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Article abstract

In Labrador, the northerly-trending zonesof the Churchill Province are
truncated at their southern margin by rocks of the Labrador Orogen within the
Grenville Province. Churchill Province rocks locally extend into the Grenville
Province where they are grada-tionally reworked. This paper describes
thegeology of the central part of the Churchill Province (the Rae Province) in a
3700 km?2 area lying astride the Grenville Front.

The eastern part of the area, the Ormadomain, consists of supracrustal rocks
intruded by, and infolded into, orthogneiss. The supracrustal unit is dominated
by maficvolcanic and pelitic rocks with subordinate psammite, felsic volcanic
rocks, quartzite and conglomerate. The orthogneiss unit consists of foliated to
gneissic tonalité andgranodiorite. Both units are intruded by aplutonic suite of
granite, diorite and gabbro.U-Pb zircon geochronology of four tonalité samples
indicates that the majority of orthogneiss in the Orma domain was empiaced in
the Late Archean (2682-2675 Ma). These data confirm earlier ideas that parts of
the Rae Province consist of reworked Archean crust. U-Pb results of both zircon
and titanite analyses from the same samples indicate a Labradorian Pb-loss,
but show no influence by either the Hudsonian or Grenvillian orogenies on the
U-Pb isotopic systematics.

This document is protected by copyright law. Use of the services of Erudit
(including reproduction) is subject to its terms and conditions, which can be
viewed online.

https://apropos.erudit.org/en/users/policy-on-use/

erudit

This article is disseminated and preserved by Erudit.

Erudit is a non-profit inter-university consortium of the Université de Montréal,
Université Laval, and the Université du Québec a Montréal. Its mission is to
promote and disseminate research.

https://www.erudit.org/en/


https://apropos.erudit.org/en/users/policy-on-use/
https://www.erudit.org/en/
https://www.erudit.org/en/
https://www.erudit.org/en/journals/geocan/
https://id.erudit.org/iderudit/geocan17_4art10
https://www.erudit.org/en/journals/geocan/1990-v17-n4-geocan_17_4/
https://www.erudit.org/en/journals/geocan/

Geoscience Canada Volume 17 Number 4

References

Ashwal, L.D., Wooden, J.L., Wiebe, R.A. and
Emslie, R.F., 1988, Isotopic signatures of Pro-
terozoic intrusives in the eastern Canadian
Shield as probes of older basement types: Geo-
logical Association of Canada -- Mineralogical
Assaciation of Canada — Canadian Soclety of
Petroleum Geologists, Program with Abstracts,
v. 13, p. A3.

Bertrand, J.-M., Van Kranendonk, M.J., Hanmer, S.,
Roddick, C. and Ermanovics, 1., 1990, Structur-
al and metamorphic geochronology of the Torn-
gat Orogen in the North River-Nutak transect
area, Labrador: Preliminary results of U-Pb dat-
ing: Geoscience Canada, v. 17 p. 297-301.

Ermancvics, 1., Korstghrd, J. and Bridgwater, D.,
1982, Structural and lithological chronology of
the Archean Hopedale Block and adjacent
Makkovik Subprovince, Labrador: Geological
Survey of Canada, Paper 82-1B, p. 153-165.

Ermanovics, |.F., Van Kranendonk, M., Corriveau,
L., Bridgwater, D., Mengel, F. and Schigtte, L.,
1988, Geology of North River — Nutak map-
areas, Nain-Churchill provinces, Labrador:
Geological Survey of Canada, Report 88-1C,
p. 19-286.

Ermanovics. I.F. and Van Kranendonk, M.J., 1980,
The Torngat Crogen in the North River — Nutak
transect area of Nain and Churchill Provincas:
Geosclence Canada, v. 17, p. 279-283.

GSC (Geological Survey of Canada), 1983, Tas-
isuak Lake, Newfoundland — Québec,
1:250,000 meromagnetic map: Geological
Survey of Canada, Map 35001G.

Girard, R., 1990, Evidence d’'un magmatisme darc
Protérozoique Inférieur (2.3 Ga) sur le plateau
delariviere George: Geosclence Canada, v. 17
p. 265-268.

Girard, R., Van Kranendonk, M.J, and Bealisu, R.,
1990, The Falcez Zone: map-scale shear bands
in the Torngat Orogen: Geological Association
of Canada— Mineralogical Association of Can-
ada, Program with Abstracts, v. 16, p. A47.

Girard, R., Woussen, G., Bélanger, M. and Bowring,
5., 1988, The Ntshukian magmatic eventand its
implications on the Labrador Trough tectonic
evolution: Geological Association of Canada —
Mineralogical Association of Canada — Cana-
dian Sociely of Petroleum Geologists, Ab-
stracts with Program, v. 13, p. A45.

