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Basement-cover
relationships and
metamorphic patterns
in the foreland of the
Torngat Orogen in the
Saglek—Hebron area,
Labrador

Bruce Ryan

Geological Survey Branch

Newfoundland Department of Mines and
Energy

£O. Box 8700

St. John's, Newfoundland A1B 4J6

Summary

The Archean Nain Province of northern La-
brador displays a variable imprint of Early
Proterozoic thermotactonism several tens of
kitometres east of its coilisional boundary
{Torngat Orogen) with the Archean Rae
(eastern Churchill) Province, the latter ex-
tensively reworked by Early Proterozoic
events. This imprint is discerned by the west-
ward increase in metamorphic grade in the
Early Proterozoic Domes diabase dykes and
from the degree of retrogression of Archean
granulite-facies gneisses. Early Proterozoic
tectonic effects also include the translation
of Ramah Group cover rocks over their Ar-
chean basement, and the subsequent fold-
ing of both the basemeant décollement and
the cover. Later steep reverse faults dissect
the boundary zone between the Rae (Churchi)
Province and the Archean foreland. All these
features are believed to be related to Early
Proterozoic coblique continental collision be-
tween two Archean crustal blocks.

Introduction

The present-day configuration of continents
has arisen from the continued fragmentation
and amalgamation of long-lived crustal frag-
ments. The assembly of these fragments into
larger stable cratonic masses may be ac-
companied by collisional orogenies. The
effects of collision on two colliding fragments
are generally difficult to assess without suit-
able stratigraphic markers that are continu-
ous from the suture zone into the less-af-
fected interior. The Archean Nain Province of
northern Labrador is an example of such a

stable cratonic fragment that has been su-
tured against another Archean block, the
Rae Province, along an Early Proterozoic
(Hudsonian) collisional boundary termed the
Torngat Orogen (Hoffman, 1888). Unlike Nain
Province, however, Rae Province has been
extensively ductilely reworked during the
Hudsonian thermotectonism (of which the
Torngat Orogen is one expression). The Nain
Province in the Saglek—Hebron area con-
stitutes the foreland to the Torngat Orogen,
and exhibits variable effects of Hudsonian
metamorphism and deformation. Brief de-
scriptions of Hudsonian effects are pre-
sented in this contribution. More detailed
treatrment of this and other aspects of Early
Proterozoic thermotectonism in the Saglek—
Hebron area wilt be given elsewhere (Ryan,
in preparation}.

General geology

Nain Province and Ramah Group. The
Archean Nain Province or craton preserves
evidence of a complex history extending
from ca. 3.7 Ga lo 2.5 Ga (see summaries
and references in Collerson ef al, 1976,
Bridgwater el al., 1978; Ryan et al., 1983,
Ryan ef al., 1984). The craton comprises
Early Archean polyphase Ulvak ortho-
gneisses tectonically intercalated with meta-
sedimentary and metavolcanic supracrustal
rocks of probably several generations
(Bridgwater ef a/., 1990; Schi¢tte and Bridg-
water, 1980}. The region was metamor-
phosed to amphibolite to granulite facies
during the Late Archean. In the Saglek area,
the granulite-facies rocks occur west of the
Proterozoic Handy Fault whilst amphibolite-
facies rocks occur east of it (Figure 1). Gran-
ulite-facies rocks also occur east of the fault
in the Hebron Fiord area. This pattern is
apparently due to scissor-like movement
along the fault, that has exposed deeper
crustal levels southward on the eastern side
{Ryan et al., 1984).

A stabilized Nain craton was intruded by a
swarm of Early Proterozoic {ca. 2.4-2.2 Ga,
¢f Taylor, 1979) diabase dykes, herain re-
ferred to as the Domes dykes (considered to
be equivalent to the Napaktok dykes of Er-
manovics et al. (1989)). The region was sub-
sequently peneplaned and overlain by the
Ramah Group, a platformal to basinal se-
quence comprising primarily siliciclastic
rocks {Knight and Morgan, 1981) disposed
in a north-south trending synclinorium.
Between Saglek and Nachvak fiords (Fig-
ure 1b), the eastern margin of the Ramah
Group rests with marked unconformity on
the Archean complex and the Domes dykes.
The western margin is deformed, metamor-
phosed and overthrust by Nain Province Ar-
chean gneisses bearing a Proterozoic over-
print (Morgan, 1975; Mengel, 1988). In con-
trast, the Ramah Group between Saglek Fiord
and Ckak, 100 km to the south (Ermanovics
and Van Kranendonk, 1990), is preserved
largsly as narrow, highly tectonized,

