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ABSTRACT

The Lac-St-Jean anorthosite massif underlies 20,000
km? of the ““Allochthonous Polycyclic Belt”’ of the Gren-
ville Province in Quebec. This heterogeneously deformed
massif was emplaced during a major extensional episode
that predated the Grenvillian Orogeny. In the southwestern
part of the massif, an almost undeformed subcircular
layered complex about 10 km in diameter was identified
and subdivided into four major units. This complex, which
shows strong similarities with the anorthosite massifs of
the Nain and Churchill provinces, consists largely of vari-
able amounts of anorthosite and leucotroctolite interlayered
at a decimetric to decametric scale. The rocks consist
predominantly of large homogeneous cumulus plagioclase
(~Angp) and of six intercumulus minerals: reversely zoned
plagioclase (Angg_g3), olivine (~Fogg), minor amounts of
orthopyroxene (~Enyy), clinopyroxene (~WoysEnyy),
Fe-Ti oxide minerals and apatite. No significant cryptic
layering was observed from the bottom to the top of the
suite, possibly implying that only a small part of a huge
layered complex is exposed. The near-cotectic proportions
of plagioclase and olivine suggest that the intercumulus
material represents a trapped liquid composition that crys-
tallized isobarically. The magma and its entrained
plagioclase are thought to have originated at the crust—
mantle interface.

Keywords: Grenville Province, Lac St-Jean, anorthosite,
leucotroctolite, layering, mineralogy, plagioclase,
orthopyroxene, clinopyroxene, olivine.

SOMMAIRE

Le massif d’anorthosite du Lac-St-Jean (Québec) occupe
une superficie de 20 000 km? de la *“Ceinture Polycyclique
Allochtone’’ de la province du Grenville, Ce massif, qui
est déformé de fagon hétérogéne, s’est mis en place durant
une période d’extension crustale majeure qui a précédé
I’orogénie grenvillienne. Dans la partie sud-ouest du mas-
sif, un complexe stratiforme d’environ 10 km de diametre
a été identifié et subdivisé en quatre unités majeures. Ce
complexe, analogue & ceux des provinces de Nain et de
Churchill, contient essentiellement des roches anorthositi-
ques et leucotroctolitiques en bancs décimétriques et déca-~

métriques. Ces roches ont une minéralogie simple: plagio-
clase cumulus en cristaux de grande taille (~Angg) et
minéraux intercumulus. Dans un ordre d’abondance
décroissant, les minéraux intercumulus sont: plagioclase
inversement zoné (Ansg gy), olivine (~Fogg), orthopy-
roxéne (~Enyy), clinopyroxéne (~WoysEnyy), oxydes de
Fe-Ti et apatite. Aucun litage cryptique ne fut observé de
12 base de la suite vers le sommet; ceci indique vraisembla-
blement que nous sommes en présence d’une partie seule-
ment d’un vaste complexe stratiforme. La fraction préci-
pitée entre les cristaux de plagioclase cumulus montre une
proportion quasi-cotectique d’olivine et de plagioclase. La
fraction intercumulus représenterait donc la composition
du liquide interstitiel, qui a cristallisé de fagon isobare. Le
magma initialement enrichi en cristaux de plagioclase émane
probablement de I’interface crofite-manteau.

Mots-clés: province du Grenville, Lac St-Jean, anorthosite,
leucotroctolite, litage, minéralogie, plagioclase, orthopy-
roxéne, clinopyroxéne, olivine.

INTRODUCTION

The Lac-St-Jean anorthosite (LSJA) massif,
located in the Saguenay - Lac-St-Jean area of Que-
bec, covers an area of about 20,000 km?2 (Fig. 1). It
may be a large composite pluton, consisting of
several cogenetic and layered intrusive units of as yet
unknown dimensions; subsequent deformation and
subsolidus evolution have obscured many of its mag-
matic features. In common with many anorthosite
massifs of the Grenville Province, no mafic or ultra-
mafic units have been observed at the base of the
LSJA massif; the negative gravity anomaly over the
massif (Gravity Division Map, 1974) suggests that
no such rocks are present at depth.

The tectonic setting of most anorthosite massifs
of the Grenville Province is still poorly understood,
and so is their time of emplacement. Similarities and
differences with the layered anorthosite of the
Churchill and Nain provinces are still incompletely
documented. However, the presence of widespread
post-Hudsonian amphibolite dyke-swarms in the
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F16. 1. Geotectonic subdivisions of the Grenville Province and location of the Saguenay - Lac-St-Jean area (SALSJ),

gneiss complex surrounding the LSJA massif indi-
cates a major Pre-Grenvillian episode of crustal
extension, tentatively ascribed to the Elsonian (ca.
1450 Ma) intrusive episode (Woussen ef al. 1981,
1986, Dimroth et al. 1981). The close association of
the LSJA massif with metamorphosed mafic dykes
suggests that both may be related to the same mag-
matic episode.