Goulet, N. and Ciesielski, A., 1990, The Abloviak
shear zone and the NW Torngat Orogen, east-
arn Uingava Bay, Québec: Geoscience Canada,
v. 17 p. 269-272.

Hoffman, PF., 1988, United plates of America, the
birth of a craton: Early Proterozoic assembly
and growth of Laurentia: Annual Reviews of
Earth and Planetary Sciences, v. 16, p. 543
603.

Hoffman, PF., 1990, Dynamics of the tectonic as-
sembly of northeast Laurentia In geon 18
{1.9-1.8 Ga): Geoscience Canada, v. 17, p. 222-
226,

Kalsbeek, F., Taylor, PN, and Pidgeon, R.T., 1988,
Unreworked Archeanbasement and Protarozo-
ic supracrustal rocks from northeastem Disko
Bugt, West Greenland: implications for the na-
ture of Proterozoic mobile belts in Greenland:
Canadian Journal of Earth Sciences, v. 25,
p. 773782,

Korstglird, J., Ryan, B. and Wardle, R., 1987, The
boundary between Proterozoic and Archean
crustal blocks in central Wesl Greeniand and
northern Labrador, in Park, R.G., and Tamey, J.,
eds., Evolution ofthe Lewlisian and Comparable
Precambrian High-Grade Tefrains: Geological
Society of London, Special Publication No. 27,
p. 247-259.

Krogh, TE. and Heaman, LM., 1989, Raport on
U-Pb results for the 1988/89 Labrador gaochro-
nology contract: unpublished report on file with
Mineral Development Division, Newfoundiand
Department of Mines and Energy, St. John's.

Krogh, T.E., 1990, 19881990 Geochronology Re-
port: unpublished report on file with Geclogical
Survey Branch, Newfoundland Department of
Mines and Energy, Open Flle 14D/40.

Myers, J.5., 1985, Stratigraphy and structure of the
Fiskenaesset Complex, southern Weast Green-
land: Grenlands Geologiske Undersegelse,
Bulletin 150, 72 p.

Nunn, G.A.G., Heaman, L.M. and Krogh, T.E., 1990,
U-Pb geochronological evidence for Archean
crust in the continuation of the Rae Province
(eastern Churchill Province), Grenville Front
Tectonic Zone, Labrador: Geosclence Canada,
v. 17 p. 259-265.

Ryan, B., 1990, Basement-cover relationships and
metamorphic patterns in the foreland of Torngat
Orogen in the Saglek—Hebron area, Labrador:
Geoscience Canada, v. 17, p. 278-279.

Ryan, B., Lee, D. and Corriveau, L., 1987, Geology
of the eastern Churchill Province between Ana-
ktalik Brook and Cabot Lake (NTS 14D/2,67),
Labrador: Newfoundland Department of Mines
and Energy, Mineral Davelopmaent Division, Re-
port 871, p. 155-159.

Ryan, B., Lee, D. and Dunphy, D., 1888, The discov-
ery of probable Archean rocks within the La-
brador arm of the Trans-Hudson Orogen near
the Labrador-Québec border (NTS 14D/34.5
and 24A/1,8): Newfoundland Depariment of
Mines and Energy, Mineral Development Divi-
sion, Report 88-1, p. 1-14.

Taylor, F.C., 1979, Reconnaissance geology of a
part of the Precambrian Shield, northeastern
Québec, northern Labrador and Northwest Ter-
ritories: Geological Survey of Canada, Memoir
393,99 p.

van der Leeden, J., Bélanger, M., Danis, D., Girard,
R. and Martelain, J., 1990, Lithotectonic do-
mains in the high-grede terrain east of the La-
brador Trough, in Lewry, J.F. and Stauffer, M.R.,
eds., Trans-Hudson Orogen of North America:
Geological Associatlon of Canada, Special Pa-
per 37 p. 371-386.

Wardle, R.J. and Bailey, D.G., 1981, Early Protero-
zoic sequences in Labrador, in Campbell,
F.H.A., ed., Proterozoic Basing of Canada:
Geological Survey of Canada, Paper 8110,
p. 331-359, supplement.

wardle, R.J., Ryan, B., Nunn, G.A.G. and Mengel,
F.C., 1990, Labrador segment of the Trans-Hud-
son Orogen: crustal development through ob-
lique convergence and collision, in Lewry, J.F,
and Stauffer, M.R., eds., The Early Proterozoic
Trans-Hudson Orogen of North America: Geo-
logical Association of Canada, Special Paper
37 p. 353-370.

