yeu '-



.Jot.f. - ..... -_._ .. ' ~ ... "' .. ~ . • u. l ''RQ l! ... ,.-- ,.J., 
___ ...... !I.- • __ ...-~ .......... - ,::0 , 

,Append t Jl B LAC COUTACEAU DYKES 
f DIDYK DIDYK OIOYK OIOYK DIon DIOU 01 DYK DIOYK 

} 493 496 452 489 509 485 492 444 

" r Si02 55.43 58.98 54.71 57.19 52.68 56.79 60.69 58.17 
~ ~ t102 0.55 0.75 . 0.58 0.46 0.69 0.68 0.64 0.72 
; 

A1203 12.70 16.75 10.03 11. 54 11. 37 Il. 70 15.38 14.43 
Fe203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 8.88 3.03 13.27 9.54 9.14 7 .61 4.23 6.17 

• FeO 8.62 7.36 7.60 7.24 8.40 7.88 6.26 7.44 
MnO 0.17 0.10 0.16 0.14 0.15 0.12 0.09 0.12 
CaO 8.42 4.97 6.76 10.33 9.66 6.65 6.02 7.21 
Na20 2.28 4.11 2.81 2.69 3.36 1. 76 3.47 4.04 
K20 1.14 l. 44 1. 87 0.40 1.15 3 .51 1. 52 0.94 
P205 0.30 0.34 0.23 0.21 0.50 1. 29 0.27 0.36 
LOI 1. 56 1. 69 2.36 0.91 2.49 1. 67 0.96 0.94 
Total 100.05 99.57 100.38 100.77 99.59 99.66/r9.S3 100.54 

CATION PROPORTIONS BASED ON 100 CA IONS 

S1 52.02 55.93 50.42 52.71 49.64 53.97 57 . 12 53.71 
) Ti 0.39 0.53 0.40 0.32 0.49 0.49 0.45 0.50 

> Al , 14.05 18.72 10.89 12.53 12.63 1 3. 10 1 7 . 06 15.70-
Fel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 12.42 4.28 18.23 1 3. Il 12.84 10.78 5.93 8.49 
Fe2 6.77 5.84 5.86 5.58 6.62 6.26 4.93 5.75 
Mn 0.14 0.08 0.12 0.11 0.12 0.10 0.07 0.09 
Ca- l' 8:~7 5.05 6.67 10.20 9.75 6.77 6.07 7.13 
Na 4.15 7.56 5.02 4.81 6.14 3.24 6.33 7.23 
K 1.36 1. 74 2.20 0.47 1. 38 4.25 1. 82 1.11 
P 0.24 0.27 0.18 0.16 0.40 1. 04 0.22 0.28 
Total 100. 00 100.00 100.00 100.00 100. 00 100.00 100.00 100. 00 

Ti 3297 4496 3477 2757 4136 4076 3836 4316 
Zr 129. 132. 69. 80. 129. 241. ., 6. 146. 
Y 14. 13. 14. 7 • 14. 22. 12. 15 . 
Sc 23. 14. 23. 
Cr 870. 334. 1694. 1089. 885. 596. 417 . 551. 
N1 122. "l. 462. 169. 65. 127. 44. 417. 
P 1309. 7376. 1003. 916. 2182. 5630. 1118. 1571. 
'Sr 337. 669. 24. 319. 710. 777. 139. 755. 
La 26.57 32.58 8.37 
CI! 55.13 70.60 20.46 
Nd 23.90 29.71 10.76 
S. 4.60 5.75 2.96 
Eu 1.09 l. 41 0.76 

; 

i 
1 Tb 0.35 0.26 0.36 

Ho 0.50 0.44 0.70 
li' Tm 0.33 0.29 0.29 ,. Yb 1. 38 1.12 1.56 

Lu 0.19 0.14 0.21 ~ 

.. 
DIDYK- DIORITE DYKE 

B 7 
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, Appendfx 8 LAC COUTACEAU OYiCES 
82445 
DIDrk 

