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partie granophyrique sommitale semble pro-
venir du mélange entre le magma gabbro-
noritique et les sédiments selon un méca-
nisme comparable a celui décrit par Nadeau
(1984) dans un autre filon-couche (le “No
Name Sill") de la bande du Cap Smith.
L'intrusion Roméo 2. Le présence de pla-
gioclase etd’olivine en phase cumulus dans
la séquence basale évoque un liquide primi-
tif probablement plus évolué que celui a
I'origine de la séquence ultramafique de
Roméo 1. De plus, elle suggére que les
intrusions Roméo 1 et 2 correspondraient
a deux injections magmatiques indepen-
dantes. Les données actuellement disponi-
bles évoquent des mécanismes de cristalli-
sation analogues a ceux du filon-couche
Roméo 1. Toutefois, la présence de globules
de composition ultramafique dans la sé-
quence gabbroique indique l'intervention de
mélanges entre une masse ultramafique
semi-consolidée et le liquide résiduel de
composition gabbroique provoquant le pié-
geage de xénolithes ultramafiques (les glo-
bules) dans le gabbro. Cette observation est
insuffisante pour conclure a I'existence de
plusieurs injections magmatiques. Les re-
sultats obtenus sur le filon-couche Romeo 1
évoquent plutét I'influence de courants
magmatiques qui auraient arraché des
lambeaux de la partie supérieure de la
séquence péridotitique. De tels courants
magmatiques dans le systéme Romeo 1
pourraient également fournir une explica-
tion sur la présence de fragments sédimen-
taires dans la pile gabbroique et sur les
contacts abrupts observes entre les diffe-
rents faciés.

Conclusion

Plusieurs observations macro- et microsco-
piques plaident en faveur d'une origine
magmatique multiphasée pour les filons-
couches Roméo 1 et 2. Cependant, les va-
riations cryptiques de I'olivine et du clino-
pyroxéne et I'étude comparée de la bordure
figée inférieure et de la composition pondé-
rale du filon-couche Roméo 1 montrent que
cette intrusion résulte de la différenciation
par des processus d'accumulation et de
cristallisation in situ d'un seul liquide mag-
matique, syngénétique de la mise en place
des basaltes komatiitiques a olivine du
Groupe de Chukotat. Malgré l'insuffisance
de données, la comparaison des filons-cou-
ches Roméo 1 et Roméo 2 indique qu'il est
probable que ce dernier résulte également
d'un seul cycle de différenciation mais a
partir d'un liquide parent vraisemblable-
ment plus évolué. Des résultats analogues
obtenus sur le No Name Sill, intrusif a la
base des basaltes du Groupe de Chukotat
(Nadeau, 1984), et sur le filon-couche Delta
(Desroches, 1988; Picard et Giovenazzo,
sous presse) conduisent & admettre 'idée
que les processus mentionés ci-dessus
peuvent se généraliser (avec quelques

variantes) a la plupart des filons-couches
différenciés de péridotite-gabbro de la
bande du Cap Smith. Les travaux en cours
permettront de quantifier ce modeéle et de
I'appliquer pour expliquer le comportement
des éléments du groupe des platinoides
dans les séquences ultramafiques a
mafiques.
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Summary

A sequence of rocks representing obducted
oceanic crust (an ophiolite) has been identi-
fied in the Cape Smith Belt. The physical and
chemical nature of this 1998 Ma ophiolite is
similar to rocks from Phanerozoic ophiolites
and modern oceans, implying that tectonic
processes similar to those operating today
were active nearly two billion years ago. At
that time, northern Quebec may have been
tectonically similar to the modern Red Sea.

Résume

Une séquence de roches caractérisant une
crolte océanique obductée (une ophiolite) a
été identifée dans la bande du Cap Smith.
Les aspects physiques et chimiques de
cette ophiolite datée a 1998 Ma sont sembla-
bles a ceux des ophiolites phanérozoique et
des océans modernes. L'implication est que
les processus tectoniques modernes sont
semblables a ceux qui étaient actifs il y a
deux milliards d'années. A ce temps la, le
nord du Québec était peut-étre similaire a la
mer Rouge actuelle.
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Introduction older 1998 Ma (Parrish, 1989 - this issue, ments do not appear to contain lithic frag-
The presence of obducted oceanic crust (an p. 126-130) obducted ophiolite (Watts Group) ments of volcanic origin, as might be ex-
ophiolite) in Phanerozoic orogenic belts is (see St-Onge et al., 1989 - this issue, pected had an exposed volcanic arc been
generally taken as strong evidence in favour p. 119-122). The tectonically dismembered active during Spartan Group sedimentation.
of plate tectonics. The apparent lack of pre- Purtuniq ophiolite (Figure 1) has been meta-

