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j@gﬁff» Jhe stratigraphy of Archean gr enstone belts is

.'\’

an

toqlonly characterized by lower volcanic successions of ;};“
"\_,\' 5 bt
tholeiitic affinity which are replaced upsectinn by’ volcanics

ofcalc- alkaline affinity. There is 1ittle consensus -on the =

norigin of this transition, but dn the Abitibi belt dully o £,

(1975) kas sugg€3ted that itwas produced via crystal u;

4.
fractionatiJn in the many shaliow level layered intrusive

bodies. In the western Lac Yasinski _segment of the La Grande

such an, intrusion is exposed with its

; .
. .
Y

... assocfated system of gabbro feeder dykes ‘and overlying ) ';5#

greenstone belt

[
Rod

extrusive equivalents. The intrusion is comprised of. a core

of olivine cumulate with chyomite banding and its borders -

e
5

are lined by earlier.emplaced'coarse-drained gabonos.’The

overlyfing volcanic”succés;iow‘is dominated by aphynic“ .

i

‘basalts to basaltic,andesites‘ :

subdivided into three groups

+
‘e

'a Jower unit characterized by intermediate T values relative

-

i
i
A H
{
?

to a middle unit of more primitive basalts Tow in Fe and T1,

o and aﬁ upper unit displaying very high T values The fine-
gra?ned gabbrds of the intrusion and the majority of the
associated dykes follow an Fe-enrichment trend. Dykes which
show field evidence for the assimilation of tonatitic ‘ f’”?
basement, however follou a trend of Fe-depletion, The Fe- )
NN ennichment trend of the uncontaminated gabbros can be

by the fractional crystallization of plagioelase,
and olivine (48:32:20). This‘model.

xémodelled

clinopyroxene, however, ' ;

. can not account for both the spread in Si and the lack of Fe-
‘ 4."{ 3

observed in the Tavas. Their chenical variations

-

" enrichment
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bn;g veconcdyed byp a« poiybardcf fﬁq¢t1onation mgdel © ey

1nvglving ‘kom§t1$tic parantai magmms.~ The appérént Fé- wn~—@u

dep]et1ow’ of the ,bﬂsaiis and”the%r stratigraphy . ,qan bet’ %
"understood fn terms-o# necre;skng extents of highA presSuve e }i
¥ fractionation of their géreutpi mggﬁn‘lwith time which %f
determined the tow pressqre fr&étionating assemblage of the é@
} magma. EarIy magmas experianced *prolonged xnes;nénce ;n%Q ﬁf%
ﬂﬁf subcrustal ° reservoirs ugere they fractionated olivine and 2%‘4§¢
' orthopyroxene. Their residua1 Hquidsr nere— Fatyrated in % "
plmnincTase and’ pyroxene "at Tuw f@res?nngé and underwent “i@m
: '5ganbrojé fractionation befcre erup%ing ¢35 iﬁﬁe early é;; e
?'}fnntérmenjateATi lavas. The woarse-grained gabbros of the ,?%
(ﬁ 1n;rn§1on appearﬁto renresent the gumulate of this Cgrocegi. h
{h; later low-Ti ?avas are ,derived from magmaé which i
pxpérien&ed“ lesser extents of high pre55ure fractionation,
&7 but underwent ‘excess oliving fractionatton at Iow ‘pne55ure W: . 8
which produced the olivine cumulates of the 1ntru§10n.’ ;i éij
Nhew kp1otted in an AFM projgction the basalts and %%

uncontaminated gabbros of the Lac Yasinski segment of the La : ﬁﬁlt @

[+ 3 “ij; S84

.Qnande greenstone belt fall in the field of tholeiit1c rocks B
.
poro
while the contaminated gabbros fall in the ca1c~alka11ne b e
field, These different trends have deve]oped from a common . B
' TR
:pafental magma in a comman :tectonic setting This 'work - ‘é
~'_§quests that tectonic interpretations of Archean volcanics ® . K
pon : . e
which rely simp]y on AFH projections may uegcht important ¢
aspects of basalt patrogenesis,and should be viewed with , ?ﬁ%
e, i \4 ; N . ( o x}j“; "
caution.. .. § i o % 7
s kA %’ R J o8 i ﬁ%.
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(:) ’ archeenes se compose souvent de succe#s? ﬂf"de roches R
.,,,‘ * i volcanigues tholéiitiques 'h la base, ensﬁu‘)ite ho:'.-n‘nnm‘;ées‘*par- .-
- f * des roches voicaniques célc alé*a]iiies.',\, Pour de . noaqbrgjuses
"’ . intrusions stratifiees de la ceihture“de 1‘Ahit1h1; Jol‘t,y . &
, ,"i“ (1975) 'a proposé une origine par« cvfstallisation ﬂractionnéé, i ;“ %
i N j[“»;‘l».,‘origine de. qette t aﬁsition demeure touﬁfé»‘ts incerta{ne.-
‘} N e, De% wwehos éxtrusives et un sgsteme de o‘ykes*deﬁ gabbro sont:. N
B #_ ’{’ i assomies;h une tel 1e 1ntrusion da\gs le segment ouestidu Lac ‘
- a’{asinski de 1la deinture de roches vertes"de La Grande. De&
) cumu#ats doHvine et des bandes de chromite‘se trouvent)au v .
\ *q:entmi de 1*'intrusion alors wé des gabbros a grains .
. { ’ ; qrossiers anterieurs ‘sont situé's en pe’ripherie. Les roches™’ K
b : k g:li ?“volca’nuiques se composent principaiemépt de basaltes et é«“_”
i A,,"' d‘andésites basaltfques aphyriques ‘6t se subdivisent en trois 3
Pl '»'tﬂtités- tunité de base a une terteur tntermediaire en Ti, ; «
) ’q‘ T*unite centrale se-compose denbasal tes moins evo‘lues‘ - et){ A i 12
g - pauvres en Fe et Ti, a'ldrs que de forfes ‘teneurs eh Ti 5:
Al . caracteriseﬁtl'uniteSupe’rieure. Un enricmssgment aen fer u‘
~caractérise 1a majorité des dykes et. 1es gabbros ¥ grains o :
4:\,; u fins de 1‘1ntrusif. Certains dyke's demmntrent des evidences N
,u ) ’_‘d assimi‘lation du sotle* tonaHtique, définissant uﬂe ‘Hgnee.
L Lo d! appauvrissement en fer. L'enrichissement en fandefinit
> par les gabbros non contamines peut &tre reproduit par 1a ~
I :cristallisation fractionnéde d'un assemblage compose “‘de 5
‘,‘5‘ “zﬁ ‘«splagioc'lase, clinopyroxkne etf d o]ivine (48 3‘2 20); .fex xm ’
:}5*"& xé: q_l*?de'le ne peut toutefois reproduire laivariation en Si d~es o
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R laves et 1! absgnce d' enrithissement err fer qui les .
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AN caracterisent .Un modile de 1fractionnatfion 2 presston
A o W
,:;“U . . ‘variable 1mquuan% un Hqui‘de parental de composition e
S, . . v . k)
v . . komatiitique ‘peut toutefois epoquer ces variation&s de
: N - X
5 [ %) ,.
oo s s
. AN " compositionu Une- diminutionﬁprogrgssive du degre de )

e

- ' RPN fractionnation 3 haute pression explique la stratigraphie et

Ty ;;'l'm Ta Hgnee d’ appauvrissament en: fer des basaltes. La“'nature >
* R
! “ % de l'assemﬂage de phases- frqctionnees @ basse pression fit ig'{"»:
| cl." . ~.defini par ce degré de fractionnation. Les pﬁémiers ma.gmas o EoR
%, auraient donc fractionne de loHvine et de 1'orthopyroxene
* . . cause’ par une résidence brolongee a l'fﬁterieur de réservoirs 7.
. s e
) ‘ ‘b < wéitues sous la- croﬂte. . A basse pression, les Hquidas
” % ‘.,::‘;}‘? résidug‘s ont ensuite fractionne plagioclase et p)liroxtne
RIS avant d'étre mis en place sous forme de laves a tengur * .1'4‘35_;
%5‘ _— .)l mtxermed’l‘@“‘e en. Ti, Les gabbros a grains grossiers de .. B
5, k % 'I 1ntrusion semblent etre les cumulatsi resultant de ce !
V"* - i:‘, procede. Les laves tardives i basse teneur en Ti ont €té G
- L Xdér1VQes de magmas. ayant subj un plus faible degré dé'“fa*ﬁ%
\ \% " fractignnation 3 haut; presswion. Par contre- ceHes ci ont d“ 1
L, . . R R) I
L fractionne un exces d\olivinqé basse pression et’ produit b {a,
. , 1&5 &umu‘lats d* olivine de I“in%rusion, I ‘ ) i
g oty L ! ‘
AT s Les basaltes et 'Ies gibbros non- contamines -du segment
. Lac Yasinski se situent dans le champ tholeiiﬂque duy‘,’:r o,
" \ .' e dﬁ gramme AFH alors que les gabbros contamines se situent’s L .i s
) dans le champ calc-alcalin. Ces différentes Hgnees se sont ‘ *’
;g développées a partir du m€me Hquide parenta] et du meme . - ) Ho
) :“ .eavironnement tectonique. Cette ftude :'s\ugger‘e que’ lesriﬁi
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1 INTRODUCTION ) , : T

et

1.1 Archean greenstone belts ) o

_,*F Archean greenstone belts are among the oldest crustal

naterial preserved, and retain a record of mafic volcanism on

the earth prior to 2.5 b,y. Greenstone belts therefore offer

an insight to the magmatic processes operating in the Archean

-

early volcanic ngstory of the Earth.

-

Archean Jgreenstone “belts are typ{caIlyk deformed

. geosynclines whose stratigraphic successions are dominated

by metg-volcanic rocks and associafed hypabyssal .intrusive

rocks; Many Archean greenstone belts contain tholeiitic,

S~ . .
calc-alkaline, and altkaline volcanic suftes (Goodwin 1977)

and 'some preserve komatiitic and »high-magnesian" lavas

(Condie 1981, Viljoen and Viljoen 1969). Typically the lower

Part of the volcanic succession is comprised of ultramaric to
mafic tholeiiti® volcanic rocks which give way .with

stratigraphic height to volcanic rocks of calc-alkaline

affinity. Examples of such tholeiitic io calc-alkaline

successions- have been documented in Archean terrains of North
America, South Africa and Australia (viljoen and Viljoen

1970, Jolly 1975, Bickle et al 1983, Gélinas 1984). For

example, in the Abitibi greenstone belt, Tlocated in tne

southeastern part of the Superior Province of the Canadian

shield, geoéhemicg] studies by Jolly (1977) have documented

. a volcanic .stratigraphy whose lower portion is dominated by

and provide the basic information required to uﬁrnve1 the

g Wil T o

T e b Py
.
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primitive.tholeiitic basalts uith local komatiites These are -

“overlain by more ¢volved iron rich tboleﬁitic ]avas at

‘n.

1ntermed1ate levels which in turn are succeeded by iron poor

lavas. “ﬁol1y (1980) has documented a complete spectrum of |

chemical~ trends in the lavas and has shown that 1roni3”

; enrichment (* tholeiitic ) evo1utionary trends are replaced up

1
L X3

g

section by iron- depletion (* ca]calkaline ) evolutionary ,

trends (Fig. 1). The origin of these two trends and their

genetic re1ationsh1p remains a fundahental problem of " igneous

- petrojogy. The orderly stratigraphic Success1on of the two

trends, however (Baragar 1966, 1968 Jolly 1977, Goodwin 1977;
Taylor and Hal?terg 1977) strongly suggests that the 1later
calc alkalic ‘magmas are genetically re?ated to the earlier
tholeiitic magmas.. Three mechanisms are commonly proposed to
explain the re]ationship between tholeiitic and calc alkaline
lavas. In the first, theitwo trends are thooght to reflect
the differentiation of a common perental magma under
diffenent conditions of oxygen' fugacity, crustal
contamination (Kuno 1950, 1968), or depth at which crystal
fractionation occurred (Jolly 1975, Hawkesworth and 0'Nions.
1977, Jolly 1977, and White and McBirney 1979). In .such
models, the thickening of ene volcanic pile with time is

'associated with dehydration and eventual melting of the lower

crust, The products of these reactions contaminate . mdgmas

.rising from the mantle and induce the crystallization' of

' phases of 1low St content and high Feb/Mgo ratio such as

Fagr

" amphibole or magnetite, The fractionation of. such phases

¥ T

[
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Fig.1: Mg0 versus FeO (in weight %) Composite- diagraﬁ“ of
published compositional - trends:-of lavas from the Abitibi
belt. The trends are ‘numbered according to their apgrgﬁiﬁ%%e

s in""the

position 1in the lava pile. Numbers increase. upwar
stratigraphy: Taken from Jolly (1980). PR
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Pankhurst 1978). The secondféxplanation is ‘based on a modern L

leads to the development of calé-alka]ine lsvas (0'Nions :and

plate tectonic aﬁé]ogy and assumes that the early tholeiitic

~magmas

subducting 1lithospheric

deédper

are

lévels

partfal melts of the

slab

undergoing

generated by hydrous melting of mantle
dehydration.

subducting

above a

G

At

slab form

acidic magmas which ascend, and hybridize,_the overlying

mantle,

magmas (Ringwood 1977).

providing the source regions for later calc-alkaline
*

.Thirdly some Archean calc-alkaline

trends are thought to be“produced by 1increasingly smaller

degrees of melting of a source coﬁtéiming residual garnet

" and/or amphibole (Qpndie 1976, Davis and Condie 1977, Jahn et

, N :
al. 1979). A1l these mechanisms apptar te'hé capable ' of

explaini

ng

the

temporal

a]kalineﬁ magmas generally observed in

belts.

Jhere

is

at present,

however,

Archean

lTittle

changé from tholeiitic to calc-

greenstone

consensus

because of a lack of physical and; chemical constraints on ;he~

problem.

N

The complex structural and metamorphic history

which

Archean lavas have experienced cohplicates the recognition of

the,

dominant

magmatic

cthemical evolution.

steeply

changes

inclined

folds

process

The deformation

and

faults

-

(es) which. controlled their
; - 4
yz often .characterized. by

which produce abrupt

in the lithologies and the 1loss of’ stratigraphic

components whichllinit precise lateral cérrelations. Primary

minera]ogy is rarely available and petrographic studies often

yield inconclusive results. These éf0b1ems aré’compounded by
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.the ‘i'fact that lavas typically can not be re}éted to
e ~ . - Ak

& Lt
e U

A

b .
- A

i 4

AR

Aﬁquivaleqf intrusive rocks. The identification of the
dominant process{es) ’ which ‘control the enrichment onr‘
depletion 1in iron in Iavas'is commonly based on the’\ability‘

of ., numerical models of shth.gprocessés' to fgbrpduce the

mesErved major and trace eJemepi variations. In the Abitibi .

" belt, Jolly (1977) has suggested that the magmas - Qh%gb\

generated the mqstﬂbrimitiue 1avaé¢cou1d‘ﬁan'fractfonéted at
Tow pressuresf:to produde”the éveriying basalﬁg of more
‘&voTved compositions. Accord1ng to his ho@el,ﬂggnﬁleiitic
maéﬁasz fractionafed ofivine and plégioqlase to produce Fe-
enrichment in the ‘early lavas. The later Fé-depiéted Tavas
were produced by the fractionation of c]inopyroxenQKﬂand

magnetite caused by an increase in volatile content of . the

magma. The rise in volatile content was attributed to 'geeﬁ\

:

level fractionation of the source magmas or inhorpoﬁdti&hr of ..

hydrated crustal material. Differentiation in Fred’'s flow,

located in Munro township, Ontario, " (Arndt, 1977) may

~represent an example of magmas related by fractional‘:

’ crystalization. It is a komatiite flow with an initial Mg0-

'content approx;@ating‘ 20 wt% which differentiated toy‘a
quartz gabbro‘with 7.5 wt% Mg0.” The major element compaosition
of the gabbroic differentiate 1in Fred's flow 1is
1ndist1nguishablé from 'many of the basaltic iavas found 1in
Munro township. The compositional similarity between these
rocks  provides strong evidence for the involvement of 1low-

pressure fractional crystall%zation in the genesis of many of

P
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,
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the -basalts in tnns emea qf fhe Abitibi
1977). Jolly (1977) postulated that

intrusive bodies observed throughout the

"high level nagma chambers 'in which this

This "study emphasizes the 1mportance of

beit (Arndt et

al.

thet many layered

belt represent

the.

process qccurred.

both intrusive

and“:

extrusive rocks to any understanding of magma petrogenesis jn

'

the Archeanr o -

' - oo e, -
1.2 Purposé of ‘the study %5

Thts thesis has been  part - f

3

¢

unﬁert§ken31bx 'professors Andrew Hynes a

ifivestigate the stratigraphy, ,structure

i} larger Eproject“

d Don Francis ¢0cu

and - petrochemical

4 ’(\
%t
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T
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“%  “evolution of the La GrandewgreenstoneABeft. It draws heayi]y '
‘. \ & on resnlts “obtained in previous fhe§1s studies of'\this
AT .project by St-Seymour (1982), Skuls ki (1985), and Liu (1985)

1n‘ the La. Grande-3 (LG-3) and- Lac: Guyer segments of the La“

Grande greenstone belt. My contribution to this prosect was

\investigation of a gabbro-peridotite intrusion and itsf.fz

LN Archeanl La Grande greenstone belt of northern Quebec. Ihf"

this region, the Juxtaposition'of ‘a dyke feeder isystem,i,a

'possible extrusive equivalents in the- western segmént of tné;i?V)

; ,2 magma chamber, and an overlying vo]canic succe551on offers a

‘ N unique opportunity to stugy the processes = concrbllins
v basaltic magmatism in the La ér@nde ‘greenstone belt. The
l documentation _of “these magmatic pnocesses may impnove our

understanding of the nature of Fe- enrichment and Fe depletion

trend§ "in Archean volcanics and provide constraints for

@he

origin ‘the termporal evolution of magmatism'from‘»;ho1eiitic'

s
%
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n&;?y REGIDIAL SETTING OFlTﬁérLA GRiIDE GREENSTOIE BELT %
. . . %
2.1 Location . : -7 | ':2 SRS %
~ The La«G;Bnde greenstoné belt iﬁ‘ﬂ&cﬁ%%ﬂ &oethwgf{tﬁe %é
ﬁbitipi‘ belt ih the: James Bay Ierr1tory.of Guébec. a;’ 530 '}é.
30'N, 730$ 50' - 780 00'W (Fig. 6).." xt'coﬁlists of z;hree ~5§
discontinuous segments running apprOximately east- west along ?
the La Grande River‘;eservoir system for an estimated leﬁgth f

of 350 km; the eastern ch_ﬁpyér -.LG-4 segmentt the central

"LG-3 segment and the western*nglgqsfnski segment. The rdcks =: .7

of this region form part of th; Superior Provigce of tﬁé -
Precambrian Canadian “shield apd\ﬁ have% all under'g(xneb;“,,i g%w‘%
deformatien Bnd metamorphish 5during_r‘%«the Kenoran Orogeny 1£’\
around 2.5 b.y. B \i;?{ R ) ;
C v [IEREN 51‘ ’ , . )‘:, m E ‘
2.2 Previous work apd:regﬁonaldgeolqay ‘ ! : aﬁ
) .- The earliest work in  the ~)belt; '&c0n§1efed . of LT
M,'é°bnﬂ§?isa"°e mapping by ‘the Geologica] survey ‘of Canaea zﬂugﬁég@
(Eade 1966), - In 1974, Mills completed a PH.D thesis studye N
’ which: inc]uded" field investigations df’ the Saka%f Lake‘uwl‘*éz

™

Further regional
(1977) ~and‘§ ;gj”

WCoutaceau Lake and Janjandashi Lake areas

mapping of the belt was completed by harma ,
L ;
Ciesielski (1984) and a series of more recent detailedw mapg T
° Y ey
was produced at a scale of 1/20,000 by the ‘SES group (Fouque?‘*v§;< %L
. Lt ~ . ¥ -
; . Brg 0 T y =
et al> 1979), a consortium of S€ru Nucl€aire, ~E1dorgdg . .
. c . - oL W
Nucléaire and the Sociétd de Développement de la Baie ' James =~ - 3
’ (SDBJ). . e T / TELr we
h - . € w ‘ Yo S ey =,
: (\- 5 - . N Y » ] " ’r e
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., supracrustal

Py

‘ Fouques ei al (1979) divided the stﬂatigraphy of the

Y '{

Rothes Vertes unit (R V.) comprises the greenstone succession

The first cycle consists~

N

lavas.“ »maf?c*

and - was divided into two cycles,
predominantly of uitramdfic and mafic~
volcaniclastics and iron formations. The second cycle groups

v

{ntermediate to acidic flows, pillow Iavas and conglomerates.
Fouques et al. suggest that a discordance separates these two
c}cles. Toe. basement gneisses are refered -to, as the vieox

gneiss‘- and are isolated from ‘a younger series ‘of gneisseS*

(Serie Laguiche) to the. south by a major fao1t running 070b

a v
which is vis1b1e on satellite photos. The reTationships

» between the' vjeux ‘goeiss-and‘the base _&f the greens;one

;osﬁession " are contradictory . The preseﬁce of . granitic
xeoolitps 1n the LG 3 second cyc1e vo1can1cs (Sku]skf 1985),

howeVé},‘ suggests that the. greeustone succession was efupted

‘on ac ust of granitoid composition. In the area of this

study :the presence,of‘COnglomerates which contain angulér
iasts of - ‘tonalitic composition at  the base of the,

unconformable

succession suggests an

ikonelationshipjbetween the greenstone and the vieux ‘gneiss. In

k‘the Lac Guyer and LG-3 segments however, the vieux gneisses

1

, appear to 1ntrude the volcano-sedimentary succession and mask

the basement -greenstone contact. These retationships suggest:

locally

‘that the granitoid basement must have been

remobilized either during or after the mafic volcanism of the

La Grande area into eleven units as shown 1n Table‘“lf The -
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’*r;"‘ﬁ' ,1 ’ j’V:\ Recent detai!e& 1nvest1gations of the subracrustal 5j4

\:’ , 1.‘~§'sdcces;fen' of the La Grande belt im:luchpakj Ph.. D‘» stpdy by, “é:y?