Si02 59.37 
T102 0.61 
A1203 13.77 

.. FeZ03 o.do 
MgO .8.36 
FeO 6.54 
MnO 0.09 
CIO 4.63 
Ha20 3.82 b 

UO 0.50 
, , P205 0.21 

LOI Z.59 
Total 100.58 

CATION PROPORTIONS BASED ON 100 CATIONS 

St 55.32 
Tt 0.43 
Al 15.12 (., 

Fe3 0.00 
. M9 11.61 
• FeZ 5.10 

1 Mn 0.07 
Cl 4.62 
fla 6.90 
K 0.59 
P 0.17 
Total 100.00 

r 

\ 
Ti 3600 4 

Zr 121. 
y 11. . , Cr 890. 1 4It N1 293 • . ... 
P 916. 
Sr 460. : ... ~ 'r 

-, 

, 

( , 
, 

.. ;.,: 

1 

: 
l' 

,'-

" 
\ , 

1 
) 

{ 
DIORITE DrKE { 

. r 
DIDY'-

. . " . 
-.. 

B8. 
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lpp •• dlx 1 Modal Co.positlon of Granitte Intrustwes 
------------------------------------------.----.--------~-------SAMPLE ROCK COMPOSITION (S) 

NO. "AME PLAGIOCLASE QUARTZ BIOTITEHORNBLENDE GROUNDMASS 
TS-x-83 
-----------------------------------------------------------~----444 

423 

422 

330A 

140 

243 

602F 

4458 

4248 

920 

301 

443A 

1 

2 

1 

2 

2 

2 

2 

2 

1 

1 

3 

4 

24 

35 

31 

27 

36 

JO 

36 

JO 

17 

21 

23 

28 

Il 

TR 

4 

3 

3 

6 

3 

TR 

1 

\ 

2 

1 

2 

1 

TR 

TR 

1 

1 

6 

, 1 

20 

1 

18 

76 

54 

66 

67 

59 

60 

57 

4-7 

83 

79 

76 

53 

---------------------------~----.-_.----------------.-----------ROCk NAMES AND IHTRUSIVE TYPES 
1 • LATE SYNTECTONIC PORPHYRITIC TRONDHJEMITE DYKE 
~ • LAlE SYNTECTONIC PORPHYRITIC TONALITE DYKr 
J • LATE SYNTEtTONIC NORTHERN PORPHYRITIC TONALITE 
4 • -H 1 DOL E TONAL.ITE Pl UTOH 

Modal cOllposition was determ1ned by point count1ng. At least 
j 2000 points were counted froll each section. 
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Append1x B Petrography of Analyzed Sa.ples 

T5-338-83 Pillow basaIt, 
-fine graine,~, hornblende, ol1goclase, ep1dote, quartz, apatfte 
and leucoxene, quartz + calcite + sericite pseudomorpns of 
plagioclase microphenocrysts. hornblende sheafs after glass? 
-thin veins of calcite and epidote 

T5-426-83 Pillow basaIt, 
-fine grained. hornblende, epidote. oligoclasF. quartz and 
leucoxene, quartz t calcite pseudomorphs of plagioclase 
m1crophenocrysts, hornblende sheafs after glass? 
-quartz and quartz + epidote velns 

T5-158-83 Pillow basalt, 
-me d 1 u m 9 rd i ne d • ho r n b 1 end e, 0 1 i go c 1 d se, c h 1 or i te and 0 pa que. 
leucoxene after cruciform ilmenite 

T5-216-83 Pillow basaIt, 
-medium grained, epidote, hornblende, quartz, thlorite, 
act1nolite, albite, sericite and opaque 
-quartz + calcite velns 

T5-330C-83 Pillow basaIt, 
-fine grained, epidote, albite, actinolite. chlorite, quartz, 
opa.que and leucoxene, swallow tail plagioclase microlites, 
microphenocrysts of plagioclase replaced by quartz and calcite. 
plul1\ose actinolite after glass. calcite + quartz + chlorite 
after cl1nopyroxene 
-th1n epidote velns 

TS-152-83 Pillow basaIt, 
-fine to medium grained. hornblen-de. quartz. 
actinal i te, epidote. a 1 bite and leucoxene after 
opaque. 
-thin veinlets of calcite and quartz 

