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cover, were subsequently thrust over un-
affected parts of the Nain Province, repre-
sented by the Hopedale block. Tectonic ac-
tivity in the Churchill Province, on the other
hand, is represented by tectonic fabrics that
wane progressively from granulite-facies in
the internides of the Churchill Province to
sub-greenschist-facles at its contact with the
Hopedale block.

Moran Lake Group rocks of the Makkovik
Province represent Early Proterozoic, en-
sialic or continental margin deposits,
whereas Ingrid Group rocks were derived
from a succession of undeformed Archean
or earller Proterozoic metasedimentary
rocks and their highly deformed basement
rocks. Deposition of Ingrid Group sedimen-
ts preceded, or was accompanied by, conti-
nental volcanism in a tectonically unstable
environment.

The relative age of orogenic activity of the
Proterozoic provinces adjacent to the Hope-
dale biock is not precisely dated, but the
activity may generaily relate to collision of
the Nain Province with a protocontinent of
the Churchill Province. In this model, south-
easterly deepening basin deposits (Moran
Lake Group) on the Nain Province were
transported, during deformation, westerly
toward the Churchill protocontinent. The un-
affected portion of the Nain Province (Hope-
dale block) collided directly against the
Churchill Province protocontinent. The Ingrid
Group may have formed during the early
phases of this collisional episode on the
Churchill protocontinent.

The relatively low intensity of deformation
and grade of metamorphism atong the Nain—
Churchill boundary zone are in marked con-
trast to fabrics in the boundary zone farther
north, where sinistral shear, co-extensive
with the Torngat Orogen, overptinted Nain
Province rocks in upper amphibolite to gran-
ulite facies (e.g., Ermanovics and Van Kra-
nendonk, 1990). At the latitude of the Hope-
dale block, however, such high-grade struc-
tures are present 20 km west of the Ingrid
Group (zone 8, Figure 4). The difference
between the northern part of the Churchill-
—Nain boundary and the area discussed
here may be the result of shallower crustal
levels exposed to the south, or the more
southerly area may simply reflect a less in-
tensely deformed foreland of the high-grade
Churchill Province internides.
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Summary

Preliminary precise age determinations of
tectonic and metamorphic events across a
transect of the Torngat Orogen have shown a
time-span of 80 million years between the
oldest synmetamerphic intrusions and the
latest uplift of the orogen. Two tectonother-
mal peaks have been determined at 1844 Ma
(eastern and central part of the transect) and
at 1826 Ma (western part of the transect),

Resumé

Les premiers résultats d’'une étude géochro-
nologique de l'orogéne de Torngat, axée sur
la datation précise d'événements tecton-
iques et métamorphiques, ont montré qu'une
durée de B0 millions années (entre 1860 Ma
et 1780 Ma) separe les premiéres intrusions
synmétamorphes de [a surrection finale de
ia chaine. Deux “pics” de déformation et de
métamorphisme ont é6té déterminés & 1844
Ma (au centre et & l'est de la chaine) et & 1826
Ma (A l'ouest).
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Introduction

Any geotectonic modelling must be con-
strained by precise geochronological data,
the significance of which depends on: (1)
selection of samples which have an un-
equivocal kinematic interpretation; and (2)
the separation of all possible zircon types
and careful checking of their internal
structure as a record of the zircon history.
However, correlations between “crystallo-
graphic” events defined at the mineral scale,
and tectonic or igneous events defined in the
field, are difficult to assess, especially in the
case of regions which have experienced
long-ived progressive deformation under
high-grade conditions.

The Early Proterozoic Torngat Qrogen
separates the Archean Nain and Rae prov-
inces of the eastern Canadian Shield. The
aim of this study is to establish a chronology
of tectonic and metamorphic events in the
North River—Nutak transect of the orogen
(latitude 57°30'-58°N) and to address the
duration of the regional shear regime. This
paper presents the preliminary results of
U-Pb dating of zircons and monazites. Ana-
lytical methods are summarized in Parrish et
al. (1987).