) ”§”3_*’\,\' St Se}meur (198%) a M. Sc. sﬁudy by LiL:%(F985?‘IJF thg&‘/ihﬁéf

ﬂctﬁ 1,$“§ . eastern Lae G@yqr'segméntn and an M.St. qstudy by Skufskif’! EQJ
iﬁ y ' . _(1984, . 1985) in fhe’ central 16-3 segment " 1in an, area, ovbﬁl

) : ‘ s ‘ neighbouring the town of La Grande- 3 St- Seymour (1983) has! ;;g
. proposed a stratigraphy for the eastern segment of the\ belt % "i,%

, BLELD vicinity of ch»Guyer which begins with acidic” ‘f'lows. ; 4

\ %t . Pyroclastics and sediments with interca]ated basalts. The Mg# A %ﬂ
1 B (Mg/Mg+Fe) and abundeqce of‘these basalts. increases with 1 iégg
’ " stratigr&phic height towards, an overlying succession‘ of\": h

J " v komatiitic lavas‘ The komatiite su;cession is comprised -of a’ ?ih

SRR f;e . sequenceL of pillowed pyroxenetic komatjite flows f&qggpﬂﬁ\.é:A
h\«‘x ?“,k:* ?bseparates two Sequences Bf~ peridotitic kome;tites.‘ééihev‘ig‘”i”%
1; | jé “l\ uppenmost unit in the Lac Guyer area consists of i"@eeqﬁa .. '“?%§
RORE IR s““”"‘s““ "of basalt wNich are ehemically | distinguishab]e o ;
L Lk from the basa]ts ‘at tﬁehease of the stratigraphy. Liu (1985) l‘l“xj:
¥ﬁ~ f B ﬂﬁ;;_ est@blisheﬁ a %tratﬁéraphy in ;he vo1cano sediment}ty ‘«h:iiiiﬁ
}'e~.~‘s%.ﬁ G seecessign tsoutheast sof Lac ‘Guyer. He has efported ’the Ebﬁg?ﬂ
qééur%enqe _of two szhuenees of basalts. The lower \basaltic ‘ ;“
T sedt;ente is composed of thick mafic flows 1nterbed¢‘ed with \,“4

N %:s %};‘3% . mafic and "felsic tuffs. These are overlain by a second" cycle iaix”m;

T of 1avas .dominated by pillowed basalts. The. . basalts 1in W@_n:; -

b ¢ 5 } - woovhg
Lo - g
" gemera] are characterized by . pronbunced Fe emrichment N
-, , " - Ao . N ::;:-’\\”
R treqd ~$1110wed‘ -and massive komatiites arg observed at ‘“the . i
% 1, kY NN g . ":_ F M . QN
'fupper stragraphic 1eve1s. "In; the. LG-3, segment “of the La a@-&
" E v Grande b&lt. the Towest Ieve]s of the stratigraphy consia& i e
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\q . v pr‘edoni‘@ntly lf s - Tsequence of volcan..icfas}ics and .

Y ‘{“;?Lf; g:;s':- '"'net@sed“inents o‘;erlain by a thick s‘u{ccesfionh' of i submarine

:”,;;*i:J ~‘~z,_. basalt; with low Mg# and minor basaltic andesites (Skulski et "31 ‘

L ' " 4;:1 ] 1,984) These rocks. are ovorlain by coarse clastigs which

Wm ‘. 'mi % are. gn turn ovcr‘lain@ a sequence of basaltic andesites :

,,, :;4 ~ \ghos,c _evolution fs characterized by an iron depletion trend ’

: 5 and 'Iower absolute Ti cnd Fe contents compared to the bacdns

"w \ Mof'\'\the underiying succession. The ‘presence of Fe-enrichment

‘” V- & ‘*'m the ’lower Ieve'ls ofkth;.- volcanic stratigraphy southeast of
M:M ‘faLac Guyer and of ; Fe- deplet1on in &the ubpermost, ..LG-3 \

sg’ratigraphy sugges’ts 2 tenpora] evolu\tion of masmatism from

. o, 4
~ X thﬁgtenuc to! \GaTg- &1&51{”\.; tn tné La Grande gen.;{ »The

\u: ‘ bash‘.lts J,’f Lac zxfim,v‘er\“c’r‘ui!o%f the lowermost LG-3 stratigrapny :
’ wpa.r X ’f‘*"'t;éap;_é : cﬁnaracgerﬂz@d‘%by an absé:itc@; in, Fe-trends’ and " midy “é
t | ‘f‘i;-&“ Yrepresent‘on 1n&teméd1até& stage Betueen Fe-enrichment and “Fe-
‘(L& kY "‘%%‘:“'dgepleﬂon trends.’K ‘3:; , ¥ L oo St "
. i‘f W i ‘1\\‘“ t% v K : v T v o " ““"4’?4,?; A
ST :E \‘gy&.‘ Threg : Phases ot deformation are recognized throughout . . -
:x‘\“gqi “v"‘:tg; chfGrande beylxt. The first phase of deformation is' i
;2 Z’ % g : p;netrative'% on sa pencjmetersscale and produced the observed &
*fh,,;;" ‘i”:"‘{‘ Lschtstosiw &nd” 1ntrafoNa] 1soc11na\ folds. . The second ;
o S \ pﬁise o? :deformtfpn produc}ed isocHna'I folds on a regional
ﬁ ;& scalé and open fo1ds on l'ocko‘l& scale vith an average interlimb’ :
z{a k"&ﬁ“h -%,\& angle \°f 300 _to 40‘: dog:eeﬁk\rand 2 steeply dipping fracture.

5 :’ij‘ \:3;",‘“‘- . cleav&ge (5-2) ’vﬁ;ryin‘g 1n*&r1en{t@iﬁon from » 073}’ to 1200,

sy ) b e W

IheSe stee“ply dipp§n§ cxiol phng&‘ were. the focus of* the’

S JERRT

TR z \:h“‘.
brittle "Hef\omamon% “xn;d wgn .vreictivated during - later
. \“ . P g
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. 7) lies along one such g]ane and produced a
o (5‘(’
local foliation parallel to S-2. The 1latest

n event 1is characterized by &géﬁhorizontal kink~

?

2.3 . The Lac Yasinski segmens

b

- characteri

The

topography of the > Lac  Yasinski Qregion "is

°

gt
Jefatt
Syl

\

stic of a heavily glaciated‘terraﬁe with" numerous -

lakes and ¢swamps.- Areas which.are'undenLain by g}anitjc-and

volcanic

.to areas u

the volcan

&

rocks have a relatively thin élacial'cove?“compared

1

nderlain by volcano-sediments. The lower'parts of

¢ {
o-sedimentary succession are occupied predominantly

by  quartz-rich -sediments. fhtercalated with minor iron

‘ formations

succession
. comprise

€ by a thick

and mafic tuffs. The upper parts of the

Y .
are dominated by piTlowed and massive lavas which
a lower unit of relatively Fe-rich basalts overlain

succession of Fe-poor basalts. ‘These are «dn turn

overlain by the most Fe-rich basalts of the succession. The

intrusion
synformal
directioq
observed

virtually,

presence

.7 7 fragments

the volcano-sedimentary succession. overlying it. The

- P

. » E—
of this study is found in the mdse of a major

F-2 synclife which plunges steeply #n the SH

°

(Figh 6). The- two major phases. of deformation

in the Lac VYasinski segment have provided a

-

coleeteQ'cross-secﬁion of ,the intrusion which is

located along the.contact between a t&falitic basement and

da

of basal cong]omqrate§ﬁfwhiéh contain  angular
, £ .
of ' tonalite suggest this contact is - an

! . unconformity. Nuﬁgroqﬁ gapbroic dykes lcut the basement
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tonalites and appear to have fed the 1n;rusibﬁHWhiéﬁ_ 1p5¢if
cuts into the basal part of the greenstone succession. The
intrusion is thus younger then both the Saﬁe&ént tonalites
and the lower ievels of the greenstone belt and there appears
}o ﬁave been 1little or no disp]écement along the basement

greenstdne contact following 1{t¢ts - emplacement. These

relationships suggest that the gabbroic dykes cutting ..the

basement, the 1ntfusiop. and the lavas of the sup aérustal

succession constitute a comagmatic system which proyides a

. ~"‘nnique opportunity to study the h%gh Tevel processes

. 1
controlling mafic volcanism in this portion of the La! Gfande‘

greenstone belt. The foliowing manuscript  compares the

chemical _patterns of the rocks of the LaétYasinski intrusion

to "those of the lavds of the La Grande greenstone belt and

discusses 'the nature of the petrogenetic link betwe?h the

. I
t“o. N . / . . * “[

K] ° *
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: :3 PRELIMINARY NODELS FOR BASALT EVOLaTIOH IN THE LA GRAIDE°

GREENSTOIE BELT g
.Benoit Rivard and Don Francis
nepartlent of geological scien;es

"Mc6111 University ©
3450 University St Montréal, Québec H3A 2A7

}.l Abstract

A layered Archean magma chamber is exposed at the base

- of the Yasinski segment of the La Grande greenstone belt.

This 1intrusive complex 1lies beneath a sequence of _ma?iﬁ
volcanics and s underﬁain by granitoiﬁ basement which s
crosscut by a swarm of gabbroic dykes. The gabbros of both

this cdmplex and the dyke swarm define a pronounced Fe-

e enrichmenf trend. The volcanic patterns of the La Grande and

Eastmain greenstone belts, however, define a series of iron

..depletion trends which originate in the iron iiribhment trend

g
of the gabbroic intrusives. These patterns suggest that the

2

~gabbros produced »in the intrusive complex may serve as

parental lfquids for some of the lava suites o# the James Bay

ui
greenstone belts.

‘3.2 Introduction

* Archean lavas offeq a powerful tool for understanding

‘the earth's early‘history.  Iron enrichment (‘'tholeiitic’)

anﬂ iron depletion (jcalcalka11ne') evolutionary frends have
been recognized in lava successions in many Archean
greenstone belts (Jdolly v1975, Gé1inas, -1984). The
fdentification of the dominant process(s) which produce such‘

. . ¢ -
trends is based on the ability of models of such processes to

. -
L ) . .:_;a\
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o 00'W. The area was mapped at a scale of 1/100 000 during the -

..

.

" reproduce ‘;ﬁe observed major and trace element variations.

. !
- The recognition of the dominant™ process controlling the

evolution of Archean lavas, however, is often made difficult

- by the complex structural and metamorphic history that. ‘these

rocks nnve undergone, Primary'mineralog& is rarely pregervéd'

and ‘petrographic studies often yield inconclusive results.
These "problems are compounded by the fact that lavas

typically can not be related to equivalent intrusive rocks.

In this paper we present observatfons obtained through
comparing the chemical patterns of intrusive ‘rocks of the
complex with those defined by a reconnaissance‘;urvey of the
regional geochemistry of Archean lavas of the James Bay
Territory. ‘ A geochemical model is presented yhich relates

the compositions of the lavas to those of the intrusive rocks

Stratigraphic and/or temporal variations f{n this mode 1

., >
provide a means of investigating the historical record of

magma qvnlution in the La Grande greenstone belt. In .

addition, the model provides a useful l1ithochemical field

.toal with which to map lateral stratigraphic variations on a

regional scale.

3.3  Setting
The La Grande greenstone be]tbis located in the James

Bay Territory of Québec at 539 30 N, longitude 730 50' - 78°

late 70's by the Ministére Energie et Ressource du Quebecé

~

k-

16 [}
. K > e
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rved within the Tlayered chamber and dyke system..
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‘1ntrusive complex.

‘thick volcano-sedimentary succession and the plagiagranite .

N The

well defined because it is obscured by -the presence of the A

-.series of

ﬁ\Segment of the belt,

1 s L}
B v AN
! o ’ '

~

(Sharma, 1977). A series of more receﬁt maps was produced at R

a scale of 1?25;000 by the SES group, a consortium of Séru b

o~

Nucidaire, Eldorado  Nucléaire and the Société de

Développement de la Baie James (SDBJ). o

The La Grande greenstone be]gqis discontinuous and

éﬂhsiéfé of a number of isolated segments running east-west
along the La Grgnqe reservoir system. The intrusive complex
of this study is found in the Lac Yasinski segment of the La
belt. two major pha&es of deformation have .

Grande Here,

provided a virtually complete cross-section of a 4 to 5  km

lies ~

i

bﬁsement which . underlies it. The intrusive complex

this

R
.

gt e

contact at the nose of a phase syncline

along first

where outcrop exposure exceeds fifty ﬁerceqt.

e b & e it amad,

nature of the granite-greenstone contact is not R

s
a

There is, however, no evidence of contact

metamorphic. effects in tuffaceous units adjacen®*to the

basement sugbesging that <the contact fstnot an intrusive one,

Thin ' irregular lenses, of metaquartzites“&re found close to
- ___""\:,'\

the basement «coptact and grade upwards into a- continuous

thin mafic tuffaceous ., beds. Mafic tuffs and ' )

pilliowed Tlavas appear to dominate the stratigraphy of , this

For a more detailed account of the

‘stratigraphy of t(%ith Grandeage1t, the reader is referreﬁ to

3’companion paper in this vo]umk (Skulsk1 et atl., 1984}; -
:_ se, -

" S Y

. «
\ e "
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d -
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" 3.4

*

sill-1ike shape of approximate dimensions 2.5 km long

&

Rl 8

both contacts (25%) and occurs predominantly along the

"boundery.

[

km , thick

The intrusive cdlplex

<

The intrusive complex is interpreted to have had a

The

-

prior to deformation.

layered- ultramaffc cumulate (75%).
' ¢

gabbros exhibit chitled margins against

It consists mainly of a

Gabbro 1s found

by 1.5

along
upper

the

enclosing greenstones, but no visible decrease in girain size

is observed at gﬁbbro-ultramafic contacts.

dyke§ crosscut the basement granites immediately beneath

Numerous gabbro

the

. ultramafic cumulaté and a few intrude the ultramafic cumulate

P

itself.
a16ng their contacts.

in Fe and rich in Mg crosscut earlier high Fe gabbros.
[

Those intruding tQQ:basement display chilled margins

Beneath the cumulate pile, gabbrosnlow

This

relationship suggests that the gabbroé may have become less

evolved with time during the magmatic evolution of the

complex.
basement .
miny of the gabbro’dykes indicating that
actively

and

intrusion.

The ultramafic\pumulates are serpentinized perfdétites%

Partially

assimilating

resorbed

crustal

Xxenoliths

irregular white felsic bands

mat§ria1

which weather to a 1ight brown color.

varying

'K

basement contact.

3

observed

in

T

throughout

the

e

-

18

majority of
thickness .from 20 cm near

" exposed in the south to less than a few millimeters near

of the granitic

are observed in

their magma was

at the time of

Ch}omitite layers are

body,

ultramafic
gabbro contact
the

On average, Towéver, these chromite layers
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are six to eight millimeters in thickness and dlterdafe with

two to three centimeters bands which are poor in chromite., - .

W

- The primary mineralogy of the wultramafic .unjt is

almost entirely obliterated and the present mineralogy

Fia

.
e o o v e Vsl (-

'corresponds", to Tower greenschist  facies metaﬁorphic
conditions with temperatures on the order of 400f560° C.
Olivine %seudom&?bhg are visible in hand specimen and vary in
size from 1less’ than 0.5 mm to 3 wmm. These pseudomorpﬂs
consist of serpentine and exhibit mesh textures anﬁ, on rare
occasions, hourglass textures.’ The pseudomorphs.preserve the
primary oval to equant shape characteristic og olivine growth
at slow cooling rates (Donaldson, i976).y The ‘olivine
pseudomorphs occupy 80% of the rock volume 1leaving 1little
“doubt as to the cumulus nature of .this wunit. Although
cumulate 1layering is of?en‘diff1§u1t to (eéognized in thé
field, grain size layering is well defined in thin' section.

- -
vy
4 \

In the chromite poor bands, magnetite-cﬁkomtte.crystals are

- : s
e }.«. B A X M 50 L AR i M S

present in amounts not exceeding 6 to 8%. The matrix between
* . the olivine pseudomorphs is compoéed of a mixture ‘of fine-
grained tremolite, magnétite and magnesite with minor
%+ zofsite, chlorite, brucite and”talc. This matrix is divided
ingo batchy areas within which tremolite crystals display a
e %% .common extinctibn ‘suggesting the former presence of post-

cumulus, pyroxene oikocrysts. -

- ¢

The‘gabbros display a bimodal mineralogy consisting of
20 to‘m40% plagioclase and 60 to 80% amphibole. Quartz,

- % . .
\\V/ i ! a
v - ‘ 1
. . . . N
19 .

P
.



"

&

,.;
5
“

)
t

wépidote. calcite _and; pyﬁité are‘preéen% in minor - ahountsh

Most plagidoclase crystals are sgricitized ar saussuritized.
The amphibole'1§:act1nolité n the ifdn-pooﬁf gabb}os; but

hornblende in the jron-richlgabbros 5nd entigg]y, reb]aceé

wprimary clﬁnopyroxene. ‘The pseudomorphed byroxene crystals:

are elongated (1-2mm) and some display a herringbone fexture.

.