belts within refoliated Archean gneisses
(Ryan et al., 1983; Ryan ot al., 1984).
Rocks west of the Ramah Group. Arche-
an gneissas that have undergone an Early
Proterozoic amphibolite-facies refoliation
are in steep reverse-fault contact with the
Ramah Group. These pass westward into
simitar rocks, but at granulite facies. The
refoliated Archean gneisses were assigned
to the Komaktorvik zone by Korstgard et al,
(1987). Wast of the Komaktorvik zone is the
Tasiuyak gneiss, a granulite-facies, garnet-
rich, leucocratic anatexite and metasedi-
meantary gneiss characterized by an intense
mylonitic fabric and subhorizontal quartz-
rodding lineation. The contact between
the refoliated Archean gneisses and the
Tasiuyak gneiss is a zone of tectonic inter-
leaving. Both Komaktorvik zone and Tas-
luyak gneisses show penefrative deforma-
tion associated with the development of the
Abloviak shear zone (Korstgard et a/., 1987),
a major belt of sinistral transcurrent shear
now recognized to affect the Rae Provincs,
the Tasiuyak gneiss and the adjacent Nain
craton from Ungava Bay to southern La-
brador (cf. Hoffman, 1988; Girard, 1990).

The Proterozoic imprint

The Domes dykes. The pre-Ramah
Group tholeiitic Domes dyke swarm provides
aregional marker that can be used to assess
the Earty Proterozolc metamorphic overprint
on the Archean craton. A marked mineralogi-
cal discontinuity, corresponding to the vir-
tual complete metamorphic replacement of
igneous clinopyroxene in the dykes by sec-
ondary amphibole, occurs in the central part
of the Saglek—Hebron region. On the basis of
this change, the region is divided into two
zones, Zones 1 and 2, the latter being the
one in which amphibole dominates (Figure
1c). It should be pointed out here that foliated
amphibolite dykes are present across the
whole Nain Province foreland and occupy
shear or fault zones even in Zone 1. These
amphibolites locally exist in close proximity
to relatively fresh dykes, and appear to be-
long lo a separate generation, although
cross-cutting relationships have not been
observed. These anomalous dykes are not
included in the descriptions below.

The Domes dykes in easternmost {coastal
region) Zone 1 are undeformed and charac-
terized by subophitic augite and plagioclase.
Narrow actinofite corenas are developed on
pyroxene in some dykes, and plagioclase is
clouded by fine oxide dust and saussurite.
Chlorite is present as irregular clots between
the igneous minerals. In the westernmost
part of Zone 1, the primary pyroxene is gener-
ally 60-70% replaced by zoned blue-green
hornblende, and the saussuritized plagio-
clase is corroded and replaced along its
margins by adjacent amphibole. Red biotite
rims on Fe-Ti oxides and intergrowths with
the amphibole are also present.
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The Domes dykes maintain their straight,
undeformed character into Zone 2. In the
westernmost part of the zone, howsver, they
change strike from generally east to west and
northeast to north-northeast and are locally
sheared and foliated. The metamorphic over-
print in Zone 2 is such that pyroxene is only
rarely preserved; instead, granular, matted
and poikilitic hernblende is the chief

mafic mineral. Relict igneous textures are rec-
ognizable in the dykes because cloudy plagio-
clase maintains its original tabular form, al-
though in some areas It has broken down to
granular albite+epidote+quartz aggregates.
Rusty-red bictite is common and, in many
rocks, llmenite has been nearly totally re-
placed by granular titanite. In the westem part
of Zone 2, south of Hebron Fiord,
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Figure 1 (a) Major tectonic elements of northern Labrador. (b) Regional geological framework of the
Nachvak—Hebron area. (c) Generalized map of the Saglek-Habron aroa illusirating aspects of the geology
referred to in the text; amp/gr boundary defines approximate location of Late Archean amphibolite/granulite-
facies transition east of the Handy Faulf; gr/g-a boundary defines approximate location where alf vestiges of
granulite-facies mineralogy in quartzofeldspathic rocks are destroyed by the Eary Prolerozolc greenschist- to
amphibolite-facies overprint,
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some dykes contain small skeletal gamets. In
the westemmost part of Zone 2, strongly foli-
ated metadiabase dykes occur within a hun-
dred metres of the eastern boundary of the
Ramah Group, and also within the overthrust
sheets of reworked Archean gneiss (Figure
1c). These dykes are subparallel to the Proter-
ozoic-re-priented layering and are hornblende
schists, containing dimensionally oriented
lozenges of homblende, clear plagioclass,
prismatic epidote, rusty-red biotite, and trains
of granular titanite and Fe-Ti oxide.