Geology, sample description and
preliminary results

The Torngat Orogen (Figure 1, see Er-
manovics and Van Kranendonk, 1990, for
regional location) comprises from east to
waest: (i) reworked Archean gneiss of the Nain
Province and unconformably overlying su-
pracrustal rocks of the Early Proterozoic
Ramah and Mugford groups:; {ii) the Abloviak
shear zone; and (iii} a central zone compris-
ing the Tasiuyak domain and the western Lac
Lomier complex {Ermanovics and Van Kra-
nendonk, 1990). Early Proterczoic tectonism
involved initial amphibolite- to granulite-
facies sinistral shearing, which was concen-
trated along the Abloviak shear zone, fol-
lowed by east-directed thrusting on steep
ultramylonite zones associated with uplift
(vVan Kranendonk and Ermanovics, 1990).
Samples from the main units were analyzed
(Figure 1 for location). Comparative
sketches of zircon microstructures studied
so far are shown in Figure 2, and U-Pb ages
are presented in Figure 3.

Eastern margin of the Torngat Orogen.
Samples are from veins of granite and peg-
matite that cccur close to or within mylonitic
zones associated with the late thrusting-
uplift event.

Sample RALS8 17 (see Figure 1 for loca-
tion) is a pre- to syntectonic granite at am-
phibolite-facies and contains a down-dip lin-
eation associated with the late thrusting
event. The zircon age of 180515 Ma (Figure
3} on two concordant fractions defines a
maximum age for this late crogenic activity.
A single grain with a minimum 207Pb/2%6Ph
age of 2560 Ma indicates the presence of an
inherited Archean component, which sup-

ports the interpretation that the strip of or-
thogneiss separating the Ramah Group and
the Tasiuyak domain represents reworked
Archean rocks.

Ancther sample, EESB9 22B (Figure 1} is
a sillimanite-bearing granite, strongly de-
formed and containing a down-dip lineation.
Two fractions of zoned zircons have yielded
an almost concordant date of 178612 Ma
{0.4-0.8% discordancy), concordant mon-
azite gives an age of 1782+1 Ma.

Tasiuyak domain. This contains a wide
zone of the Tasiuyak gneiss, a garnet-rich
granulite-facies migmatite derived from a
metasedimentary protolith (Ryan et al.,
1984, Wardle, 1984). On both margins, the
Tasiuyak gneiss is intercalated with thick
bands of foliated and lineated charnockite.
Large areas of Tasiuyak domain are also
underlain by garnetiferous, white megacrys-
tic granite (S-lype granite) and diatexitic
migmatite (sample EES89 G1 on Figure 1).

Zircons from a weakly foliated, garnet-hio-
tite granite (sample EES89 G1) yielded a
poorly defined discordia age of 1847+7/-5
Ma (Figure 3) corresponding to rounded
grains with various core/overgrowth ratios.
However, an almost concordant fraction of
two grains devoid of cores (0.4% discordan-
cy) constrains the age of the tast melting
event at 1844+1 Ma (Figure 3). A less-con-
strained age for the cores of needles (Figure
2, F to |) is given by two discordant fractions
(1.7% and 4% discordancy), including a sin-
gle grain, that show the same 207Pb/206Ph
age of 1859 Ma. This may correspond with
either some kind of detrital or magmatic proto-
lith, or the onset of granulite-facies conditions
and zircon growth. Discordant monazite (1.7%
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N )1 RALSE (7

- 1788
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discordancy) yields a 207Pb/206Ph age of 1849
Ma, slightly older than the zircon discordia
age, suggesting that the generation and early
{in situ?) emplacement of the S-type granite,
obvious from field evidence, was outlasted by
metamorphic and/or anatectic growth of
zircons.

