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ABSTRACT

The Orma domain is a Paleoproterozoic tectonic division of the Core Zone, Southeastern Churchill Province (central
Labrador), consisting principally of late Archean orthogneisses, deformed intrusions, and relicts of Archean supracrustal
gneisses. Emplacement ages, determined by U—Pb age dating of zircon and titanite, for intrusions of orthopyroxene granodi -
orite and K-feldspar porphyritic granite that occur in the northern Orma domain are 2581 +10/-8 and 2571 +6/-5 Ma, respec-
tively. On the basis of field relationships and composition, the orthopyroxene granodiorite is interpreted to be a diatexite
derived from the substantial anatexis of tonalite and granodiorite orthogneisses that dominate the Orma domain. Thus, the
high-grade metamor phism of the Orma domain was late Archean. Emplacement of the porphyritic granite, containing pyrox-
ene and garnet, was synchronous with high-grade metamor phism and attendant deformation.

A granitic pegmatite was intruded into host Orma domain tonalite at 2628 + 13 Ma and was subsequently mylonitized.
The age of the mylonitization is undetermined; it could be either Archean or Paleoproterozoic.

The data presented here are consistent with the interpretation of the Orma domain as a relatively pristine Archean block
that apparently escaped 1820 to 1775 Ma high-grade metamor phism and deformation that are pervasive in contiguous tec-
tonic domains of the Core Zone, and in most parts of the Southeastern Churchill Province. The factors influencing this enig-

matic escape remain unknown.

INTRODUCTION

In July 2001, abrief field excursion was made to exam -
ine several critical exposures in the Southeastern Churchill
Province (SECP), in the area northeast of Michikamau
Lake, central Labrador (Figure 1). The purpose of this
excursion was to collect samples for U-Pb geochronol ogy
studies, and to attempt regional correlation of Archean and
Paleoproterozoic units mapped separately in the SECP by
James (see James et al., 1993; James and Mahoney, 1994)
and Nunn (1993, 1994) in areas west and east of Michika-
mau Lake, in NTS map areas 23| and 13L, respectively. The
age dating was carried out by K. Kwok and S. Kamo at the
Royal Ontario Museum, Toronto, and was completed in
March 2002. The purpose of this report is to present and
interpret the results of the geochronology, and to comment
on regional correlations in the SECP.

t Mineral Lands Division

The report includes a brief overview of some aspects of
the geology of the SECP, to provide a regional context for
the geochronological data, and to highlight the problems. A
comprehensive review of the SECP is beyond the scope of
this paper, and readers seeking detailed discussions are
directed to papers by James and Dunning (2000) and Wardle
et al. (2002).

REGIONAL GEOLOGY

The SECP is a 300-km-wide, north-trending composite
tectonic belt of Archean and Paleoproterozoic rocks that is
one segment of a system of Paleoproterozoic orogens link-
ing Archean cratons in northeastern Laurentia (Figure 2). It
is principally a continuation of the Trans-Hudson Orogen,
which can be traced around the western, northern and east-
ern margins of the Superior craton. The SECP formed as a

2 Geochronology Laboratory, Royal Ontario Museum, Toronto, Ontario
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Figure 1. NTSindex map for southern Labrador showing loca-
tion of the study area.

an Archean craton(s) that resided to the north (see Hoffman,
1990; Van Kranendonk et al., 1993; Wardle, 1998; James
and Dunning, 2000; Wardle et al., 2002). Also involved in
the collisions were Archean crustal blocks of suspect
parentage that are now confined to the intervening regions
between the intact Archean cratons.