Wiener, R.W., 1981, Tectonic setting, rock chemistry
and metamorphism of an Archean gabbro-
anorthosite complex, Tessiuyakh Bay, La-
brador. Canadian Journal of Earth Sciences,
v. 18, p. 1409-1422,

259

U-Pb geochronological
evidence for Archean
crust in the
continuation of

the Rae Province
(eastern Churchill
Province), Grenville
Front Tectonic Zone,
Labrador

G.A.G. Nunn

Geological Survey Branch

Newfoundland Department of Mines and
Energy

PO. Box 8700

St. John's, Newfoundiand A1B 4J6

L.M. Heaman and T.E. Krogh
Department of Geology
Royal Onterio Museum

100 Queenk Park

Toronto, Ontarip M5S 2C6

Summary

in Labrador, the northerly-trending zones
of the Churchill Province are truncated at
their southern margin by rocks of the Lab-
rador Orogen within the Grenvllle Province.
Churchill Pravince rocks locally extend into
the Grenville Province where they are grada-
tionally reworked. This paper describes the
geology of the central part of the Churchilf
Province (the Rae Province) in a 3700 km?
area lying astride the Grenville Front.

The eastern part of the area, the Orma
domain, consists of supracrustal rocks in-
truded by, and infolded into, orthogneiss.
The supracrustal unit is dominated by mafic
volcanic and pelitic rocks with subordinate
psammite, felsic volcanic rocks, quartzite
and conglomerate. The orthogneiss unit
consists of foliated to gneissic tonalite and
granodiorite. Both units are intruded by a
plutonic suite of granite, diorite and gabbro.
U-Pb zircon geochronology of four tonalite
samples indicates that the majority of ortho-
gneiss in the Orma domain was emplaced in
the Late Archean (2682-2675 Ma). These
data confirm earlier ideas that parts of the
Rae Province consist of reworked Archean
crust. U-Pb results of both zircon and titanite
analyses from the same samples indicate a



Labradorian Pb-loss, but show no influence
by either the Hudsonian or Grenvillian oro-
genies on the U-Pb isotopic systematics.

introduction

Central Labrador lies near the convergence
of the Nain, Makkovik, Churchill and Gren-
ville Provinces. The Superior Province is only
200 km to the west, and, in addition, the
Grenville Province tncorporates the older La-
brador Orogen near its northern margin (Fig-
ura 1). Consequently, the rocks in the region
might record the effects of Archean (2500 Ma
or older), Hudsonian (ca. 1950— 1750 Ma),
Labradorian (ca. 1700-1600 Ma}, or Gren-
villian (ca. 1150-950 Ma) orcgenesis. The
study area was thought to contain Hudso-
nlan, “Paleohelikian™ (Labradorian} and
Grenvillian structures (Nunn and Noel,
1982), but only the latter were known with
any degree of confidence. The dating pro-
gram was aimed at the pre-Labradorian his-
tory and in particular at the timing of em-
placement and ampbhibolite-facies metamor-
phism of a regionai orthogneiss unit.

The map area spans the boundary of the
Rae Province with the Grenville Province
{Figure 1}. The "Grenville Front” (Figure 2) is
defined within the map area as the approxi-
mate northern limit of Grenvillian (ca. 1.0 Ga)
deformation. Immediately south of the front
is an area of non-penetrative Grenvillian de-
formation, commonly referred to as the
Grenville Front Tectonic Zone (GFTZ;
Wynne-Edwards, 1972}, in which the effects
of Grenvillian tectonism and metamorphism
increase southward. The tectonic features
consist of folds and cleavage In cover rocks,
and faults and anastomosing shear zones in
plutonic and basement rocks; these struc-
tures occur in the greenschist facies In
southern parts of the map area.

Labradorian structure consists of a non-
penetrative protoclastic fo low-grade folia-
tion that is only recognized in the Trans-
Labrador Batholith {TLB) and its coeval
cover rocks. No equivalents of the high-
grade Labradorian fabrics that pradate the
TLB and characterize the rocks south of the
batholith (Thomas et al,, 1985, 1986) have
been found to the north of the TLB.