An undeformed cross-cutting vein of
garnet-bearing leucogranite and pegmalite
(EES89 G2) has yielded a younger age.
Multifacetted grains with minor, small cores
correspond to almost concordant points
(0.4— 0.8% discordancy) with a small age
difference between the cores and finely
zoned outer parts of grains (17902 Ma and
178812 Ma, respectively); the cores of eu-
hedral needles are slightly older at 1792+2
Ma. Such an age pattern suggests continu-
ous growth of zircon over a short peried.

Lac Lomier complex. The contact be-
tween the Lac Lomier complex and the Tasi-
uyak domain is a 5-10 km wide zone consist-
ing of a kilometre-scale intercalation of Tasi-
uyak gneiss and brown, homogeneous char-
nockitic gneiss. The Lac Lomier complex
comprises brown charnockite as well as leu-
cocratic to mesocratic quartzofeldspathic
{ayered gneiss, mafic gneiss and paragneiss.
Two samples have been analyzed — EEB9
023 and EE89 019,

EE89 023 is a brown, hypersthene-horn-
blende-plagioclase-quartz charnockite show-
ing a strong, subherizontal L-8 fabric formed
under granulite-facies conditions. At least
nine different populations of zircons {four mor-
phological types and varying colours} were
observed in this sample. From morphological
comparisons, the following relative zircon
chronology, from oldest to youngest, is pro-

of

N B " 5 SHEAR ZONES
%

4 RAMAH AND MUGFORD
GROUPS
3 ANATECTIC GRANITE

f—jnaos

HEBRON

2 TASIUYAK GNEISS

1 CHARNOCKITE

20 &m

EES88228

Mz1781

Figure 1 Geology of the Torngal Orogen and sample locations. Zircon and monazite (Mz) ages are indicated.
Legend units include: 1, Charnockites and orthopyroxene-bearing gneiss; N, Archean banded gneiss of the
Nain craton; 2, Tasiuyak garnel-sillimanite gneiss of Tasiuyak domain and metasedimentary rocks of the Lac
Lomier compiex; 3, Anatectic granite; 4, Early Proterozoic Ramah (RG) and Mugford (MG) groups; 5, Ductile

(a} and brittle {b) shear zones.



Geoscience Canada Volume 17 Number 4

EEM89 019 LAC LOMIER GRANITE

\E&

0.1mm

299

Figure 2 Morphology of zircon grains.
Sample EEM89 019, granitic vein cross-cutting
banded gneiss of the Lac Lomier complex.

(A) Round, honey-coloured zircon grain with
regular zoning in the core and overgrowth
(drawing from SEM photograph);

(B) Honey-coloured short prism showing
broken, lighter core and overgrowth; drawing
from transmitted light (TL) photograph.
Sample EES89 G1, Tasiuyak anatectic granite.
(C) Round, brown zircon grain with broken,
lighter core and finely zoned overgrowth (from
TL photo);

(D) Round, brown zircon grain with minute core;
late metamictization is shown in black (from
SEM photo);

(E) same as D, with small, zoned core and
overgrowth (from SEM photo);

(F) Long, colourless prism with broken core
(from TL photo);

(G) same as F, showing resorption predating
the overgrowth (from TL photo);

(H) Irregularly rounded zircon grain with a
prismatic broken core (from SEM photo);

(I) Complex zoning of a long, colourless prism
with a core and two distinct overgrowths; late
metamictization is shown in black (from SEM
photo).

Sample EE89 023, charnockitic gneiss of the
Lac Lomier complex.

(J) Long, yellow prism with broken core and two
successive overgrowths (from TL photo);

(K) Short, yellow prism with a small, light core
and large subhedral overgrowth (from SEM
photo);

(L) “Flat” zircon with numerous cracks and
minute inclusions, including fluid inclusions
(from TL photo),

(M) “Flat” zircon showing a resorbed nebulitic
core and a narrow, discontinuous overgrowth
(from SEM photo);

(N) Subhedral, rounded zircon grain with little
difference between a colourless core and pink
overgrowth (from SEM photo);

(O) Fragment of large, pink, euhedral grain with
a large (fluid?) inclusion (from TL photo).
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posed: (i) “flat” zircons {Figures 2L and 2M)
and possibly some round, dark brown grains;
{ii) yellow and colouress needles (Figure 2J);
{iii} round, yellow, pink and colourless, multi-
facetted grains, often with colourless, limpid
cores (Figures 2K and 2N); and (iv) pink frag-
ments of large euhedral grains {Figure 20).