TS.554-83 Pi1low basait, 

chlorite, 
crue i farro 

-fine grained schist. hornblende, quartz, albitf', epldote and 
'leucoxene 
-thin veins of quartz and quartz + epidote 

T$-3308-83 P1l1ow basaIt, 
-fine grained, actinolite, chlonte, epidote. alblte, leucoxene 
and opaques, swallow tail plagl0clase micralites, chlorite + 
quartz a fter cl i nopyroxene? 
-thin veinlets of calcite and chlorite 

TS-447A-83 Plagioclase-phyric pil law basaIt, 
-medium grained groundmass, sparsely porphyrit1c, epidote, 
quartz, hornblende, chlorite, alblte, leucoxene after cruciform 
il.en1te, plagioclase ~\enocrYsts replaced by saussurite 
-thin calcite veins , 

_ 04 
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Appendix 8 Petrography of Analyzed Sa.ples (cont1nued) 

TS-18A-83 Plagiocalse-phyric pillow basalt. 
-fine to medium grained schist. hornblende. 
leucoxene and opaques 
-thin veins of calcite. 

T5-336C-83 Plagioclase-phyr1c p1llow basalt. 

ep1dote. chlor1te. -.... . 

-fine grained ground.ass, sparsely porphyrftic, ep1dote. quartz, 
hornblende. actinolite. albite. chlorfte and lecoxene • 
.. icrophenocrysts of plagioclase and plumose actinolfte after 
prilllary glass 
~th1n epidote veinlets 

T5-3368-83 Glomeroporphyr1t1c plagioclase p1llow basalt. 
-.edium grained groundmass. glomeroporphyritfc and megacrysts of 
plagioclase, chlorite, ep1dote, calcite. hornblende. act1nolite. 
quartz. albite and leucoxene. plagioclase megacrysts are 
replaced by calcite. chlorite and epidote 

T5-451-83 Massive basaltic andesite,' 
-fine to medium grained. pilotaxitic and mlcrophenocrysts of 
plagioclase, albite, chlorite, quartz, calcite and leucoxene 
-thin veinlets of calcite 

T5-229-83 Massive basaltlc andesite. 
-fine ta medium grained. pilotaxitlc, mlcrophenocrysts of 
plagioclase, chlorite. albite, epldote. opaques and leucoxene 
-thin veinlets of chlorite and calclte 

15-452-83 Massive basaltic andeslte, 
-fine grained groundmass. pi lotaxitic and microphenocrysts of 
plagioclase. albite, chlorite. quartz. calcite, epidote. 
lecoxene and opaques 
-thin veinlets of calcite 

15-283-83 Massive andesite • 
-medium grained. chlorite. albite, epidote and leucoxene 
-thin veinlets of calcite 

15-285A-83 Massive basalti<>-M\-desite, 
-medium grained. chlorite. albite, quartz, epidote. hornblende, 
opaque and leucoxene (actinol ite rims around hornblende) 
-th;n veinlets of calcite. quartz and chlorite 

15-2858-83 Massive basaltic andesite, 
-medium grained. hornblende, albite, epidote, quart-t-. apatite, 
chlorHe. actino 1 ite. leucoxene and opaques 
-th.in veinlets of quartz and calcite 

15-285C-83 Hassive basaltic andesite, 
-medium grained. hornblende (with rlms of actinolite'). calcHe. 
chlorite. albite, quartz and leucoxene 
-thin veinlets of calcite and quart2 
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Appendix 8 Petrography of Analyzed Sa.ples 

TS-424A-83 Pyroxene cumul a te ga bbro S 111, 

>f 

-- flo r n b 1 end e r e pla ces c l 1 no p y r 0 x e ne, me d i u mgr a f ne d, P y r 0 x en e s 
sUbophitica1ly enclose plagioclase, hornblende, plagioclase, 
opaq,ues,leucoxene,chlorlte 

TS-427-83 Pyroxene cumulate gabbro s111, 
- ho,. n b 1 end e r e pla ces c 1 i no p y r,o ~ e ne, p y r 0 x e n e s u bop h i tic a 1 1 Y 
encloses plagioclase, medium to flne gralned, hornblende. 
plagioclase. epidote. leucoxene, chlorlte, quartz, hematite, 
pyrite, opaques 
-albite + quartz veins and chlorlte velns 