The eastern Churchill Province (Figure 1}
of Labrador and Québec axhibits a three-fold
division {Wardle et al., 1990). The central
division, or Rae Province, forms the hinter-
land to the New Québec and Torngat Oro-
gens (Hoffman, 1989) and is composed of
orthogneiss of largely unknown age in asso-
ciation with lower Proterozoic supracrustal
rocks and minor lower Proterozoic plutonic
rocks. The eastern Churchill Province under-
went its last major deformation during the
Hudsonian Orogeny {ca. 1.8 Ga) at the time of
aggregation of Archean cratonic nuclei and
lower Proterozoic mobile belts to form the
proto-Laurentian Shield. Although previous
isotopic work (e.g., Ashwal ef al., 1986} has
suggested the presence of reworked Archean

crust in the Rae Province, it is only recently
that U-Pb dating (e.g., this paper; Machado
ef al., 1989; Ryan, 1990) has begun to con-
firm this suspicion.

Orthogneiss and supracrustal rocks of the
Rae Province extend across the frontinto the
GFTZ where they are both intruded by gran-
ite belonging to a gabbro, diorite and granite
plutonic suite of unknown age. In the east of
the map area, where intrusive relationships
between the supracrustal rocks and tonalite
precursors of the orthogneiss are present,
this association comprises the Omma domain
{(Wardle ot al., 1990) and provides the first
record (this paper) of Archean supracrustat
rocks amongst Rae Province gneisses in this
area. The westarly extent of the Orma domain
is not yet known as relationships between the
orthognelss and a supracrustal unit, the Pet-
scapiskau Group (Emslie, 1970; Figure 2),
farther west are contradictory and the ages of
that association remain uncertain.

The Orma domalin

The Orma domain (Figure 2} is underlain by
supracrustal rocks {eastern supracrustal
unit, Figure 2}, a granitoid orthogneiss unit
and a younger plutonic suite of granite, gab-
bro and diorite.

The Orma domain supracrustal rocks con-
sist of paragneiss, metasediment, and meta-
volcanic and related hypabyssal rocks. They
are dominated by massive amphibolite, flat-
tened pillow lavas and their amphibolite
equivalents, and metagabbro (probably sills
and small intrusions). Layered gabbro, meta-
gabbronorite and amphibclitized, tayered
ultramafic rocks also occur with the mafic
volcanic rocks and may be relicts of larger
and/or deeper-lavel intrusions. The volcanic
rocks are locally interlayered with horn-
biende (after pyroxene?) and/or plagioclase-
porphyritic felsic tuffs, coarse plagioclase-
porphyritic metagabbro (probably cumulate
sills), sillimanite paragneiss, semipelitic to
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psammitic metasediment and while quartz-
ite. Minor felsic pillow lava, finely bedded
siliceous or volcaniclastic metasediment,
polymict conglomerate and dominantly
arkosic metasediments (of uncertain age)
are also present. Metamorphosed felsic and
mafic dykes intrude the supracrustal se-
quence, and all rocks contain variable
amounts of pink granitic, or grey felslc, dykes
and veins related to later migmatization.
Strain states are very variable: lineations are
typicatly well developed, but relict ignecus
textures are commonly visible normal to the
stretching direction.

Tonalitic rocks of the orthogneiss unit in-
trude the metasedimentary rocks and the
mafic volcanic and gabbroic rocks as dykes,
and locally form agmatites. The bulk of the
orthogneiss unit varies from foliated tonalite
or granadiorite to stromatic gneiss. The main
tonalite phase, the Orma Dyke tonalite
(ODT), was coarse grained, but is now pre-
dominantly a strongly foliated and lineated,
weakly gneissic, biotitethornblende-bearing
rock. Localized areas of polyphase intrusion
with a range of coarse- to fine-grain sizes
and quartz diorite through tonalite to grano-
diorite compositions are found in some
areas. Foliation development is less intense
in the post-QDT phases; however, similar

gran size, texture and linear fabric orienta-
tions as those in the ODT suggest a syntec-
tonic relationship for these phases. The
grancdiorite rocks appear to lack the out-
crop-scale heterogeneity of the CDT, though
this may be a function of the poor exposure.
Earlier amphibolite, dicrite and tonalite
patches and inclusions, pre-tectonic diabase
dykes and a host of later granitic and cther
felsic sheets and veins (as In some of the
supracrustal rocks) complete the ortho-
gneiss assemblage. Deformation-related
changes in grain size and increases in the
amounts of concordant or cross-cutting mig-
matization are the main structural variations
within the orthogneiss unit. Scattered,
strongly foliated, K-feldspar-porphyritic
bodies of granodiorite to monzogranite com-
position may be a variant of the orthognheiss
unit or may be related to the younger ptutonic
suite (see helow).

