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Summary

Detailed gravity data, collected along an
east-west transect across the northern New
Québec Orogen near Leaf Bay, provide con-
straints onthe deep structure of this segment
of the crogen. The Bouguer anomaly profile
contains long and short wavelength compo-
nents. A steep gravity gradient and a strong
positive anomaly near the centre of the oro-
gen are related to the presence of dense
mafic volcanic rocks inthe shallow crust. Two
alternative models are presented that are
compatible with the long wavelength gravity
data. The authors prefer to interpret the long
wavelength components in terms of crustal
thickening beneath the orogen and in-
creased crustal density in the Rae Province,
to the east. A scenari¢ based on this ¢crustal
density structure Is suggested for the evolu-
tion of the orogen. it calls for (1) the forma-
tion of a small ocean separating the Superior
and Rae provinces; (2) subduction of this
ocean beneath the Rae Province; and (3}
complete closure of the basin with over-
thrusting of the Superior margin and, possi-
bly, obduction of the Rae Province onto the
Superior Province craton,

Résumé

Un profil gravimétrique est-ouest a travers
la partie nord de loregéne du Nouveau-
Québec a fourni des données sur la structure
profonde de ce segment de l'orogéne.
L'anomalie de Bouguer contient des courles
et grandes longueurs donde. Unfortgradient
et une anomalie positive prés du centre de
l'orogéne sont causés par des roches vol-
caniques mafiques dans la crolte supér-
ieure. Deux modéles sont compatibles avec
les anomalies de grande longueur donde.
Les auteurs préférent évoguer un épaiss-

issement de la cro(te sous l'orogéne et une
augmentation de sa densité moyenne vers
V'est, dans la Province de Rae. Un scénario,
basé sur cette structure de densité de la
crodte, est suggéréd pour expliquer l'évolution
de l'orogéne. Les élapes principales en sont :
{1} la formation d'un mini-océan entre les
blocs du Supérieur et de Rae; (2) la subduc-
tion de l'océan sous la Province de Ras; et
(3) la fermeture du bassin avec chevauche-
ment de la marge du Supérieur et, peut-&tre,
fobduction du bloc de Rae sur le craton du
Supérieur.

Introduction

The New Québec Crogen (NQO) (Hoffman,
1988) in northern Québec is one of several
Proterozoic orogenic belts surrounding the
Ungava Peninsula of the Archean Superior
Province {Figure 1). Collectively, these belts
have been referred to as the circum-Ungava
foldbelt {e.g., Condie, 1982). On the eastern
edge of the Superior Province, the NQO is
probably the best exposed and preserved of
these belts. It separates the Superior Prov-
ince to the west from the Rae Province to the
east; it extends, with a NNW strike, over
more than 1,000 km from Kangirsuk in the
north to the Grenville Province. Other seg-
ments of the circum-Ungava foldbelt are the
Cape Smith fold belt and the Belcher Islands
belt, which fall within the Trans-Hudson Oro-
gen (Figure 1); additional segments of this
orogen are exposed further west in the Fox
River belt and in the Thompson Nickel belt, in
Manitoba.

The most common interpretation for these
belts follows that of Gibb and Walcott {1971),
who analyzed their gravity signature and
proposed that they represent ancient active
plate margins. The nature and evolution of
these margins have remained controversial:
some researchers favour continental colli-
sion (Kearey, 1976), while others advocalte
an Andean type of tectonism {Thomas and
Gibb, 1977). Alternative hypotheses have
also been formulated: Dimroth (1981) inter-
prets the NQO as a Proterozoic rift, while
Condie (1982) compares the circum-Ungava
system with the Keweanawan rift system.

The geclogical and tectonic settings of the
NQO are relatively well documented (see for
instance Dimroth, 1981; Hoffman, 1988, and
references therein). The geology of the study
area is shown in Figure 2. The Archean
Superior Province, to the west of the NQO,
contains granitoid intrusions and gneisses
ca. 2.7 Ga old. The lower Proterozoic NQO
contains different lithostratigraphic assem-
blages with contrasting deformation styles.
A thin autochthonous sedimentary sequence
rests unconformably on Superior-type base-
ment; it contains shaillow water shelf se-
quences grading eastward to deeper water
sediments. It is followed to the east by an
allochthonous zone consisting of an imbri-
cated thrust and fold belt with westward struc-
tural vergence and folded nappes (Goulet,