Concordant or almost concordant zircon
fractions are arrayed along concordia be-
tween ca. 1860 Ma (2°7Pb/208Pb age of a
0.8% discordant “flat™ zircon fraction) and
1825+2 Ma {(concordant age of a pink eu-
hedral zircon fraction). A major grouping of
yellow needles and multifacetted zircon frac-
tions, all representing cores, occurs at 1843

Ma (average of 207Pb/206Ph ages of four
concordant and almost concordant fractions)
and may indicate the peak metamorphic age
of a long-lived, lower crustal tectonothermal
regime. An 1832 Ma, concordant, multifacet-
ted zircon fraction may represent either a step
in a continuous crystallization history, a dis-
crete event, or a point situated on a mixing line
between 1843 Ma and 1825 Ma.

The “flat” zircon morphology is believed to
represent growth under high strain conditions
in a magmatic environment (Figure 2M).
Therefore, the ill-defined age of the “flat” zir-
cons at ca. 1860 Ma may date the syntectonic
emplacement of the charnockite.

EEMB9 018 is a pink, microcline-bearing
granitic vein that cross-cuts the regional foli-
ation of the Lac Lomier complex, but con-
tains a vertical foliation and a shallow
N-plunging lineation that is parallel to the
regional shear fabric. This granite vein is
therefore interpreted as late kinematic, and
constrains the age of the latest deformation
in the western Lac Lomier complex. Three
types of zircon have been defined: brown
balis and prisms with obvious cores (Figures
2A and 2B), and fragments of colourless,
euhedral zircon.

Zircon fractions are scattered on the con-
cordia diagram and define an array of points

TORNGAT OROGEN FORELAND
LAC LOMIER DOMAIN CONTACT ZONE TASIUYAK DOMAIN RAMAH
WEST EAST
1782 +/- 1 *** monazjte B
1786 +/-2* O
1790+-2( @ & D
1800
1805 ** O A
1826 +/-2" O @ @ F| 18254-2 E
o F| 1832 4/-2** E
1843 +2/-4 ** @ 1844 4/-1*
F| 1843 /-7 {** ®
€ * 1847474 0@ #°
1850 1850 +/-1 *** monazite F 1849° monazite - C
E
16860 * -— 1859 * ®c
11900
1937 * ° F 2560 * L 2
U-Pb AGES .. iil;'g‘sggaaga ( ) average ages
e . ZIRCON MORPHOLOGY
SAMPLES concordant point { )} average ages
Needles, euhedral, subhedral bipyramids overgrowths
A) RAL88 17 Ramah protecionic pegmatite = cores 8
B) EESS89 22B Ramabh sill syntectonic granite-pegmatite ----- mixed
C) EES89 G1 Tasiuyak diatexitic granite found-shaped and multifaceted grains  overgrowths O
D) EES89 G2 Tasiuyak leucogranite cores ®
E) EE89 023 Woaestem charnockite mixed (=1
F)} EEM89 019 Lac Lomier granitic vein “Flat” zircons

Figure 3 Time and space chart showing isotopic resufts and morphology of the analyzed samplas. All ages are given with a 2a error.
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rather than a well-defined discordia line. The
best-defined regression line is calculated at
182612 Ma from four single grains represent-
ing exciusively or dominantly overgrowths and
one concordant fraction comprising frag-
ments of euhedral grains. The oldest possible
discordia yields an age of 1843+2/-4 Ma.
Monazite is slightly older and overlaps the
concordia at 1850+1 Ma. One large, brown,
cloudy, highly discordant (20%) core yields a
minimum age (297Pb/206Pb) of 1937 Ma, provw-
ing the existence of inherited zircons.