Except for some detailed mapping in regions
located more than 100 km to the northeast (Kehlen-
beck 1972a, b, Hocq 1977), there is little informa-
tion available about the LSJA massif. The majority
of the areas pertaining to this work have been
mapped only at a scale of 1:250,000 (Laurin &
Sharma 1975). However, mapping in the south-
western part of the massif, at a scale of 1:20,000
(Nantel ef al. 1985), has revealed the presence of well-
preserved, largely undeformed segments of a rhyth-
mically layered sequence of anorthosite - leucotroc-
tolite rocks (Fig. 2).

The major rock-units in the St-Henri-de-Taillon
area, part of this undeformed segment, are described
briefly in this paper; as well, quantitative data on
the premetamorphic textural and chemical charac-
teristics of the magmatic minerals are given. This
information forms a basis for further studies in other
parts of the LSJA, where the mineralogy and tex-

tures of the rocks have been significantly modified
by deformation and subsolidus reactions among
minerals. The information also provides clues to the
genesis of similar types of anorthosite massifs else-
where in the Grenville Province. Finally, the quan-
titative data presented here represent the first detailed
account of premetamorphic mineral textures and
compositions from the LSJA massif, often con-
sidered to be the largest in the world.

GEOLOGICAL SETTING

The LSJA is located in the ‘‘Allochthonous Poly-
cyclic Belt”’ of Rivers ef al. (1989), which is equiva- -
lent in part to the ““Core Zone” (Woussen ef al. 1986)
of the Grenville Province (Fig. 1). The stratigraphic
column for the surrounding gneiss complex is
presented in Figure 3.

Schematically, the Precambrian rocks of the
Saguenay - Lac-St-Jean area may be described in
terms of three major lithostructural units: i) a gneiss
complex comprising: a) complexly deformed and
migmatized quartzofeldspathic gneisses of unknown
age, b) rafts of Aphebian metasediments, c)
deformed late- to post-Hudsonian granites (ca. 1700
Ma), and d) deformed and segmented major
amphibolite dyke-swarms, which cut the earlier rock-
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F1G. 2. Rock units of the southwestern part of the Lac-St-Jean anorthosite massif. Analyzed samples are close to traverses
AA' ar}d BB'. SHT: St-Henri-de-Taillon block; SG: St-Gédéon block; SN: St-Nazaire block, SB: St-Bruno Block.
Tectonic blocks SN and SB consist of interlayered gneissic leuconorite and lencotroctolite.

units; ii) large anorthosite - mangerite (charnock-
ite) plutons that cut the gneiss complex, and iii) rela-
tively smaller late- to post-Grenvillian hornblende
and biotite granite exhibiting a calc-alkaline differen-
tiation trend (Roy et al. 1986). During the Grenvil-
lian orogeny (1200-1000 Ma), the two older units
were variously remobilized.

GEOLOGY OF THE SOUTHWESTERN PART
OF THE LSJA MASSIF

Two major belts of ductile deformation are
observed in the southwestern part of the LSJA mas-
sif. These belts, which strike east-west and
northeast-southwest, have dissected this part of the
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Fi16. 3. Relative chronological succession of the lithologies
in the gneiss complex west of the Lac-St-Jean anortho-
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massif into four tectonic blocks, here referred to as
the St-Henri-de-Taillon, St-Gédéon, St-Nazaire, and
St-Bruno blocks (Fig. 2).

The St-Henri-de-Taillon and the St-Nazaire
blocks, which are north of the Saguenay River, are
separated from the St-Gédéon - St-Bruno blocks by
a subvertical and approximately east-west belt of
gneissic anorthosite up to 1.5 km wide, in which are
mylonites locally up to 40 m in width. This belt of
high-strain rocks is broadly parallel to the Saguenay
River (Fig. 2).

A zone of intense deformation, about 0.5 km in
width and characterized by local subvertical north-
northeast ductile shears, separates the western blocks
from the St-Nazaire - St-Bruno blocks to the east
(Fig. 2). This tectonic zone marks a transition
between the relatively undeformed western blocks
and the more strongly deformed and recrystallized
eastern blocks. The eastern blocks, characterized by
interlayered rocks where orthopyroxene and olivine
alternate as the dominant intercumulus phase, differ
mineralogically from the rocks of the St-Henri-de-
Taillon and St-Gédéon (western) blocks, where oli-
vine is the only important postcumulus mineral (Fig.
2). However, as shown in Figure 2, gently dipping
layering in the western blocks (St-Henri-de-Taillon
- St-Gédéon regions) defines a subcircular domical
pattern about 10 km in diameter. This largely
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undeformed complex consists of anorthosite and leu-
cotroctolite interlayered on the centimeter to the
decameter scale. Apart from local deformation, the
St-Henri-de-Taillon segment is probably the least
deformed of the southern part of the LSJA massif.
The St-Gédéon block has the same general traits, but
its mineralogy has been modified significantly at
several places by the emplacement of syn- and late-
tectonic granitic plutons (Fig. 2) and numerous peg-
matite dykes.

DESCRIPTION OF THE ROCK UNITS
IN THE ST-HENRI-DE-TAILLON BLOCK

The St-Henri-de-Taillon block is divided into four
units whose thicknesses range from about 500 to 1000
m. The units are defined on the basis of texture,
plagioclase-olivine ratio and, to a lesser extent, the
degree of deformation (Fig. 2). The succession
shows, in almost pristine condition, some of the
structures and textures typical of stratiform com-
plexes of the upper crust, or of anorthosite massifs
of the Churchill and Nain provinces (e.g., the Harp
Lake complex: Emslie 1980).