Early deformation produced a migmatitic
banding and folding in the early tonalite
patches and in the paragneiss. These struc-
tures are cut by the main intrusive phases of
the orthogneiss. The rocks then underwent
major deformation, which resulted firstly in
an incipient to well-developed migmatitic
layering, and secondly in the production of
penetrative LS-tectonites accompanied by

lesser migmatization. The L-S fabrics, the
rasult of a strong constrictional deformation,
transposed any previous structures and pro-
duced isoclinal folds of layering. The foliation
is defined by the stable ferromagnesian min-
eral assemblage of biotite+opaque-+titan-
itethornblendetgarnet and the quartzofeld-
spathic components are also thoroughly re-
crystallized. Cores of large plagioctase and/
or K-feldspar, and presumably zircon (see
below), are the only relicts of the igneous
mineratogy. Post-tectonic garnet and polygo-
nal replacement of quartzofeldspathic ag-
gregates indicate that recrystallization out-
lasted deformation in places. Later folds are
not associated with fabric development.
The younger plutonic rocks form a spa-
tially associated suite of gabbro, diotite and
granite. Wherever contact relationships are
seen, granite intrudes gabbro and diorite as
well as the supracrustal and orthogneiss
units, The gabbro Is homogeneous or
layered; some is recrystallized and grades
Into pyroxene, hornblende or biotite diorite.
The gabbro and diorific rocks contain
patches of incipient migmatization, but fab-
rics are weak or absent except for rare shear
zones. The granitic rocks are red, coarse-
grained, non-megacrystic, undeformed to
strongly lineated andfor foliated, biotite

Table 1 U-Pb zircon/titanite results for Archean tonalite samples, central Labrador.
Description Weight Concentration Atomic Ratios ™ Apparent Age (Ma)
Sample Fraction * Sample U Pb Common  208Pb/ 208Pp/ 208ph/ 207Pb/ 207Phf 08phf  207Pb/  297Ph
Number (wg)  (ppm) (ppm) Pbipgl  29Pb 208pp 23 2351 206Pp 2@y 295y  208Pp
1, TONALITE (GN81-994)
1 Z,0NM,a.cl,abr(21) 112 89 54 ] 34,052 0.2008 0.5087 12,7160 0.18131 2651 2659 2665
2 Z,ONM,a,cl,abr,(24) 130 95 56 9 44,193 0.1765 0.5078 12.6830 0.18116 2647 2656 2664
3 T.5M.,a,0,abr 213 203 106 170 6,722 0.2094 0.4392 10.0197  0.16548 2347 2437 2512
4 T.5M.a,0,{29) 120 227 120 229 3,145 0.2192 0.4367 9.9611 0.16545 2336 2431 2512
2, TONALITE {(GNB1-1148)
5 Z,ONM,bcl,abr,(22) 25 242 132 10 18,559 0.1287 0.4847 $1.7144  0.17527 2548 2582 2609
6 Z,ONM,b.clabr,{14} 12 228 128 8 9,613 0.1451 0.4921 11.9203 0.17569 2580 2598 2613
7 TIF1.7A,a,0,abr, (52} 140 55 43 117 1,928 0.6804 0.4798 11.3388 0.17141 2526 2551 2572
3, TONALITE {(GNB4-021)
8 Z,0M,a.c! 183 156 83 20 40,433 0.1438 0.4683 11.1685 0.17298 2476 2537 2587
9 Z,0M,a,clabr 153 120 71 172 3.561 0.1834 0.5020 12.4074 0.17924 2623 2636 26486
10 T,0M,a,clabr 198 76 45 B4 5,233 0.1871 0.5053 12,5514  0.18017 2636 2646 2654
4, TONALITE (GN81-1196)
11 Z,ONM,b,cl,abr,(27) 30 111 63 10 10,300 0.1723 0.4873 11.9277 047751 2558 2599 2630
12 Z,ONM,b,cl,abr.{13) 21 124 69 11 7.265 0.1679 0.4907 11,9971 0177TH 2573 2604 2628
13 T.5M,a.0.abr 103 337 122 126 4,995 0.2713 0.3012 44943  0.10821 1697 1730 1770

NOTES

* Mineral analyzed: Z = zircon; T = titanite. Magnetic susceptibility. NM,M = non-magnetic and magnelic at the indicated angle of side tilton a
Frantz Isodynamic Separator. #F1.7A refers to a magnetic splitat a 10 degree side tilttata current of 1.7 amps. Grain size (mesh): 8 = +100; b=
-100+200. Colour: ¢/ =colourless; o = orange. Abr= abraded (Krogh, 1882). The numbers in parentheses correspond to the total number of grains

analyzed.