The Archean quartzofeldspathic
gneisses. It was recognized during earlier
work in the Saglek area (cf. Bridgwater ef af,
1975) that the Archean granulite-facies rocks
had undergone non-uniform retrogression,
and it was proposed that some of this retro-
gression predated intrusion of the Domes
dykes. An attempt has been made fo eval-
uate the retrogression of hypersthene {and
othar minerals) in the quartzofeldspathic
gneisses to determine if there is a relationship
between the degree of this retrogression and
the prograde metamorphism of the Domes
dykes. Atleast ten different retrograde assem-
blages of orthopyroxene have been identified,
but only a few are mentioned here.

{i) East of the Handy Fault. Inths retro-
gressed granulite-facies gneisses east ofthe
Handy Fault (Figure 1c), orthoamphibole
(anthophyllite) pseudomorphs of hyper-
sthene are common. Locally, clots of gra-
noblastic quartz+faldspar (with one or more
of green-brown biotite, Fe-Ti oxide, epidote
and chlorite) have further replaced the or-
thoamphibole. Coronas of green biotite over-
grow the hypersthene pseudomorphs in
many places. Chlorite and epidote are re-
gionally developed and are especially abun-
dant south of Hebron Ficrd. Only the green
blotite coronas, epidote, and chlorite are
considered as Proterozoic, corresponding to
the degree of alteration in the Domes dykes;
the orthoamphibole pseudomorphs of hyper-
sthene appear to be earlier, and unrelated to
dyke alteration.

(li) West of the Handy Fault. Pristine
granulite-facies rocks co-exist with retro-
gressed rocks west of the Handy Fault, and
demonstrate the inhomogeneity of retro-
gression. North of Hebron Fiord, non-retro-
gressed granulites are restricted to Zone 1,
yet south of the fiord, frash granuiites occur
wall within Zone 2. Orthoamphibole sheaves
and quartz+feldspar (+ other minerals} clots,
similar to those that form pseudemorphs of
orthopyroxene in gneisses east of the Handy
Faull, also occur west of it. The green biotite
coronas are ubiquitous, but disappear in the
western part of Zone 2; their disappearance
is approximately coincident with the disap-
pearance of the orthcamphibole pseudo-
morphs after hyparsthene and with the
growth of new brown bictite in the gneisses
(Figure 1c). The former presence of hyper-
sthene in the gneisses in the westernmost
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part of Zone 2 is reflected in granoblastic
quartz-feldspar blebs containing dissemin-
ated brown biotite, muscovite, epidote,
sphene and Fe-Ti oxides. The latter five
phases mark the Early Proterozoic middle-
greenschist-facies imprint over this part of
Zone 2, and reflect the type of alteration
seen in the non-schistose Domes dykes. Di-
rectly adjacent to the Ramah Group, the
Proterozoic retrogression is accompanied
by gneiss refofiation, expressed as the de-
velopment of a mylonitic ribbon-like fabric of
biotite+muscovite+epidote that anasto-
moses around quartzofeldspathic lozenges.

The Ramah Group. The Ramah Group
south of Saglek Fiord is variably inclined
against the adjacent Archean complex (Fig-
ure 1¢). Along the southern shoreline of the
fiord, open folds of Ramah Group quartzite,
marble, pelite and mafic sills are well dis-
played. The easternmost margin is unex-
posed, but it appears to be a gently west-
dipping, little-modified, folded unconformity.
The western margin of the Group is exposed
in tectonic contact with the underlying Ar-
chean rocks, the junction between them
being marked by a 1-2 m thick zone of
mylonite. in the contact zone, steeply dip-
ping gneissic layering in the Archean rocks is
re-oriented parallel to the basement-cover
interface, and a bedding-parallel schistosity
is present in the supracrustal rocks.