T5-428C-83 Pyroxene cumulate gabbro sll', 
-ltedium grained hornbl ende repl acement after cl inopyroxene. 
pyroxene subophitlCally encloses plagioclase, hornblende. 
chlorfte. plagioclase. quartz, hematite, epidote and calcite 
-opaque veinlets 

TS-139-83 Equigranular gabbro 5111, 
-hornblende replaces pyroxene, pyroxene suboph1tlcal ly encloses 
plagioclase, medlum grained. hornblende, chlorlte, epldote. 
plagioclase, quartz. opaques, leucoxene. ealelte 
-th1n ca1elte veinlets 

TS-445A-83 Glomeroporphyr1tlc plag10clase gabbr~, 
-medium to coarse gra1ned groundmass, glomerocrysts and 
me 9 a cry s t 5 0 f pla 9 l 0 c las e r e pla c e d b Y s a u s sur l te. h 0 r n b 1 end e , 
epidote, quartz, leucoxene, plagioclase. chlorite after 
hor n b l en de 
-th1n ehlor1te velns 

TS-542A-83 Gabbro s111 
- m e 'd 1 u m toc 0 ars e g rai n e d. P y r 0 x e n e i s r e pla c e d b Y h 0 r n b 1 end e , 
pyroxene subophltically encloses plagioclase. hornblende, 
chlorite (after hornblende), plagioclase, quartz. epi,dote, 
leucoxene and opaques 
-thin velnlets of chlorite and quartz 

T5-542B-83 Pyroxene cumulate gabbro. 
- 1> Y r 0 x e n e i s r e pla c e d b Y h 0 r n b l end e, p y r 0 xe n e s u bop h 'i tic <t-~ l Y 
encloses plagioclase, hornblende (replaced in part by chlorite), 
pla91ocla~e, quartz, opaques, calcite, epldote and apatite 

rS-341-83 Fine grained gabbro. ~ 
-fine grained, hornblende, plagloclAse, quartz, apatlte and 
opaques. granophyrlc texture, cruclform opaques, pyroxene 
subophitically encloses plagloclase, interstitial quartz and 
.agnetite 

TS-447B-83 Pyroxene cumulate gabbro, 
-fine gra1ned groundmass, hornblende, -epidote. pla9~oclase. 
opagues. quartz. chlorite, apatite and leucoxene . ~ 
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Appeftd1x 8 PetrogrAphy of Analyzed s •• ples 

T5-418-83 Glomeroporphyritic 
-plagioclase megacrysts and 
epidote. calcite. quartz and 

and megacryst plagioclase gabbro, 
glomerocrysts are replaced by 
chlorlte, hornblende, epidote, 

opaques and quartz 
-thin veinlets of calcite, quartz and epidote 

T5-537C-83 Norite. 
-medium grained plagioclase is subophitically enclosed by 
orthopyroxene which is replaced by chlorite + magnetite and in 
places hornblende, blotite replaces hornblende, granophyrfc 
patches, abundant opaques and plagioclase (replaced by 
saussurite 
-thin veinlets of chlorite and quartz 

T5-55-83 Diabasic gabbro, 
-fine gralned, actlnollte. epidote. quartz. albite, leucoxene 
af)d opaques 

T5-186-83 Massive basalt, 
-fine grained, leucoxene after skeletal opaque. hornblende, 
epidote, calcite. albite, quartz, chlorite and hematite 

15-201-83 Hassive basalte 
-hornblende replaces cl inopyroxene which subophitically encloses 
saussuritized plagioclase. fine grained. hornblende. epidote, 
chlorite, plagioclase. quartz, calcite and leucoxene 

15-431-83 Pyroxene cumulate gabbro. 
-fine grained groundmass, plagioclase 
(saussuritized). epidote, chlorite, actinolfte, 
albite and leucoxene 

15-217-83 Pyroxene cumulate gabbro, 

phenocrysts 
quartz, Qpaque. 