served ophiolites in older mountain belts has morphosed up to mid-amphibolite-facies, Flows and dykes

been used as an argument against such pro- with a variable greenschist-facies retro- The flows of the Watts Group in the study
cesses. The recognition of all of the classical grade overprint. The principal igneous strati- area (Figure 1) are tholeiitic, with chondrite-

ophiolitic crustal rock types (e.g., layered graphic components (Watts Group),

from normalized rare earth element (REE) pat-

mafic- and ultramafic cumulates, “sheeted” bottom to top, are: (1) ultramafic and mafic terns that are flat at 10 x chondritic abun-
mafic dykes, pillowed volcanics, and deep- cumulates; and (2) sheeted mafic dykes dance. This REE pattern resembles that of
water sediments) in two billion year-old rocks passing upward in a continuous sequence modern N-MORB (Scott et al., 1988). The
from the Cape Smith Belt, northern Quebec, into dominantly pillowed mafic flows and thin interpretation of the basalts as oceanic is
is compelling evidence in favour of modern- sills. This presumed stratigraphic order has supported by their Nd isotopic compositions
style plate tectonic processes having been been inverted by tectonic imbrication, such (Hegner and Bevier, 1989 - this issue, p. 148-
operational in the early Proterozoic. The ex- that the cumulate thrust sheets presently 151). The sequence is dominantly pillowed,
ample of old oceanic crust from northern overlie sheets containing the dykes and although thicker massive flows and thin sills
Quebec may provide an analogue for the flows (Figure 1). are also present. Interflow sediment is only
origin of some Archean *‘greenstone” belts. The Spartan Group (Figure 1) is a se- rarely observed. The facing direction of the
The Cape Smith Thrust Belt preserves the quence of sediments that are structurally pillows indicates that the sequence is
imbricated and southward-tranported rem- sandwiched between the Watts and Chu- upright.
nants of: (1) a ca. 1960 Ma (Parrish, 1989 - kotat Groups. It is characterized by deep- The associated sheeted dykes (Figure 2a)
this issue, p. 126-130) north-facing conti- water graphitic pelites coarsening upward occur at the base of the principal mafic
nental rift margin (Povungnituk Group); (2) into semi-pelites with sandstone turbidites, thrust sheet. They are most extensively de-

younger (ca. 1920 Ma; Parrish, 1989 - this and eventually into distal fan deposit

s (St- veloped, and were sampled exclusively at a

issue, p. 126-130) transitional- to MORB-like Onge and Lucas, in press). The origin of the locality approximately 5 km due east of lac

volcanics (Chukotat Group, Hynes and Fran- sediments remains enigmatic. However, Watts. Individual dykes are 20-50 cm wide.
ci§, 1982; Picard, 1986, 1989); and (3) an within the study area (Figure 1), the sedi- Half-dykes, showing only one chilled margin,
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Figure 1 Simplified geological map of the eastern portion of the Purtuniq ophiolite, Cape Smith Belt
(Modified from St-Onge et al., 1988)

. northern Quebec. AH, former Asbestos Hill mine at Purtuniq.
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are present, but do not make up a large
proportion of the population. The dykes are
tholeiitic, and have been subdivided into two
distinct populations on the basis of their
trace element content. One population is
characterized by flat, chondrite-normalized
REE patterns that are 10 x chondrite; these
are interpreted as being chemically similar
to N-MORB. The other population shows a
relatively strong enrichment in light REE
(LREE) (La,/Luy up to 20) and other incom-
patible trace elements, and resemble E-type
MORBSs. In addition, the two populations are
also recognized as having distinct Nd iso-
topic signatures (see Hegner and Bevier,
1989 - this issue, p. 148-151). Field relations
at the above locality indicate that the two
populations occur in roughly equal propor-
tions and intrude each other, suggesting
that emplacement of the two populations
was coeval. Similar compositional variations
between demonstrably coeval dykes have
been documented in sheeted dyke swarms
in Phanerozoic ophiolites (J. Malpas, pers.
comm., 1989, e.g., Troodos, Cyprus, Bar-
agar et al., 1987).