The SECP can be broadly subdivided into three funda-
mental tectonic divisions. From west to east, the divisions
include: 1) a west-verging fold-and-thrust belt (New
Québec Orogen) mainly developed in 2.17 to 1.86 Ga sedi -
mentary and volcanic rocks, but also involving Superior
craton basement, 2) a composite terrane, termed the Core
Zone (James and Dunning, 1996; James et al., 1996), hav-
ing Archean and Paleoproterozoic components; and 3) a
doubly verging, fan-shaped wedge (Torngat Orogen) devel-
oped primarily in juvenile (<1.95 Ga) Paleoproterozoic sed-
iments and inferred to represent an accretionary complex
along the suture between the Core Zone
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and the North Atlantic craton (Figure 3).
Dextral (west) and sinistral (east) tran-
scurrent shear zones, which are syn- to
posttectonic with respect to thrusting in
the New Québec and Torngat orogens,
respectively, separate the bordering fore-
land orogens from the Core Zone. The
Core Zone is a mosaic of variably
reworked Archean crustal blocks (Van der
Leeden et al., 1990; Wardle et al., 1990;
Nunn et al., 1990; James et al., 1996;
Isnard et al., 1998), ca. 2.3 Ga and <1.95
Ga supracrustal rocks (e.g., Van der Lee-
den et al., 1990; Girard, 1990; Scott and
Gauthier, 1996), and 1.84 to 1.81 Ga
granitoid rocks belonging to the De Pas
and Kuujjuaq batholiths (Perreault and
Hynes, 1990; Dunphy and Skulski, 1996;
James et al., 1996).
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The southwestern part of the Core
Zone, in central Labrador, consists of the
McKenzie River, Crossroads, and Orma
domains (James et al., 1996; James and
Dunning, 2000). The domains are sepa-
rated by major, Paleoproterozoic high-
strain zones. The McKenzie River

Figure 2. Schematic “ pre-drift” reconstructed diagram showing principal tec-

tonic elements of northeastern Laurentia including areas in n
America and western Greenland.

result of relative northward movement and sequential colli-
sion of Archean North Atlantic (Nain) and Superior cratons,
and attached Paleoproterozoic supracrustal sequences, with
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domain consists mainly of Archean (ca
2776 Ma) tonalite gneiss and lesser
amounts of inferred Paleoproterozoic
supracrustal gneisses. The Crossroads
domain contains relicts of high-grade
Archean (>2700 Ma) granite—greenstone terrane crust and
Paleoproterozoic (ca. 1835 to 1810 Ma) granitoid intrusions,
which are part of the >500-km-long De Pas batholith. The

ortheastern North



D.T. JAMES, G.A.G. NUNN, S. KAMO AND K. KWOK

60°00"

67°00"

50 km

Ungava Bay

North Atlantic craton (Saglek Block)

: ; A North Atlantic craton %,
alalal Ao (Hopedale Block) °

7 Superior\
\._craton /N

e tal /_ =

{7 Grenville 5
- — — . — — _ <)
— /A Province £, N

Southeastern Churchill Province (major units)

NEW QUEBEC OROGEN
] Laporte Terrane

— Kaniapiskau Supergroup

CORE ZONE
*1 De Pas Batholith
Lac Lomier Complex
= Supracrustal rocks
1 Lake Harbour Group
-1 Archean rocks (mainly)

TORNGAT OROGEN
[ | Tasiuyak Gneiss
Burwell Domain
Four Peaks Domain

Makkovik Orogen

Grenville
Front

Figure 3. Tectonic elements of Labrador and northeastern Québec. MKD - McKenzie River domain, CRD - Crossroads
domain, OD - Orma domain, MRD - Mistinibi—Raude domain, KD - Kuujjuaq domain. Mesoproterozoic intrusions are indi -

cated by the open triangle pattern.

De Pas batholith intrusions are variably deformed and
recrystallized, demonstrating the Crossroads domain has
been overprinted by a Paleoproterozoic tectonothermal
event that partially overlapped and postdated their emplace-
ment. The Orma domain (Nunn et al., 1990; Nunn, 1994),
which isthe focus of this study, contains late Archean, high-
grade orthogneisses and older relicts of supracrustal rocks,
deformed intrusive rocks of undetermined age, and a minor
amount supracrustal rocks belonging to the Petscapiskau
Group.

Mapping and geochronology have demonstrated that
McKenzie River and Crossroads domains were overprinted
by high-grade Paleoproterozoic (ca. 1820 to 1775 Ma) meta-
morphism and attendant deformation (see James and Dun-
ning, 2000). In marked contrast, available geochronological

data from the Orma domain rocks (e.g., Nunn et al., 1990)
suggest that they escaped the Paleoproterozoic tectonother-
mal and intrusive event that is so pervasively expressed in
the domains to the west and north. However, geochronol og-
ical data from the Orma domain are sparse.