1986). A narrow rift-related volcano-sedi-
mentary sequence marks the boundary be-
tween the allochthonous and autochthonous
units. The metamorphic grade increases
eastward to such intense levels that it has
obscured the boundary between the NQO
and the Rae Province. Structural relation-
ships indicate that the orogen was thrust
over the Superior Province. Geochrono-
metric studies (Machado et al., 1989) have
yielded Archean ages forthe basementinthe
Rae Province; Hudsonian metamorphism
did not affect this Archean basement but, in
the Rae Province, the latest phase of meta-
morphism was dated at ca. 178 Ga. The
DePas batholith, lying within the Rae Prov-
ince, parallels the NQO along most of its
extent. U-Pb ages of 1.81 and 1.84 Ga were
obtained from zircons by T. Krogh and by S.
Bowring for the De Pas batholith (reported
by Hoffman, 1988).

Geophysical data provide information on
the subsurface structure, and thus constrain
evolutionary models for the NQO. Contem-
porary mountain ranges are characterized
by a distinctive gravity signature (Karner and
Watts, 1983) with a well-marked positive-
negative couple which is interpreted as evi-
dence for crustal thickening and lithospheric
flexure. This gravity signature has remained
fossilized in deeply eroded, ancient orogens
such as the Grenville Front, the Thelon Front,
and the NQO (see, for instance, Gibb and
Thomas, 1976). Several authors, following
Gibb and Walcott (1971), have used gravity
data te delineate ancient plate boundaries in
the Canadian Shield and to support specific
models for evolution of the circum-Ungava
system (e.g.. Gibb, 1975, 1983, Gibb ef af.,
1983; Kearey, 1976; Thomas and Gibb, 1977;
Thomas and Kearey, 1980).

The purpose of this paper is to report on
the interpretation of a gravity profile meas-
ured across the northern part of the NQO, in
the vicinity of Tasiujag, Québec.

Data and interpretation

Near Leaf Bay, where the gravity meas-
urements were conducted, the NQO is less
than 60 km wide. The survey included 112
gravity stations along a profile extending
over more than 110 km. The locations of all
gravity measurement sites are displayed on
Figure 3a. The sites are located along the
shoreline (because of restricted inland ac-
cess), thus providing elevation control. Un-
fortunately, the measurement sites are very
unevenly distributed.

Because the geological structures strike
north-south, the Bouguer anomaly was pro-
jected on an east-west line. The interpreta-
tion assumes that the geological units have
infinite strike length: the Bouguer anomaly
was calculated for two-dimensional density
models and compared with the projected
data. The gravity profile, projected on the
east-west direction, is shown on Figure 3b.
The major geological boundaries are also
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indicated. The scatter caused by the projec-
tion is small; this indicates that the gravity
anomaly does hot vary much along the north-
south direction ang that the two-dimensional
assumption Is valid.

The gravity profile is dominated by a long
wavelength low on which Is superimposed a
short wavelength high located nearthe centre
of the orogen where mafic volcanic rocks are
exposed. The Bouguer anomaly increases

v| Volcanics

* ] Gneiss

— | Platform sediments

Deep water sediments

hoth eastward and westward, away from the
NQO; the gradient is slightly steeper on the
eastern edge of the orogen, toward the Rae
Province, than onthe western end, toward the
Superlor Province. Note that, because the

UNGAVA

BAY 68°

- Lower Proterozoic

@ Autochthonous zone

@ Allochthonous zone

Figure 2 Major geological divisions in the northern New Québec Orogen, batween the Koksoak River and the Riviére aux feuilfes.
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westernmost part of the transect is oriented
southwest, the gradient when projected on
the east-west direction appears steeper than
measured along the actual traverse.

The short wavelength high between 70
and 80 km requires shallow sources and a
high density contrast. Mafic igneous rocks
exposed near Point Reef have high density
and the data constrain the thickness of this
mafic sequence relatively well. The average
density measured on fresh cutcrop samples
is 3.05 Mg=m-2 {Le., it is 0.3 Mg*m~2 higher
than basement gneisses). The thickness of
the volcanic rocks Is thus estimated to be
between 2.5 and 4 km. The detailed gravity
models suggest that the sequence extends 5
to 10 km eastward beneath the Archean
rocks and Proterozoic supracrustal rocks of
the Rae Province. Such a geometry is con-
sistent with structural data demonstrating
westward overthrusting.