Layering is omnipresent and generally consists of
layers that range in thickness from a few centimeters
to several meters. The repetition of light and dark
layers results largely from differing amounts 2% to
30%) of intercumulus olivine. As olivine, except
locally, is only a postcumulus phase, the rhythmic
succession corresponds to a modal layering (Irvine
1982). The contacts between the layers are sharp, but
lateral continuity of the layering does not persist for
more than a few meters or tens of meters. In some
cases, the term Jenses (of layered rocks) would be
more appropriate to describe the structure. Similar
laterally discontinuous layers were observed in the
Harp Lake complex of the Churchill Province
(Emslie 1980) and locally in the Stillwater complex
(McCallum et al. 1980). Planar lamination (Jackson
1967) is common and results from the orientation
of (010) faces of platy plagioclase crystals parallel
to modal layering. Where the rocks are deformed,
shearing is parallel to the igneous lamination, and
the mafic minerals are stretched along the planes of
shearing or flattening.

In some layers, 50 cm to 5 m thick, the intercumu-
lus material is segregated into small leucotroctolitic
or troctolitic ovoid pockets 5 to 15 cm in diameter.
Locally, the quantity of ovoid pockets increases;
where they coalesce, they give a patchy appearance
to the rock surface. These ovoid pockets, which are
common in anorthosite massifs, are either
(leuco)troctrolitic or (leuco)noritic in composition.
They have been interpreted either as features of late
crystallization (de Waard & Romey 1969, Maquil &
Duchesne 1984) or as mafic mobilizates (Michot &
Michot 1969). '