This study adds significantly to the age data from the
Orma domain, and tests the model that the Orma domain is
arelatively pristine Archean block, with respect to pre-1750
Ma thermotectonic and intrusive events. This study also
tests the hypothesis proposed by James and Dunning (2000)
that the Orma and Crossroads domains have a similar
Archean history. The samples analysed include a deformed,
K-feldspar porphyritic granite (Sample 1), which has simi-
lar field characteristics to rocks of the Paleoproterozoic De
Pas batholith, a pyroxene-bearing granodiorite (Sample 2),
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inferred on the basis of field relationships to be a diatexite
emplaced at or near the peak of high-grade metamorphism,
and a mylonitic granitic pegmatite (Sample 3) contained in
a southwest-striking high-strain zone.

ORMA DOMAIN

The Orma domain (Figure 4) contains Archean
metavolcanic and minor metasedimentary rocks. These are
intruded by tonalite and granodiorite orthogneisses, pyrox-
ene-bearing granitoid rocks (diatexite), deformed K-
feldspar porphyritic granite, and lesser amounts of meta-
morphosed granite and gabbro. In general, the grade of
Archean metamorphism increases from south to north, from
upper amphibolite to granulite facies. The Orma domain is
separated from the Crossroads domain by the George River
shear zone and from the Mistinibi—Raude domain by an
unnamed shear zone. The bordering shear zones are Paleo-
proterozoic structures.

The tonalite orthogneisses, which intrude the
supracrustal rocks introduced in the preceding paragraph,
have igneous crystallization ages between 2682 and 2663
Ma, as determined by U—Pb age dating of zircons (Nunn et
al., 1990). Titanite data from the same rocks suggest that
they underwent high-grade metamorphism in the late
Archean. Notably, the U-Pb data show no evidence that the
Archean rocks were overprinted by high-grade Paleopro-
terozoic thermal events prior to the ca. 1720 to 1600 Ma
Labradorian Orogeny; all Pb-loss in the titanites is younger
than ca. 1640 Ma (Nunn et al., 1990). Based on these data,
the Orma domain has been considered to have mainly
escaped the high-grade Paleoproterozoic tectonothermal
event that overprinted the Crossroads and McKenzie River
domains. The Orma domain also includes a sequence of
greenschist-facies wacke, quartz wacke, quartzite, tuffa-
ceous rocks, and metamorphosed basalt, named the
Petscapiskau Group (Emslie, 1970). The age or ages of
Petscapiskau Group rocks are unknown, although they are
thought to be mostly Paleoproterozoic.

ANALYTICAL PROCEDURES

Zircon and titanite were separated from the samples
using heavy liquid and magnetic separation techniques. All
zircon fractions had an air abrasion treatment (Krogh,
1982), although titanite was not abraded. Mineral dissolu-
tion and isolation of U and Pb from zircon follow the proce-
dure of Krogh (1973), modified by using small anion
exchange columns (0.05 ml of resin) that permit the use of
reduced acid reagent volumes. However, in cases where the
weight of the grain, or grains, was 5 micrograms or less, no
chemical separation procedure was followed, and the bulk
dissolved sample was analyzed. Titanite was dissolved in
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HF and HNOs in capsules at about 60°C for 3 to 4 days, and
U and Pb were isolated by using HBr chemistry.

Pb and U were loaded together with silica gel onto out-
gassed rhenium filaments. The isotopic compositions of Pb
and U were measured using a single collector with a Daly
pulse counting detector in a solid source VG354 mass spec-
trometer. Data are corrected for a mass discrimination of
0.07%/AMU and a deadtime correction of 21.5 nsec. The
thermal source mass discrimination correction is
0.1%/AMU. The laboratory blanks for Pb and U are usually
less than 1 and 0.1 pg, respectively. In this study, the total
common Pb for most zircon analyses varied from 0.3 to 1.0
pg, afew were 3 to 10 pg, and this was attributed to labora-
tory Pb; thus no correction for initial common Pb was nec-
essary. For titanite analyses, initial common Pb corrections
were made using the model of Stacey and Kramers (1975).