** Atomic ratios corrected for blank {zircon: Pb=10pg, U=5pg; titanite: Pb=15pg, U=5pg} and Initial common Pb (Stacey and Kramers, 1975).
Analytical procedures are outlined in Krogh (1973) and Heaman and Machado (in press). Error estimates {2 sigma) for intercept ages were
calculated with the program of Davis {1982) using blanket errors of 0.25% and 0.05% (zircon) and 0.50% and 0.10% (titanite) for the uncertainty in
the U/Pb and 207Pb/208Ph ratios, respectively. Decay constants for 232U (1.55125x10-10 yr-*) and 235U (9.8485x10-12 yr-1) are those

recommended by Jaffey ef af. (1971).
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alkali-feldspar granite, They appear to have
undergone a similar, but far less pervasive,
constriction-type deformation to that in the
orthogneiss unit, but lack evidence of earlier
deformations.

The Crma domain rocks are in intrusive or
tectonic conlact with the Trans-Labrador
Batholith (TLB) to the southwest, and fault
contact with cover rocks of the Seal Lake
Group to the east. Several satellite plutons of
the TLB and arkosic metasedimentary pen-
dants are present within the domain.

Post-Hudsonlan rocks

These include the TLB, the Michikamau
Intrusion and the Seal Lake Group (Figure 2).
The granitoid TLB (Thomas et al, 1988),
which has an intrusive or structurat contact
with older rocks, is the major unit of the
northern margin of the Labrador Orogen
{Figure 1, Thomas et al., 1985). The batholith

was emplaced across the boundary between
eatlier rocks of the Labrador Orogen and the
pre-assembled craton to the north, mostly at
around 1650 Ma although some phases in the
study area may be as young as 1570 Ma (see
compilation of age data in Nunn of al., 1985),

The pre-1460 Ma (Krogh and Davis, 1973)
Michikamau Intrusion {Emslie, 1970} is one
of a sulte of anorogenic, anorthositic and
granitoid complexes that intrude the Rae and
Nain provinces and the Torngat Orogen (Fig-
ure 1; Emslie, 1978). Anorthosite and leuco-
troctolite are the main rock types. The Seal
Lake Group is predominantly a continental
red bed succession of Middle Proterozoic
age (Wanless and Loveridge, 1978).

Geochronological results

The U-Pb results for zircon and titanite sepa-
rated from four tonalite samples, collected
from a 30 km transect across the Grenville
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Front region in central Labrador (Figure 2),
are presented in Table 1 and on concordia
diagrams (Figures 3a-d). Single populations
of colourless, euhedral, prismatic zircons
were recovered from all four samples, and
are interpreted to represent igneous crystals
with no visible evidence of core-overgrowth
relationships. In addition, three samples
contained abundant, orange titanite crystals
of metamorphic origin, The range in uranium
content for zircon (76—242 ppm) and titanite
(55-337 ppm) is similar (Table 1}.

From north to south (samples 1, 2, 3 and
4), the best estimates for the U-Pb upper
intercept ages are 267516 Ma, 2678210 Ma,
2663+7/-5 Ma and 2682+7 Ma. Sample 1
(Figure 3a), with a well-defined upper inter-
cept of 267516 Ma, and sample 4 (Figure 3d),
with a good mixing line between 268217 Ma
and 1638112 Ma, best constrain the upper
intercept age. Sample 3 (Figure 3c) gives a
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Figure 3 U-Pb zircon and tianite discordia for the Orma domain. () Sample 1: foliated tonalite. (b) Sample 2: fofiated tonalite paleosome in granitoid-sheated
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slightly younger age of 2663+7/-5Ma, but it is
likely that zircon fraction #8 (Table 1, Figure
3c), the only fraction not given an abrasion
treatment, plots slightly below the correct
mixing line as a consequence of a second
stage, more recent Pb-loss effect causing a
rotation of the discordia and a slight lowering
of the upper intercept age. Sample 2 (Figure
3b) is more difficult to interpret because the
three fractions analyzed are not collinear
and amultti-stage Pb-loss history is probable.
A compatible upper Intercept of 2678+10 Ma
is obtained from sample 2 if zircon fraction #6
and titanite fraction #7 are regressed to-
gether as shown in Figure 3b; however, the
significance of the resultant lower intercept
is unknown. All four dates indicate a Late
Archean age for orthogneiss in this region
and, except for sample 3, the emplacement
age is constrained between 2675 Ma and
2682 Ma.

Since titanite is much more susceptible to
recrystallization during metamorphism than
zircon, the U-Pb systematics in titanite are
more easily reset and rmay provide informa-
tion relating to the metamorphic history and,
in particular, to the timing of the last major
metamorphic event to affect the area. Ti-
tanite might be expected to be more discord-
ant than zircon from the same sample and, in
simple models, toindicate a time of lead loss.