South of Pangertok Inlet, the Ramah
Group occurs as two moderately to steeply
dipping belts in tectonic contact with base-
ment; the eastern basement-cover contactis
locally overturned toward the west. The in-
terface between the Ramah Group and the
adjacent Archean rocks of this area is a
shear zone defined by mylonitic tectonic
schists (¢f. Hutton, 1979} inwhich distinction
between basement and cover components
becomes difficuit. The penetrative planar
fabric in this shear zone is similar in attitude
and metamorphic grade to the fabric in the
adjacent Ramah Group, indicating that they
are likely correlative. This basement-cover
fabric is, nearly everywhere, subparallel to
bedding in the supracrustals. In the quartzo-
feldspathic schists of the contact zone the
foliation is defined by muscovite+biotite+
epidote; in Ramah Group quartzite, it is de-
fined by muscovite; and in metapelite, by
muscovite-biotite. Other minerais found
within Ramah Group metapelites in this area
include kyanite, sillimanite, staurolite and
garnet; these appear to have a regional dis-
tribution pattern that is discordant to the
trend of the group. Data are too scarce for
delineation of isograds, but indicate that the
overall pattern is one of increasing metamor-
phic grade from north to south and east to
west (cf. Mengel, 1988).

Upright to westerly overturned, gently to
moderately plunging, F, folds, which define
the present outcrop pattern of the Ramah
Group south of Saglek Fiord, have an associ-
ated transpositional S, axial planar fabric;

kyanite and fibrolitic silllmanite are re-
oriented into the S, fabric in the pelitic rocks.

Interpretation of metamorphlic patterns
It is apparent from the assembiages in the
Domes dykes and the quartzofeldspathic Ar-
chean gneisses that Proterozoic metamor-
phic effects intensify from the coast west-
ward toward the Ramah Group. The genera-
tion of a penetrative foliation in the dykes
and in the basement rocks, however, Is
largely confined to the basement/Ramah
Group interface. The formation of this folia-
tion is interpreted to have been synchronous
with the regionally developed bedding-sub-
parallel 8, fabric in the Ramah Group. The
following sequence of events Is proposed to
account for the Early Proterozoic metamor-
phism and tectonism seen in the Torngat
foreland of the Saglek-Hebron area.

Early compressional deformation of the
Ramah Group and the Archean gneisses
was accommodated in part by ductile trans-
lation or teclonic shiding (¢f. Hutton, 1379)
along the basement-cover contact. Thinning
of the lowermost formations in the Ramah
Group in this area, and the apparent trans-
gressive nature of the contact between
basement and individual units within the
Ramah Group suggest that parts of the cover
succession have been excised along the
slide zone. In all likelihood, similar décolle-
ment zones in the form of internal thrusts
{and nappes?) were generated within the
Ramah Group, and account for the formation
of the generally bedding-paraliel foliations
seen within the metasediments of this area.
The full geographic extent of this early defor-
mation is not known, but it is suggested that
some of the thrusts along the eastern margin
of the Ramah Group between Saglek Fiord
and Nachvak Fiord (Morgan, 1975) may be of
this age. The distribution of aluminosilicate
minerals in the Ramah Group and relative
timing of their growth suggest that thickening
via early thrust-loading was responsible for
kyanite formation near Saglek Flord. A thick-
er structural succession and elevated geo-
therms were responsible for growth of fibroli-
tic sillimanite in the southern part of the area
(see also Mengel, 1988).

The most extensive mineral growth in the
Archean gneisses below the Ramah Group
during this early décollement stage occurred
along the slide or shear zone between the
two. North of Hebron Fiord, this is expressed
in the schistose rocks of the slide zone by a
biotite+muscovite+epidote foliation in felsic
gneisses and hornblende+ plagioclase+epi-
dote foliation in strongly deformed Domes
dykes. Structurally below the slide zone,
the effects of this thermotectonisim are ex-
emplified by the upper-greenschist-facies
static replacement of earlier phases in the
gneisses and in the Domes dykes. For exam-
ple, hypersthene in the gneisses is replaced
by retrograde assemblages of biotite, mus-
covite and epidote, and clinopyroxene in the

dykes is replaced by amphibole. These
effecis diminish to a lower-greenschist-
facies overprint eastward toward the coast.
South of Hebron Fiord the development of
the sub-assemblage hornblende+garnet in
the Domes dykes points to higher grade
conditions, consistent with the assumed
greater thickness of the early thrust pile in
this area. Similarly, the metamorphic over-
print on the Domes dykes is more pervasive
in this area than it is to the north of Hebron
Fiord, suggesting a more eastward transgres-
sion of the Hudsonian front; firm delineation of
a Zone 1-Zone 2 boundary cannot be drawn
on the basis of present data {Figure 1c}.