Error estimates were calculated by propagating known
sources of analytical uncertainty for each analysis including
ratio variability (within run), uncertainty in the fractionation
correction (0.038% and 0.015% (1s) for Pb and U, respec-
tively, based on long-term replicate measurements of the
standards SRM982 and CBNM72-6), uncertainties in the
isotopic composition, amount of laboratory blank, and ini-
tial Pb. Decay constants are those of Jaffey et al. (1971). All
age errors quoted and error ellipses in the concordia dia-
grams are given at the 95% confidence interval. Zircon and
titanite were analyzed for Pb and U by IDTIMS (isotope
dilution thermal ionization mass spectrometry) methods.

U-Pb ISOTOPIC RESULTS

SAMPLE 1: K-FELDSPAR PORPHYRITIC GRANITE
(DJ-01-1089)

The Orma domain contains a generally northwest- to
north-trending, somewhat arcuate-shaped intrusion of
deformed K-feldspar porphyritic granite (Unit 8, Figure 4)
that isin excess of 20 km long (Figure 4). The emplacement
age of the porphyritic granite is unknown. The unit, which
has been described in some detail by Nunn (1994), consists
mainly of grey- to dark-brown-weathering, variably
deformed and recrystallized, pyroxene biotite monzogranite
having K-feldspar phenocrysts up to 5 cm (Plate 1). Com-
monly, the pyroxene is rimmed by hornblende or garnet.
Garnet al'so occurs as discrete grains. The porphyritic gran-
ite has very similar mineralogy and field characteristics to
K-feldspar porphyritic granite, which forms a major compo-
nent of the Paleoproterozoic De Pas batholith in the con-
tiguous Crossroads domain. The Orma domain porphyritic
granite intrudes the Archean supracrustal rocks and
orthogneisses, and is moderately deformed. Based on its
obvious similarities to the De Pas porphyritic granites, a
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Figure 4. General geology of the SECP in the Smallwood Reservoir area, central Labrador.
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Plate 1. K-feldspar porphyritic monzogranite (Sample 1)
having coarse-grained K-feldspar phenocrysts and a fine-
grained granoblastic groundmass consisting of quartz, pla-
gioclase, minor amounts of clinopyroxene, orthopyroxene,
hornblende, and garnet.

blende, and very fine-grained, granular garnet. On the basis
of texture, hornblende and garnet appear to postdate the
pyroxene. The rock also contains relict, coarse-grained and
dlightly perthitic K-feldspar phenocrysts, coarse-grained
plagioclase, and aggregates of medium-grained unrecrystal-
lized quartz.

The sample contains an abundance of euhedral, clear,
pale-brown, prismatic zircon crystals. Six, single-zircon
analyses gave near-concordant and discordant data that are
generally colinear (Figure 5, Table 1). Fractions 15, 18, and
19 are colinear and give an upper intercept age of 2571 +6/-
5 Ma and a poorly constrained lower intercept age of 1757
+95/-84 Ma. Three fractions (14, 16 and 17) plot just to the
right of the line and were excluded from the calculation;
these fractions are interpreted to be biased by minor, inher-
ited components in the rock.

The data indicate that the rock was emplaced in the lat-
est Archean at 2571 +6/-5 Ma, and was subsequently affect-

ed by a Paleoproterozoic thermal event, which
induced Pb loss in the zircons. The data unequivocal-
ly demonstrate that the Orma domain porphyritic gran-
ite does not correlate with the De Pas batholith. The
significance of the Pb-loss event recorded by the zir-
cons, which could be asold as ca. 1.85 Ga or as young
as ca. 1.67 Ga, is uncertain. One possible interpreta-
tion isthat the Orma domain was at |least weakly over-
printed by the same Pal eoproterozoic event that affect-
ed Crossroads and McKenzie River domains. Alterna-
tively, the thermal event could be Labradorian. The
second interpretation is broadly consistent with titan-
ite data from the southern Orma domain that indicate
apost-1640 Ma Pb-loss event (see Nunn et al., 1990),
although samples from the the southern part of Orma
domain and are significantly closer to known Labrado-
rian or younger intrusive complexes.

SAMPLE 2: ORTHOPYROXENE GRANODIOR-
I TE (DJ-01-1090)

4951
% D Sample 1 (DJ-01-1089 ) 2580
S porphyritic granite
A0 4 2560
& 15
“ 14
16
4801 2520 17
AT75¢ 2500
18
+6/-
470l 2480 2571 +6/-5 Ma
: 19 3 points regression
(15,18,19)
23% probability of fit
465f &
'\(’3\ 207 235
o Po / **U
104 106 10.8 11 1.2 114 1.6 11.8

Figure 5. U-Pb concordia diagram for Sample 1.