Gravity interpretation is non-unique and
many density distribution models may be
compatible with the data. This uncertainty Is
of particular concern for the long wavelength
anomalies, which can be explained by densi-
ty variations at depth or by shallower and
more gradual changes. The gravily low be-
neath the western part of the NQO could be
caused by the lower density of the metasedi-
mentary rocks within the NQO. This hypoth-
esis, howaver, is not supported by density
measurements on outcrop samples that yield
an average density for the metasedimentary
rocks of 2.72 Mg-m-3 (f.e., about the same or
even slightly higher than that of the gneisses
of the Superior Province). The gravity low
at the centre of the profile is thus interpreted
in terms of increased crustal thickness
baneath the NQO.

A thinner crust beneath the Rae Province,
ie., a shallower Moho, could explain the
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Figure 3 (a) Location of all gravity measurements along the traverse. The measurements were made along
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eastward increasse in the gravity fleld away
from the low. Most investigators have as-
sumed that the crust is thicker beneath the
Rae Province than below the Superior Prov-
ince because seismic data, in other parts of
the Canadian Shield, show that the crust is
usually thinner beneath the Superior Prov-
ince than in the surmounding younger prov-
inces (Berry and Fuchs, 1973; Mereu and
Hunter, 1969). This is not always observed
though: for instance, seismic refraction data
batween Mont-Laurier and Val d'Or (Mereu ef
al., 1986) show crustal thinning 80 km south
of the Grenville Front, beneath the Reservoir
Dozols terrane. This situation is not found on
other COCRUST profiles near Sudbury (On-
tario) or Chibougamau (Québec), but it sug-
gests that a thicker crust beneath the Super-
ior Province cannot be ruled out altogether.
Figure 4 thus shows a model that fits the long
wavelangth anomaly with a thin crust be-
neath the Rae Province. An intermediate
boundary between the upper and lower crust
is included, but is not required by the data.
Small density contrasts (0.025 Mg*m-3) were
introduced locally within the metasedimen-
tary rocks in ordsr to improve the fit between
the calculated and cbserved anomaly. How-
ever, their effect is small {/.5., not larger than
the scatter in the projected data). With the
exception of the short wavelength high, the
gravity anomaly could thus be fitted with
changes in crustal thickness alone.

Although the density model shown on Fig-
ure 4 fits the gravity data, the authors prefet
a model with a thicker crust east of the NQO.
Indeed, the steep gradient east of the orogen
suggests that the density contrasts are shal-
low. The data could be fitted either by a pro-
gressive increase of the upper crustal densi-
ty (i.e., corresponding to higher metamor-
phic grade), or by variations in the depth of
the “boundary” between upper and lower
crust. Figure 5 shows @ model in which the
density of the upper crustal material east of
the orogen is close to that of the lower crust.
The boundary betwsen this refatively dense
material and normal upper crust has an east-
ward dip because itis compatible with known
westward overthrusting, but models with the
reverse dip would fit the data equally welt.
Alternatively, an eastward increase in the
average crustal density could alse be Invok-
ed to explain the eastern half of the gravity
profile. This higher density could be due to
Increased metamorphic grade following crus-
tal thickening and deep erosion, which is
compatible with geocfogical observations
showing an eastward increase in metamor-
phic grade (Perreault et al., 1987). Crustal
thickening in the Rae Province {s thus com-
patible with Hudsonian reactivation (pe-
trological and gecchronologlical data in the
western NQO Indicate that the Superior
Province was not reactivated during the Hud-
sohian Orogeny; Machado et al., 1989). Siml-
lar models with an eastward increase in the
average crustal density were proposed by
Kearey (1976) for the central part of the
NQO.



254

Discussion

Several crustal density distribution models fit
the gravity data in the northern New Québec
Orogen. Although the gravity data do not pro-
vide strong constraints, they do suggest some
remarks cencerning the crustal structure and
evolution of the NQO.

The gravity signature of the circum-Un-
gava system is distinctly different from that
of intracontinental rifts, such as the Kewee-
nawan where the gravity anomaly is strong-
ly positive. Also, the gravity data indicate
crustal thickening beneath the NQO and
confirm that the volcanic rocks are confined
to a relatively narrow band. In the authors’
opinion, the gravity data, as well as the
presence of sedimentary rocks typical of a
contingntal margin, exclude the intraconti-
nental rift model.