-hornblende replaces pyroxene which subophitical ly encloses 
saussuritized plagioclase. epidote. chlorite. hornblende, 
albite. quartz, leucoxene and opaque. 

15-379-83 Pyroxene cumulate gabbro, 
-hornblende porphyroblasts (after pyroxene?), .ediu. gra1ned, 
hornblende. calcite, quartz. leucoxene, ep1dote. plagioclase and 
chlorite 

T5-485-82 DIorite dyke. 
-fine grained foliated dyke, calcite, epi:dote. hornblende. 
biotite, chlorite. quartz. microcl1ne, plagioclase ~nd opaque 

T5-489-82 Diorite dyke, 
-fine grained. hornblende. actinolite (r1lns around hornblende). 
diopside. quartz, plagioclase. calcite, chlor1te 

T5-509-82 Diorite dyke. 
-fine grained. epldote. plagioclase. pyrite. calcite, 
hornblende and chlorite 
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Appeft.dh B Pet,rography of Analyzed Sa.ples 

TS-496-82 Diorite d~e , 
- fi ne grained. hornblende, saussuritized plagioclase~ quartz, 
opaques. calcite. zircon and chlorite a fter hornblende 

TS-452-82 Diorite dyke, 
-fine grained. weak ly fol iated, actinol ite, biotite. chlorite 
(after biotite), saussuritized plagioclase, calcite and quartz 

TS-445-82 Diorite dyke, 
-fine grained. hornblende with actinolite rills. biotite with 
chlorite rims, quartz. porphyroblàstic plagioclase, opaques,' 
zircon and calcite 

TS-492-82 Diorite dyke, 
-fine grained, foliated. hornblende with actinol1te ri.s. 
quartz. biotite. calcite. albite, zircon and magnet1te 

T5-444-82 Diorite dyke. 
-fine grained, fol iated. hornblende with actinol He ,.,D'1s, 
epi&ote r1ms on pyrite. Quartz, calcite, magnetite. plagioclase. 
biotite and small xenol iths of granodiorite? 

T5-493-82 Diorite dyke, 
-fine grained. moderately fol iated. hornblende with act1n.q.,11te 
ri.s. chlor1te. plagioclase and quartz 
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Appendix C Pl.tes 

Plate 1 Oeformed (Dl) conglo.erates in the Metasedf.ents north 
of the Chain Lakes Fault. This h1ghly defor .. ed conglolAerate 
contl1ns clasts of tonal1te that have been flattened 1ntn the 
SI sch1stoc1ty plane. The exposure 1s loclted on the north 
shore of Chain Lakes (Fig. Z) an<! is located w1thin the hfnge 
Z 0 n e 0 f the Cha 1 n La k e s S y n c 1 i ne \ Fl) (h a mm e ris 9 a cm. l 0 n 9 ). 

Plate Z Folded (FI) sfltstones ln the Lower Volcanoclastics 
and Metasediments. This sequence of 1socl1nally folded 
(FI) 511 tstones and slates occur on the shores of the LG-3 
reservoir in the north-central part of the map area (lens cap 
15 5 cm in dlameter). 

Plate 3 Minor faults (02) ln the Lower Volcanoclastics and 
Metased1ments. These minor strike-sllp faul ts displace beds 
of lapp1l istone in an exposure NE of Sakami yil lage ln the 
north-central part of the map area. 

Plate 4 F2 folds ln the lower Volcanoclastics and 
Metased1 .. ents. In thls photograph, early, relatively tlght, 
FI folds. have been refolded by steeply plunging, relatively 
ope n. N N W - t r end 1 n 9 F 2 fol d s. T h ~'s e roc k s are sil t s ton e san d 
maf1c epiclastlc sandstones. They are exposed south of the 
Chain lakes fault, ln the south central part of the map area. 

Plate 5 F2 box folds in the Second-Cycle Volcanics. In thls 
photograph, late, F2, box folds refold earlier So and SI 
fabrlcs developed in volcanoclastics. This exposure 1S found 
in the east central part of the map area. on the shore of the 
LG-3 reservolr. 