Paleoproterozoic age for the Orma domain granite was pre-
dicted by the first author.

Sample 1 (Field sample: DJ-01-1089, UTM 451235 E,
6076951 N, NTS map area 13L/13) is afoliated, K-feldspar
porphyritic monzogranite having a fine-grained granobl astic
groundmass consisting of quartz, plagioclase, <10 percent
clinopyroxene, minor amounts of orthopyroxene, horn-
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The northern Orma domain contains composite
bodies of clinopyroxene- and orthopyroxene-bearing
granitoid rocks having compositions gradational from
granodiorite to monzogranite. The granitoid rocks are
variably gneissic; they have a local, diffuse layering
defined primarily by biotite concentration that is gradation-
a at all scales into a massive, homogeneous rock (Nunn,
1994). These rocks are interpreted to be diatexites, and are
thought to be the product of the nearly complete anatexis of
Archean tonalite and granodiorite orthogneisses that make
up asignificant part of Ormadomain (Nunn, 1993). Partial-
ly melted metasedimentary and metabasic rocks, which are
intruded by the tonalite and granodiorite orthogneisses and
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Plate 2. Typical field aspects of white-weathering, medium-

grained and massive orthopyroxene-bearing diatexite (gra-
nodiorite; Sample 2).

was aso inherited, which is considered unlikely. On the
basis of Fractions 23 to 25, the best estimate for the
emplacement age of the orthopyroxene granodiorite is 2581
+10/-8 Ma. The significance of the lower intercept age is
uncertain.

Data for zircon Fractions 20 to 22 give ®Pb/*Pb ages
of 2648.2+ 1.7, 2628.6 + 1.8, and 2618.4 + 1.9 Ma, that are
0.8%, 1.0%, and 0.6% discordant, respectively (Figure 6,
Table 1). Fractions 20 to 22 are interpreted to be inherited
grains from the pre-existing rock that were incorporated
during anatexis. This interpretation is broadly consistent
with ca. 2704 to 2620 Ma igneous emplacement ages for
intrusive units in Orma and Crossroads domains (see Nunn
et al., 1990; Jameset al., 1996; James and Dunning, 2000).

SAMPLE 3: MYLONITIC GRANITIC PEGMATITE
(DJ-01-1092)

Along the north shore of Sail Lake (Figure 4), the
Orma domain includes mylonitic tonalite orthogneiss
tentatively correlated on the basis of lithology with the
late Archean Orma dyke tonalite (see Nunn, 1993). At
Sail Lake, the mylonitic tonalite includes mylonitized
granitic pegmatite dykes. The mylonitic fabric has a
southwest strike, moderate (30°) dip to the northwest,
and an intense, shallow, northeast-trending mineral
elongation lineation. The mylonitic fabrics were devel-
oped at amphibolite facies. Sample 3 (Field sample:
DJ-01-1092; UTM 473218 E, 6025392 N, NTS map
area 13L/06) was collected from a mylonitic pegmatite
dyke (Plate 3).

Sample 3 is a pink-weathering, mylonitic and
strongly lineated granitic pegmatite. The rock has a
simple mineralogy, consisting amost entirely of fine-
grained microcline, quartz, and plagioclase. The rock
contains very minor amounts (<2%) of very fine-
grained muscovite, chlorite, and accessory zircon.
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Figure 6. U-Pb concordia diagram for Sample 2.

cordant, assuming zero-age Pb loss. A regression line, cal-
culated using Fractions 23 to 25, gives an upper intercept
age of 2581.2 +9.9/-7.5 Ma, and a poorly defined lower
intercept age of 1940 +86/-78 Mawith a 70% probability of
fit. The fact that the youngest zircon grains (Fractions 23
and 24) are colinear with the titanite data (Fraction 25) sug-
gests the zircons (Fractions 23 and 24) represent new grains
related to igneous emplacement of the rock, and are not
inherited. Alternatively, if Fractions 23 and 24 were inter-
preted as inherited grains, it would imply that the titanite
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Three single zircons (Table 1; Fractions 26 to 28)
were collected from a homogeneous population that
consisted of small (80 to 100 microns), clear, yellow
zircon grains. The grains are mainly short, 2:1 (length