The Bouguer anomaly does not uniquely
constrain the density distribution, and other
geophysical data that could resclve the am-
biguity of interpretation for the northern
NQO are not available. Two alternative den-
sity models are thus proposed: both show
crustal thickening beneath the orogen, but
differ In the crustal thickness assigned to the
Rae Province. In one model, the crust is
thinner beneath the Rae Province, while in
the other, the crust is thicker and denser than
in the Superior Province.

The authors prefer the latter model, shown
in Figure 5, which suggests that the higher
crustal density can be explained by exposure
of a section of the lower crust. Such a model
appears compatible with the model of conti-
nental convergence and subsequent obduc-
tion proposed by Fountain and Salisbury
{1981). Alternatively, this model is also com-
patible with eastward increase in density and
metamorphic grade, which would suggest a
crustal reactivation, continental collision
episode (Dewey and Burke, 1973). The au-
thors' preferred tentative scenario for the
NQO evolution is as follows:

(a) The Rae Province is separated from the
Ungava part of the Superior Province by a
small ocean. A passive continental margin
developed on the eastern edge of the Super-
ior Province.

{b) This episode was followed by easiward
subduction of the ocean floor beneath the
Rae Province and development of an An-
dean-type tectonic regime within the Rae
Province characterized by crustal thicken-
ing, reactivation, and formation of the De
Pas batholith,

(c) Final closure of the ocean was accom-
panied by obduction of the Rae Province and
overthrusting of the Superior continental
margin deposits onte the Superior craton.
Combined geophysical, petrological, and
geochronometric studies should be con-
ducted to test the proposed scenario. It
seems important to obtain a prefile of meta-
morphic grade, including paleotemperatures
and pressures east of the NQO. This could
be combined with geochronometric studies.
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Also, density measurements on samples col-
lected east of the orogen will reduce the ambi-
guity remaining in gravity interpretation. Geo-
physical and geochronometric studies should
also be orlented toward the northern part of
the De Pas batholith to verify its continuity
with the southern segment and a possible
relationship with the evolution of NQO.

Acknowledgements

Funding for field work was provided to JCM
by two research agreements from the Geo-
toglcal Survey of Canada. Travel expenses of
GDC were partly covered by the Ministry
of Indlan and Northern Affairs and the Min-
istare de I'Energie st des Ressources
{Québec). Additional funding was supple-
mented by a Natural Sciences and Engineer-
ing Research Council operating grant to
JCM. Nuno Machado, Mike Thomas, and the
reviewers made helpful comments and sug-
gestions. Many thanks to Michele Laithier for
her patience, care, and readiness in drafting
the figures.

References

Berry, M.J. and Fuchs, K., 1973, Crustal Structure of
the Suparior and Grenville Provinces of the
Northeastern Canadian Shield: Bulletin of the
Seismological Society of America, v. 63,
p. 13931492,

Condie, K.C.. 1982, Plate Tectonics and Crustal
Evolution, Second Edition: Pergamon Press,
New York, 310 p.

Dewey, J.F. and Burke, IC., 1973, Tibetan, Variscan,
and Precambrian basement reactivation: pro-
ducts of continental collision: Journal of Geolo-
gy, v. 81, p. 1534172,

Dimroth, E., 1981, Labrador geosyncline. Type ex-
ample of early Proterozoic cratonic reactiva-
tion, in Krdner, A., ed., Precambrian Plate Tec-
tonics; Elsavier, Amsterdam, p. 331-352,

Fountain, 0.M. and Salisbury, M.H., 1981, Exposed
cross-sections through the continental crust:
Implications for crustal structure, petrology,
and evolution: Earth and Planetary Science
Letters, v. 56, p. 263-277.

Gibb, R.A., 1975, Callision tectonics in the Cana-
dian Shield: Earth and Planstary Science
Letters, v. 27, p. 439-453.

Gibb, R.A., 1983, Model for suturing of Superior and
Churchill plates: An example of double indenta-
tion tectonics: Geology, v. 11, p. 413-417

Gibb, R.A. and Thomas, M_D., 1976, Gravity signa-
ture of fossil plate boundaries in the Canadian
Shield: Nature, v. 262, p. 195-200.

Gibb, R.A., Thomas, M.D., Lapointe, PL. and
Mukhopadhyay, M., 1983, Geophysics of pro-
posed Proterozoic sutures in Canada: Precam-
brian Research, v. 19, p. 349-384.