The stratigraphic transition from the
sheeted dyke complex into the overlying
volcanic sequence occurs over a thickness
of approximately 150-200 metres. Thin, fine-
grained massive flows or thin sills directly
overlie the zone of 100% dykes, and are
themselves cut by individual dykes of similar
composition and orientation as the underly-
ing sheeted dykes. A gradual transition oc-
curs passing stratigraphically upward from
dykes to massive flows cut by dykes, and
finally to pillowed flows. Overall, the propor-
tion of dykes decreases up-section until they
are virtually absent in the pillowed flows.
The total preserved stratigraphic thickness
of dykes and overlying flows is approx-
imately 3000 metres. This mafic sequence
(south end of lac Watts, Figure 1) is thrust-
bound at top and bottom. As a result, the
stratigraphic contacts with either the overly-
ing sediments or underlying crustal cumu-
lates are not observed.

Figure 2 (a) Sheeted mafic dykes. Note that out-
crop is 100% dykes, dipping steeply to the east
(right-hand side of photograph). Length of hammer
is 34 cm.

Mafic and ultramafic crustal cumulates
Ultramafic cumulates occur as (1) deci-
metre- to kilometre-scale stratigraphic
bodies within the mafic cumulates; or (2)
thrust-bound lozenges at the base of mafic
cumulate thrust sheets. Preserved relict
layering is defined by variations in abun-
dance of olivine and clinopyroxene. Modal
grading in the layers and textures observed
in thin-section suggest a cumulate origin for
these rocks. Individual layers range in thick-
ness from millimetres to tens of metres, with
the lateral extent of layers ranging from
metres to tens of metres, depending on layer
thickness (Figure 2b).

Two texturally distinct olivine populations
are recognized in the ultramafic cumulates.
Relict igneous grains range from Fo92 to
FoBO. This population appears to record
variations in magma composition, and
shows a first-order correlation toward de-
creasing Fo content passing stratigraphical-
ly upward in the sequence. The second
population consists of neoblastic meta-
morphic olivines (Fo96 to Fo99) which are
restricted in occurrence to areas of highest
metamorphic grade. The extremely Mg-rich
nature of this population suggests that some
alteration (serpentinization?) may have
taken place prior to metamorphism. Chro-
mium-rich spinels, with iron-rich meta-
morphic overgrowths, are commonly pre-
served in olivine-rich layers despite almost
complete serpentinization of the host rock.
Analysis of preserved primary clinopyroxene
grains indicates that it is diopside, with Cr,04
content ranging from 0.5 to 1.5 wt.%. The
compositions of the primary igneous phases
are comparable to those reported for the Bay
of Islands complex of western Newfoundland
(Smith and Elthon, 1988), which is generally
accepted as having formed in a mid-ocean
ridge-type setting (Pearce et al., 1984).

Layered matfic rocks (Figure 2c) are vol-
umetrically the most extensive unit in the
ophiolite (Figure 1). The compositional layer-
ing in the mafic cumulates varies from centi-
metre- to metre-scale, and is defined by

(b) Ultramalic cumulates, characterized by meta-
morphosed olivine- (light) and clinopyroxene-rich
(dark) layers. Length of pen is 15 cm.

modal variations of primary clinopyroxene
and plagioclase between clinopyroxenite
and anorthosite end-members. Overall, gab-
broic compositions are the most common,
although anorthositic gabbros can locally
form laterally extensive stratigraphic
bodies. Where observed, the stratigraphic
transition from ultramafic- to mafic cumu-
lates occurs gradationally, over an approx-
imately 100 metre thick interval. The
cumulate nature of the mafic rocks is sug-
gested by the gradual stratigraphic transi-
tion from the ultramafic cumulates (e.g.,
southern synformal structure, in the vicinity
of riviere Déception, Figure 1). The plagio-
clase-clinopyroxene modal layering and
fine-scale textures observed in less de-
formed examples are best explained by
cumulus crystallization. The crystallization
sequence, inferred from the gross cumulate
stratigraphy, is olivine + spinel >
clinopyroxene > plagioclase. Orthopyrox-
ene is not observed in the cumulate se-
quence. Its absence argues against an
island arc tectonic setting for the ophiolite
(Pearce et al., 1984).

An extensive body of non-layered clino-
pyroxenite is found on the west side of lac
Watts (see Figure 1). The presence of
layered gabbro xenoliths at the margins of
the clinopyroxenite body suggests that it is
intrusive. Its strongly LREE-depleted nature
distinguishes it chemically from conform-
able clinopyroxenite bodies which constitute
layers in the cumulate sequences.

Rare earth element analyses indicate that
the layered cumulates vary from LREE-de-
pleted to slightly LREE-enriched. However,
samples from within any one thrust sheet are
either LREE-depleted or enriched. This sug-
gests the possibility that the products of at
least two magma chambers, each reflecting
a chemically different source, are now tec-
tonically juxtaposed. The two populations
have distinct Nd-isotopic compositions
(Hegner and Bevier, 1989 - this issue,
p. 148-151), and may correlate directly with
the two observed dyke populations.