3.5 Major element geochemistry
The wultramafic cumulates are rich in Mgojﬁn& low in

Fe0 (Fig. 2, Table 21 and fall-.close to the olivine

composition 1ine in Mg-Fe space. Deviations below this line

\

reflect the amount of intercumulus material, probably largely
pyroxene. The 1arge predbmingnce of cumulus olivine in these
rocks suggests that the caffon Mg/Mg+Fe ratio of the whole

rock'will approximate the forsterite content of the original

olivine. The range' of rock:compositions suggest that the

cumulate:\éli;ine ranged jn composition from Fo 84 to Fo 89,
assuming total iron to be Feo. Although the cumulate rocks
display the high loss on fgnition (LOI) values characteristic
of serpentinites, the clustering of the data observed in
figure 2 suggests ‘that major element mobilization ‘during

metamorphism is not a serious pfoﬁfem.‘

a

The compositions of the gabbros exhibit a striking Fe-

-enrichment trend with Fe0 increasing from 4.5 to 14.5% as Mg0

drops from 18 to 6.5 cation% (Fig. 2): Unlike the gabbroic

data, the VYasinski 7Tavas define a .continuous trend” of..:

-decreasing Fe0 with decreasing MgO. The(leaﬁt qvo]v%d lavas
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‘and Ensne. 1970. Roeder, 1974)

chromi te cumulate.

('.
5

uprfmitivén<1avas is also observed fqr elements such: as

aluminum., silicon. titan1um .and’ chrOmium. Plots of alkalies“”

,\_‘_

and calciym. howevgr, QispTay conside?able

of ~this suite, however}7idver1ap the*,field of* gabbkog@.

"% compositions. This‘\dperlap between- the gabbros and most °:

scatter,'

suggesting'tpe;effects of alteration., For this reason sodium

~t

and potassium uere\excluded during the later nodelling ofx‘

compositﬁbna? trends, oA L j S

3.6  Discussion v N

A genetic relationship beéween the

u1tramaf1c rocks 'was tested assuming a KD- of On3 'for* the

d1str1bution of Fe and Mg between olivine and Tiquid (Roeder
This value is generally

accepted as being appropriate for most terrestrial basalts.

The range of gabbrofc liquids capable of coexisting with t}e N

observed ultramafic cumplate includes most of the Tleast .

3

evalved gabbros (Fig. - 2).
largesf dykes in the underlying basement and to “the gepbros

¥

located 1mmen1ate1y above the CUMulate pi]e.:‘s In »‘the
- ;‘ I i 0
basement, they represent a sma]] portfon of the tot@l VOIUme

of gabbros -present. .The voTume of gabbro at the top of the,

" dintrusion is small in comparaison with the volume of o1ivine-

\

gabbroic rocksawere—genetically relatep; then a large dmount
of gabbroic liquid must have-past tﬁrough this‘ intrusive
complex and -been

N

observed'gabbrg. A ' b

removed to ec$ount”‘foj \thefbpaucity of .

: gabbros " and

“These gabbros correspond to the,

2

gt-follows that 1f the ultramaficv anda'

-
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The composition of olivine in equilibrium vith th&'

1;‘ B .
b4 '

least evolved lavas is approximately Fo 80, a value belmw the ﬁg

&

(“) H~§ Lo mintmum. value of Fo 85 estimated fOr the . cumulates., CIf 15% L .
. . iy Tt

. iof. the. total iron in these gabbros is converted “to ferric

A iron, the calculwted olivine composition increases to Fo 82,
&
still below that capable of ﬁaving prdduced the cumulates.
ﬁ"'- ‘ ) ’ S : ;

s
-

K Y Fractional crystallization is the most common prcdess

. called mpon td explain the chemical variation' in 1gnegus l
5 rocks. It hmas used in attempts to reprpduce'fthex trend‘;
obsenved for the gabbros. A mddel involving more.than EO%

.crystallization of an assemblage cbmposed of 20%° olivine.,32%
clinopyrgxene and 48% plagioclase -is required te' reproduce

the range "of observed gabbros (Fig. 3). . The effects oﬁ

i

%37

.assimilation, as: evidenced by the presence ~of basement

.. ' xegoliths within the gabbros of - the dyke complex, will
, ‘ o Ty 3

'probably reduce’ the amount of fractianation
‘pnoduce the observed variation. The testing of the magnitude

of these effects must await the, availability of trace element

’V.

e " data. on these rocks. B ‘ _"f L EEY
g ‘ ) ' 1 Y " .o ) ‘ . 5 - ,
Lo ~ : The'® -lavas of Lac Yasinski are : aphyric so it s
impossible to determine the actual liquidus phases.’ELava:Lof
Simila&r N omposition containing plagioclase and pyroxene‘

phenocrysts are found In the LG-3 area (Skulski et al., iosa)
’and compositionally similareplagﬁoclase glomenoporphynjtic

basalts are a recurring;phenomenon .in Quebec greenstone,
Rl

R T TR T T TR T W A MW s

. ~ ., beltsy: In- modelling akfractionation process which could havek
: L . {' %l 4 4 -
B . : R . s C
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. " Fig. 3: Cétibh z Mg;iﬁfﬁx‘ Cr}st;iliiation patﬁ% ho@gle& far:
't - - the gabbros and Tavag., 'The field.of gabbrioic compositions ¥s*

. " Yndfcdted by ‘the dashed Jiné.’ ‘The field of lava“compositions **

N

>

" - ig': indicated by the - dotted' pattern.. : The . calculated .

. ' fractional zcnystallizationtpath for gabbros, is indfcated by ¢ ™
T © arrow L. Equilibrium crystallization paths for the lavas are

indicated by arrow 2°(100% olivine) and arrow 3 (10% olivine
40% cpx, 50% plagjocliase). . Fractional,'and equilibrium
-crystallization were modeled using a . finite-diffexence
h technique. The fractional crystallization model consisted of
the - repeated -calculation of the instantaneous equilfbrium i,

-

step involved -“the removal of :a quantity: 0f these phases
equivalent to 0.Q1 cation per.cent of the initial parent . and
the recalculation of the residual 1iquid' to 100 percent., 'Thég,
. equilibrium . crystallization model invelved steps of: a
. ', constant decrease .in the Mg0 contént of the ' tiquid.‘ The
* amount of residue increased with each step and was allowed to
. reequilibrate - with the 1iquid such that the bulk composition
- remained fixed. The olivine compositioniwas-computed ‘using.: -
* Roeder > and Emslie's (1970) value of the,.Fe/Mg'KD of 0.3 and™
. was combined to their geothermometer-to yield an equilibriym
temperature. This temperature valué‘was then used-to define -
the: Fe/Mg ratio of the. clinopyroxene using the équations."'of %}
., - Gamble and Taylor (1980}. : oot N .
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Yasinski
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Tava

intrusive, In
are plotted

the La Grande
to the field of gabbroic compositions from the

compositions as halfLcircles.
from:Stamatelopoulou-Seymour et al.
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. Compositions and trends of lava

and Eastmain “Vdelt

the top figure the Lac Guyer
as open circles and the

The Lac Guyer data
(1983).

are
Lac

Tava
ma.in
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-In the bottom

the

r'd

figure the Eastmain lava .suite corresponds to arrow 1,
Lac Yasinski lava suite to a¥row 2 and the lac Guyer 1laya
- suite to arrow 3. . g, — .
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latter isc>obtained by a model involving the e&ﬁi11br1&m

T T eee— .
R Y i — -
L \‘-’T’““‘—ﬁ———:—__‘ﬁ‘
.
. »

3

— -, ' . ,J i

‘one -of - a.series of -subparallel 1iron depletion trends (Fig.

2

4),'~which are slightly offset in Mg- Fe épace. Jolly (1975,
1980) has reported a simi]ar overall pattern for the lavas of
the Abitibi greenstone bett. In every case the least evo]ved

1iquids lie within the field of gabbro compositionn observed’

in the- Yasinskf intrusive complex.  These observations =

suggest that the gabbros produced in the intresive compjei“

may represent’ the spectvum of parental liquids,for‘iohe of

the lava suites of the James an greensbone belts.  The.

d!fferent 1ava suftes may all have been derived from similar

, parentaT magmas which embarked on Fe-depIetion trends at’

differing points during their compositional evolution.

i

3.7 Conclusion
An ultramafic,sill of cumulate olivine and chromite 1s
ehpbsed at the base of -the Yasinski segment of the La Grande

greenstone beltw It is underlain by a system of crosscutting

gabbroic dykes and overlain by a suite of mafic ~layas., From

a crystal fractionatiop ‘point of view, the lavas and gabbros

appear to have evo]ved along very different 11qu1d lines of

descent. The gabbros display an iron enrichment trend

typicaI of “tholeiftic suites while the lavas displax an iron

depletion trend. - Fractional crystallization models’ ﬂead to a
oy )

satisfactory solution for the gebbros, but can notfﬁeproducg,

.})

the observed lava tremds (Fig. 3). The best fit for the

crystallization of olivine alone or with an opaque _followed'

by -a singie step batch fractionation of these PQ@§§§~' The -
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likelihood of the presence of liqhidus phases other than

olivine cannot be discarded. Howevé}, if present, they are

'appgrently not ©being extrécted g;om the melt. The Jleast
evolved 1lavas, Jf each of the three lavas suites examined,
fall {n° the gabbroic compositi'onal fietd (flg. ). This
sugéests a genetic relationship betweén the lavas suiéesl and
the gabbros oggerved beneath the cumulate pile. - The gabbros

are thought to have evolved by fractional crystallization

" during their ascent and emplacement in sill reservoips at ‘

high crustal levels. These magmas then evolveq to”produce the

Fe-depletion trends observed in the lavas compositions. ..The

“factor(s) which contrel the transition from a tread of iron
enrichment “ to one of iron depletion during magma eVo]ution

are poorlty understood at pfesent. . They may finvolve an

] jhcrgase fn oxidation state'wj}h\the concomittant . appearance

of "~ an opaque phase on the 1iquidus (0sborn, 1959).
Alternatively, an increase of magma viscosity and density

during fractionation may reduce the efficiency with which

magmas can rid themselves of crystals. Crystals would remain’

suspended and be more 11ikely to equilibrate with their host

magma before segregation by a process such as filter

pressing. We are presently investigating these possibilities.

by .comparing the compositions of lavas suites on different

Fe-deﬁlétion trends from the James Bay . greenstone belts.

"
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4 SUNMARY OF RESULTS AND STATEMENT OF THE GOALS OF TIIE
SECOND PUBLICATION o

The preceding publication documented the existencé

of an apparent correlatién between compositions of extrusive
rocks of the La Grande and Eastmain greenstone belts and the
compositional spectrum of the Lac Yasinski 1ntrusion. The
gabbros of the Lac Yasinski intrusion define a compositiona]
trend of .increasing- Fe with decreasing Mg. The volcanic
patterns of the James Bay greenstone belts, however, define a
series of iron depletion trends which appear to originate Bt

diffefebt positions along the compositional spectrum of the

Yasinski gabbfos. This suggested that -the more primitfue ‘

lavas which overlap the spectrum of giﬁgfo compositions were
the extrusive equivalents to "the Jabbros of the Lac Yasinski
intrusion. , The factor(s) which controlled the transition
from the iron eﬁrichment trénd of the. intrusive gabbros to

.

the iron depletion displayed by the lavas, however, was

poorly understood. Fractional crystallization models

reproduced the chemical variation observed in the‘gabbros,
but were not succesfu11 in generating the iron depletion
trends observed in the layvas. In addition, it was unclear
whether the m@gmas of the lavas had evolved along apparent
iron depletiop frends (Fig. 5 path a) or whether theseé trends
repreéeﬁted the locus of a series ‘of l1iquids which had

overshot the pT&bioc]ase-pyroxene cotectic represented by

the spectrum of gabbroic (Fig. 5 path b) Vcémpositibng.
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4ron depletion trends.
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.New field observations and analyses of samples

acquired during the summerjbf‘1984 indicated ;the existance of

.

ey _ N
“. three distinctive lava populations in the volcanic: succession

of the Lac Yasinskt greenstone belt based on the

concentrations of Ti and Fe. The earliest lavas cdntained

intermediate values of }1xan& Fe and were succeeded upwardsl

3 .
by voluminous lavas with more primitive compositions low in

Fe and Li. The fact that these more primitive lavas were

richer in Si than their more evolved predecessors suggesged a
n of high and low pressurz

A

mechanism involving a combinat

plain the

crystal fractionation which would di fferences

between the compasitional spectrum of th f the Lac

Yasinski intrusion and the spectra of lava compositions. The

following baper presents this model and examines 1its

implications for the origin of iron enrichment and iron-

‘depletion_ trends in the magmas in the La-Grande greenstone

»
S

belt.

s
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»
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5 PETROCHEMISTRY OF AN ARCHEAN MAGMA CHAMBER AND .ITS
RELATION - TO . MODELS OF BASALT EVOLUTION. .

Benoit Rivard and Don Francis
Department of Geological Sctiences, McGil\‘University

3450 University St. Montreal; Quebec H3A 2A7 L

5.1 Abstract - - . , I, )

It has bqén proposed that sﬁéjflow-level tntrusiohs
represent the dominant site of the'fFﬁctionation,hiégory
which is recorded in thé chemical étrat&grapﬁy of Archgah

lavas. The reliﬁt of such a Idy pressure magma chamber is

preserved along the basement-%upfacnuétdl contact of the La&‘\

Yasinski segment of the La ﬁrandé,greenstghe belt. fbe‘

. N , (' 7t
intrusion is associated with a gabbro dyke swarm 1in the

underlying granitoid basement and appears to constitute part

Its core is comprised of an olivine cumulate peridotite with,
chromite banding and its borders are lined By massive coarse--

grained gabbros which appear to predate the peridotite. Thes

ﬁvolcan1c succession of the overlying greenstone be]t is

dominated by massive and pillowqd aphyric basalts to basaltic
andesites that have been metamorphoséd to.mid-greenschist .
facies. These basalts are subdivided into three groups.: a

: o
lower unit characterized by intermediate Ti values and low

Si aﬁundances relative~to a voluminous middie unit of more
primitive basalts which are low in Fe and Tf. and an upper

unit displaying very high Ti values. The fine-grained gabbros

of the intrusion and associated dyke swarm follow an Fe-

n

enrichment differentiation trend which can be modelled by

the fractiong] crystallization of ptagioclase, clinopyroxene,

-

i 33 -

Ny
2

‘{

~

“

"of the feeder system to the overlying vo]canic succession.,'

toor

3



and olivine (48:32:20) add 1ie along a low pressure cotectic
which gpproximates'that detgrﬁined experimentally by Spulber
and Rutﬁerford (1983); This model, howeverﬁycan not account
" for bgtﬁ ;he spread in Si and th; lack of« Fe-enrichment
‘obse(ved in‘the overlying lavas. The chemical variatians of
thége basalts. are pgst reconciled by a po]&baric
fragtionat1on model involving komatiitic parental magmas.

According to this model, the volcanic stratigraphy of the Lac

Yasinski segment reflects decreasing extents of high pressure .

fractionation of these komatiitic parental magmas with time.

¢

- In the earT} stages of volcanism, magmasi experiencedl

s
b ~
A I

, + prolonged residence in subcrustal ‘magma reservoirs where the

. fractionatidn of oliQine and‘orthopy}oxepe produced residual

" 1iquids which were saturated in pyroxene and plagioclase at

low pressures. These - 1liquids underwent gabbroic

«gfractionation at low pressures ggfore erupting as the early
} intermediate-Ti lavas. The coarse grained gabbros of fhe Lac
:?asinsfi intrusfon‘ represent Fhe cumulate produced by . this
E fr§ctionation process. The later iow-Ti lavas are derived
k‘frém*magmas which experienced lesser extents of high préssure
Hfractionatign, but underweﬁt extepsive olivine fractionation
Ss they rose to jﬂe.surfacg, pnoducinglthe-olivine cumu]até§
‘Which dominate the_core o%‘the Lac Yasinski intrusion. The
- absepée of the development of a Fe-enrichment trend 1in the
Yasinski lavas agpéars to reflect a systematic ovefshooting
gqf :the plagiocla§e~ﬁxroxene co;ectig _as defined by the
gabprps -of the intrusion. The only magmas Mhicﬁ evolved
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towards Pe-poor compositions are gabbroic dykes which show

¥

macroscopic evidence of the assimilation of the tonalitic . .

% A

basement. e T N

5.2 Introduction N “ T

I‘g % ‘5

Archean greenstone belts pregérve detailed records Eo;'
the Earth's early volcanic history.: Th;Jekistence of  both’
fron-enrichment ( 'tholeiitic') and iron depf%éion (‘calc-
alkaline') differentiation ‘trends in Archean volcanic suites
is" well documented (Jolly 1975, Sun and Nesbitt 1978,
Gélinas 1984) and studies of the geochemistry of the Abitibi
greehstone belt Idemonstrate that wtﬁére is a continuous
spectruh of differentiation trends between thesg two end;
members (Joliy 1977). Jolly has observed that tﬁe;‘mosi'
strongly Fe-enriched lavas octur near the base of the
stratigraphy whereas Wthe volume of Fe-depleted Tavas
increases up section. He has suggested that the compoéitional
varfations of the Abitibi lavas was primarily controlled by’
crystal fractionation at low pressures in layered intrusive
bodies found throughout the“be1t.' An examination of suchﬂ
A}chean intrusive" complexes may thds provide the means toli
establish the role Bf low pressure fract%onatfon processes
and enable the recognition of the effecté o% other processes
which may have modified magma compositions prior to their

>

emplacement at shallow ilevels. — o

» \ i' .
This study prdgints the results of an investigation of

a layered -intrusion and its extrusive equivalents in -the

W
»

!
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. qortherﬁ—Qdébec} In this region, the juxtaposition of a dyke
1\~:;~ 5 w i .

%, 'féeder System, a layered magma chamber, and an ‘overlying

4 Lvolqanic- succession offers a unique opportunity to study'thé

2

-Eﬁé ‘processes controlling basaltic magmatism in the La Grarde

greenstone belt. "'The documentation of these maématic
v ’ procEsses ma}‘improve our‘uhﬁerstanding of the'origin of Fe-
b enrichment and wFg-depletion trends in Archean volcanics and

. ‘provide constraints fortthe origin of the temporal transition

I 4

from,'tholeitiig‘wto ‘calcalkaline' evolutionary trends which

L]

v is observed in gréenstone belts in general.
) 5.3 Regfonal setting Y |

a . The La Grande greenstone belt is located in the James
Bay Territory of Québec at 53° 30'N, between 73° 50' and 78°
00'W (Fig. 6). The area was mapped at a scale of 17100,000
during the 1late 1970's by the Ministere d'Energie et de;
Ressources du Québec kSharma. 1977). A series of more recent
maps was produced at a sca}e of 1/20,000 by the SES group, a
i ,consortium of Séru Nucléaire, Eldorado Nucléaire and the

?

b % " Société de Développement de la Baie James (SDBJ).