TABLE 1. CHARACTERISTIC COMPOSITIONS OF THE MINERALS FROM THE ST-HENRI-DE-TAILLON COMPLEX

SAMPLE RO~mmvrmormmmen @0 FOB Aot ioos vt e G5 02 BO2A oo omomrmmreeand G9-04B03A ¢
MINERAL PL-C oL oPx cex PL-C PL-1 oL orx cpx PL-C PL-1 oL oPX 523
$102 54,31  37.35  53.20  51.16 53.69 50,43 37,81 53,77  $1.07 52,06 52,00  37.49  $53.12  SI.I1
AL203 28.45 0.02 2,04 3.32 29,78 31.37 0,02 2.06 3.41 29.04 29,37 0.01 1,98 3.32
7102 0.03 0,02 0.16 0.66 0,03 0.02 0.01 0.08 0,65 0,02 0.03 0402 0.15 0.66-
FEO(T) 0,08 29,07 17,43 655 0.12 0.18 29,32 17,47 6,76 0.12 0.13  29.80  17.51 6.73
MNO 0.02 0.45 0,42 0.22 0,01 0.01 0.37 0.33 0.16 0.03 0.02 0.43 0.36 0.18
MG 0.01  33.91 26,16  14.69 0.05 0.03 34,48 26,33 14.39 0.01 0.00 3,79 26,72 14.98
CAD .21 0.00 0,57  22.56 12,20 14,35 0.02 0.51 22,27 1247 12,76 0,08 0.60 22,50
NAZ0 471 0.02 0,05 0.52 4.38 3,08 0,02 0,02 0,41 4417 4,08 0,01 0,02 0,40
K20 0.23 0.00 0.00 0.00 0.23 0.12 0,01 0.01 0,00 0.20 0.19 0.01 0.01 0,00
CR203 0,00 0,00 0.00 0.10 0.00 0.01 0,00  0.02 0.03 0,01 0.00 0.00 0.00 0,02
3 ND 0,04 5] ND N
cL [} 0.01 » N ND
TOTAL 99.05 100,84 100,03  99.78 100,56  99.57 101.76 100.60  99.35 98.13  98.55 102,57 100,47 99,90
NUMBERS OF IONS . (*10000)
32"0" 4" [ §"0" 320  32"0" 4% sno" [ 32" 32"0" 40" 6"o" 6"o"
81 98864 9957 19365 19003 96672 92042 9913 19435 19032 96196 95724 9853 19268 18963
AL&+ 61036 3 634 997 63172 67536 6 565 967 63244 63720 2 732 1037
ALG+ 0 261 456 k333 530 14 414
T 40 4 44 184 47 2 2 21 184 2 & 4 40 184
23 116 6482 5306 2034 182 277 6480 5280 2107 180 204 6550 5311 2088
N 36 101 129 69 9 19 8 101 52 4% 36 95 110 56
S 26 13476 14193 8133 128 92 13584 14184 8103 26 8 13630 14446 8284
cA 21860 0 222 8978 23536 28591 5 195 8893 24700 25164 4 233 8944
HA 16620 1n 35 376 15292 10795 10 s 298 14932 14460 4 14 287
X 536 2 [ 0 536 279 3 i 2 468 448 3 4 0
53 4 1 o 29 7 13 1 5 8 20 0 0 [} H
¥ - 218 - - -
cL - 10 — - -
TOTAL 199136 30039 40169 40257 199804 199672 30088 40103 40178 199832 . 199808 30145 40272 40262
oR 1,38 WO 1.11 WO 46,73 OR 1,37 OR 0.71 WO 0,99 WO 46,22 OR 1.16 OR 1.12 WO 1,07 WO 46,16
AB 42,59 FO 67,18 FS 27.38 FS 10,95 AB 38,85 AB 27.19 ¥0 67.58 FS 27,23 FS 11.27 AB 37.24 AB 36.10 FO 67.23 ¥S 26.98 FS 11.09
AN 56,03 PA 32,82 ER 71.50 EN 42.32 AN $9.79 AN 72.11 FA 32.42 EN 71,79 EN 42,30 AN 61.60 AN 62,78 FA 32,77 EN 71.86 EN 42,75
HOOD &
BANNO € 853 885 876
WELLS C 825 868 836
SAMPLE NO * 4E~29592TT . [ IE-29592/ v 6G~29498D
MINERAL PL-C PL-T oL oPxX cpx PL-C PL-I oL opx cPx PL-C PL-I(%) oL oPx [
8102 53.92  50.26  38.08 53,5  $2.20 50.93  50.86  38.09  53.79  S51.48 53,00 52,23 37,48 54,08  51.86
AL203 29.27  30.9% 0.00 2.31 2.76 27,89  30.27 0.01 2.42 82 28,90 29,42 0.00 1.88 2.18
TI02 0.01 0.01 0.01 0.14 0.37 245 0,02 0.01 0.20 0.74 0.01 0.03 0,00 0,08 0,31
FEO(T) 0,11 0.27  27.15 16,36 5.81 1.78 0,08  28.45 16,98 6.60 0.16 0,09 26,57 16,46 5.85
MNO 0,02 0.01 " 0.29 0.33 0.15 0,01 0.01 0.40 0.28 0.16 0.01 0.00 0.37 0.36 0.17
MGO 0.01 0.06 36,47 26,89  15.36 0.33 0.01 34,51 26,5 14,81 0.01 0.00 34,95  27.20 15,59
cap 12,32 14,48 0.01 0.63 23,33 11,14 14,03 0,02 0.5 22.56 12,40 12,88 0.0L  0.43. 23,02
NA20 4,32 3.1 0.03 0.02 0,36 4.51 3.62 0.02 0,00 0.44 4.30 3.96 0.02 0.02 0.34
K20 0.23 0.10 0.01 0,01 0.01 0.87 0.09 0.01 0.01 0.01 0.29 0.19 0.00 0.00 0.00
€R203 0.01 0,01 0.01 0.02 0.01 0,02 0.01 0.00 0.01 0.00 0.01 0.01 0,03 0.0t 0.01
3 0,00 D 0.00 ND 0.00 )
oL 0,00 ND 0,00 Np 0.00 D
TOTAL 100,21 99.24 10206 100.27  100.36 99.91 99,00 101,52 100.77 100.60.  99.05  98.81  99.43 100,50  99.30
32%" 3270 anon 60" omo" 32%0" 320" 4" sro" 670" 32" 32mo® 4ron 670" 670"
s1 97302 92324 9944 19336 19201 93786 93554 10035 19354 18933 96976 95840 10017 19466 19295
AL4+ 62322 670644 0 664 799 60514 65623 4 645 1066 62316 63620 [ 534 705
ALG+ 319 401 0 381 389 [ 264 237
Ee 14 2 39 104 3424 27 2 54 204 10 4 1 21 86
1 160 404 5929 4939 1789 2774 1 6268 5109 2031 238 144 5938 4951 1821
£ 36 15 64 103 46 16 15 89 85 ] 12 0 83,00 101.00  53.00
M 8 126 14096 14467 8623 912 27 13551 14234 8118 0 13923 14593 8645
cA 23831 2853 5 246 9194 21963 27650 [ 208 8882 24296 25340 3 165 9176
NA 13111 11052 16 17 257 16108 12911 10 0 3 15236 14092 1 14 245
K 532 215 1 2 s 2056 211 3 4 4 662 448 0 1 1
o 7 1 3 2 26 14 10 2 1 8 20 6 2 2
F ] - - - - -
oL 0 - - - - -
TOTAL 199324 199743 30059 40137 40221 201579 200033 29978 40076 40188 199760 199348 29982 40112 40266
OR 1.35 OR 0,54 WO 1.24 WO 47.26° OR 5.17 OR 0.52 FO 67.18 WO 1.05 WO 46.55 OR 1.65 OR 1,13 HO 0,83 WO 46,59
AB 38,29 AB 27.76 FO 70.20 FS 23.32 FS 9.50 AB 40.135 AB 31.66 PA 32.82 FS 26.46 FS 10.90 AN 37,84 AB 35.36 FO 69.81 FS 25.52 FS 9,51
AR 60,37 AN 71.69 FA 29.80 EN 73.23 EN 43,28 AN 54.69 AN 67,82 BN 72.49 EN 42,56 AN 60.45 AN 63.51 FA 30.19 EN 73.64 EN 43.90
WOOD &
BANNO C 852 889 859
WELLS ¢ 814 869 823