(¢) Mafic cumulates, characterized by meta-
morphosed plagioclase- (light) and clinopyroxene-
rich (dark) layers. Length of pen is 15 cm.



Geoscience Canada

Primary igneous textures, such as com-
positionally graded layering, are generally
better preserved in the ultramafic cumulates
than in the mafic cumulates. In addition,
ultramafic cumulates commonly show cleav-
ages cross-cutling primary layering. Con-
versely, the mafic cumulates tend to have a
transposed, (tectonic) compositional layer-
ing that appears to preserve primary varia-
tions in mineralogy. Preserved bedding-
cleavage relationships and folds in ultra-
mafic cumulates suggest that early, obduc-
tion-related deformation may have occurred
prior to the late thrusting, penetrative bulk
shear deformation and amphibolite-grade
metamorphism that is recorded in the mafic
cumulates.

Tectonic interpretation
The older age of the ophiolite (1998 Ma) with
respect (o the rift sequence (ca. 1960 Ma})
precludes ils interpretation as part of a
south-to-north progression from rift to
oceanic crust. Two possible explanations for
the older ophiolite age are: (1) it may have
developed in a separate basin, outboard
from the rift margin, or (2) it may be an along-
slrike equivalent segment to the younger rift
margin sequence that has been subse-
quently juxtaposed against a younger pof-
tion of the margin by transpression. In the
first scenario, the two basins must be sepa-
rated by some form of crust. If the Chukotat
Group is part of the younger basin, only the
Spartan Group sediments separate the two
basins at present. However, depositional
basement 10 these sediments is not ob-
served. In the second scenario, a paleotec-
tonic setting such as the modern Red Sea
rift is suggested. There, within a single
basin, continental rifting and mid-ocean
ridge spreading are occurring coevally over
an along-strike distance of several hundreds
of kilometres (Cochran and Martinez, 1988).
In the Red Sea, the earliest truly oceanic
rocks are approximately 5 million years
older than the youngest continental rifting.
if the oldest oceanic rocks were subse-
quently juxtaposed against the youngest rift
deposils as a result of transpressive defor-
mation, then a structural sequence with the
same relative age relationships as observed
in the Cape Smith Belt would be produced.
Evidence of subduction-related magma-
tism is not present in the eastern portion of
the ophiclite. The Watts Group flows are
clearly similar to N-MORB. They are not
enriched in large-ion lithophile elements, as
would be expected for an island arc setting.
The observed paucity of plagicgranitic/diori-
tic intrusions is consistent with a non-sub-
duction-related origin for the Purtuniq
ophiolite. The relatively distal nature of the
preserved sedimentary rocks in the lac
Walls area supports a quiet-basin origin for
the sequance. The Watts Group is best inter-
preted as crust produced at an oceanic
spreading ridge for several reasons: (1} field
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relations, such as the stratigraphic transi-
tion from sheeted dykes to pillow basalts,
and the inferred stratigraphic association of
the basalts with the malfic-ultramafic cumu-
lates; and (2) the chemistry of the magmatic
units. It is not possible here to distinguish
between a restricted, back-arc setting or a
larger, oceanic setting on the basis of chem-
istry (Hawkins, 1980). Concomitant SM-Nd
isotopic studies on the magmatic units of the
ophiolite (Hegner and Bevier, 1989 - this
issue, p. 148-151) support this interpretation,
in that the isotopic data suggests that the
time-intergrated source for the basalts is
highly depleted (i.e., an asthenospheric
SOUrce).

As a mafic-dominated thrust belt that is
nol significantly modified by late faulting and
granitoid intrusions, the well-exposed Cape
Smith Belt may provide an analogue for
some Archean greenstone belts. Amongst
the “greenstones” of the belt, an alloch-
thonous rift-to-oceanic sequence and an ex-
otic ophiolite suite have been distinguished
on the basis of field relations and geochemi-
cal aspects (St-Onge et al., 1987, Picard et
al . in prep.; St-Onge and Lucas, in press).
Based on field relations and chemistry, the
preserved ophiolite section is indistinguish-
able from the crustal portions of many Phan-
erozoic ophiclites. This suggests that
processes of oceanic crust formation oper-
ating in the early Proterozoic were similar to
those in the Phanerozoic. Detailed com-
parisons of the Cape Smith Belt mafic rocks
and younger ophiolites with Archean green-
stone belts may further our understanding of
the processes associated with mafic mag-
matism through Earth history.
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