'*” R . The La Grande greenstone' belt is discontinuous - and
i, ~ consists of three isolated segments running: approximately

~ ‘east-west along the La Grande 'reservoir “system; the eastern
'\‘;‘ ) R} ', -

oy Y > t L&c Guxenﬁsegment, the central LG-3 segment, and the western

' Lac Yasinski segment. The metamorphic grade‘shows an overall
. .{ﬁcreése eastwardly along the belt from greenschist facies in
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-Fig. 6: “Regional map of the Lac Yasinski segment of the La

. Grande greéenstone belt
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Lac Yasinski segiment tﬁéamphibolite faofes fp the

<

the LG-4

Previous petrologica] studies 1n the belt 1nc1ude§w0rk :
by (1982). (1983)~ and Liu
11984) in the eastern Lac Guyer segment and by Skulski et al.
(1984) and SkuTski (1985) in thexcentral LG»S x} i
the eastern Lac Guyer segment‘xthe volcanic successibn begins

'?" 3

with:"

St.-Seymour St- Seymour et 91

Foed

FE o

segment,

f [N ;
with acidjc flows, pyrpclastics and sediments

1ntercalated basalts which increase: in abundance up section.
ki . : . , L

The  Mg#  (Mg/Mg+Fe)  of the ;basalts increases with

~e

stratigraphic height, towards iam. overlying succession of

succession comprises a sequence of

which

]avasenghis

pyroxen1t1c_ komatiite flows separates two

~

of peridotit1c°komatiites. The upper-most part,of IR
the consists of a basa]ﬁ “

strat1graphy

preserved secong

suceession which overlies the komatiites. The “close . spatiag : T

relationship of the Lac Guyer base}ts and komatiibes suggests \ké

§
A oyt

that they are, genetically re]ated and led Stgseymour et ¥ al.
(1983)

have serVed as parental magmas for the basa1ts. %

2 1.‘:
5 . Ve k . >
3 \ \ ‘(

In the LG 3\segment of the La' Grande bélt, the lowest ‘
of

to -propose that members of the’ komatiitic su?te may = .¥ ¥,

L

Wy

[ R
a,ﬁ,

x\\“:

. o
a A J}!
AR v
N

ef the cohsist predominang]y

of vdlqaniclastics and metased1ments qverluin by

stratigraphy
sequence

thick succession of submarine basalts: with low Mg# and “minbr i %
U
Tnese rocks are

t - “
AR

basaltic andesites (Sku]ski et al. n1984)
by coarse clastics which are in turn overladn by a v
ts

over]ain

evolution

’;

characterized by an 1ron depletion trend ‘and lower aesolute

AR = . ’ o S, A
A RS

sequence of basa]tic andesites whnse

=
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: 3 ‘ ‘ | . -
Ti and Fe contents compared to the basalts of the wunderlying;

. succession. °Skulski (1985) has proposed that' these basaltic
andesites were the’ product of the assimi]ation of.a rhyoliten

contaminant by a komatiitic magma. e ; )

s
o

~

" In the western Lac Yasinski segment of the La" Grande -
beit. two major phases of deformation have exposed a 4-5 km
thick section consisting of a granitoid’ basement overlain by
‘"‘Pﬂ volcano -sedimentary ‘succession which 1is ‘comprised of
) c1astic and voicanoc]asticktediments, pyroclastic‘ deposits
end pil]owed basalts. (Fig. 6). In the area othhe intrusion;
~the‘ basement 4rocks are tonalites characterizédbhpy. e'qual ’
proportions of coarsesgrained piagioc]ase and quartz. The .
base of the vo]cano sedimentary sequence 'is composed of
ciastic sediments dominated by«quartzites and quartz-rich-
' gre}wac}es. LocaT conglomerates contain angu{ar clasts
simiiar in appearance to the underlying tonalitic basement

rqcks suggesting an unconformabie relationship betweén " the

l

"tonalite basementa and the greenstone. This conclusion is

L4

suppor&ed by\the absence of xeno]iths of greenstone in the

4
R

tonalites in this area’ or any-sign of a contact metamorphic

N

i PR TN

aureole inx the greenstone adjacent .to the tonaiite.‘n‘rhef
3 upper parts of the greenstone belt stratigraphy are dominated’

uy“ mafic pi]lowed and - massive lavas - with associated

vo]caniclastic sediments and minor iron formations. ‘Regional,i'

k4

= metamorphism in this part of the belt fal]s cin the '‘mid-

I N \ -

\greénschist‘ facies, but grades’ up to. amphibolite facies= in

the proximity of ‘late'granite pIutons which intrude the.
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.5" L . ] S \_S.v;:.‘ ~.J;\‘\.c%:, N S
R T 3 o o Wy o & S R - ‘
| oo . 7 Bud The fbtrusion‘ Y EFE :
- L ARSI oy,
S ” @zh The intru?ion lies along the basement-greenstone
N, N : . ‘ Gy %
Pt tﬁ.“ contact in the nofe of a second phase syncline at the eastern
i X N v nx .
-~ \;67
end ofk the Lac Yasinski greenstone segment;‘;' It is
-1 : * voe 1.5 )‘ . : N
~ f ’x‘
B Y interpreted) to have had a shape approximating that of a 1 km
4 ’ [ e
oy ﬁg . gick _si11 which intcruded® upwards, into the volcano-
T ‘": ' r;' 3 ”’“z AN ‘« ‘3:
Lo éedimentary succession (Fig. 7)3 The contact *between the

intrusion and the b&§e of the volcano- sedimentary succession

.o O . i%ﬁ&marked by prominan¢ mgt&mdrphic effects which incinde

3i;f L ' . grainsize coarsening‘ of mafic tuffaceous rocks and} ‘the
R;;g\if e deveiopmemt of a blue tint in the‘quartz of the adjacent
A j? - chlastic sedimentary rocks. These metamorphic features defihe
T ¥ . a 2-30 m wide aﬁreole which is irregularly distrtbuted about
aﬁ;% . " nth intru51o§. Massive Y.gabbros and layered peridotite1
‘ TN ic comprise most of thg_voiume of the complex. The peridgtgtesi
o v ‘

e dominate the core of the intrusion and are completely
¥ e

o

% ; . erpentini;qu consisting gpf an assembiage of serpentine.

L Wi
SQEQ .§ : tremoTﬁte, x2m§site, chlorite. magnetite, talc and calcite
| ‘ & (Fig 7). Thefr‘ primary ﬁ%neralogyﬁhas‘been obliterated,
52& ‘ . . ?butm pseuiomorphs (0 Smm- 3mm% dispiaying mesh and -rare
ix Y : hQ“*QkESS %exteres (Hicks, 197T)§preserve the equant and ovaﬁ
%%QQ b | shapes hf magmatic olivine grains. ' The olivine pseudomonphs
: 3§j§% fhxig:areECOmmpnl; ;hrroynded by tremolite crystais which disp1ay a
3@ . 5i r Q'commpnwextinction and appear to replace poiki]itic pyroxene.
\}/"\x~“f a Layering iS“ oeéﬁned by the presenc% of chromite-rich bands
{E, ‘Tﬁ ti‘ 5)95%‘ modai chromite) which alternate with horizons rich 5in'
A R X
‘1 .
SRR 4\ s
TR .
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olivine pseudomorphs ((3% modal chromite) These bands are

. restricted to ,the upper half of the peridofite pile " and

2]

display an average ;hickness of 6 to 8 mm. The thickest

chrOmitite layers (20 cm) are found at tha~top of  the pile,
near the gabbrq peridotite contact. 'The largé percentage of

the rock volume (up to 85 modal i3 occupied by the olivine

paeudomorphs in addition to the regu1ar1ty of the ,chromite
banding leaves l1ittle doubt that the peridotite represent§ an

oIivine chromite - cumulate with post-cumu]us clinopyroxene{"

The present metamorphic mineral assemblage of. this -ultramafic
cumulate pile and the style of folding in the chromitite

bands indicate§ .that the intrusion has‘hndérgone the sane

.. folding and metamorphic history as the over]ying volcanics of

!

" the. greenstone belt (Fig. 7) ' ' - .

_Gabbro occurs as 1enses along both the top and bottom C

contacts of the intrusion. but predominates along the roof,

No “decrease in grain size was . observed ‘at thp contact

betueen gabbro and’ peridotite.' The gabbros display a bimoda]

minerangy consisting -of * medium- X6 coarse- grained'

ptagioclasey ‘and actinolite " in sub- equa1 propOrtions

(plagioclase actinoIfte. . 40 60 to 50 50). The subhedral and

eguig;anular nature of plagiOcJase and actinolite _suggest .
“that plagioclase »and pyroxene(CrystaJlizéd simd1taneously.’
‘fhé coarseness of thesa gabbros 1np]1es that they may hahe"a
cumulate " origin. Riagioéraaeiis:commonfy saussuritized and-

rep1aced by',épidote and .calcite with quartz and chlprite ~

present ,as:  mingr ;tonstituents;' .Exsolution lamellae

42
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- voluminousewith\tiﬁe. : ‘ _ .

s}metrfcally disposed about central twin plene'are
occasjonally observed in actinolite crystals. such- texture

suggests the rep]acement of inverted pigeonite and wou1d

-1mp1y the former presence of two pyroxenes in the coarse-

grain gabbros. The local otcurrence of- intrusive brecciasb

'within the gabbros of the 1ntrusion may 1nd1cate that
‘multiple pulses of gabbroic magma uere involved fn the

.'history of the intrusion.. ;‘ ce e

o

Nnmerous gabbro dykes with. fine-gra1ned ‘chilled’

marg1ns crosscut both the tonalitic basement underlying the

“intrusiou and the metasedimentary.rocks adjacent to the

'intrusion. X These gabhroic dykes are petrographically

similar to the gabbros of the 1ntrusion and. the decrease in
density and proportian of";these dykes away.. from the main

fnfrusion'\fndicates that the 1ntrusion-and the dykes are

,domagmejic. The fine grained nature of these dyke rocks

Suggest*that they approximate frozen 1iquids. Larger gabbro
dykes(up to 80 m) with high Mg# typital]y crosscut smaller

‘dykes (= 5°m) with 1ower Mg# suggesting that the gabbroiq

‘magma may have become progressively less evolved and more

) .
Although.a few gabbro dykes intrude the perioptite.
none could be traced across the entire intrusion. Such dykes

displav symmetric borders (0,2 to 1 m) against the

peridotites which are rich in acicular tremolite. Jhe

amphibole crystals appear to‘replace clinopyroxene, wbich
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‘?livine of the peridotite.

»

persists locally as relict cores. Domains ri¢h in_ olivine

pseudomorph§ (2-5 mm) are also observed locally. This border

"unit appears to represent a clinopyrokenite produced by

reaction betueeh a late gabbroic 1iqu1d and the cumulate

Some " dykes chtting the basement contain -abundant

~

xenoliths of the”host tohalifes. Although many of these

.:.frégments disp]ay sharp contacts with their gabbroic matrix,:

o;heks appeqr to have ‘been partially- resorbed and are

-'ncommbnly associafeg’ with the presence of megacrysts and

AR
)

R

‘gloﬁefogrysts of plagioclase. Pegmatitic éabbrds which Lare
spatially related to small fragﬂents’ of tonalite “and
:g;éywacke ‘iw',the mgin‘intrusfon may représént. a similar

-vphenpm nbp. These xenolith-bearing dykés commonly display

granophyric intergrowths ‘of feldspar and quartz in. their .

matrix which may reflect the assimilatIOn of felsic materia]

i

5.5 . 'The volcanics . ' | L

Two t?ansects were measured across the volcanic

succession of the Lac Yasinski belt (Fig., 6). The northe(p'

o p

transect“ contains the greates; ou;crop exposuré and thug
offers t%e most deta11ed stratigraphy. Its lowest parts are
d;ﬁup&ed predeminant1y by quartz r1ch sed1ments intercalated
with minor iron formation, mafic tuffs and pillowed basalts.

These'give_way to a'continuous succession of pillowed basalts

Eaﬁped by a thin sequence of intercalated ,Ptllbwed basalts -

and Mmafic tuffs. These are in turn overlain by a second

44
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effects of compositional variation associated with 4crysta1

&

\’x\, -
"

F

7

- succession of pillowed basalts which is topped by: an firon
[ -

formation and a tuffaceous horizon. A 180 m gap 1ﬁ~exposure
separates . this sequence from an overlying group of pillowed

baialts observed at the highest leyels of the stratigraphy.

dn1y the chilled margins of pillows were samﬁfed in order to \‘

ddentify phenocryst phases and to minimize the possible

Sccumulation, differential alteration or metamorphic y
recrystailization. The major}ty of these basalt samples aqu
aphyric with the | exception of two~ which con;aﬂi
glomeroporphyritic plagioclase pseudomorphs. The lavas “are - oy

" s
AN

dominated by a fine- -grained matrix composed of plagioc1ase

,&nd;:actinoljte rgp]acing pyroxene. Plag%oclase is in most

<

cases saussuritized and‘typica]]y,ﬁinor amounts of chlorite, |
epidote, apatite and pyrite are present.

5.6 Geochenistry

The peridotxtes are r1ch in Mg and extend towards an

4.

olivine compos1tion 1ine 1n Mg Fe space (Fig 8&) {Table 3) B
Because ol1v1ne is the main phase in these . rocks, the’ range =

of Mg# (Mg/Mg + Fe, cation units) of the bu]k(rocks gi;esAaL j' x
pihimum estimate of éumu]us olivine compositions @Fjd. Ba),:
which appear to have‘rang;d between Fo 81 and Fo 88. . The.
spread of the peridotites from thé‘oiigidﬁ* 1ine (Fig. 8a). - 'f
towards lawer Mg values in pam£ reflects the increasing
propoﬁkion of"\post-cumqlus AintersPitial pyroxene and the

presence of chromite in the péridotites. The clinopyroxenite

reaction borders contain lower Mg and Fe Eut‘higher Ca and Al

- v
v ane y

*

<
~
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\ Fig. 8: a and b Mg versus Ti and total Fe (cation units) for *
1 the La¢ VYasinski intrusive rocks. Peridotites, solid
~ L triangles; pyroxenites, open triangles; coarse-grained
(w) gabbros solid circles;  fine-grained gabbrosi open circles;
hyﬁf“\~ tonalité§+~ greywackes, ©open hexagons. - Fig. 8.c and d Mg
: versus Ti and total Fe (cation units) for the Lac. Yasinski
e extrusive rocks. High-Ti1  basalts, solid squares;
intermediate-Ti: basalts, half-filled squares; low=Ti basalts,
open squares; contaminated gabbros, solid stars. The arrow
marks the 1low pressure fractionation path followed by a N
. o , primitive Morb basalt as determined from melting experiments -
c 0T (Spulber and Rutherford 1983) ) ' L
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Table 3, Bulk XRF compositions of the Lac Yasmski intrgsive ‘
rocks . )
Major and trace elements’ X-Ray fluorescence analysis %
were performed " at McGill University, Montréal with, a -
, Phillips PW 1400. A1l elements with the ‘exception of Ir and
Y were determined from fused discs and corrected for mass
absorption wusing anoc coefficient technique (Ahmedali 1983). )
Total Fe is calculated as Fe2+. The analytical precisions: 3
(one .- standard deviation, weight percent) as calculated from -
20 replicate analyses of one sample are: Si 0.05, Ti 0.003,
Al 0,03, Mg 0.058, "Fe 0.01, Mn 0.001, Ca 0.01, Na 0.06, K ~
- . 0.001, P 0.004. Zr and Y were analysed from pressed pellets k
-+ on which the detection 1imit is Sppm. KB Compton scatter from
.the> rhodium X-Ray tube was used to correct for mass
absorption for these elements. The absolute precision is less R
v than 5%.. S
- 3"
. v - ¥, N
s ‘ £ , B
B - . ' Lo
: Contasinated Fine-grained Coataa~grained  Peridatites < H g
: gsdbros - gabbros Co gabbros ~ ‘ o . )
. . S1087 84098 83131 83084 84001 4144 20035 84120 24311 04029 t : .-
. . e - % L %
- 3102 30,25 99.40° 49,81 4001 49,24 40,78 40l34 30.22 41,40 40,17
\ 1102 0,61 O.44 0,77 . 0.89 1.29 0,10 °0,23 0,30 0.42 0,10
) ALZ03 14,30 13.89 14,75 14,97 13,93 13.62 £9.23 '13.21 . 4.3% 433
ngo 3.02  S.84 034 030 5.91 13,34 13,07 10,53 28.92 30.14 5 .
- . Fad .49 .74 10,90 11,00 15.47 7.53  7.08 %% 11.08 10,95 - w8
D Rl 0.18 0.14 0,20 0.21 026 0.14 0.17‘ o0.is .0.12 0.17"
- Cad 636 S.43 11,16 1037 967 928 9,297 14,46 100 2,42
: Na20 243 4002 2,44 2,20, 2,42- 1,28 1,48 0.87° 0.10 0,42 -
~- K20 0.7% 1.32 0.32 o.M 0.36 0.16 0.94 0.21 0,00 0.00
P26S  0.07 0.3¢ 0,03 0.03 0.10 0,01 0,02 0,03 “0.01 0,02 5
Lot 2046 1,90 0,99 1,92 1,54 3,83 3,46 1.94 10,20 10,50 o
Tatal 200,13 99.76 100,13 99.82 99,41 100,51 °100.10 100,33 99,03 99,32 ° 1 :
Cation units based on 100 cations c ¥ {
L " S5.76 53.63 44,39 619 47,70 43,464 AS.31 47.27 40.46 Y9.08 - :
) 0,46 0.43 0.54 0.43 0.9 0.07 0.18 0.21 0,09 , 0.07 .
Al 1413 15033 119 14,70 15,48 13,02 14,85 14,63 5,07  S.19 . !
L[] 0.30  8.13 11,38 1.7 7.96 21.40 18.26 14.80 32,23 4347 ST
Fe 680 5,28 649 8,73 12,38 3.9  b.db 8,27 .74 DO o
. - IMn 0,18 0,11 0.14 0,17 0.21 0,13 0.!3‘ 0414 0,10 0.14'
ta 8,32 3.7 JL14 10,72 10,04 9,31 9.33° 14.70 1.90 273 .
Na 400 7,30 4,80 4,04 4,53 2,32 .44 1,37 0.1 0.28 K
- X 6,93 1,027 0,62 1,01 0.45 0.19 1,32 0.29 o.o? 0,00 ¢ P
' ’ 0.0 0.27 0,04 0.04 0.08 0.01 0.02 0.02 0.00 ,0.02- P
. ‘ ,., % 3 Rl NS
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contents than the peridotites. In Mg-Fe space (Fig. 8a) they

intermediate between those of the

1ie at Mg values

peridotites and the Mg rich gabbros,

The gabbros as a whole define a p}onounbed Fe and' Ti

enrichment trend with decreasing Mg (Fig. “8a, . 8) (Table 3)."
ﬂ‘» v, 2 ; 4 i

Tﬁg‘ majority of the coarse-grained gabbros plot at the 'high

Mg end of the spectrum while the fine-grained gabbros

“dominate the 1low Mg end. In Al-Si space the gabbroic

population displays a slight overall decrease in Al with

[N

rising Si XFig.A9a). Incompatible elements such as ZIr, Y, and

Nb ¢afy by a factor‘of approximately '1.7 across therspectrum

of fine-grained gabbroic compositions. A small number of the‘

fine-grained gabbros 1lie within the field of the coarse-

grained- gabbros (Fig. 8a).and'are’;haracterized by low values . ?"*¢

of .-Fe and Ti with respect fo the majority of the fine-grained
ﬁa&bfos;zoespite their low conteﬁf in' Fe aqd Ti the;e éabbrog
djsp]ay low Al values and span a broad ranée'of Si cbﬁtents
ag46759~cat10n %), The gabbros thch contain felsic material

. i - “ '
differ from the main gabbro trend. They are. commonly

eariched in Si 'but* depleted in Fe when'compsred to other

1 . ' b '
gabbros  at similar Mg# and they depart from the main gabbro

spectfum towards the compositions of tona]iteﬁ or sediment

- hi

(Fig. 10a, b). These gabbros are enriched in Zr (Fig. 10c)

‘with respect to gabbros without felsic inclusions.