TABLE 1 (continued)

SAMPLE NO Vo5 P29 3964~ -t 4 7F~29397E ' ' 7G-29600A-——-—cemmmmnt
MINERAI, PL-C PL-I(*) oL oPx PL~C PL-Y oL oPX cPx PL-C oL oPx [H23
$102 $2.97  52.87  38.73 33,97 $2.99 52,06 38,21  54.79  52.01 52,53 37.64 53,65  50.65
AL203 28.92 29.28 0.01 2.00 29.07 29,92 0.00 1.76 2,81 28.96 0.00 2.48 4,15
T102 0.03 0.02 0,02 0.12 0.02 0.01 0.01 0.08 0.52 0.02 0.03 0.21 0.92
FEO(T) 6.15 0.19  27.13  16.50 0.19 0.16  27.18 16,25 6.65 0.18  25.48 15,86 6.36
MNO 0.02 0.07 0.42 0.35 0.01 0.01 0.37 0.38 0.19 0.01 0.33 0.30 0.17
MGO 0.01 0.00  35.80  26.86 0.02 0.00  35.79 27,30  15.64 0.05  35.53  27.34  14.74
CAO 12,46 12,98 0.01 0.53 12,42 13.49 0.02 0.40 22,25 12,40 0.01 0.71  22.20
A0 6,24 3.88 0.02 6.02 4,20 3.68 0.02 0.02 0.28 411 0.03 0.02 0.46
K20 0.21 0,20 0.00 0.00 0.30 0.22 0.01 0.00 0.00 0,23 0,01 0.00 0.00
CR203 0.01 0,00 0.00 0.01 0.03 0.00 0.02 0.02 0.00 0.02 0.01 0,06 0.10
F ND ND ND wm
cL KD ND ND ND
TOTAL 98.98 99,49 102.14  100.38 99.25  99.53  101.63 101.00 100,35 98.48  99.07 100.63  99.75
NUMBERS OF IONS (*10000)
320" 327" 4mo" 6"o" 32%t  32"0" 4™ 6"o" 6"o" 32"o" 4uon 6"0" (3
ST 96942 96364 10064 19459 96784 94974 9997 19581 19155 96632 10042 19263 18782
AL+ 62376 62908 541 62572 64392 64 419 845 62784 0 737 1218 .
ALG+ 3 309 7 323 374 0 s 593
I 36 28 4 32 28 8 2 21 1464 26 6 55 2%
FE2+ 228 284 5896 4975 284 241 5947 4856 2048 274 5685 4763 1972
MN 22 116 92 0 12 16 82 0 59 20 75 %0 53
MG 36 0 13865 14435 56 9 13956 14542 8585 138 14129 14629 8149
cA 24382 25344 3 212 24312 26394 6 153 8780 26436 3 272 8819
NA 15058 13716 11 14 14860 13009 10 14 199 14670 16 15 329
K 488 464 4 1 696 509 .3 1 1 524 3 2 4
CR 10 0 1 2 40 0 4 1 1 18 2 17 30
F - — — —
cL - -— — -
TOTAL 199578 1992246 29953 39980 199644 199552 30078 39511 40191 199520 29961 40158 40205
OR 1,23 OR 1.18 WO 1,08 OR 1.75 OR 1.27 WO 0.78 WO 45.22 OR 1.33 o 1.38 MO 46.43
AB 37.72 AB 34,70 FO 70,26 ¥S 25.35 AB 37,28 AB 32.59 FO 69.84 FS 24.84 FS 10,53 AB 37.00 FO 71.04 FS 24.57 ¥S 10.66
AN 61.06 AN 64,12 FA 29,76 EN 73,56 AN 60,97 AN 66,13 FA 30.16 EN 74,37 EN 44,22 AN 61.68 FA 28.96 EN 74.06 EN 42,90
wooD &
BANNO € 933 905
WELLS ¢ 920 879
' 26-29301
-C: " .12 reumul Ta Tase;
PL-C PL-1 oL oPx orx P1-C: cumulus plagioclase; Pl-1: inte us plagioc H
Pl.I*: cores of grains
52,80  49.98  38.24  53.75  49.95
28.98  30.69 0,03  2.04 4.1 Temperatures (in 2°C) calculated from the thermometers of
0.04 0.01 0.00 0.07 0.83 Wood & Banno, and Wells.
0.16 0.19  27.50  16.39 7.13
0.02 0.03 0.31 0.33 0.17
0.01 0,11 36,02 27.25  14.74
12,32 14.35 6.02 0.37  21.73
4.31 3.1 0.02 0.03 0.46
0.25 0.16 6.00 0.01 0.01
0.01 0.01 0.01 0.01 0.02
6,01 0.03
0.00 0.00
98.89  98.67 102.15 100.23  99.13
32%"  327Q" avon Py erot
96772 92391 9962 19399 18709
62597 66865 8 601 1291
267 520
s2 23 1 19 236
243 318 5991 4944 2230
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The various lithologies of the St-Henri-de-Taillon
segment share the following petrographic characteris-
tics: on an altered surface, the rocks are pale grey,
but where fresh they are black. Generally they are
plagioclase cumulates, and the plagioclase, depend-
ing on rock type, may vary in size from <1 cm to
50-70 cm across. The very coarse-grained plagioclase
occurs in the anorthosite, whereas in the leucotroc-
tolite (troctolite), the plagioclase is generally smaller
(1to 5 cm). Late crystallization of the mafic minerals
has produced a subophitic or ophitic texture and, less
commonly, oikocrysts. If classified according to per-
centage of postcumulus material (Irvine 1982), the
rock types range from plagioclase adcumulates
(0-7%) to plagioclase mesocumulates (7-25%).
Some plagioclase (-olivine) orthocumulates
(25-50%) also are observed, but they are not com-
mon. These percentages may be skewed because
adcumulus growth around the plagioclase cannot be
identified either with the microscope or the
microprobe.