to width) prismatic crystals that are dlightly rounded to
euhedral. U-Pb analyses of Fractions 26 to 28 are colinear,
nearly concordant, and give *"Pb/**Pb ages of 2621.8 + 1.9,
2621.7 £ 2.2, and 2612.5 + 1.8 Ma, that are 0.4%, 0.5%, and
1.8% discordant, respectively (Figure 7). A regression line
calculation gives an upper intercept age of 2628 + 13 Ma
and a very imprecise lower intercept age of 1486 + 770 Ma
with a probability of fit of 64%. Emplacement of the peg-
matite is interpreted to be at 2628 + 13 Ma.
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DISCUSSION

Emplacement of orthopyroxene granodiorite (Sample
2) and K-feldspar porphyritic granite (Sample 1) at 2581
+10/-8 and 2571 +6/-5 Ma, respectively, postdate emplace-
ment of the igneous precursor of Orma domain tonalite
orthogneiss by approximately 100 Ma. Field relationships
and mineralogy suggest that the orthopyroxene granodiorite
represents a diatexite that was generated by substantial ana-
texis of Orma domain tonalite and granodiorite orthogneiss,
and contained inclusions of supracrustal rocks. Thus, ca
2580 Maisinterpreted to represent atime of granulite-facies
metamorphism in Orma domain. Emplacement of the K-
feldspar porphyritic granite is identical, within error, to the
orthopyroxene granodiorite. The mineral assemblage,
including clinopyroxene, orthopyroxene, and garnet, con-
tained in the porphyritic granite isinterpreted as an Archean
metamorphic assemblage.

The data from Samples 1 and 2 are consistent
with a model of late Archean high-grade metamor-
phism presented by Nunn et al. (1990). The intrusive
ages of the two samples are the youngest, late
Archean ages in the SECP. The data from the K-
feldspar porphyritic granite (Sample 1) demonstrate
that this unit does not correlate with the De Pas
batholith.

The data presented herein neither supports nor
negates the model proposed by James and Dunning
(2000) that the Orma and Crossroads domains have
similar Archean histories. Archean high-grade meta-
morphism of >2620 Ma orthogneisses and
supracrustal rocks in Crossroads domain could be ca
2580 Ma, and be the same high-grade event expressed
in Orma domain. (Crossroads domain is polymeta-
morphic, and was metamorphosed from amphibolite
to loca granulite facies in the Paleoproterozoic.)
However, the Archean pyroxene-bearing granitoid
rocks and porphyritic granite that occur in the Orma
domain are not present in the Crossroads domain.

A granitic pegmatite (Sample 3) was intruded

into host Orma domain tonalite at ca. 2628 Ma, almost 50
Ma before the peak of metamorphism. The U-Pb data only
constrain the mylonitization of the pegmatite to be younger
than 2628 Ma. The mylonitization could be Archean and
occur somewhere in the range from 2628 to 2580 Ma. Alter-
natively, the deformation could be related to Paleoprotero-
zoic (ca. 1775 to 1820 Ma) deformation in the SECP, or
<1660 Ma and related to L abradorian deformation. Howev-
er, aGrenvillian (ca. 1040 to 980 Ma) age for the high strain
is not favoured as all known Grenvillian effects in the area
occurred in the greenschist-facies or lower.

Plate 3. Mylonitic granite pegmatite (left-centre of photo-
graph; Sample 3) contained in southwest-striking mylonitic
tonalite orthogneiss (Unit 6, Figure 4).
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Figure 7. U-Pb concordia diagram for Sample 3.

The significance of the poorly defined lower intercept
ages for the three samples is uncertain. The lower intercept
ages suggest the Orma domain was affected by a Paleopro-
terozoic thermal event, which induced Pb loss in zircon,
although the timing and degree of the proposed thermal
event are unknown. The lower-intercept ages notwithstand-
ing, the striking feature of the data is the absence of
unequivocal evidence for 1850 to 1775 Ma intrusive rocks,
pervasive deformation, or metamorphism in Orma domain.
The enigma of how and why Orma domain remained arela-
tively pristine Archean block in the core of a major Paleo-
proterozoic orogen remains unsolved.
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