The mafic volcanic rocks of this study range from

; basalt (Si0; ¢ 52 wt %) to basaltic andesite (Si0 ¢ 57 wt %)

.
i
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Fig. 9: Al versus Si (cation units) for the- . Lac. Yas1nsk1 %
gabbros {(a) and basalts (b). Symbols: as in Fig.:8a and b. The
.arrow igdicated the fractional crysta11ization path (20% o1,
~32% c¢p 48% plag) calculated for, the fine-grained gabbros.ﬁ

Fractional crystallization  was modelled “using a finite-" :
‘difference computer technique similar to that of Nathanp® and ° g
Van Kirk (1978? with.modifications similar to ‘those of Cox * ¥
-(1980) . The fractional ¢rystallization model consisted of i
the repeated - calculation of the instantaneous equilibrium ., = ™%,
compositions of crystals:coexisting with the 1liquid. Each: .' %3
step 1involved the removal of a quantity of these phases'i s o
equivalentto 0.01 cation per cent of the initial parent, and u\ﬁ* 7

the recalculation of the residual liquid-to 100 per cent, The
phase compositions were calculated from dalgorithms given . by" .
Hart and Davis (1978) and Ford et al. (1983) for olivine, = °
Morse (1982) for plagioclase and Gamb1e and Taylor (1980) for |, .
clinopyrbxene. - The equilibrium temperature compiled for .,
olivine at each step was used to define the Fe/Mg ﬁatio of o .
the. clinopyroxene y ‘ \ 3o ¥
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(oolly 1975, Gélinas et al. 1984). in compositionqu The
\ S
. measured volcanic successiop js. comprised of three
- - ' populations in terms of Ti. content (Fig. 8d) The earliest

lavas have intermediate Ti values (0.7 cation %) and are

~ ‘(

stratigraphically overlain by later lavas of 1ower Ti content

%%0.45 cation %) (Table 4). At the top of the stratigraphy, °
U =y ; the four “samples <collected from the youngest - flows are
L cha?agterized by the highest Ti contents (:0.98 cation 2).
E 2 \ 1)’ S . "

Sy - W Y N &

L N

. b ' o The 1ntermediate Ti lavas span a range of Si contents -

esimilar to that of the fine- grained gabbros. The low-Ti lavas

Span a even greater.-range of Si content; and are ¢n the
average more siliceous than tﬁe'intermedfatelTi lavas. The

LI “ high-Ti lavas. appear to be anomalously poor in A1 compared to

Ny \/

the ‘other Iavas. There 1s cohsiderable overlap be%ween .the

-L S

* compositions of the lavas and the gabbros (F1g. 8c and d).and
% both have generally similar Ir, VY, ﬂb, 8a and Rb abundances B

"at similar Mg number. However. whereas the . gabbros define an

s
S W

%veralu trend of increasing Fe, Ti and Zr with decreasing
g i S 5 - /”" -
R Mg,. no such tendency is apparent within the lavas of any

given Ti group. In fact some of the intermediate-Ti lavas %%

[

appear to define a“trend of Fe-depletion with decreasing Mg.:

b
o

e
P

The lavas in question are displaced towards higher Al and S§i

_ gonténts than the majority of the intermediate fﬁ; lavas. .

Y Despite the absence of an Fe-enrichment trend, however, the

"
.r:\

L

¢ @ ) , lavas display a range in Si comparapfé to orxexceeding that

3 - E'observeo in the fine-grained gabbros.
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4. Bulk rock XRF analyses of the -Lap -Yasinski ™
.~ volcanics g i R BT
' bid ~ s /\’;r ot oy ¢ " 7]- o

Table

v

S

8 v ) ’ . - ':1 r ' ¥ L
. . A1l samples were taken .,fr?m the chilled margins of. pillows., " '
. ‘ . \::' ‘ . \: 5 W i N ) .
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: o o R . 8183 20012 20013 83151 20002 20006 20010 .
B ~A 0 H02 0 91,70 50,21 51,44 35,79 49.76 50,23 50,46 .
. : TI02  0.71 0.43 . 0.48 0.60 0,93 0,97 1,02 N
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Chemical variations obsérved 1m Archean rocks may be a ;

' - ! ‘; 3 ' .- ..s
function of bmth primary compositional variation and = L.
secondary processes such as low temperature alteration.“ﬂ_ﬁ .
burial and‘regional metamorphism and local metasomatism. It . }

is difficult to assess rigorously—the extent to which such T 1
secondary processes have modified magmatic comp051tional «in
relationships. There is general mgreement tha¢ largemiqn--
lithophile elements such as Na, K Rl: and Ba may be mobi’l 1zed - l o
in metamorphicﬁterrarns (ngt l2§9, Hart et al.‘1970). 65~§_1J;
consequence:‘classifications?based on normative mineralogy
must be dealt with caution and - little weight can pe givenkto~

&
these~elements during modellng. There are conflic ing results

‘ with respect to the mobllity of elements such Ca.and Al. In

some, greenstone localities ~they are reported to be enriched fﬁ
(Condie et alm 1977) and in others depleted (Jolly and Smith

1972) in comparison to expected magmatic values. In the. 55}
Yasinski rocks Ca and Sr-appear to display a positive‘
correlation yith yolat;le.content suggesting these elements

have beén-renobilized.. On the other hand, elements with®high
Field strength. such as .Ti, Zr and Y are claimed by@many
authors to be relatiiely immobi;l during greenschist &
metamorphism (Pearce and Cann 1973, Coish 1977, Ludden e

3

al. légg).' In fhe~Yasinski'rocks; no correlation is observed
between volatile'content and these elements. g}he sanggh %@1
obser%ation.is true for Mg, Fe and‘;i. These elements do not z -
appear to have been strongl} remobilized and thus may be Qsed
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The compo,si tional field d”f thf‘tel.ac

coinci‘ ]

_y A

Ibu pressure melting egp%ri@eqts on a

wE

Yasinski ‘gabbros

- P T
produced

MORB

witﬁ ;pe spectrunm of 1iquidwcomp051tions
a1 E . in primitive
L ¢ o basalt (Spulﬁerfand Rutherf&rux1383) » suggesting that they

8c and d) involving

lie along a 1ow pﬁ&;sure cotectié (Fig

p]agioclase

approximate

and

pyroxene.

- Tiquid

The

fine-grained

gabbros

may

while the

coarse-grained

compositions,

n . gabbros Hhust in part represent cumulate .compositions. A

\

&mixing. program (wright and Doherty 1970) was used to test

have been derived by

Q_ wﬁgther the Fe-rich gabbros could

¥ crystal, fractionation from a parent representing an average

fine-grained gabbros adjacent to the field of
T
models

of-

of ‘the Mg -rich,

°
o
=
.-
PR

", the co&?se gr‘a'ined\2 > gabbros. The most successful
. . ¢

of an composed

S Tinvolved

the

remd&al

assemblage

plagiociiase .
- t

clingpyroxene’

and olivine (in

proportions

of

) T 48%, 32% and 20% respecfively). Over 50 % crystallization is

.requiréd. to produce the .entire spectrum of fine-gabbro

composit1ons to.jts most iron&rich members. There was a good

) .
w-agreemept

Nt\,(

between” the amount of fractionation pFedicted by

such mgdeis hand bhat astimafed on th basis of the variation

* ’m

. of hiﬁh]y 1ncompatib1e elements such as Zr.
o '

R -

Most ofF the maftc 1avas of the belt

Lac Yasinski

R

) By o cluster aﬁtﬁ¥ tka gagbros of ﬁhe Intrusion aTong a trend of

4 mr?{ﬁlﬁghthy dec%p&sgng AL, migh ncgé %iyg Si (Fig. b), a
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featureé chardcteristic c?“magmas aidnéﬂ a- plagioclase -

kY R
saturation surface. However, the spread in Si of the 10w‘Ti

lavas cannot be reproduced by gabbroic crystallization modeis

involving plagioclase, clinopyroxene, and o]ivine. The

extent of fractionation required by sﬁch’modeis to. account"

5 . :
for the Si variation produces a sharp rise in Ti and . Fe

which is not observed in the\ low-Ti lavas. . pn.,i’he

crystallization of reasonable amounts of chromite and :theﬁ

-

calculation of a portion of Fe asi Fe203. reduces the

discrepancy, but are st11 incapable ‘of 'preventinﬁ‘ the

buildup of Fe. Similar problems'ane encoqntered when trying -

to model the compositional variation within the intermediate-
. F . ‘

Ti lavas. The sftuation befomes worse when gabbroic

} '
fractionation models are used. to try . to ¥ derive the

‘intermediate-Ti lavas from the more primitive iow fi lavas

because ' -the 1ncrease in Si which such. modets »produce is

'4) Jk

inconsistent with the lower Si content of the intérmediate Ti

lavas with respect to the low-Ti lavas.

v

There s g&ievidence to suggest fhat alteration ls

‘respon$sible for the Si'differeﬁce observed between these;\f 0

‘'stratigraphically and chemically distjnct'iava sujtes of iéc

Yasinski. Thé presence of tonalitic‘ xeno]iths in some
gabbroic dykes indicates the’ possible F%ﬁe of contamﬁnation
in producing Si enrichment. Theﬁe xenolith bearing gabbros
display a marked increase in Si, Be/Zr. and r/Y ratios and

decrease in Fe with respect to other gabbros of similar Mg#

—

(Fig. 1@a, b¥ (Table 3) which can be attributed to the

o

“a

. 55
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Vassfmilation" of . tonalite." Althouoh some low Ti VYasinski

lavas have similar Ti. Fe and Mg contents to the contaminated

‘ gabbros (Fig. '8c and d). they have distinctly lower Ir, Rb

and Ba contents (Fig. 10c) (Table 4)‘* These chemfca]
features suggest that the high Si. content of the 1ow Ti lavas
is not the result of contamination and indicates that the

difference in silica between 1ow- T1 and"dnternediate Ti lavas

i reflects a- fundamenta] difference in their fractionation

b
s‘&m t

hdstories which precludes derivinq_pne from the other.

Ry

-

Althoogh no‘ lavas . more primitive than hasalts. are

observed at Lac Yasinhki. ‘the olivihe dominated cumulate of

. the layered 1ntrusion 1mplies the existence of more primitive

magmasb' Prim%tive komatiitic lavas have erupted‘with basalts

in the eastern Lac Guyer segment of the La Grande belt (Fig.

*

6)," ’St:S@ymour et al. (1983) have‘oropqsedﬂthat,the basalts
of the Lac Guyer- area were derived by crystal fractionation
in subcrustal meoma chambers from parental magmas which were

éoﬁhositionAIy equivalent to the assocfated komatiitic lavas.

RS fthe» basalts» of tnezi:c Gu&er segment‘ fall a]ong the

the Yasinski gabbros and ciustey-

composbﬁional spectrum

uith those of the Lac Yasinsk1 lavas, the komatiites and

'konatijtic basalts' of ' Lac Guyer nay a\se pravide

conpositidnal analogues of the parenta] magmas to the lavas
of the Laq Yasinski segment of the La Grande greenstone belt,
At Lac Guyer. the . compositional field of basaltic lavas 15\
é%;ged to that of the komatiites by that of less abundant

tiitic. or picritic basalts: The distribution of these

e
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lTavas in A1-Si spaceJTFig. 11a) . suggests that they were

" Tavas indita&es the "‘pyroxene was predominantlx

fractionating along an oiivine-pyroxene cotectic (Seymour and’

Francis 1986%, The fact that Ca does not decrease in these

arthopyroxene. The best models for this trend require more

‘_than'SO% fractionation of an assembIage composed of

“‘the order of 10kb would be required~to‘eliminate,the'

orthopyroxene and olivine (57 and -43% respectively Fig, 11b

path ‘a) for komatiitic parentai magmas to evolve to

compositions similar to those of the basaits. _A pressure on -

v:'J

ofiiine+orthopyroxene_ﬁeaction relationship (Takahashi and _

'”Kushiro 1983) to enable such a model to work., In support of

- of tonstﬁnt nonmative quartzlgn an 0]+Qtz+P1ag 1iquidus.:

such a model, the'Lac Guyer komatiitic basalts define a path

projection (Fig. 12) which follows the experimentailgf‘

o

g‘-

determined positions of the 01 ivine+orthopyroxene cotectic‘

between -10-and 25 Kb (E1thon et al. 1984).

»
A

If the Lac Yasinski basalts and gabbros were derived,

from komatiitic ‘parental magmas undergoing a similar

fractionation history, then a mechanism presents itself for

expiaining the behaviour of Si in the Lac Yasinski lavas.

The pnimary phase voiuhe of oliv.ine expands with decreasinb '

pressure (0°'Hara 1968) and in Al-Si space (Fig. lla) the

position of the olivine+orthopyroxene cotectic would shift
8

towards higher Si véiues. The low-Ti lavas of the Lac

Yasinski segment of the La Grande greenstone belt may have

evolved from residual liquids tapped at various stages of

*
R
v
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, iFig. 11: a Al versus Si (cation ud?ts) for the Lac Guyer = .
“basalt-komatiite suite. .Basalts, open circles; komatiites,
solid circles. b Al versus Si (cation units) for the Lac

. . Yasinski lavas. _Symbols as in Fig. .  8c and d. The continuous
- - Ekine marks the field of. the Lac Yasinski gabbros. The dashed P
‘ T line marks the field of the Lac Guyer basalt-komatijte suite
" . displayed in Fig.lla. The arrows . indicate fractional
T crystalization paths calculated. with the following phase
, : assemblages: arrow.a= 57% 0px., 43% o01; arrow b=<b"' = olivy.
. .. arrow c-c'''=_60% cpx, 40% plag.. . , :
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Fig. ‘12: Olivine silica plagioclase : isomolar»
projection for the Lac Guyer:basalt~ komatiita\suite.
as §n Fig. 8. 'The experimentally _determined

/

Bounderies are taken from, Elthon et a\ 1984, 1=latm,
3-20Kb 4=25Kb : : . ' -~ .

liqwidus
Symbols’.

cotectic*'

2=10Kb,
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‘high pressure fractionation along an oTivioe;orthopyroxene

“cotectic. As these magmas rose to the surface, the expansion

of the olivine Tliquidus volume would have caused them to

" become supersaturatéﬁ Wwith respect to .olivine and to

fractionate along a series of olivine control lines (Fig.-11b

paths b through b''). This mechanism would account for the

S spFead' in Si and Al contents of the Lac Yasinski lavas ‘at
‘: é / ~ k! '

relatively constant Ti, P; ZIr and Fe. The olivine cumulate
of the Lac VYasinski intrusion may represent the miner&]'

' extraot from these pieritic Tliquids fractionating along

olivine control lines as they rose to the surface. A similar

,"? scenarfo has been proposed by Jamieson (1966 1970) -and later

% by Cox and Jamieson (1973) for the olivifne-rich basalts of

the Karroo province. The higher Al content (Fig. 9b) and

loﬁer'vng content (Fig. - 8¢, d) of some of aphyric low-Ti

basalts with rdspect to the gabbros suggests that these

magmas failed to nucleate plagioclase and overshot _the

W

p}agioclase-pyroxeoe cotectic defined by the spectrum‘ of

babbro compositions (Fig. 8a). This would explain why these

1avas show no s1gns of iron enrichment.

o

The lower Si content.of the intermediate-Ti basalts

‘indicates that they were derived from magmas which had

experienced . larger extents = of ”high-pressure
olivinetorthopyroxene fractionation than those which gave
rise to the low-Ti lavas, Such residual magmas would reach
Al-rich compositions which would be saturated with reépect to

plagioclase and pyroxene vrather than olivine when they

60
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‘finally rose. to low pressures,  They .would thus .undergo

gabbroic -fractionation rather than” oliviné fractionation

PN

s

si space, however, calculations using algorithms from Mors%¥

Fo

(1982) and Gamble and Taylor (1980) indicate that for a Sméll”

decrease in Si content, the composition of the bulk gabbqoﬁc ’

cumuTate changes from being less siliceous to more siliceous

i

than that of the corresponding magma. A fan-like array' of
» - - A (

gabbroic fractionation paths exists ip this region of ‘Al-Siﬁ‘

space (Fig. llb‘path c-é;"). Consequently the low pressure

fractionation’ path of such magmas {5 strongly sensitive’ to

the. Si content produced by the previous history of high ;@

v

‘pressure fractionation. The spectrum of intermediate-Ti

‘lavas could simply represent the locus of this array “of L“ <

-

gabbros of the Lac Yasinski intrusion ﬁould represent . the.

-

N
B - +

“extracted cumulate. : L

-~

-

The high-Ti lavas exposed at.the upper ngels:ofrhfhei
s}ratigraphy display anﬁma1ous1y low Al coﬂteﬁts but lhaveﬂ
the highestk Ti and Ir contents of the Lac Xaginski basalts.~
It ‘is”difficult to postﬁlate‘a mechanism which gould dériv{i
these- lavas f?om, magmas equivalent to thé - Yow or

‘intermediate-Ti lavas. ‘These observations are.based on the

- analysis of four samples and alteration may be a problem.

’

'

AN

define a trend of iron dep[etiong(Fig; 8¢c) in Mé;Fe space.
_'“s' » » ) )

\‘-. - . %
i

61
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. within thg»1ow pressure conduit system. fn this region of Al-:-

3

gabbroic fractionation trends, while the coarse-grained:’

H
¥

‘Some of the intermediate-Ti Yasinski basalts appear to'

-,
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However, the lack of:-variations of the Ti and ir along this

trend and the higher Al and *Si'in the lavas which define it

suggest that the hature of this trend was a function of

.different extents of olivine+ortmo§§roxene fractionation at

high pressure. Extensive degrees of fract%onation at high
pressure resulted in gabbroic;fractionafion at Tow pressure
and produced basalts of relatively higher Fe content. Smaller
degree§ ‘ of olivine+orthopyroxene fractionation fat‘ high

pressure lead to excess olivine fractionation at low pressure

»

~ which produced evolved basalts without Fe-enrichment. A

spectrum of these coﬁbined processes <ould produce the locus
of basalt compbsitions‘ which appears to :define an Fe-
depletion trend. The gabbros of the Lac Yasinski intrusion
which contain fe]?ic material on the other hand definev a

definite trend of iron depletion in)Mg-Fe space (Fig. 8c) and

debart from the main gabbro spectrum towards the compositioq7*

of . tpnaiite. This 1indicates that the assimilation of
tonalitic conthﬁinant was responsible for the iron deﬁletiqn

: . i . .
in -these rocks. Although no lavas corresponding to the

contaminated -gabbros have yet been recognized in the Yasinski

}=segmént of the ta Grande greenstone belt, the second cycle

volcanics, ‘descﬁibed"by Skulski (1985) may represent the

- éxgrusive equivalents of the contaminated gabbros.

| /
Lo

5.8 Conclusions

:jhe Lac Yasinski intrusion represents a relic of a

)
¥

Shallow level migma’ conduit emplaced at the base of a

greenstone successfion. [t records the operation of the low

5
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pressure ,fractionatibn processes which have affected ~ the
evolution of magmas in the Lac Yasinski gneenstoﬁe belt,
The coarse grained gabbros-of the  Lac Yasiﬁski _intrusion

représent' cumulates of mqteria] extracted from the parental

magma which produced the intermediate-Ti favas. ~Ihe‘

.peridotite ‘ appears to ‘represent the Iolféine . cumulate

kS

e');tracf.ed"t fnoh‘ more primitive magmas which?‘g were
supersaturated with olivine and yféldedi the Tlow-Ti: Lac,
Yasinski lavas. The crdés‘cuttiné %e]at{on§hig of réygged
dykes sugggst magmas of the conduit syspem became more cmé?ié
with time.. The general absence @f-‘gaﬁbrbs cultiyi the

peF?dotite suggests that the magmas)wgich forméd ~the olivine

‘cumulate came later than those which produced the bulk of the,

gabbro dykes and cumulates. This agre}sy‘ with' \the .

b

stratigraphy of the Lac Yasinski segment of the La > 'Grande
greenstone belt which indicates that the fntermediate-{i

basalts were extruded first followed by a voluminous

(y

outpouring of low-Ti basalts. . The models developed in this _

paper éugggst that this evolution can be understood in terms:
of decreasing residence time of magmas in high pressure
chambers.l In the early stage’s of volcanism,‘magmag umdé}wént
extensive fractionation of oiivine“and orthopyroxgne at high‘
Rressﬁresq which produced high Al contents at Jow Si.  The
évolved residual magmas reached compositions which were close
to plagioclase and clinopyroxene saturation‘when \they rose

fromﬁ depth and underwent gabbroic fractionation in shallow

lével canduit systems before erﬁpting as the intermediate-Ti

'
Y

{
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. ‘earlier’ stages in their evolution and reached the shaflow

level conduit sySfeﬁﬁsupersaturated;in olivine. §These magmas
the

fractionated .along "olivine control‘fines\ahd produced
' '* .t olivine cumulates of the Lac Yasinski {ntrqsibnybefoﬁe * they
. ) erupted as the low-Ti lavas. The delayéd crystallization of

piagioclase‘ iﬁ these magmas resulted in an overshooting of

“ . “
N,

- - the plagioclase-pyroxene cotectic and thehabsehqe of an Fe-

of the:'La

\

enrichment trend. In the ‘eastern Lac Guyer segment

.Grande greenstone belt, ’komatiitic‘ﬁagmas were eventually

- ) [ B v
able .to reach the surface-having experienced essentially no

high pressure crystaltization (St-Seymour et al, 1983).