The intercumulus mineralogy of the rocks is
simple; where the content of mafic minerals is high
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(> 10%), near-cotectic crystallization of intercumu-
lus phases is clearly evident. Six intercumulus
minerals are always present. In order of decreasing
abundance, these minerals (see Table 1 for details)
are: zoned plagioclase more calcic than the cumulus
plagioclase, olivine, orthopyroxene, clinopyroxene,
oxide (Ti-rich magnetite with exsolved spinel and
ilmenite) and apatite. Traces of brown hornblende
and biotite appear as spotty overgrowths on mafic
minerals. Al-rich orthopyroxene megacrysts (6-8%
Al,0;) with plagioclase lamellaec are locally
observed in all lithologies; these megacrysts cor-
respond to Emslie’s (1975) type-1 megacryst.

PETROGRAPHY AND MINERALOGY

A set of 11 samples has been selected to illustrate
a composite cross-section of the St-Henri-de-Taillon
segment (Fig. 2, traverses AA’, BB’). Special care
was taken to select specimens without mesoscopic
traces of deformation, and with minimal recrystal-
lization or alteration visible under the microscope.
The sample selection was made to reflect predefor-

/ [ @ JFe-Tioxide
117 cumutus plagiociase

Intercumulus plagioclase

Interprecipitate —
Gabbroic Liquid

| .

F1c. 4. Schematic representation of the texture of the trapped gabbroic liquid between
cumulus plagioclase crystals (drawn from a thin section).
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mation characteristics of the rocks.

The rock types investigated are leucotroctolite and
anorthosite, with plagioclase as the only cumulus
phase. The texture of the intercumulus mineralogi-
cal assemblages (olivine gabbro) shows that the cor-
responding intercumulus liquid was close to a cotectic
plagioclase-olivine curve (see Fig. 4). Composition-
ally, this trapped liquid strongly resembles the
leucotroctolitic-troctolitic ovoidal pockets previously
described. This is a clear indication that this texture
can be observed at various scales.

The compositions of the main minerals were deter-
mined at McGill University with an automated
Cameca microprobe. An accelerating potential of 15
kV and an emission current of 7 nA were standard
conditions. Data were corrected on-line for atomic
number, fluorescence and absorption effects accord-
ing to the ZAF procedure and referred to a suite of
synthetic and natural standards. In general, for
homogeneous unknown minerals, 3 to 5§ spot ana-
lyses (1-um beam) were performed on a single grain
and averaged. At least 3 grains of the same mineral
were measured per sample. For plagioclase, which
locally is optically zoned, at least 5 spot analyses with
a 5-um beam were performed from the center to rim
of the grains.

THE CANADIAN MINERALOGIST

For the two traverses (Fig. 2), a plot of the aver-
age compositions versus their vertical stratigraphic
position showed no evidence of cryptic layering. Only
slight local chemical variations were registered in the
cumulus plagioclase and in the intercumulus
minerals.

Plagioclase

Three different types of plagioclase are evident
microscopically: cumulus plagioclase, intercumulus
plagioclase and recrystallized plagioclase. They show
significant chemical differences (Table 1, Figs. 5, 6).

Plagioclase, the only cumulus mineral in the
samples, has not retained a tabular shape except
where in contact with mafic minerals. Only rare
examples of normal zoning have been observed, but
lack of recognition of adcumulus growth prevented
distinction between primocrysts and postcumulus
overgrowth. Possibly the adcumulus rims were partly
or totally blurred by internal strain or by diffusion.
At the scale of a thin section the highly strained state
of some of the grains is indicated by warped, bent
or, in some cases, kinked crystals. Despite the
absence of observable adcumulus growth, significant
amounts of plagioclase may have been produced by

MOLECULAR 7

PLAGIOCLASE

® INTERCUMULUS

a AVERAGE INTERCUMULUS
* AVERAGE CUMULUS

= RECRYSTALLIZED

Fi1c. 5. Ranges of composition of plagioclase in terms of An, Ab and Or, in samples from the St-Henri-de-Taillon sec-

tor of the LSJA.
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such a process, particularly in plagioclase-rich frac-
tions of the rocks.

A second generation of reversely zoned primary
plagioclase, which commonly occurs in the inter-
cumulus spaces, is approximately 10 to 15 times
smaller in size than the 1- to 3-cm cumulus crystals.
The pattern of zoning and smaller size of second-
generation plagioclase distinguish it from the larger,
optically homogeneous cumulus plagioclase (Figs.
4,5,6).