The minimum age for syntectonic em-
placement of the pink granitic veins may be
thus estimated at 182612 Ma, but the signifi-
cance of the monazite age is ambiguous; it
may represent a xenocryst.

Prefiminary conclusions
Our data suggest that the Torngat Orogen
experienced high-grade, lower crustal condi-
tions for at least 80 million years. Discrete
tectonothermal events may have occurred
within this range, but the observed spread of
concordant ages in the charnockite probably
implies a progressive crystallization of zircon
around “peak” ages which may or may not
correspond to “peak” metamorphic condi-
tions or to discrete magmatic events. Age
resulls are shown in Figures 1 and 3. The
following preliminary conclusions are drawn.
Brown, U-rich overgrowths have given two
distinct ages — 1844 Ma and 1826 Ma. The
1844 Ma age of the anatectic granite from
the Tasiuyak domain cbviously corresponds
to a melting event closely associated with
granuylite-facles metamorphism (Mengel and
Rivers, 1989). This age is also represented
by a group of concordant zircons from the
charnockite, by 207Pb/208Ph minimum ages
for zircon cores from the Lac Lomier com-
plex, and by a concordant zircon from an
orthopyroxene-bearing mobilizate sampled
by T. Krogh from the eastern margin of the
Torngat Orogen (T. Krogh, personal com-
munication, 1990). The younger age of 1826
Ma corresponds to euhedral zircon over-
growths in both the charnockite and syntec-
tonic granite vein of the Lac Lomier complex.
It is interpreted as dating the waning of gran-
ulite-facies conditions and the late-stage
shear-related straightening of the Lac Lomier
complex. Surprisingly, this age has not been
found in the Tasiuyak domain (EESB9 G1):
such a difference tends to support a poly-
phase metamorphic evolution of the orogen
and a time-dependent displacement of tec-
tonothermat activity from east to west.
S-type granite generation in the Tasiuyak
domain occurred before the end of granulite-
facies metamorphism, as suggested by the
age difference between inherited monazite
and zircon growth; similar cases of inherited
monazite are reviewed by Parrish (in press).
An age of 1860 Ma may be defined from
207phy206Ph ages of fractions representing
cores. Concerdant xenocrystic zircons of
that age have been analyzed recently from
an orthopyroxene-bearing mobilizate (see

above, T. Krogh, personal cornmunication,
1990) from the eastern margin of the Tormgat
Orogen. In our samples, this age is recorded
in the “fiat” zircons from the charnockite and in
broken cores of needie-shaped zircons from
the anatectic Tasiuyak granite. These may
date syn-tectonic intrusion of charnocklitic
magmas during the crustal thickening that
initiated granulite-facies metamorphism.

Two inherited zircons are significantly
older. The oldest, at 2663 Ma (207Ph/208Ph
age) from the Abloviak shear zone, confirms
field evidence for reworked Archean rocks. it
must be emphasized that our data may be
biased toward young ages, since maost of the
studied samples are pegmatites, or highly
differentlated granites, and older inheritance
is therefore not excluded.

The age of uplift of the orogen is given by a
maximum age of 1805 Ma and by a syn-tec-
tonic age of 1786 Ma obtained from pegma-
tites emplaced within mylonite of the eastern
Abloviak shear zone. In the Tasiuyak domain,
leucogranitic veins that postdate transcur-
rent shearing have yielded a similar age of
ca. 1790 Ma, implying that the Torngat Orogen
remained in deep crustal conditions for at
least 80 million years. This period extended
from 1860 Ma, the age of the oldest syntec-
tonic magmatic precursors, to 1780 Ma.