4
]

W . 5 S . N
hs N 4
3 . . - RN

B " The basalts and contaminated gabbros df the %ac

J

% Yasinski . segment illustrate different mechanisms for ~the

generation of iron-depletion 'trends. The intermediate Ti

basalts exhibit an apparent iron “~depletion trend. Their

+

chemical pattern can be understoog in terms of different

¢ extents of high pressure fractionation which determined the

nature of the low pre§Sure fractionating assemblage of the

olivine at low

which fractionated pressure

magma. Magmas
: and failed to nucleate placioclase display low Mg and Fe

contents, Magma evolution dominated bx\gébbrdic fractionation

Ne 2

at low pressure evolve towards higher Fe contents. A

spectrum; of basalts which have fractionated along -paths

between these limits will pro&uce‘a locus of-: compositions

which define an apparent Fe-depletion.trend. the chtah#nafe&

- R o N
*m . ¢ Y
‘
o A N
6 4 ey . 4
.

- N
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tapped from their high pressure fractionation sites at
AN B

lavas. . As the magmatic ﬁluhbing systeﬁ evolved, magmas were
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SUHHARY. IHPLICATIOIS AND RECOHHENDATIORS FOR FURTHER

K

*The " preceeding manuscript documented the complex

iﬁberplay of processes involved in“the evolution of- mafiCM

»greenstone belt.

in the Jhac Yasinski

segment of the ta . Grande

in" particular. the ﬁehaVIour of Fe im such

5

magmas wWas. sﬁown to be a sensitive function of their

fractionation

history

L~

Prolonged reSIdence of magmas at

kX

high pressure prdduced compositions which were saturated with

"plagioc.lase at‘loy pressure.

Y

ExtenSive

gabbrOic

fnactionation of' such magmas at shallou levels produced

[

\ residual liquids which® evoived ‘towards Fe- ricﬁ cdmpositiony

~

i

R divergent trEnds appear to have developed

a3
.

b
Magmas which attained crustal

Y

z

levels with

l

relatively

primitive compositions hovever were supersaturated in olivine

and underwent excess

residual magmas uithout a rise in Fe content.

(

?

olivine fractionation to

produce

\ »

Magmas which

assimilated orustal material on their way to the surface

evolved toyards Fe-poor compositions.

M

segment of the La Grande greenstone belt each of these

parental‘\magma

composition in

i

fractionation histories. '

4
v

response to different

-

Y

A comhon approach “in, studies of Archean petrogenesis

involves the use of AFM projections to disqriminate volcanic

suites of tholeiitic and calc\%lkaline affinities.

diagrams are commoply used to interpret Archean volcanic

suites in terms of modern plate tectoqic models.

13 the fine- grained gabbros, lavas. and contaminated gabbros,
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> Y : APPENDIX A

v

Analytical procedures and sample preparation
. One hundred and fifty-three samp]gs werelsubmitted for
major element determination. Thin sections were prepared for
most of these samples in order to examine the extent of
;Iteration. i The samples wene crushed, powdered and
- ‘pemogenisedn‘}o -200 mesh-in a tungsten carbide ring grinder,
A wsme}ler \population (sixtx-six samples) was ena!ysed for~
.w;e?eeted trace elements. ’

¥ Eani
'{‘ }/‘ Voo ) ' | L
" x

A11 the major and trace eﬁement concentrations}hwere
5 Hetérminedwkbx X-ray fluorescence, wusing a Philips .PW-1400

spectrometer witﬁ a 100 KV generator at the Department of

e o ‘Geplogical ’ Sc1ences. McGill  University, Montréal. A

’ ‘l’,

¥"'ca¥ﬁbratlon turve for the maJor and trace elements was derlve
Y "
by linear regression using 20 to 30 international reference

‘; ' ’mater1a1s (Ahmeda]1, )s.T. 1983). Be,~ V, Cr, Ni and major

¢

b B element, analysis ,were.:determined from fused beads and

corrected—- for g—mass<labsorQ§ion using an oc coefficient

Y

technique. “Total Felis ca1cu1ated as Fe203 . The trace
e]ement detectien 11m1t foﬁ fgsed beads (Ba, V, Cr and Ni) is

4
t

10 me. The analytical precisions (one standard deviationy
Weight percent) for the major e]ements as ca]culated from 20
! * Fep]icate analyses df one sample disc are: Si 0.05, Ti 0.003,

A1 0503, Mq 0.058, Fe 0.01, 'Mn 0.001, Ca 0.01, Na 0.06, K

Lo , .
RN . . \

.0.001,P:0.004.
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KB Compton’ scatter from the Rhodium X-ray tube wa$
i ,

xused _to correct for mass absorption for the trace elements :

R6, Sr, Zr, Y and Nb. These elements are ana]ysed~using
pressed pe]Iets for which the detection 1imit is 5 ppm. The
absolute precision of aJl‘trace element data 1is generally

" better ‘than 5% absolute (T. Ahmedali pers. comm. 1985).

. For major element determination one gram of rock
'Bowder was mixed with five grams of lithium tetfaborate, 0.3
gram ' of 1ithium flouride, 0.0l gram of ammonium nitrate and

0.015 gram‘ bf lithium bromide. 'Tﬁe mixture was fused at ~

- AL
. _“,,«;‘r—‘ < e

10560 C for 20 mlnutes in platimum crucib]es and bound in' .

polished Pt molds. The glass bead obtalned was analysed for
major elements and Ba, Ni, cr and v determinatmon. The -loss
on 1ig iéfon technique served to edproximate the Avolatibé“
content of the rocks. For LOI determinatlon two grams of rock

‘powder  was ignited at a temperature of 10000 C for a- period

of 45 mlnutes after which the difference between final weightﬁ%

and initial- weight was determined and used tb\es}imate the.”
percent { total volati]e content of the rock.: ,fnev preesed o
pellets were used for the determination of Zr, Y, Nb, Rb and
; Sr-and obtained by. mixing 8.000g of rock powder’ wzth 0. 7005,

of thermosetting resin binder in a SPEX mixer for 5 m1nutes,

1

. and bpund into pressed pellets at a pressure 6f 25 tons%

A

These pellets were then ‘cured 'in %hdrying‘oven at 2009 C for
15 minutes.’ . T E A . :;;r
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oL . APPENDIX B -
Lo T ‘ , < ¥ .
T L0 Whole rock geochemistry
¥ L .
4 Sl ~
. .~ The "analyses . are, presented in two formats. _ OnTeach
.~ page thé& top -format lists analyses in weidht % which have not
, .been normalized and .includes loss on ignition. Total iron
was' calculated as Felt, The lower format 1is in cation ,
5 v ~ o P h .
', proportions based on 100 cations. The trace elements are in
NE2 ! i’ . o 4
ppm, o
:r\ ’ ' . LN 4
N
o , - <
; HP . Legend Key - ¢
R S S p
OV » Perid.~----~-----peridotite .
. . . g
A \ - X
.+ 3 % FineGb,---------fine-grained gabbro
; r,«r» . - 7 CoarGb.---------coarse-grained gabbro ‘
. ¢ § ! [ ,\ ' ” :\
. % Conth.l-----é--Cbnfaminated gabbro ’
o ’ i / ) .
‘"{' A LTilav.=-~-=-=----lagw-Ti lava
\\ . 3\ ° - "‘ :, .
g ~ ITilLav.==~==-----intermeqiate-Ti lava - ¥
H ]
" HTilav.-==-==---high-Ti lava B
$‘ ¢ . \‘J /— ) T
e . Tonal,-~-------~-tonalite . "
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SAMPLE 84024 84026 B4027 84029 843'1 84312 B4G33 84050 B4GS6 B4Ali4 41453 41454 41455 B4166 .
Perid Perid Pyroax Peria Perid Perid 'Pyrox Pyrox Perid Pyrdx Pyrox Perida Perid Perid L
. $102 44.8B4 40.34 46.7) 40.17 41248 41.29 50.86 47.25 140.34 48.17 S50.71 37.54 39.45 38.94 - - F
! Ti02 Q.20 D.13 0.12 . 0.10 0.12 "~ 0.12 c.18 0.21 0.28 0.53 0.36 0.23 0.18 0.07 , V.
A1203 4.25 3 97 6.85 4.53 4.389 . 4.37 4.16 6.79 5.83 8.28 3.99 4,12 4.29 "1.88 8 "
Mg0 26.70 29.90 23.04 30.14 2B 92 2B.55 20.94 22.10 25.4B 19.44 21.43 26.00. 30.62 34.5§ T .
~ : Fel 11,899 12.08 8.76 10 95 131 88 11.83 10.19 -10.10 11.54 B 46 8725 -1).05 11.34 11.66 N
Mno 0.20 0.18 0.22 Q 17 0.12 0 12, 0.2% 0.26 o 23 Q.22 a.21 0.17 0.15 0.07
s CaOQ 2.33 1.27 7 95 2.62 1,81 .2.79 10.00 8.37 5.98 8.53 10.45 5.70- 0.96 0.0V .
Na20 0.05 0.01 0.10 0.12 0.10 0.0 0.03 0.09 0.16 0.a3 0.08 0.0 0.0 -0.0 ' R
K20 A g.0 0.0 0.0 6.0 00 0.0 6.0 0.01 0.02 1.83 g.0t 0.0 + 0.0 0.0 -
- P20% * 0.02 0.02 G.01 0.02 0.01 0.01 -0.02 0.02 0.03 0.35 - 0,04 002 0.02 .0.01 - ‘- :
Lo1” 7.91 10.93 5.34 10.50 10.20 10.20 3.81 4.51 .8.90 3.55 3.57 .13.10 10.58"~11.70
. \ 98.49 _98.84 99.10 99 32 99 03 98.38 100.20 99.71 98 79 99.79 99.10 97.93 97.59 98.90 T e
‘h ] / ' ’ ' l s ’:%':"\
¥ Cation proportions based on 100 cations ¢ h )
. . e .
""""""""""" \""""“"“'"""‘""'-"'-"'—"‘"'"'___"“_““""'"“_"—_-_"‘"':""‘"‘-"'“-"-—"‘-""'*7“'-’-"--"""-"\,"’-—“- - PO .
g Si A 43.70 39.80 44.30 39.05 40.66 40.84 -47.71 44.50 39.54 44-95 47.79 38.77 39.08 37.97 " i T
18] - 0.15 010 0.09 8.0Y 0.09 g 09 0 13 0.15 G.21 0.37 Q.26 0.18 0.13 0.0% N
oAl 4.88 4.62 7.66 5 19 §.07 5.08 4.60 7.54 6.74 9.11 4.43 8.01 __S5.0V 2.16 g
Mg 38.79 43.97 32.57 43.67 42.25 42.10 29.28 31,02 37.23 ~27.04 30.1d «0.02 45.22 50.23 - T
fe 9.78 9,97 6.95 8.90 . 9.74 9.87 7 99 7.98 9.46 6.60 6.50 9.88° 9.39 9.51 .
. t Mn 0.17 0,6 0,18 g.14 0.10 0.10 0.17 0. 0.19 0.17 0.17 0.15 0.137: 0.06 s
ta 2.43 134 8.08 2 73 \ 80 1.90 10.05° B 4S5 6.28 8.53 10.55 6.31 1.02 0.01 g
Na - 0.09 0.02 0,18 ° 0.23 0.19 _0.0 0.08 a.16 0.30 0 78 0.15 0.0 0:0 .0 T
- K 0.0 .B.0 0.0 "0 0 0.0 0.0 0.0 0.0 0.03 2.18 0.01 0.0 0.0 .0 "% “n
S K P ~0.02-. 70.02 0.0} L0 02 0 01 0.01 0 02° 0.02 0.02 0.28 ‘9.03 0.02~ Q.02 0.0
, T T T TS T o smmemsees T e e e e T e e e o m S Cee— -
N o] 146.27 142.22 148.13 141 63 143.20 143 43 150.14 148,35 142.99 148.81 150.23 141.48 141.75 139.12 . -
- Mg No | 0.799 '0.81S 0.824 © 831 0.813 0.810 0.786 0.796 0.797 0.804 '0.822 0.807 0.828 0.841°,, " -
= Al/AlI+S 0.100 0.104 0.147 0 117 -0.¥11 ‘O.1vy ©0.08B8 0.145 0.146 0 168 V8.085 0.115 0.1} 6.054 .-." ¢
- . RS . . - v
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) SAMPLE Ba024 84026 84027 84029 84311 84312 84033 84050 84056 84114 41453 41454 41455 841686
e : ~ Perid Perid Pyrox Perid 'Perid Perid Pyrox Pyrox Perid Pyrox Pyrox Perid Parid Perid r
B S SN P e mem e S . 7
. Ni AR 8923. 1253. 1202. 914, 997. 300. 462, 892. * 907. 1011 1343. 1374. 1475‘.
- Cr 3864. 2636. 1206. 1295. 2053. 2050. 1550.) 3368. 2982. 1100 4342. 6€668. 8290. 1831, ..
v 115, 81. 90 52. ' 72, 84. 77. 141, 119, 111, 98. 110. 98. a5, , T
2r ' — _ — — — — Jus— — Ja— — 8%. 51, 45, 41, -
Y —— —— — — —_— — L p— — — t2, 12, ‘6. 6. —
. Nb —_— —_— —_— —_— —_— —_— — T e— —— 9. . 9. 7. 9. - —
. .. - Rb — — — —— -— Y — - e — 63. 13.¢ 13. 14, —_— 2 -
Sr, J— — —_— — — — —_— — — 222, 8. 32. 12, —
’ Ba u. 0. Q. u. 22. 0. 0. 0. 3. 154, 0. 40. 0. 0.
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SAMPLE 83068 8400) B4006 84012 84034 84052 B4055 B4057 84061  B4075 84841 B4DBS 84050 84094 - e
Perid FineGb FineGb FineGb FineGb FineGb FineGb FineGb:FineGb FineGb FineGb FineGb FineGb Fln.Gb - |
! A ¢ ) ! |
. . I
Ui e i e el v e e st s et ity : ny. !
Si02 28.16 49.24 49.27 50.25 48.83 47.27 51.13 48.71 48.98 49.50 49.17 49, 48 53.13 51 70 @
Ti02 0.02 1.29 1.00 0.99 0.82 1.62 1.04 1.42 1.33 0.60 0.92 0.96 0.79 0.92 °
A1203 0.58 13.55 14.11 14.04 15.00 13.54 13.74 13.81 14.12 15.65 13.82 15.20 14.35 14.47 ... -~ X .
MgO - 36.47 5.51 7.32 6.62 7.04 6.23 6.74 5.83° 6.583 8.03 6.74 6.37 6.68 V6.57 RV
FeD 12,70 15.47 12,88 12.89 11,15 15,68 11.43 14,95 14.34 10.79 13.28 ) H.S@ 8.38 ~-11.49 T
MnO T0019 0.206 0 23 02 0.21 0.23 0.20 0.24 0.23 0.20 0.20 : 0.2% 0.19° 0.20 . o
Cal 0.05% g.67 10.74 16.5t 11,21 g.68 10.68 9.41 8.69 9.93 9.48 1+.2B - 8.67 8.56’;“,"

- Naz0 0.02« 2.42 1.67 1.88 2.47 .32 2.44 .2 04 2.36 2.06 F.79- ‘2708 4.63 _ 2.97 R
KZOA.Q 0.0 0.36 0.39 .81 0.27 1.38 0.43 .21 O, 71. 0.43 0.69 0.47 0.68 0.50 . L T
P20 00 0.10 0.09 ,0.08 0.06 0111 0.08 0.13 0y 0 08 0.08 0.07 0.51%° 0.08 T L
101 21.28 1.54 ‘2,08 1.47 1.85 2.09 1.7 1.65 2.58 ' 44 _ 3. 39 . 2.26 1 64 2 16 . .- - '

98 47 99.41 99,78 99.45 99.01 99.) 99.62 99.40 100 00 98, 58 99 56 100.03 99. 65 89, 52 ‘
Calion proportions based on 100 cations . , - < g i
X . - L ) oy

’ S1 29.99 47.74 47.45 48.32 46.86 46.42,; 48.85 47.23 47.35 47.28 48518 47.45 49.50 49, 40 oL e v
T ~ . 002 a.94 a.72 0.72 0.59 1.20 a.75 1.04 0.97 ~ 0.43 0.68 .Q. 69 0.S5 0 66 = w2
Al 0.73 15 48 16.0 15.91 16:93 15.67 15.47 15,78 16.69 17.5V -15.986 '“17.18 .15.76 18730°° *~~'?’«*,; - .
My 57.77 7 96 10.51 9.49 10.05 g9.12 9.60 B8.42 9.41 11.44 9.84 9.11- -9.28 9.36 I
Fe 11.28 12.54 10.37 10.36 8.93 12.88 9.13 12.13 11,00 _B8.62 10.88 9,37 6.83 9.18 .. .
Mo 7 6.'7 0.2y 0.19 0.7 0.17 0.19 0.6 D.20 , 0.19 026 0.17 -0.17 0.1 0.6 g
Ca 0.0 10.04 11.08 10.83 11,50 10.19 10.93 9.77 9 00 1017 9.95 11,59 8.66 8.76 '+ &

Na 0 04 4.55 3.12 3.51 4.59 2.9) 4.52 _ 3.83 4.42 3.82. 3.40 3.81 8.136 $.50 . T Ay
K 0.0 0.45 *0.48 0.63 0.33 - 1.73 0.52 1.50 0.88 D.52 0.86 . 0,57 0.81-.-0.67 4 ' g
P 0.0 0.08 O 07 0.07 0.0S 0.09 0.06 D.11 “0.M1 0. 04 0.07 0.06 0.40 ',Q.OG«‘ . el
o 130 29'1564.05 154 49 155.03 153.53 153.47 154.91 r53.64 153.87 154.377°154.81 154.63-153.95 155.25 ) ‘
’ . P . - . v 7 S
o . SV I -
. Mg Nu. 0 837 © 388 .0.503 0.4978 0.530 0.4)5 0.512 0.410 0.448 0.570“0.475 0.493 0.587  0.505. . -
AlL/AL+S) 0.024 0.245 0.252 0.248 .0.265 0.252 ©0.24} 0©.250-,-0.254 0.270 0.24% ,0.266 0.241 0.248 s
N ‘ 't o I
- . o, P . ;
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SAMPLE 84103 84110 41451 83108 83131 84030 84035 84071

-

84083 84127 84128
FineGb FineGb FingGb FinuGb FineGb CoarGb CoarGb CoarGb CoarGb CoarGb CoarGb
5102 | 50.76  48.88 49..60 46.51 49.8) . 90.25 48,34 49.44 50.19 §2.19 50.22
Ti02 1.16 1,54 0.93  2.26 -0.77 ~ Q.17° 0.25 0.34 0.28 MN.67 0.30
A1203-, - 13.27 13.97 14.13 12,99 14.75 15.76 15.25 14.64, 15.25 - 14.55 13.21
Mg0 5.20 5.68 6.91 5,20 8.34 12.36 13.07 12.63 10.42 6.90 10.85
FeO 15.13. 15,18 12.98 17.40° 10.90.“6.49 7.86 , 7.82 6.32 11.65 7.96
MnO 0.28 0.24 0.25 0.26 0.20 0.15 0.¥v7 -0.16 0.15 0.24 0.18
Ca0 9.98 9.23 9.52 10.02 11.18 ~8.09 9.29 ..9.46 12,79 10.51 14.66
Na20 1,93 1.49 3.25 0.90 -+ 2.66 2.585 .1.45 1.33 1.7 1.80 Q.87
K20 0.39 1©0.68 0.73° 1.9 0.8 1,13 0.94 0.62 0.40 0.25 042y
P20S 0.11 0.14 0.08 0.8 ~0.05 . 0.02 0.02 0.03 0.03 0.08 .03
Lo1I 1.09 _2.6Y 0.80 1.447" 0.99: - 3.90 3746 3.75 2.53 2.21 1.94
........ o O U S e See e e e ————— ......-_..-.._--..---.--...'---.---_..-_..------..
) 99.30 99.64 99.18 09.07 100;15° lOD 87’ ~100.10,100.22 100.07 99.72 100.13
B KA o .