Secondary plagioclase derived by recrystallization
of the primary phase is not common because sample
selection was strongly biased in favor of the least
recrystallized specimens. However, one slightly
deformed sample was retained and analyzed for com-
parison. At the scale of a thin section, recrystalliza-
tion of the plagioclase began with the development
of thin zones of polygonized grains at the border of
cumulus crystals; heterogeneous deformation locally
produced a mortar texture. Recrystallized plagioclase
is easily distinguished from the others by its small
size, its optical homogeneity, and triple-point con-
tacts among the grains.,

The composition of cumulus plagioclase is nearly
constant from core to margin (e.g., Angy to Ang,;
Fig. 6). In each grain, the interval of values is within
the range of analytical uncertainty and presumably
representative of the original primocryst composi-
tion. The An content increases slightly (to Ang) in
a zone 100 to 150 ym in width, where the cumulus
plagioclase is in contact with intercumulus
plagioclase which, as described below, has a more
calcic rim.

The core of the intercumulus plagioclase has an
average composition between Ansy to Ang, which
is not significantly higher than that of the cumulus
crystals. The grains are reversely zoned; the outer
shell, which accounts for approximately half of the
volume, shows a sharp increase of 10 to 30 mole %
compared to the relatively homogeneous core (Figs.
4,5,6). The difference in chemical composition
between cumulus and intercumulus plagioclase of
three representative crystals from different strati-
graphic levels is presented in Figures 5 and 6.

The recrystallized (i.e., granoblastic) plagioclase
has a lower An content (Anss,) than the
undeformed plagioclase (Ang 7). As only one
deformed sample was analyzed (Fig. 5), it is not
definite that the drop in An content represents a thin-
section, mesoscopic or regional-scale phenomenon.

Olivine

Olivine is the second most abundant mineral. As
an intercumulus phase, the olivine (~Fog) is locally
surrounded by generally unrecrystallized, nonradial
partial rims (0.1 to 0.3 mm in width) of orthopyrox-
ene, clinopyroxene, or both. There is no evidence of
subsolidus reaction between olivine and plagioclase.
Results of the microprobe analysis of coexisting
intercumulus olivine and two pyroxenes are presented
in Table 1.

Another texture commonly noted is the local
development of a thin partial (or, rarely, complete)
corona (50 to 100 um in width) that consists of an
inner shell of radial crystals of orthopyroxene and
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Pyroxenes

Orthopyroxene and clinopyroxene are less abun-
dant than olivine, and commonly form a partial rim
around it (Fig. 4). In a few samples, the pyroxenes
are intergrown with plagioclase crystals in a
subophitic texture. However, the presence of
orthopyroxene around olivine may locally indicate
a peritectic reaction with the intercumulus Liquid.
Micrometer-size exsolution lamellae in the
clinopyroxene illustrate the retention of the magmatic
texture (Jaffe et al. 1975).

The compositions of the pairs clinopyroxene
(~Wo,s-En,s) - orthopyroxene (~En,) that sur-
round the olivine crystals are plotted (Fig. 7) in the
pyroxene quadrilateral. These points do not plot on
the crystallization trend for the ‘“Grenville anortho-
sites and related rocks’’, as defined by Bohlen &
Essene (1978), because the pyroxenes are not cor-
rected for the effects of exsolution; they best fit a
wider solvus (Fig. 7) approximately defined by the
pyroxenes of the undeformed Harp Lake complex

of the Nain Province and the Bjerkrem-Sogndal
lopolith of the Dalslandian Province of Norway
(Duchesne 1972, Emslie 1980).

Temperatures calculated using 19 pairs of pyrox-
enes yield an average of 882+ 37°C (Wood & Banno
1973) and 857° £49°C (Wells 1977). These temper-
atures are intermediate between metamorphic and
magmatic conditions, taking into account that the
accuracy of these geothermometers is approximately
+70°C within the calibrated range. Lindsley’s
geothermometer (Lindsley 1983, Lindsley & Ander-
sen 1983) could not be applied because the percen-
tage of cations other than Fe, Mg and Ca in our com-
positions exceeds the normal values for a projection
in the pyroxene quadrilateral.

DISCUSSION

The St-Henri-de-Taillon segment of the LSJA
massif has a transect, 10 km in length, of nearly
undeformed anorthositic-leucotroctolitic layered .
rocks. As indicated by the structures and textures of
the rocks, the plagioclase-rich composition of these
rocks resulted from concentration by mechanical and
chemical processes. Therefore, the volume of magma
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from which these minerals were derived must have
been very large. Direct and indirect evidence tends
to single out a basaltic magma as the main source
for the genesis of anorthosite massifs (see the reviews
by Emslie 1978, 1985, Morse 1982, Duchesne 1984).
In the Lac-St-Jean area, the only field evidence of
abundant mantle-derived magma is provided by the
metabasaltic-metadioritic dykes (amphibolite II
dykes; Woussen ef al. 1981, 1986). These dykes
intruded the gneiss complex, predate the emplace-
ment of the LSJA massif, and have a large regional
extent. The dykes, which characterize the central and
northeastern Core Zone of the Grenville Province,
clearly indicate a post-Hudsonian and pre-
Grenvillian extensional event (Woussen ef al. 1981,
1986, Dimroth et al. 1981, Owen 1982). The regional
abundance and composition of the amphibolite II
dyke-swarms are considered to be evidence that the
dykes possibly had the same magmatic source as that
from which the LSJA massif was derived. If this
hypothesis is correct, the problem of how to enrich
basaltic magmas sufficiently strongly in aluminum
in order to extract the proper amount of plagioclase
to form “‘massif anorthosites”’ still remains (Emslie
1978, 1985, Morse 1982).