Plate 6 Mafic crystal tuff in the Lower Volcanoclastlcs and 
Metasediments. Thin beds of mafic crystal tuff occur in 
the north-centra 1 part of the lDap area on the southern shore. 
of the lG-3 reservo1r. Original pyroclasts are replaced by 
hornblende. 

Plate 7 Bomb-sags in the lower Volcanoclast1cs and 
Metased1ments. The deformation of siltstones around these 

'clasts of basalt are 1nterpreted as bomb sags. This exposure 
is located on the southern shore of the LG-3 reservo1r in the 
north-central part of the map area. 

Plate 8 Banded Iron formation in the lower Volcanoclastics and 
Metased1ments. Thin beds of banded Iron formation occur 
1nterbed~ed with siltstones and mafic ep1clastic sedi.ents. 
This ~xample 1s of an exposure in the north central part of 
the _ al> are a • 
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Append1x C Pl.tes 

Plate 9 Conglo.erates in the lower Volcanoclast1cs and 
Metasediments. Poly.1ét orthoconglo.erates occur in 
lenses in the north-central part of the IUp area. Some of the 
clasts are tonalitic in cOllposition. 

Plate 10 Pil lowed basalts in the First-Cycle Volcanics. This 
p1l1owed basaltic lava flow Is located in the central part of 
the .ap area. north of the Chatn Lakes Fault. Note the absence 
of vesicles in these rocks. 

Plate 11 Plagioclase megacrysts and glolllerocrysts ln pi1low 
basalts froll the Flrst-Cycle Volcanlcs. Indlvidual pi1lows 
of basalt cOII.only have sharp. dark-coloured. fine grained 
chilled margins. This exposure ts from the same location as 
that in Plate 10. Note the presence of plagioclase megdcrysts 
and glomerocrysts. 

Plate 12 GHP gabbro s1115 in the First-Cycle Volcanics. This 
GMP gabbro is 10cated ln the central part of the map area, 
north of the Chain Lakes Fault. 

Plate 13 Hetasedtllentary xenol iths ln a gabbro 511 l ln the 
F1rst-Cycle Volcanfcs. This gabbro s111 contalns large 
.etasedimentary crustal xenol iths. This exposure ls ln the 
east-central part of the map area. north of the Chain Lakes 
Fau 1 t • 

Plate 14 Xenol iths in gabbro 5111 s from the Lac Guyer area. 
Crustal xenol lths are also found in other parts of the La 
Grande belt. such as in this example taken south of Lac Guyer 
and north of the road to LG-4. No~e the sharp boundaries 
between the tonalite xenoliths and thetr gabbro1c host. 

Plate 15 Normal1y graded sl1tstone-sandstone facies rocks in 
the Hetasedtl1lents. Norl'llally graded sl1tstone-sandstone facies 
rocks are shown here in these overturned beds exposed near the 
northern shore of the LG-3 reservoir. north of the Chain Lakes 
Flult. 

Plate 16 Rhythmica 11y bedded si l tstones and sandstones in the 
Metasedimeflts. In this exposure of stltstone-sandstone 
facies rocks in the northern fault block. si1tstones grade up 'ro. sa'ndstones and are 1nterbedded in rhyth.ic successions. 
This outcrop is located in the central part of the ~ap area. 

• 

.. 

C3 

,iii;; # ~ 
Ç4D4 { J 3 ---- n.~ -._-.-______ __ 

34 ~ 

•• l . 

f 

, , 

":. 

" 

'. 



, 

• 10 

CJ 

.. 

l' 

i 
• .J 



f 
1 

1 • 

1 , 

.,...- .... -----r-... ~".,~ .. ~~ ..-!) ....... ~-' .... J __ .. , .... ___ .... ____ .. ______ ... _____ ...... P-.......... _4 ............... .,.. ___ ""I __ ... '"It ........ "._"'" 

Append1x C Plates 

Pl.te 17 Siltstone-Sandstone and Conglomerate facies rocks in 
the Metas@dil1ents. ln th1s exposure of s11tstone
sand~tone and conglomerate facies rocks in the SE part of the 
aap area (south shore of the LG-3 reservoir) massive 
sandsto~es grade up from conglomerate lenses. 