Cation proportions based on IU§]~catiuns 3 ) L e N , ,
____________ L T he s e M S e _---:_....---.._-_..-_.._--....__-_K-_---__,.----_-_-.,,...
51 49.31 48.10 46.87 46.00 46742, 46,53 “45.31 46.65 46.96 50.6% 47.27
Ti 0.85 1.14 0.66 1.68 g.54 0.12-. .0.18 0.24 0.20 0.49 0.21
© Al 15.19 16.20 15.74 15.14 16.20 i7.20° 16.85 16.28 16.82 16.63 14.65
Mg + 7.53 B8.33 9.73 7.67 11.58 -17-.06 18.26 ,17.76 14.53 8.63 14.80
Fe 12.30 12.497 10.25° 14.39"° B8.49 5.02 6:16 6.17 4.94 -9.45 6.27
Mn 0.23 0.20 - 0.20 0.22 0.6 0.12 0.33 0.13 0.12 0.20 0.14
Ca 10.39 9.73 g9.64 10.62 11.14 -.8;03 9.833 9.56 12.82 10.92 14.78
Na 3.64 2.4 5.96 1.73 4.8 - 4.58 264 2.43 3.10 2.82 1.59
K 0.48 .85 0.88 2.41 0.62 1.33 1.12 0.75 Q.48 0.31 0.25°
P 0.09 0.12 0.06 0.15 '0.04 0.02 ..0.02 g.02 0.02 0.04 0.02
.............................................. u-,__.,_..,-._--__.e------_-__-_--_-___-_..._-------....-..-_--v..-......
o - 155.83 155.66 152.08 153.41 152.41 152.31 152.08 188. 4B 154.20: 153, 82 164.27 156.77 157.91 153, o3
Mg No. 0.380 0.400 0.487 0.348. 0.577 0.772 0. 748 0.742 0,526 0©.746 0.779 0.523 0.474 0.702

Al/AL+S54 0.236 0,252-0.251 D.’248 0.259 0.270 0.274 0.259 0.269 0.264 0.263 0.238 0.247 0.237
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e
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N e . . FineGb FineGb F;neﬁb FinaGb FineGb CoarGb CoarGb CoarGb CoarGb _Soaer.,Coaer CoarGb CoarGb CoarGb
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SAMPLE B4130 84146 84148 84149 84150 84151 84154 83093 84011 84078 84842 ,p4A08B7 084096 84098
Courcg CourGb CoarGb CoarGb CoarGb CoarGb CoarGpb CoarGb ContGh ContGb ContGb CantGb ContGb ContGb

o e e e e e e e = = . = - = - . - e e e e e e am p — — de - R e - ————— - ——— - ——— - -
$102 50.11 48.78 49.89 49.01 52,24 50.41 50 57 4B.63 55.47 55.02 58.25 58.25 56.13 59.40
Ti02 0.19 0.10 0.19 0.15 0.79 0.41 0.3% 1.42 0.81 0.19 0.99 0.61 2.00 0.64
A1203 14.67 13.62 15.64 21.43 14.63 17.31 15.5%) 14.28 13.47 18.52 11.13 14.30 13.67 13.89
MgO0 11.18 15.34 10.66 7.59 6.69 8.30 9.40 6.25 6.74 7.33 3.78 5.82 §.22 $.84
FeO 5.95 7.53 6.77 4.57 12.01 1.65 8.38 14.08 7.82 6.12 6.85 8.49 11.94 6.74
Mno 0.15 0.16 0.15 0.0 0.22 0.17 0.19 U.25 04 0.10 0.14 0.18 Q.14 0.14
Cal -~ Y1410 9.28 13.93 14.68 9.69 #2.56 12.37 10.01 6.81 3.18 8.68 6.36 §.11 5.65
Na20 0.99 1.28 0.9 1.42 2.25 1.46 v 72 2 12 3.33 2.62 3.2 2.63 1.02 ,4.02
K20 0.34 0.16 0 07 0.08 0.17 -0.28 0.12 0 49 2.90 3.50 0.28 a.78 0.59 1.82°
P20S 0.02 0.0 0.02 0.02 0.09 0.04 o 03 0.11 0 27 0.03 0.14 0.07 0.84 0.34
LOI 1.98 3.85 1.23 0 79 0.68 1.285 0..65 1.71 2 00 .72 6 75 2,66 3.62 1.58
........ e e o m n e e e S ey vy ey - e T h = = A A Y e e = o e AT e e e e = e e - A =

99.68 100.11 99.46 99.84 99.46 99.84 99.29 99 35 99 -76 98.30 100.11 100.15 100.2B 989.76

18 9.35 6.52 5.45

5.
0.08 0.12 0.15 0.12 0.1

. . 3 5

.80 2.32 1.65 2.54 . 4.14 2.65 3 12 3 98 6 07 4.79 6.08 4.88 1.97 7
4
]

2' ©.36 0.95 0.75 1.82

a3
S 46.93 45.66 46.65 45.30 49.60 47.24 47.24 47.04 52.'6 51.88 58.59 55.76 55.83 55.63
TS o 13 0.07 Q.13 0.10 0.5% 0.29 025 _1.03 0.57 0 13 0.75 Q.44 1.50 0.45
Al 16.19 15.02 17.24 23.34 16.37 19.12 17.07 1b6.28 14,93 20.58 13.19 16.13 16.02 15.33
My 15.61 2t 40 14.86 10.46 ,9.47 11.53 13 09 g9 0 9.45 10 30 5.67. B8.30 7.74 8.18
Fe 4.66 5.90 5.29 3.53 9 54 5.99 6 54 11,39 6.15 4.82 5.76 6 80 9.93 28
Mn 0
14
1
[}
4 0.02 0.0) 0.02 0.02 0.07 0.03 0.02 0.09 0.21 2 0.12 0.06 o.M 0.27
(4] 154.08 151.99 154.56 155 78 156.29 155.64 154.43 154.05 155 75 157.84 162.90 161.44 165.04 159.59
My No. 0.770 0.784 0.737 0.747 0.498 0.659 0.667 0.442 0.606 0.681 0.496 0.550 0.438 0.607
Al/A)*SH 0.257 0.248 0.270 0.340 0.248 0.288 0.266 0.257 0.223 0 284 0.184 0 224 0.223 0.2186
. o
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SAMPLE 84130 84146 84148 84149 B4150 84151 84154 83093 84011 84078 84842 84087 B4086 64098
CoarGb CoarGb CoarGb CourGb CoarGb CoarGb CoarGb CoarGb ContGb ContGb ContGb ContGb Conthlgonth

N3 184 509 131, 104 58 103 140 79 74 49, 36 55. 134. 105.
cr 388. 1222 a%6. 737 27. _ 60§ 703 205 387 53. 14 141.. 0.  361.
v 129, 96 152, 105, ~ 291 174 157 — 162 85. 234 177. 37. 120,
Zr a0, 3a, -— — - —_ a8 102 116 62, —_ 88 118. 134,
v 7. 4. — —_ _— — 12 34 16 4, — 18. 45, 9.
N T 8. 8. — e g — — 8 10. 8 8. _— 9. 1. 11,
RbL 22, 20. — P —_— — 5 23. it 81. — 29 . 25. ar.
se 63. $8. ¢ — — e e 80 157. 569 74, _— 263. 65. 431,
Ba 17. 0. 22 21, 0. 36.. 34, -— 710 550. 76. 241, 104. 408.
- - k4 N
‘ 3 i ,
< . PR
- S Iy )
/ b ‘ ’ ’
. ~ .
‘ . -
N

-
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R e T »

PR

Q .
83151 84157 84158
LTiLav ITilav ITiLav
556.79 48.60 47.58

0.68 0.89 0.86
13.39 15.50 18.04
5.%66 7.02 8.51
10.17 11.98 11.8}%
0.25 0 22 0.22
y0.82 12.53 11,19
1.72 2.0 2.24
0.20 0.18 0.24
0.04 0.08 0.07
1.59 0.53 1.00
100.3% 99.51 99.76
§3.4) 45.94 44.865
0.49 0.63 0.61
15.11% 17.27 17.74
8.08 9.89 11.90
8.14 9.4% 9.26
0.20 0.18 0.17
11,10 12.69 11.285
3.19 3.68 4.08
0.24 0 22 0.29
0.03 0.06 0 06
159 79 153.35 152 02
0.498 0.5117 0.562

273 0 220 0.

273 0.284 0.239 0.268

84160 20007 .
ITiLav ITiLav

§3.74 49.70
0.95 1.00
14,35 15.45
6.81 6.05
10.33 9.96
0.31 0.19
8.03 13,423
4,07 1.88
0.24 0.1
0.09 0.07 .
0.39 2.33
99.31 100,17 - »
50.09 47.60
0.67 0.72
15.76 17.44
9.46 8.64
8.05 7.98
0.24 0.15 ~
8.02 13.78
7.3% 3.49
0.29 0.13
0.07 0.06
154.92 155.32 *

0.540 0.520

-~
! .
% z ‘ » M ¢ - .
- R - -
o . \f\\\\ i
¢ . . - . ;-
3 LdgruﬁQp»Vlljnsh\ .
Lo . . A
‘_\ ~% i . R .
4 .
‘ SAMPLE 83117 B4159 841861 84162 84163 20007 20012 20013 20014
L ContGb LTiLav LTiLav LTilav tTiLay LTiLav LTitav LTiLav LTiLav
.S102 52.62 48 67 52.86 52.80 S51.70 53.58 60.21 51.44 51.49
N ‘Ti02 0.82 0.47 0 66 0.74 0.7 0.74 0.83 0.68 0.69
A1203 14.03 16.5V 15,21 13.73 14.91 11.74 14.96 16.47 16 41
MuO 7.6 8 -81 7.8 5.43 8.29 -10.82 8 18 5.42 4.42
FeO 8.59 8.91 8.77 10.21 9.07 8.36 t0.22 8.58 8.75
MO * 0.16 0.18 0.23 0.30 0.21 6.16 0.20 0.8 0 118
+ (a0 9.13 13.36 11,97 12,1t 10.73 9.66 12.34 13.5% 14.67
Na20 4.99 1.53 1.59 1.90 3.05 2.24 1.86 1.96 1.50
.t K20 1 13 Q.21 0.0 - 0.18 D. 1S 0.87 0.27 0.45 0.12
P20S o 38 0.03 G.06 0.05 0.05 0.44 0.04 0- 0% 0.05
N Lol 1.20 0.74 0.87 - 2.66 0.70 .17 0.9? 1.07 1.53
e o mm . —————————— e e m e a e e m e mm e m e~ — e ————————
99.81 99.42 99.40 100.11 99.57 99.78 99.88 99.79 99.8)
. Cat}bn propartions based on 100 cations
St 48.75 45.58 50.1) S51.08 48.06 49.89 47.18 48.70 49.40
T4 0.57 0.33 0.47 0:+54 0.50 0.52 0.45% 0.48 0.50
Al 15.32 18.22 16.99 15.66 16.34 12.88 16.57 18.31 18.56
Mg 10.72 12.30 10.30 7.63 11,49 15,02 11,46 7.65 6.32
Ee * 6 66 6 98 6.96 8.26 7.05 6.51 8.03 6.80 7.02
Mn . b.13 Q.14 0.18 0.25 0.17 0.13 0 16 0.14 0.15
Ca 9.06 13.40 12.30 12 55 10.69 9 64 12.42 13 74 15.08
Na : 7.17 2 78 2.92 3 s6 5 50 4._04 3:39 3.60 279
K 1.34 0.25 0.1 0.22 g,na V.03 0 32 0.54 0.15
3] . 0.30 0.02 0.0% 0.04 .04 V.35 0.03 0.04 0.04
' o - 153 18 153 54 157 64 157 62 153 95 154.83 véa‘to 156.32 157 77
@
Mg No. 0.617 0 638 0 592 0 487 0.620 0.698 0 S88 0.529 0.474
A1IA]¢Si 0.239 0.286 0.253 0.235 ,D.254 0.205 0.260 0.273 0.
) . et
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4 . 4
N i SAMPLE 83117 84158 84161 84162 84163 20007 20012 20013 20014 83151 BAIS? B41SB ,B4160 20001
. ' ContGo LTilav LT Lav LTilav LTiLav LTiLav LY¥iLav LTiLav LTiLav LTiLav ITiLav ITiLav ITiLav ITiLav
L0 . * a q !
S h Ni 79. 183, 89. . 111, 183, 232, 159, 721. 153, 187.- 122.  138. 68. 126.
- n cr 410. 429. 312. BIS. 361. 794. 397. 407. 431. 82, 304. | 208. 227. 328.
v " — 183. 264. 2a7. 246. 145 225. 257. 267. —_ 263. ' 273. 254, 299.
o 2r 108 53, 62. 73, 65. - 60. 62. .63, 69, 19. 74, 87. 81.
’ v 18, 13 17 18 19 - 17, 18. 21, - 18, 26. 24, 23, 25,
N O n. 8. 8 10 8. —_ 8. 9. . 9. 10. . 9. 8. 9. 9.
oo, - Ro . au. _ 18. 14, 13 14 - 18 25. 14, 15. 15, 17, 15, 15,
3 Sr 570. 161, Vi3 95 W7 — 78. 118, 144. 83. 2. 125. g8. - 182.
' . Ba AN — L3} 33 43 27. 365. 54 , 52 0: -2 30 43, 37. 69.
A L T T e R e L L L T Y - - —————— - - - - - - - - -
E x d ¢ - - e @
Y : . t
: B ‘ - . VoS
N . %
A 2 a ‘
-
S o, B
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L-gr.nd% Yasinski N . e -
T SAMPLE 20002 20004 20005 20006 20008 20009 20010 2001)' 83152 83153 84164 84165 83150 a3145
1TiLav ITiLav ITitav ITiLav ITiLaw ITiLav ITiLav ITiLav ITiLav ITiLav HTiLav HTilLav HTiLav MTiLav
. .- $i102 49.76 50.01 49.83 50.23 53.03 49.22 50.66 50.22 48.67 48.55 S0.86 50.75 49.05 47.90
' Ti02 0.95 g.98 0.97 0 97 0.96 0.96 1.02 0.92 0.92 0.87 1.31 1 32 1.38 1.42
A1203 15.30 15.03 15,50 15.13 15,40 15 S5 16 44 515.20 15.85 1S.70 11.09 11.08 11.46 15,41
M0 . 7.0% 7.38 7.32 5.12 7.02 7.20 4 65 6.99 6.86 6. 6.78 7.09 8.80 7.15
Fel 11.59 11.49 1.8 9.61 V1.40 11.39 9.08 12.29 1t 78 17.31) 14,37 10.93 11.29 11.97
Mn0 0.18 0.20 a.18 0.18 0.17 o 18 0.17 0.22 0.22 0.23 0.21 0.20 0.23 0.16
- Lal 11.59 11.39 11,05 13:4% 10.50 11.98 12 83 10.04 1).63 13.27 12,52 12.00 13.69 9.66
Naz20 1.94 2.23 2.%1 2.1 2 49 2.12 2.59 2 63 270 1.85 2.37 2.07 2.55 3.04
K20 0 08 0.14 Q.18 0.12 0.19 0.1% 0.21 0.42 0.25 0.21 0.3 0.84 0.44 1.00
P20S 0.07 0.07 0.07 0.06 0.06 0.07 0.07 0.08 0.06 0.06 0.10 0.10 0.10 c.18
?’ Lol 0.79 0.92 Q.58 2.85 1.17 0.60 2.47 0 49 0.69 1.40 Ez 44 2.40 3.43 2.87
H ______________________________________________________________________________ - -
L 99.30 99.84 99.57 99.79 100.39 99.42 100.19 99.50 99.63 99.76 99.36 98.76 100.42 100.76

7 95 46 49 48 45 47.30 45 76 46.29 49.28 49 4y 47.33, 45.36

Ti 0.68 070 0.69 0.7 oe8 0.68 ©O073 065 0.65 O© 62 0.95 0.97 1.00 1.0}

Al “17.14 16.71 7.24 17027 17.06 1731 18 53 16.B7 17.56 17.64 12.67 12 7} -13.03 17.20

My 9.89 10 38 10.30 7.39 9.83 10.14 6.63 9.8} 9.61 4.97 §.79 10.29 9.78 10.09

Fe 927 9.07 9.32 7.78 8.96 9.00 7.26 9.68 9.26 9.02 9.22 8.90 9.1 9.48

. M 0.'14 0.6, 0.4 0.5 0.4 ©0.'14 014 0.8 018 0.9 0.17 0.6 0.)9 0.13
. Ca 11.80 11 5) 1) 17 13 8% 10.57 12 12 13,15 10 13 ¥ 71 13 55 13.00 12.52 14.35 9.BO
Na 3.58 4 08 3.86 3.96 4.54 3.88 4.80 4,80 4 92 3.42 4 45 3.91 4.77 5.58

0.10 0.17 0.18 0.15 0.23 0.18 0.26 0.50 0.30 0 26 0 38 .04 0.54 1.2

- 0.06 006 O0.06 0.05 0.08 0.06 006 0.06 0.05 0.05 0.08 0.08 0.08 0.14

154 80 154 19 154.41 156.00 154 85 153.88 156.00 153 83 152 65 153 97 154 28 154.38 152.32 151.79
My No T 0.520 0.534 0.525 0.487 U0.523 0.530 0.477 0 503 0 509 0.499 0.515 0.536 0.518 0.516
AV/AY+SY 0.266 0 262 0 268 O 262 0 262 0 27V 0 277 0.263 '0.277 0.276 0.204 0.205 0.216 0.275
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20004

20005
ITiLav ITiLav ATiLav

83152 83153 84164 84165 83150 83148

ITiLav ITiLav ITitav ITiLav ITiLav ITiLav HTiLav HTiLav HTiLav HTiLav
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Lagrande Yasinski
Y SAMPLE 20002
Ni 126
Cr 315
v 289.
Zr 78.
. / Y 24,
ND 9.
RD 14,
Sr 113,
Ba 1.
r‘.’;& -
-
A3
~ L= N
A B ) .
s ¢
- i )
> fad .
¥ w
N o
kd
. .
- R s = -
S €
fid
' ™
&
an *
A
. I3
»
0
e

Ex3

-

-
20006 20008 20009 20010 2001
1Titav
133 154 130. 236 140
334 334 317, 446. 203.
280. 287. 275, 281 296.
80. 79. 78. 78 719
25 26. 25, 25. 24,
9 9. 9. 9. 8.
14, 15. 14, 16. 20.
149 178. 143, 229 235,
217 49. 29, ©5 . 42.
+ 4 o
. + " 2 g‘ N .
N . # N ’?4
rs x o
> M Lt N “ . '«.}
- ‘ ‘x * .
NS & > - A
: >
. 3
ro
IRy a
"3 A
- el - bty ’

205. 274, 297. 283 274 68.
— — 243, 239 - -
74. 74, — 120 118. 107.
23. 24 - 2. 22. 25.
9. g, — 22. 20. 11,
14, 15, - 28 19. a2.
97. 105, ~ 203, 624. 225.
_ — 68 175 — —_
\
N i Sy
R
g
o, N
1 > i- ."‘ ) Iy
"
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SAMPLE 84005 84010
. Tonal Tonal

.
0.

5102 72.79 71.5%
T102 0.17 0.26
A1203 14.87 15.57
mMgQ 0.43 0.5%
Fu0 T2 1.89
Mn0 0 04 0.02
Cal 1.64 2 73
Naz20 5.29 5.20
K20 1 95 1.30
P205 0.07 6.09
LO1 1 73 1 07

84014 84021
Tonal Tonat

70 44 72.14 69
0.37 ' 0.25 0

14.85 15.22 16.
0 75 1,07 1.

3 24 B84 1

0.06 03 0.

2 97 10 2

26 1

4.

0

vy

90 69.77 7
20 0.25 0
22 16.18 15
60 1.54 0
47 V.72 1
04 0.04 0
19 1 93 2
48 0.89 4
03 4 66 '
05 0.07 0

!