Our detailed analysis of the petrography and
mineralogy of the rocks of the St-Henri-de-Taillon
area addresses four types of problems related to this
layered sequence.

High An content of plagioclase

The plagioclase in anorthosite massifs of the Gren-
ville Province has been reported to range in compo-
sition from An,; to Ang, (Anderson & Morin 1969),
but Morse (1972) has reported values from An,, to
Ang, in the Nain massif. Therefore, we agree with
Romey (1968) that the distinction between layered
anorthosite massifs, particularly those of the Gren-
ville Province, and the stratiform complexes of the
upper crust (e.g., Skaergaard) based on An content
of plagioclase is tenuous. Probably a gradation in
conditions of formation exists between these two
types of intrusive bodies.

Constancy of plagioclase compositions
and large volume of cumulus plagioclase

Basaltic magma ponded at the crust-mantle inter-
face precipitated mafic phases, and became progres-
sively enriched in plagioclase components (Emslie
1978, 1985). Because of a cotectic shift toward
plagioclase at increased pressures, the magma, upon
rising into the crust, was in the plagioclase field until
the olivine-plagioclase cotectic was reached at lower
pressure. Because of isothermal growth of the
phenocrysts during the rise of the magma, this
mechanismm may explain the large size of the
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plagioclase crystals and their near-constant compo-
sition.

The near-cotectic composition of the cumulus
plagioclase-olivine pairs

The mechanism stated above also accounts for the
near-cotectic proportion of olivine and plagioclase
in the channelways between cumulus plagioclase.
Cotectic conditions could have been attained when
the magma, laden with plagioclase crystals, settled
under conditions of near-constant pressure.

Strong reverse zoning of the intercumulus plagioclase

The origin of reverse zoning in cumulus or inter-
cumulus plagioclase is still debated. Dymek & Gro-
met (1984) proposed that reverse zoning in inter-
cumulus plagioclase resulted from decomposition of
components contained in orthopyroxene. As ortho-
pyroxene is a very minor phase in our rocks, this
hypothesis does not explain the observed texture.
Morse & Nolan (1984) rejected the possibility of sub-
solidus reaction(s) and argued that the reversal may
develop during intercumulus growth, as the parti-
tion coefficient of the An component between
plagioclase crystals and liquid is known to increase
with the augite component of the trapped liquid. If
augite is present in the rocks, which is the case in
90% of our samples (Fig. 4), this mechanism seems
to be the most plausible.

As to the subsolidus evolution of the rocks, the
temperatures indicated by the Wood & Banno and
Wells geothermometers compare with those obtained
for the Morin anorthosite (J. Martignole, unpubl.
data), the Bjerkrem-Sogndal lopolith (Rietmeijer &
Champness 1982), and the Egersund-Ogna anortho-
site (Maquil & Duchesne 1984). These temperatures
probably reflect a common type of subsolidus evo-
lution even if the absolute values of the temperatures
may not be reliable. It is stressed that some of the
rocks have been considerably modified by subsoli-
dus recrystallization, by deformation, or both. The
most conspicuous effect of alteration is the develop-
ment, common in olivine-rich layers, of an
orthopyroxene-amphibole corona having an outer
shell of spinel-quartz symplectite. However, whether
these textures originated by prograde regional
metamorphism or retrograde, more or less isobaric
cooling, is not known.

CONCLUSIONS

The following conclusions can be drawn from this
study: 1. The St-Henri-de-Taillon segment of the
LSJA massif, anorthositic-leucotroctolitic in com-
position, originated by cumulus processes.

2. The absence of a significant trend, either in oli-
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vine or pyroxene compositions, shows that the St-
Henri-de-Taillon area probably represents a minor
section through an enormous layered mass resulting
from the intrusion of several pulses of magma.

3. Large crystals of cumulus plagioclase of near-
constant composition grew from a liquid with near-
cotectic proportions of plagioclase and olivine. This
texture may have resulted from the ascent of a cotec-
tic leucogabbroic magma enriched in plagioclase.
Owing to the shift of the cotectic line of the
plagioclase — mafic minerals at high pressure, decom-
pression caused protracted precipitation of the
plagioclase. When the conditions became nearly iso-
baric, cotectic crystallization of plagioclase and oli-
vine followed.

4. Strong reverse zoning in the intercumulus
plagioclase is best explained by the Morse-Nolan
hypothesis.

5. The segment of the LSJA described here shares
more features with layered complexes than with the
ill-defined “‘massif-type’’ of anorthosite.
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