Sample 2 (Figure 3b) and, to a lesser
extent, sample 1 {Figure 3a) show that initial
titanite crystallization was also Late Arche-
an. The most significant and reliable lower
intercept comes from the discordia line for
sample 4 (Figure 3d) on which titanite frac-
tion #13 (Table 1; Figure 3d) plots 95% down
a mixing line from 2682 Ma to 1638 Ma. This
intersection gives a good estimate of a time
of metamorphism, indicating either new ti-
tanite crystallization or severe lead loss in
the criginal titanite at around 1638+12 Ma. In
sample 1 (Figure 3a), titanite is only about
30% discordant, resulting in & much less
well-defined lower intercept of 1554+58/-53
Ma: however, within the errors, this date is
close to that for sample 4. The 1456+91/-74
Ma lower intercept determined from the
three zircon fractions in sample 3 (Table 1;
Figure 3c} Is, within the error limits, also not
much younger than the other two and, if the
suspected rotation due to multi-stage Pb-
toss in fraction #8 has occurred, the correla-
tion would be even stronger. As noted above,
the lower intercept of ca. 2067 Ma in sample
2 (Figure 3b) is of unknown significance.

Discussion

The U-Pb titanite results presented here can
be interpreted in a number of ways. Itis clear
from the U-Pb zircon results that the prepon-
derance of tonalite in the study area crystal-
lized in the Late Archean, between 2682 Ma
and 2675 Ma, and the morphology of the
Zircons indicates that this is an emplace-
ment age. The timing of the pervasive am-
phibolite-facies metamorphic overprint in

this region Is less certain. The simplest ex-
planation for the titanite data is best Hlus-
trated in Figure 3d with nearly complete
resetting, or new titanite growth, during the
Labradorian Orogeny at ca. 1640 Ma. How-
ever, one might expect the zircon fractions to
have experienced more Pb-loss than ap-
pears to be the case in sample 4, and not
expect titanite, such as that in sample 2, to
have survived such an event, although local
conditions such as U content, fluid presence
and recrystallization reactions might be crit-
ical in determining which minerals or areas
are reset. Since thin section analysis shows
that the titanite is a stable part of the upper-
amphibolite-facies foliation-forming assem-
blage, and that some of this titanite must be
old {samples 1 and 2), an alternative explan-
ation, and the one preferred here, is that the
Archean tonalites experienced a Late Arche-
an amphibollte-facies metamorphic event
(i.e., soon after emplacement) which formed
new titanite at that time. The syntectonic
interpretation of part of the orthogneiss unit
supports this explanation. As there would be
negligible accumulated radlation damage in
the zircon grains at that time, there would be
negligible Pb-loss effects during such an Ar-
chean metamorphic event. Superimposed
on this Late Archean metamorphic event
were, probably localized, late Early Protero-
Zoic events that caused variable resatting or
new growth of titanite. The U-Pb resulls indi-
cate a late Labradorian or early Middle Prot-
erozoic lead foss that might have occurred
as aresult of reheating, fluid flushing or strain
in the gneiss country rocks during emplace-
ment of the TLB, although these features are
not apparent from the fieldwork.

Evidence for the Hudsonlan or Grenviliian
orogenies is conspicuous by its absence in
the zircon and titanite determinations re-
ported here. Whereas the lack of Grenvillian
effects might be expected, given the wide-
spread occurrence of undeformed {(Gren-
villlan) augen of basement rocks in the
GFTZ, the apparent absence of Hudsonian
effacts, at least onthe U-Pbisotopes, is more
of a surprise since the Rae Province is
flanked to the east and west by the Hudso-
nian Torngat and New Québec orogens, both
of which locally attain intense deformation
states and high-grade conditions.

These results demonstrate the potential
utllity of U-Phb titanite determinations in de-
clphering the timing of major metamorphic
episodes in complex gneissic terranes.

Conclusions

These geochronological results support
ideas (e.g., Hoffman, 1989; Wardle e! al,
1990) that some areas of the Rae Province
are Archean. They are also the first indica-
tion of the presence of Labradorian Pb-loss,
and possibly structural events, to the north of
the Trans-Labrador Batholith. In contrast,
thera is no evidence that Hudsonian avents
have had any effect on the isotopes In the