Acknowledgements

JMB thanks the Geological Survey of Cana-
da gecchronology team, especially O. Van
Breemen, R. Parrish and J.C. Roddick, for
their help in carrying out this project during
a sabbatical leave in Ottawa.

References

Ermanavics, L.F., and Van Kranendonk, M.J., 1990,
The Torngat Orogen in the North River— Nutak
transect area of Nain and Churchill provinces:
Geoscience Canada, v. 17, p. 279-283.

Mengel, F., and Rivers, T., 1989, Thermotectonic
avolution of Proterozoic and reworked Ar-
chaean terranes along the Nain~Churchill
boundary in the Saglek area, northern La-
brador, in Daly, J1.S., Chff, RA. and Yardley,
B.WD., eds., Evolution of Metamorphic Belts:
Geological Society of London, Spacial Publica-
tion No. 43, p. 319-324.

Parrish, R.R., Roddick, J.C., Loveridge, W.D., and
Sullivan, R.W., 1987, U-Pb analytical tach-
niques at the geochronology laboratory: Geo-
logical Survey of Canada, Paper 87-2, p. 3-7

Parrish, R.R., in press, Monazite, U-Pb systernatics
and applications of monazite dating to geclogi-
cal problems: Canadian Journal of Earth Scl-
ances, in press.

Ryan, A.B., Martineau, Y., Korstghrd, J. and Lee, D.,
1984, The Archean-Proterozoic boundary in
northern Labrador: Geological Survey of Cana-
da, Paper 84-1A, p. 545-551.

Van Kranendonk, M.J., and Ermanaovics, LF., 1990,
Structural evolution of the Hudsonian Tomgat
QOrogen in the North River map area, Labrader:
Geoscience Canada, v. 17, p. 283-288.

Wardia, R.J., 1984, Nain-Churchill province cross-
saclion: Riviére Baudancourt-Nachvak Lake, in
Current Rasearch: Newfoundland Department
of Mines and Energy, Report 84-1, p. 1-11.

Les cisaillements
latéraux dans l'arriére-
pays des orogénes du
Nouveau-Québec et de
Torngat: Une revue

Réjean Girard

Modulte des Sclences de la Terre
Université du Québec & Chicoutimi
555 Boul. de I'Université
Chicoutimi, Québec G7H 281

Résumé

Le sagment est de lorogéne Trans-Hudson
se compose d'un terrain gneissique polycy-
clique coincé entre les orogénes hudsoniens
du Nouveau-Québec et de Torngat. L'inter-
face entre ce terrain gneissique et les cra-
tons de Nain a l'est et Supérieur a louest est
marqué par les failles de Komaktorvik a l'est
et du Lac Tudor a l'ouest, lesqueiles montrent
des directions de transport opposées. Simi-
lairement, le terraln interorogénique est dis-
séqué de cisalllemenis 4 déplacements
latéraux montrant une direction de mouve-
ment cohérente avec celles des failles limi-
trophes, soit senestre a l'est dans fes cisaille-
ments d'’Abloviak, Falcoz et Moonbase Lake,
et dextre & l'ouest pour le cisaillement de la
rivitre George. La relation temporelle entre
ces différents systémes de failles est in-
certaine,

Summary

The sastern part of the Trans-Hudson QOro-
gen is composed of a gneissic polycyclic
terrain caught between the Torngat and New
Québec orogens. its boundaries with the
adjacent Archean Nain and Superior cratons
are expressed by the sinistral Komaktorvik
shear in the east and the dextral Lac Tudor
fault in the west. Their common gneissic
hinterland is dissected by two networks of
transcurrent fauls, the sinistra! Abloviak-
—Falcoz—Moonbase Lake shear system in
the east and the dextral George River shear
in the west. Timing relationships between
these fault systems is still unclear and is
essential to the unravelling of the link be-
tween both orogens.

Introduction

Les orogénes du Nouveau-Québec (ONQ) et
de Torngat (OT) définissent un patron gros-
sitrement symétrique (Hoffman, 1988),