.30
.52
.83
.83
.05

50
97
o8

.09

82

84054 B4058 84059 84063 84064 84072
Tonal Tonal Tonal Tonal Tona! ‘Tonal

Tonal

14
28

- s

84074 84079 84086

.Tonat! Tonal Tonal

7v.27 70.69 67.67
0.23 0.24 Q.35

14 32 Y4.36 14.89 13.64

!
2

0.

2
2

2.

0

2.

73
56
0s
10
92
S7
09
24

1.22 1.98 4.3
249 2486 5.68
004 0.07 0.14
2.49 1.32 0.73
4.20 3.35 4.35
1.77 2.39 0.69-
004 °0.08 0.06
1.49 2,80 2.50

100.19 100.

Lation propor(iéns based oh 10U cations

08 100.

78 100.22 100

24 100.44 100 1 100

24

100.

00~

99.60 100.17 100.12

e o e e e S — = e e e e e m m m e e e e = e e e e = L = e = = = = - - ————————

SvY 68 28 66 71
T 0.12 0.18
Al \Q‘Ql 7.1
Mg 0.60 0.76
Fe ‘0 88 1.47
Mn 0.02 0 02
Ca” v 65 2 713
Na: 9.62 9.40
K 2.33 1.55
[ 0.06 0 07
o 170;72 170.08
My No. 0 405 O 34

AL/ZAL*S 0.194 0 20

Ve

4

19 V.40 \
03 0.03 o.
27 2.02 2.
78 1.68 8
98 5.80 2
04 0.06 o

.22

73

.67

o7
0a
62
73,

.84
.07

68 .
0.
16.
2.
2.
0.
2.

5
3
0

23
20
19
a7
06
04
16
43
14
o7

67.61 67.69 64.17
0.16 0.17 0.25
16.06 16.8Y 15,25
V.73 2.83 6.09 -
1.98 1.89 4.50
0.03 0.06 0.1V
2.53 1.35 0.74
7.73 6 22 8.Q0
2.14 2.92 0.83
0.03 076 0.05

66.55 65
0 26 0
16.54 16
1.06 -
2.56 L}
0.05 0
I mn V.
7 40 12
2.5 ]
0 o7 0
170 24 17

2 UV 292 0O
4 0 199 O

660 0 615 0.

.215 0.2'8 0O

05 174.73 170.37 172

v

473 0 585 0 463 0O
Y03 0 196 0 202 0O

91

563

197

172.

0
o]

35

546
192

170.92 171.80 167.70

D 466 O 600 0.575
0.192 0.199 0.192
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Tonal* Tonal Tonal Tonal! Tonal Tonal Tona! Tonal Tona! Tonal! Tonal Tonal! Tonal Taonal
gy GOy S - mm—mm———— Mmm e mmmmeremmcmme——mmmmem—————————— ) B
Ni 36. 7 19, 13. St. 21, 13. 12. 9 13. 5. 28, 18, 43,
Cr - 0. 7 12, 0 45, 1. 12 7 0 10 . 0 12, 1] 38.
v 6. 12 32. 20. ~ 22, 15. 1n. 2 -32 18. 24 48 . 4, 73.
Zr 136 — —_— 142, _— T = _ 132, 135 160, 160 t24 124, 107. .
Y S - —_ -1, _ -— -_— 5. 7 6. 7. "l S. 9.
NL 6 J— — 10. — — —-— 10. 9. 9 10. 9. 1. LN
" 'Rb 62 — — 27 — — — 127 63 91. 62. 50. €3. 23, .
< s 258. - @ — — 154 —_ —_— —_ av. 142 59. 113, 103 Q0. 129,
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SAMPLE 84088 84099 84101 84109 84137 84138 84139
Tona) . Tonal Tonal Tona)l Tonal Tonal Tonal
S102 72.36 66 90 66 95 71.56 72.70 74.90 70.95
Ti02 0.21 0.32 0.48 a 22 0.23 0,15 0 29
A1203 15.60 13.54 14.03 15.19 15,14 1440 16.01
MgO 0.72 4 99 2.08 0 53 0.47 0.25 0.50
Fel 1.54 6.09 5.3 1.65 1.63 1.086 1.57
MO 0.04 0.13 0.06 g 02 0 02 0.0V 0.01
Ca0 1.65 1.52 4.12 1 70 2,28 1.4%5 1 4%
Na20 5.67 1 27~ 3 80 5 29 5.36 5.78 5 96
K20 1.34 2 02 V.28 1.89 1.12 1.20 1 73
P205 0.07 0.0% 0.07 0.07 0 07 0.05 10
Lol V.14 J 46 1.52 1.95 0.99 0.73 S 1 6b
100.34 100 29 100.12 100.07 t00.0t 99.97 100.23

Cation proporftions based on 100 cations

Si 67 .11
TF 0.18
Al 17.05
Mg 1.00
Fg 1.19
M 0-.03
Ca 1.64
Na 10.20
K 1.59
P - 0.05
0] 169 97 1

o .
My Ny - 0,455
AT/A1+51 0.203,

,‘;
? 4
[l ¥ .

“ra

PrS

o
-~
oo
r
9

170.79

0 252 .
0.188

__________ M m = mm mmm e
65 30 63.60 67 28 67.87 69 62 66 00
0.23 034 © 16 0.16 0.10 0 20
15 58 15.71 15.83 16.66 15.78 17.55
7.26 295 074 0.65 0.35 0.69
497 4.5 + 29 {27 0.82 1 22
0.1t 005 0.02 002 @G O1 0.01
1.9 4.19  3.71 2 28 1.44 1 as
24 7.00 9.64 9 70 10.42 10 75
2.52 165 2.27 _ V33 1.42 2.05
0.04 0.06 0.06 \0.06 0.04 ©0.08
70 93 167.61 169.98 170 92 171.76 168 70
0 593 0.393 0.365 0 340 0,297 0,363
0.193 0 198 *0 200 O 197 © 385 0MO
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- L ' *a v 16 a8 109 18 14 8 . 26. 26.
. ’ "Zr —_ 99. 128. — Y39. 121 — 166.
R ~ ¥ —_ 13. 21 _— 6. 9. — ~29.
N ESa Nb S LI I 12 — 9. 8. — 12
L RL -_ 52. 59. —_ 37 38. b 95.
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, _\ , SAMPLE 83059. B3021 83022 83048 83058 83069 83074 83075 83077 83088 83089 63092 83084 83097
3 - oot - Peria. Peri¢ Parid Purid Perid Perdo erid Perid Perio Perlia Perid Perid Peria Perid
PN N e e lmmemaan G e e —m e — - e —————— Y LU e e e ca—————— -
£ ) N * .
- . - 5102 a7 27 20 31,855 41 11 35 30 32.32 36,60 36.95 -33:93 36.21 398 08 36.79 38.32 40.32
S A N X - T102 0.03 '0.02 D.08 009 0.02 0 O 0.03 0.04 0.04 0.06 0.09 0.08 0.0 0.09
- ’ e . ‘A1203 0.73 069 080 3.30 1.23 0.62 096 1.35 1 19 1.97 2.73 2 85 m3.B3 2.94
- - - o, Mgo 37.56 34.54 35 19 33.92 36.0v 35.25 36.70- 3I5.79 36 39 35.38 34.46 32.6* 3I3.59 33.4!
: - t- A _FeO. . 9.62 10 43 11.30 9.6) 9 50 14 31 9 25 30 10 9z 10.5' 10 66 1.1V 10.00 10.92
} =T, ', . . NN 0.6 .0 20..0.19 015° 0.14 013 © 20 12 013 0.19 0.13 0.14 0.5 0.15
* T o Tal 0ot -3 01 -0.21 0 22 0.0z '@-°ul 0 02 0.0 0 a6 034 1.10 1.49 - 0.02"
. . ! Na20 0.04 V.0 ["0.04 8.05 007 0.07 O.04 0o 6.0 002 0O 0.04 0.0
~ LT . K20 6.0 o.a1 0O 0.gr 0.8 00 0O 003 0.0 a.o 0.0 0.0 0.01 0.0
N " - P205 0.01 0.0 001 0 o 0.0 0.0 0.0 001" 0.0 0.0, 0.0 0.0 0.01 0.qQq -
Ce . - ] Lol 16.89 22.03 19.71 10 .19 16 97 1%.90 15.20 13.18 16 18 13.81 10.92 13.73. 12.04 10.58
- - O b e e e e e e e e e mmm e mm e el T
UG DI o : 99 86 19B.14 99.04 98 66 .UB.26 OB 62 Y9 00 98 75 98 78 98.65 96.43 98 41 99.59 98.43
t ", T i - R Cation proportions based on 100 c;tion; - - .
. T, A e . S S
- - . . si 34 76 29 68 33.25 49.47 35 74 33 04 35.43 '36.41 34.33 35.90 37.86 37.01 37.14 39.17
s T4 0.02 0 02 0.03 U 06 a.02 0.0} 0.02 0 03 0 03 0.04 0 07 0.06 0.07 0.07
S .. Ak 0.86 089 0.99 373 ' 47, 0.75 1.13 1.7 1.42 2,30 312 338 4.38 3.37
R My - 56 07 56.17 55.27 48.55 54 4 $3'71° 54.45 52.56 54.87 52.29 49.79 48.90 48.53 48.38
: =~ Cot ‘ Fe 8.06 9.52° 9.96 7,72 B 05 12.23 7 70 9.3" 9.24 8. 8.64 .9.35 8,11 8.87
- : M 0.14 0.18 0,17 0 12 Y12 o mn 0.17 0.70 0.1 0.16 0.1 0 12 0.12 0.12
. RUC T R ~ v Ca . 0.0 3.92 0.44 0 <3 0 0z p.ot 0 02 0.0 0 49 Q 35 1.19 1.5% 0.42
- o * .Na 0.08 0.0 0.0 0.09 u.14 0 14 0.08 , 0.0 0.10 0.04 0.0 0.08 0.0
Lo . : Y 00, 001 0.0 a ol 0.u 0.0 0.0 1T .0.0 0. .0 0. 0.0 0.0 0.0
Ty y P 0.0t 0.0V 0.0} 6.0y 0.0 ‘0.0 0.0 1 0.0 0.01 0.0 0.0 0.01 0.0
. ) , TTmmmTossss-e- Aalindathaidoad e AN Bt e ettt Sttt el it s mm—————
- Ct © 0 ++ 135.19 130 15 133.75% 141.37 136 46 133.35 136.98 137.23 135.07 137.06 139 49 138.76 139.37 140.92
. Lo . ‘Mg No.  0.874 0 855 ‘U.847° U.863 G B7). D.8)5 O 876 0,849 O 856 0.857 0.852 0.839 0.857 0.845
. o~ T, AL/ZALTSH 0.024 0.029 0 029 O Q8o 0.039 0.0s2 0.030 .0.04) (0.040 0.060 0.076 :0.088~ 0.105 0.079
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Lagrande

SAMPLE

—

Yasinski

83110
Paridj

83119 ‘8312
Parid Purid

83046 83065
FinueGL FineGb

[

83083
FineGb

\

83084 63102 83109 83111 83120 83123  &373p!
FineGb FineGb FineGb FineGb FingGb FinaGb FineGb

Cation proportions basead on

Mg No.
AY/ALV*S5H
~-

39.95 38.65
0.16. O.M
4.96 3.54

29.61 33.40
11.02 10.47
0.18 ~0.16
3.43 1.57
0.06° 0.07
0.01" 0.01
0.01 0.0}
9.66 10.89

99.05 S8.88

139.48 138.62 141.60 139 41

.

0.838 0.833
0.096 0.099 0.128

-

38.70 37.37 46.81 a6
012 o0oaQ 0.70 Q.
5.66 4.03 15 84 16.

42 75 48.14 11.24 11,
8,93 B8.47 9.95 "9
015 0.13 0.17 O
3.56 1.63 9.06 11,
0.17 013 &4.79 3.:
Q.01 .01 . 1.38 O
0.01 0.01 “u.06 O

L3
152.44 153
0.827 0.8%0 U.530 uU.
9.097 0.253 0.
N

49.62 49.
0.98° 0
14,28 14,
7.99 8.
12.62 11,
“0.21 0
8.96 10
. 2.62 - 1,
1:18 0
v.0F "0
1.18 .1
99.65 99

100 cations

654
263

8.21

©5 72

2 8b
0.25

70.57 11.24 8.83 10.34 1

2,20 1.11 2 82 2 02 2.54
0.84 0.37 0 5t 0.91 0 62
0.05 0.05 0.20 0 04 0 06
1.92 2.48 1.66 1.62 .64

0.04 ©0.04 0.16 0.03 0.05

53.99 49.94
1.56 1.45
14,22 14.38
3.96° 6.32 .
.95 13.45
0.17 0.23
8 21 8.29
3.79 3.04
1-03 0.75
0.14 .13
0.56 0.77
99.58 99.73.
v
$1.16 47.23
11 1.03
15.88 , 16.01
5.59 8.9
9.47 10.64
‘0.14 0.18
8.33 9.4
6,96 5.57
V.24 0.90
0.1 0.10 .

152 47 152.73 155 62 .155.14 152 5% 151 72 156.27 153.18

.

O 635

N ~
3

U.572 0.5%19 0.357 0.608 "0 550 0.371%

0 233 Q.25 O 258 0.253 0.279 0.247

.

0.237

0.456
0.253
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Lagrande vasinski

SAMPLE 83104 83110 83119

Perid Perid Perid

Ni 1021. 1336. 943.
Cr 4858 . 342. 3695.

u

83121 83046 83065 83083 83084 83102 83109 83111 83120 83123 83130

Perid FineGb FineGb FineGb FineGb FineGb FineGb FineGb FineGb FineGb FineGb

1179. 79. 79. 79. 79. 79. 79. 157. 79. 79. 79.
4995 . 205. 65. 479. 342. 205 . €68 . 342. 274, 68. 137.
,
. .
N -
el
R
. 2
H /
%
s 5 )
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-

Lagrande Yasinski

SAMPLE

83112 837132

2. m‘-"‘"
-~

83133

- s 5 ey o (o A

°

28 152.22 152.32 161.52 149.56 154.98 151

.

1

83051 83053 83090 83095
CoarGb CoarGb Cpaer CoarGb
49.79 50.37 48.06 S1.14
0.34 0.12 0.20 0.58
16.22 14.59 14.81 14.36
117.05 13.32 11.09 9.00
7.57 6.29 10.00 9.34
0.15 0.15 0.22 0.18
9.88 10.61 8.57 10.82
2.77 1.88 2.07 1.64
0.31% 1.27 2.70 0.71
0.02 0.01 0.01 0.05
2.36 2.47 2.61 2.16
100.46 101.08 100.34 99.98
45.91 45.98 44.75 4B8.43
0.24 0.08 0.14 0.41
17,63 15.70 16.25 16.03
15.19 18.12 15.39 12,70
5.84 4.80 7.78 7.40
g.12" 0.12 0.17 0.14
9.76 10.38 8.55" 10.98
4.95 3.33 3.74 3.01
0.36 1.48 3.21 0.86
0.02 0.0 0.0 0.04

0.722
0.277

S SO

L

2
7 o

?

0.791

P i

83098
CoarGb

.89

0.664 0.632 0.508°

8304) 83043 B3044 83045 83049 83058

FineGb FineGb FineGb Coaer’Couer CoarGb CoarGb CoarGb CoarGb
5102 48.89 49.28 47.61 49.31 48.51 52,83 51.52 49.24 49.20
Ti02 1.56 0.98 0.99 0.29 0.42 0.38 0.50 0,28 0.61
A1203 13.60 15.18 14,63 15.70 13.34 14.16 14.43 15. 7 14.19
Mgo 5.94 7.75 8.52 9.98 9.64 a.74 &.09 9.92 9.58
FeD 15.76 12.03 12,53 7.68 9.50 7.08 7.70 7.67 10.40
MnO 0.27 0.20 0.21 0.13 0.20 0.14 0.4 0.14 0.19
Ca0 7.64 10.15 11,40 12,76 14.5%4 9.54 12.86 12.87 1) 28
Na20 - 2.44 2.23 1,.69 2.02 1.38 3.65 2.62 2 07 1.99
K20 0.84 - 1,22 1.09 0.60+ 0.13 1.31 a.s2 0.56 0.79
p205 0.12 0.07 0.03 -0.01 0.04 o.0 0.03 o 01 0.02
Lol J; 2.20 1.16 1.25 1.76 2.32 2.51 1.99 1.45 1.46

99.26 100,22 99.495 100.24 100.02 100.35 100.40 99.92 99.71
Cation propertions based on 100 cations
St 47.73 46.29 44.98 45.74 45.99 48.98 48 V2 45.67 46 20
T 1.15 0.69 0.70 0.20 0.30 0.26 0.35 Q.20 0.43
4 15.65 16.77 16.29 17.17 14.90 15.47 15.88 17.17 15.70
My a.64 10.85 12.00 13.B0 13.62 12.08 11.26 13.72 13.4)
fFe 12.86 9.45 9.90 5.95 7.53 5.49 6.02 5.95 8 17
Mn 0722 '0.16 0.17 g.10 0.16 a.11 0.11 0.1 0.15
Ca 7.99 10.21 11.54 12.68 14.77 9.48 12.87 12 79 11.35
Na 4.62 4.06 3.10 3.63 2.54 6.56 4.74 3.72 3 62
K 1.05 1.46 1.3 o 71 0.16 1.55 0.62 0.66 0.95°
P 0.10 Q.06 0.02 Q.0 0.03 0.01 0.02 0.01 0.02
B i i e e N i e R B e e o ————— e
0 154.01 152,69 151.66 152.37 l5€;44 152.94 153.77 152
hg No. 0.402 0 534 0.548 0.099 0.044 0.687 0.6%2 0.698 0 621
AL/AL+SH 0.247 0.266 0.266 0.273 ©0.245 0.240 0 248 0.273 D©.254

0.255 0.266 0.249 0.277

P
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tagrande Yasinski

%
" SAMPLE 83112 B3f§2 83133 - 83041 83043 83044 83045 83049 83050 83051 83052 83090 863095 83098
FinaGb FineGb FineGb CoarGb CoarGb CoarGb CoarGb CoarGb CoarGb Coaer CoarGb CoarGb CoarGb CoarGb
N 79. 79. 79. 79. - 157, 79. 79. 79. 79 157. 791'. 157. 79. 79.
Cr 68. 205. 205. 137. 410. 137. 137. 205. 410. 753. 53. 410, 479. 205.
v emdcmc e a———— g U
N ’ ' :
~ ) »
' 0
B )
. \
{
» Y . [
. - .
o~ T—
.~ ]



-

Layrandes ‘Yasinsk {

SAMPLE

83099, 83106 83118,
toarGb CoarGb CoarGu

83173

CoarGb CoarGb

83134

100.92 100.00 99.78

100.58 100.40

Cation proportions based on 100 cations

47.25 45.72 48.48 46.31 46.22
T4 0.10 0.64 0.49 0.30 0.40
Al 16.44 17.07 16.50 17.27 15.07
Mg 16,09 11.87 11.85 15.7} 15.43

. fFe 4,36 8.53 8.12 6.21 7.58
Mn 0.10 ©0.18 ©0.17 0.10 0.14
Ca 9.7 11.31 11.17 6 27 10.94
Na 4.43 3.48 2.45 7.24 3.00
K 1.50 1.16 0.73 0.58 1.18
P Q.01 005 0.04 0.02 0.03
o 152.67 152.65 155.69 151.37 152,12
Mg No. 0.787 0.582 0.593 0 717 0.670
Al/AV+Si  0.268B 0.272 0.254 0.272 0.246



Geology of the Menarik Lake
vitramafic complex

LEGEND
PROTEROZOIC
- Diabase dykes
ARCHEAN

. Serpentinites
B

Metagabbros, associated dykes

Mafic and intermediate tuffs

~»| Quartzites, greywackes

. Granodioriges, tonalites\
. Massive granites

Conglomerates
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Benoit Rivard, 1984
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