Gibb, R.A. and Walcott, R.l., 1971, A Precambrian
suture in the Canadian Shield: Earth and Plan-
etary Science Letters, v. 10, p. 417-422,

Goulet, N., 1986, Etude tectonique et stratigraphi-
que de |a partie nord de la fosse du Labrador:
région de la Baie aux Feuilles et du Lac Bérard:
Ministére de 'Energie et des Ressources,
Québec, MB B6-27.

Hoffman, P.F., 1988, United plates of America, the
birth of a craton: Early Proterozoic assembly
and growth of Laurentia: Annual Reviews
of Earth and Planetasry Science, v. 16,
p. 543-603.

Kamer, G.D. and Watts, A.B., 1983, Gravity anoma-
lies and flexure of the lithosphere at mountain
ranges: Journal of Geophysical Research,
v. 88. p. 1044910477,

Kearey, P, 1976, A regional structural model of the
Labrador Trough, northem Québec, from grav-
ity studies, and its relevance to continent colli-
sion in the Precambrian: Earth and Planetary
Science Letters, v. 28, p. 371-378.

Machado, N., Goulet, N. and Gariépy, C., 1989,
U-Pb gecchronology of reactivated Archean
basement and of Hudsonian metamorphism in
the northem Labrador Trough: Canadian Jour-
nal of Earth Sciences, v. 26, p. 1-15.

Mereu, R.F. and Hunter, JA., 1969, Crustal and
uppar mantle structure under the Canadian
Shield from Project Early Rise data: Buletin of
the Seismological Society of America, v 59,
p. 147165,

Mereu, R.F., Wang, D., Kuhn, O., Forsyth, D.A,,
Green, A.G., Morel, P, Buchbinder, G.G.R.,
Crossloy, D., Schwarz, E., duBerger, R,
Brooks, C. and Clowes, R., 1986, The 1882
COCRUST seismic experiment across the Ot-
tawa-Bonnechere graben and Grenville Front
in Ontaric and Québec: Geophysical Journal
of the Royal Astronomical Society, v. 84,
p. 491-514.

Perreautt, 5., Hynes, A. and Moorhead, J.. 1987
Matamorphism of the eastern flank of the La-
brador Trough, Kuujjuaqg, Ungava, Northern
Québec: Geological Association of Canada —
Mineralogical Association of Canada, Pro-
grams with Abstracts, v. 12, p. A80.

Thomas, M.D. and Gibb, R.A_, 1977, Gravity anoma-
lies and deep structure of the Cape Smith
Foldbelt, northern Ungava, Québec: Geology,
v. 5, p. 169172,

Thomas, M.D. and Kearey, P, 1980, Gravity anoma-
lies, block faulting, and Andean-type tectonism
in the eastern Churchill Province: Nature,
v. 283, p. 61-63.

255

Does the
Labrador—Québec
border area of the Rae
(Churchill) Province
preserve vestiges of an
Archean history?

Bruce Ryan

Geological Survey Branch
Newfoundland Department of Mines and
Energy

PO. Box 8700
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Summary

This paper presents new data from an area of
the Rae (eastern Churchill) Province where
migmatite and gabbro-anorthosite com-
plexes are intruded by metamorphosed dia-
base dykes. The pre-dyke rocks are litho-
logically comparable to Archean components
in the Nain Province and may be correlative
with them; the dykes may be equivalents of
the Early Proterozoic dyke swarms of the Nain
Province. It is proposed that this area com-
prises Archean crust that has escaped perva-
sive Early Proterozoic structural overprint, but
was affected by the pravailing metamorphism.
Preservation of these types of relationships
may be more widespread in the Rae Province
than presently recognized. Some tectonic im-
plications of the data are discussed.

Introduction

Strain partitioning within deeper levals of oro-
genic belts is such that “islands” of pre-cro-
genic rocks escape the imprint of younger
tectonism and retain a record of their earlier
crustal history (cf. Kalsbeek et af., 1988). This
paper presents some ithostratigraphic data
which suggest that some of the gneisses in
the Early Proterozoic-deformed Rae Province
of Labrador retain their Archean mesoscopic
attributes In spite of the younger tectonism.
These suggestions are supported by limited
preliminary U-Pb zircon dating in progress (U.
Schérer, written communication, 1990}.