rocks studied, implying that the Hudsonian
overprint in the southern Rae Province must
have been, at least locally, relatively minor.
The Grenville Front Tectonic Zone is shown
to be a tectonic feature only (and not an
Isotopic one) in this area.
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Résumé
La suite intrusive de Pallatin, sise prés du
cisaillement de la rividre George, dans larrié-
re-pays de 'a Fosse du Labrador, se compo-
se d'un ensemble magmatique bimodal gra-
nodioritique et gabbroique. Les filons-cou-
ches et massifs tabulaires de cette suite sont
en continuité avec les basaltes, dacites,
rhyolites et volcanoclastites du complexe de
Ntshuku. La séquence sest mise en place
dans un environnement bathyal sur un socle
gneissique archéen en subsidence rapide.
Le complaxe et la suite, métamorphisés au
faciés des amphibolites inférieures, sont re-
couverts de sédiments épicratoniques pro-
térozoiques inférieurs affectéds d'un méta-
morphisme au faciés des schistes verts.
Les roches magmatiques montrent une
signature geochimique typique d'un environ-
nement supra-subductif ensialique. La proxi-
mité du batholithe de De Pas (type andin) et
du bassin intra-arc du complexe d'Atsha-
katsh supporte cette assertlon. Toutefois,
'age U/Pb sur zircon de 2.3 Ga obtenu surla
grancdiorite de Pallatin rend ambigué son
affiliation & un événement précoce-hudso-
nien ou tardi-kénoranien.

Summary

The Pallatin intrusive suite, located near the
George River Shear Zone, is a granodioritic-
gabbroic hypabyssal sill complex. It is contin-
uous, through a dyke swarm, with basaltic
and dacitic lava flows, rhyolite domes, and
turbiditic volcaniclastic sediments balonglihg
to the Ntshuku complex. The sequence was
developed in a bathyat environment and was
juxtaposed upon a gneissic Archean base-
ment. Affected by alower amphibolite-facles
metamorphism, the Ntshuku complex Is un-
conformably covered by greenschist-facles
lower Proterozoic eplcratonic sediments.
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The magmatic rocks show an ensialic arc
geochemical signature. This is supported by
their close association with the Andean-type
Hudsonian De Pas batholith and the intra-arc
Atshakatsh complex. However, the grano-
diorite yielded an enigmatic 2.3 Ga U/Pb
zircon age, which could be assigned to either
an early-Hudsontan or a late-Kenoran event.

Introduction

Le complexe volcanosédimentaire de Ntshu-
ku et son équivalent intrusif, la suite intrusive
de Pallatin, forment une séquence magma-
tique sise au coeur du domaine de la riviére
George (figure 1), dans larriére-pays des
orogénes du Nouveau-Québec et de Tomgat
(Hoffman, 1988).

Le domaine de la rividre George est formé
d'une ceinture polycyclique, dans laquelle un
socie archéen, apparenté au domaine de
Mistinibi (Wardle of al., 1990), et plusieurs
cycles de roches supracrustales protéro-
zoiques inférieures le surmontant se sont
déformés el métamorphlsés lors de loro-
géne hudsonisnne. H n'inclut toutefois pas de
séquence de plateforme typique des autres
bassins du Protérozoique inférieur des oro-
génes adjacentes. Le complexe de Ntshuku
(Glrard, 1990) demeure le seul ensemble
supracrustal reconnu dans les ocrogénes de
Nouveau-Québec at de Torngat qui soit expli-
citernent rattaché & un arc magmatique. Son
age, intermédiaire entre celui du socle et de
la déformation hudsonienne, rend ambigu
son insertion dans un schéma géocdyna-
mique.

Stratigraphle

Trois cycles de déposition-déformation sont
rapportés dans [a région de la riviére
George.

1 . Des gneiss tonalitigues anciens, dage
probable Archéen (2.7 Ga), fortement mig-
matitisés et intercalés aux paragneiss du
complexe de Mistinibi {van der Leeden et al,,
1990) forment la socle.

2 : Chevauché sur le complexe de Mistinibl,
le complexe volcancsédimentaire de Nishu-
ku (Girard, 1990), occupe une quille synclina-
le nord-sud de 8 kilomatres de large par
20 kilométres de long. La suite intrusive de
Pallatin s'injecte & sa base.

3 : L'extrémité nord du complexe de Ntshuku
et les gneiss adjacents sont recouverts par
le Groupe de la Hutte Sauvage {van der Lee-
den et a/., 1980). Ce groupe correspond 4 un
bassin sédimentaire épicratonique, affecté
d'une déformation et d'un métamorphisme
aux schistes verts a 'Hudsonnien. Des ga-
tets provenant du batholite de De Pas lui
conférent un &ge maximal de 1.84 Ga.

Le complexe volcanosédimentaire de
Ntshuku

Le complexe de Ntshuku se compose d’'une
séquence basale de couldes basaltiques et
dacitiques, de démes de rhyolites etde quel-
ques niveaux metriques de métapélites, le