By analogy with the findings of Ermano-
vics et al (1989) and Van Kranendonk and
Ermanovics (1990), the younger (F,) folds
which affect the Ramah Group and its adja-
cent basement in the Saglek—Hebron area,
and control the present disposition of the
Group, developed during the transcurrent
shear regime exernplified by the Abloviak
shear zone. The mesoscopic foids of the
Ramah Group inthe study area are generally
more steeply plunging than folds and linea-
tions in the Abloviak shear zone, but show
the same overall regional reversals in plunge
directions that characterize linear elements
within the Abloviak shear zone. The Abloviak
shearing and concomitant folding appear not
to have generated significant new metamor-
phic mineral growth in the foreland Archean
rocks and Ramah Group cover. As a result of
this deformation, however, earlier foliations
in the décollement zone were folded, the
earlier foliation in Ramah Group pelites was
folded and transposed, and some new mica
growth occurred. The Abloviak event may
have also been responsible for the change in
the trend of the Domes dykes east of the
Ramah Group. 1t is proposed that the F,
folding is also responsible for the formation
of the regionally doubly plunging syn-
¢linorium in which the whole Ramah Group is
disposed north of Saglek Fiord (Morgan,
1975). Several younger overthrust blocks of
refoliated Archean gneisses sit astride the
second generation folds south of Pangertok
Inlet (Figure 1c}.

Final adjustments to the crust inthis region
occurred along a series of NNW-trending
high-angle reverse faults of probably more
than one generation. One such fault is de-
fined by a broad zone of black ultramylonite
and pseudotachylyte, with a steep down-dip
lineation, developed at epidote-amphibolite
facies, which can be traced northward from
Hebron Fiord for neatly 30 km. The ultra-
mylonite apparently merges into, or is ex-
cised by, sub-parallel faults. All of these
steep reverse faults appear to be late in the
deformational history, and may be the ramp
portions of large thrust faults that mark the
final suturing of Rae and Nain provinces.
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Conclusions

Archean quartzofeldspathic gneisses and
the lower Proterozoic Domes dykes contain
mineral assemblages that indicate a wide-
spread greenschist- to lower-amphiboiite-
facles overprint on the Nain craton resulting
from coflision with the Rae Province. The
distribution of unaltered and altered clino-
pyroxene in the dykes can be used to define
two regional zones, the most westerly one
showing the greater degree of Hudsontan
overprint. The Ramah Group, which origi-
nally rested unconformably on the pene-
planed Nain craton and its dyke swarm, is
now largely disposed as elongate slivers
along the reactivated westernmaost margin of
the craton. The deformational history of the
Ramah Group is considered to record early
basement-cover translation {D,) followed by
upright to overturned folding {D,). Younger
overthrusts and steep reverse faults repre-
sent events that postdated the above main
episodes of Early Proterozoic metamor-
phism and deformation. Alf events may be
linked to an oblique collision between two
Archean continental blocks during Early
Proterozoic time (Korstgard et al., 1987).
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Summary

The Archean Nain Province, part of the North
Atlantic craton, colfided obliquely with the
eastern Churchill Province 1800-1800 mitlion
years ago. The eastern Churchill Province
{Rae Province) and portions of the western
Nain Province were deformed by sinistral
transcurrent shear at syn- and post-peak
granulite- to amphibolite-facies conditions
during the collislonal phase of the Torngat
orogeny. Tectonicremnants of the Early Prot-
erozolc Ramah Group were structurally inter-
leaved with Nain Province rocks in the tec-
tonic foreland during this orogeny. In the
Churchill Province, the orogeny deformed
felsic and mafic igneous rocks intruded into
sediments deposited on a foredeep shelf of
inferred metaplutonic rocks of the eastern
Churchill Pravince, The effects of orogeny
extend east of the tectonic forefand as wan-
ing metamorphic grade across 85 km of the
Nain Province.

Introduction

The Proterozoic Torngat Orogen of the east-
ern Churchill Province extends from the
northemn tip of the Labrador Peninsuia (60°N,
Figure 1) 550 km southward in rocks in fault
contact with the Archean Nain Province, The
orogeny deformed Early Proterozoic and
older rocks of the Churchill and Nain prov-
inces during Early Proterozoic (1860-1780
Ma, Bertrand ef al., 1990) transcurrent shear-
ing at amphibolite- and granulite-facies con-
ditions (Wardle, 1983, Korstgard ef al., 1987,
Mengel, 1988). The northern and western
limits of the Torngat Orogen remain indeter-
minate, but, based on criteria in the transect
area, the western limit is known to extend at