Plate 18 Parallel lalllinated and trough-type crosbedding in the 
Metasedf.ents. This exposure of slltstone-sandstone 
facifs rocks sho __ s fnterbedded parallel lamfnated sandstones 
and trough-type crossbedded sands. This outcrop is located on 
the south shore of the lG-) reservoir in the SE part of the 
air> are&. 

~late 19 Large-scale trough crossbeds ln the Metasediments. On 
the southern shore of the LG-) reser~olr in the SE corner of 
the .ap area, slltstone-sandstone facies rocks are 
characterfzed in places by large-scale trough to planar 
crosbeddfng. 

Plate 20 Tonalite 
MetasedilDents. Detail 
paracong 1 omera te (same 

boulders ln conglomerates in the 
of a large boulder of tonalite in a 
location as in Plate 1). 

Pllte 21 Channel ing of conglomerates into underlying 
sandstones, Melasediments. This photograph shows 
lnverted beds of conglomerate which have been deposlted into 
a channel that cuts into underlying siltstone-sdndstone facies 
rocks. This outcrop is located near the northern shore of the 
lG·3 reservolr ln the central part of the map area (north of 
the Chain lakes Faul t). 

Plate 27 Bir clasts in an orthoconglomerate in the 
Metasedll1ents. Host conglomerate facies rocks in the 
Metasedfll1ents carry clasts of tonal Hic Lomposition, however 
in th1s case in the __ estern part of the map area. north of the 
Cha.in laites Faul t. the orthoconglollerate contains clasts of 
B IF as __ e l 1 . 

Plate 23 Oebris flow sub-facies conglomerates in the 
Metasediments. This conglomerate belongs to the debris 
flow sub-factes and is composed of large blocks of BIr in a 
coamtnuted matrix of similar mfneralogtcal composition. It Is 
exposed on the south shore of the LG-3 reservoir ln the SE 
corner of the map area. 

Plate 24 Shale/siltstone rip-up clasts ln the Metasedtll1ents. 
This conglomerate exposed on the southern shore of the LG-3 
reservoir in the SE corner of the map area 15 composed of 
angular shale/sllt5tone rip-up clasts. 
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Append1x C PlAtes 

Plate 25 Banded iron for.ation facies of the Metased1ments. 
The banded iron forllation facies cons1st, as 1[1 th1s 
example from the central part of the lIap area north of the 
Chain Lakes Fault. of wavy discontinou5 laminae and th!n beds 
of quartz and magnet1te/hemat1te. 

Plate 26 Xenoliths ln gabbro s111s in the Second-Cycle 
Volcanic5. Thin gabbroic 5il15, such as this one in the 
northern fault block in the western part of the map area, 
1ntrude the Second-Cycle Volcanics and carry xenol iths of 
granitlc composition. 

Plate 27 Sandstone dykes in the Second-Cycle Volcantcs. The 
arglll1tes at the base of the Second-Cycle Volcanics. 5uch as 
thts example found in the northern fault block, in the western 
part of the map area, are cr05scut by sandstone 1ykes. 

Plate 28 Epiclastlc sandstones ln the Second-Cycle Volcanics. 
The epiclastlc sandstones are characterlzed by a 
distinctive green and pale pink. colour bandtng that 
faccllitates their identification and correlation across large 
distances. This exallple ls from the central part of the map 
area, ln the northern fault block.. 

Plate 29 Intrusive contact of a syntectonic pluton. ThiS 
exposure of the late syntectonlc Northern Porphyritic 
Tonal ite-Granodiorite intrudes the supracrustal succession and 
contains xenollths of basaIt. 

Plate JO Lac Coutaceau dyke intrusive I"to a tonal !te pluton. 
The lac Coutaceau dykes were intruded late in the history 
of the greenstone belt as evidenced here by the presence of a 

\ dtJte 1ntrusive into a tonallte pluton. In other places, 
- __ -tpal ite-granodior1te dykes intrude the lac Coutaceau dykes. 

This exposur~ 1s on the southern shore of the lG-2 reservofr, 
some JO km west of the map area. 

Plate 31 Lac Coutaceau dyke with basa 1 tic xeno 1 ith. In those 
areas in which the Lac Coutaceau dykes lntrude the 
greenstone belt, they carry unresorbed angular xenol iths of 
basaIt. This exposure 15 10cated close to that of Plate 3. 
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Appe_dix C Plates 

• , . 

", 

," 

'l.te 32 Photo.tcrogr~ph of the ch11 led .argin of a pillowed 
blsllt. Ftrst-Cycle Yoleanies. This photom1cr09raph 1s of the 
ch111ed •• rg1n of. pl1low basalt ,(TS-330c-83), found in the 
elst-central part of the .ap area, north of the Chain lakes " 
Flult. Note the swallow-tail ter.inations of plagioclase 
.tcrol1tes, and the replacement of prtlllary glass by plumose 
.ctinol1te. (platn ltght, fteld of vtew • 0.9 mm). 

Plate 33 Photomierograph of plagioclase phenocrysts in the 
chilled .. arg1n of a p1llow basalt in the First-Cycle 
Yoleanies. The chilled .argins of sallie basalt pi1lows 
eontain plagioclase phenoerysts (Pl}such as in th1s example 
(TS-338-83) from the north central part of the map area (plain 
l1ght. field of v1ew· 3.6 .m). 
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Appendtx C Plates 

• 1 

Pt,_te 34 pyroxe"". phen.ocrysts tn the chi 11 .argi n of pt 11 ow 
basalts in the Ft~st-Cycle Yolcantes. The chil1ed .argins of 
so.e basatt p(l 10w5 contain equant pseudollorphs afte~ pyroxene 
(PY). These ar~,')oeplaced by calcite and quartl. This sallple 
(T5-330c-83) is from the same local 1ty as that in Plate 15 
(p 1 a 1 n 11 9 h t. f 1e l d 0 f vie W • 3.6 !Dm). 

Plate 35 Photomicrograph of a basal tic andesite in the First
Cycle Vol canics. This photom1crograph of a basal tic 
andes1te (TS-452-83) shows plagioclase microl ftes and 
.1crophenocrysts which have a pilotaxitic texture. This S4mple 
15 located north of the Chain Lakes Fault in the central part 
o f the lU par e a. (p 1 ai n l i 9 h t, fie l d 0 f vi ew f s 3. 6 rrm), 
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Apptndix C Plates <, 

Plate 36 Photo.tcrograph of a d1abas1c gabbro fro. the F1rst
cycle Volcantcs •. The 1II0st differenthted gabbros in the 
Ftrst-Cycle Volcanics are characterized by abundant modal 
.agnettte and the p~esence of interstttial granophyr1c patches 
(GR) such as ts shown in th1s photom1c'rograph of a 5111 (TS-
617-83) from the southe .... part of the map area. Cl1nopyroxene 
has been replaced by hornblende (HB) (crossed nicols. field of 
y 1 e w • 3.6 IDm). 

• 
Plate 37 Photomicrograph of a subarkose in the Hetased1ments. 

"S u bar k 0 ses are 9 e n e rai l Y c 0 ID P ris e d 0 f. a s 1 n the cas e 0 f t h 15 
exa.ple frOIl! the central part of the Ilap area, angular quartz 
and l1thic grains of tonalite (crossed nicols. field of view • 
3.6 •• ). 
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Plate 38 Photo.icrograph of a norite in the Second-Cyc 1 e 
Volcan1cs. The nor1t1c plug that 1ntrudes the Second-Cycle 
Vol ca nies in the e.stern part of the .ap area on the shores of 
the lG-3 reservo1r. 1s character1zed by orthopyroxene 
pseudo.orphed by 1diotop1e chlorite and lIIagnetite (QPX). The 
orthopyroxene 1s suboph1t1cally enclosed by plagioclase (PL) 
laths (plain l1ght., field of v1ew • 3.6 mm). (sample TS-537-C-83) 

\ 

Plate 39 PhotOlll1crograph of a norite in the Second-Cycle 
Volcan1cs. The same norite as in Plate 36 contains 
pr1.ary hornblende (HB) with biotite (BI) react10n r'lms. Note 
the 1 arge apaU te crysta 1 s (AP). (crossed nicols. field of view is 
0.9 1TITl) ~ 
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