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A 3.0 Ga to 2.0 Ga plutonic record on 
Southampton Island, Nunavut 

N. Rayner, M. Sanborn-Barrie, and J. Chakungal

Rayner, N., Sanborn-Barrie, M., and Chakungal, J., 2013. A 3.0 Ga to 2.0 Ga plutonic record on Southampton 
Island, Nunavut; Geological Survey of Canada, Current Research 2013-6, 18 p. doi:10.4095/292214

Abstract: New U-Pb SHRIMP and ID-TIMS geochronological results have brought to light an exten-
sive Archean history on Southampton Island, Nunavut. The oldest plutonic component documented is 
a ca. 3.0 Ga anorthositic complex whereas granulite facies tonalite-quartz diorite from two widespread 
localities have ages of 2.77–2.76 Ga. This implies that a significant proportion of the Precambrian highland 
of Southampton Island comprises high-grade plutonic rocks dating back to the Mesoarchean. Mylonitic 
biotite monzogranite yields an age of 2.61 Ga. Gabbroic anorthosite exposed west of the community of 
Coral Harbour is dated at 2.06 Ga, corresponding in age with rifting prior to the onset of the Trans-Hudson 
Orogen. Metamorphism related to the Trans-Hudson Orogen is recorded by zircon overgrowths dated 
between 1.88 Ga and 1.82 Ga in most rocks analyzed.

Résumé : De nouveaux résultats géochronologiques, issus de datations U-Pb à l’aide de la microsonde 
SHRIMP et d’analyses ID-TIMS (dilution isotopique et spectrométrie de masse à thermoionisation), ont 
mis en lumière une histoire archéenne de longue durée dans l’île Southampton, au Nunavut. La plus 
ancienne composante plutonique qui a été documentée est un complexe anorthositique datant d’environ 
3,0 Ga, tandis que de la tonalite-diorite quartzique au faciès des granulites provenant de deux localités 
éloignées a livré des âges de 2,77-2,76 Ga. Cela signifie qu’une importante proportion des hautes terres 
précambriennes de l’île Southampton est constituée de roches plutoniques à fort degré de métamorphisme 
qui remontent au Mésoarchéen. Du monzogranite à biotite mylonitique a livré un âge de 2,61 Ga. De 
l’anorthosite gabbroïque affleurant à l’ouest de la collectivité de Coral Harbour a été datée à 2,06 Ga, ce 
qui correspond à l’âge du rifting, avant le début de l’orogenèse trans-hudsonienne. Le métamorphisme lié 
à l’orogenèse trans-hudsonienne se manifeste par des accroissements secondaires de zircon datant de 1,88 
à 1,82 Ga dans la plupart des roches analysées.
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GEOLOGICAL BACKGROUND

Southampton Island, Nunavut is situated between the 
Archean-dominated western Churchill Province and the 
Paleoproterozoic Baffin-Ungava segment of the Trans-
Hudson orogen (Fig. 1a). The island exposes a highland 
of Precambrian basement across much of its eastern half 
and flat-lying Paleozoic carbonate strata across its western 
half. The Precambrian basement complex consists predomi-
nantly of tonalite-granodiorite-granite gneiss (Fig. 1b) 
with enclaves and inclusions of mafic-ultramafic-anor-
thositic plutonic rocks and lesser metasedimentary rocks 
(Chakungal et al., 2007, 2008; Sanborn-Barrie et al., 2007, 
2008, 2009, in press). These strongly foliated to gneissic 
plutonic rocks range from amphibolite to granulite facies 
(Berman et al., 2011), and are typically cut by centimetre-
wide, concordant monzogranitic veins, contributing to 
a pervasive lit-par-lit structure. Late-tectonic granitic  
plutons are small and rare.

Rayner et al. (2011) established the presence of 
Paleoproterozoic and lesser Archean rocks forming 
Southampton Island’s basement complex. Archean rocks are 
represented by 2692 ± 6 Ma hornblende-biotite monzogran-
ite in the north, and 2682 ± 17 Ma peraluminous granite that 
cuts Archean semipelite in the south-central part of the base-
ment complex. Widespread Paleoproterozoic plutonic rocks 
include 1934 ± 8 Ma quartz porphyry, 1852 ± 8 Ma bio-
tite-magnetite granodiorite, 1842 ± 5 Ma quartz diorite, and 
1822 ± 3 Ma syenogranite (Rayner et al., 2011). In situ U-Pb 
monazite data from metasedimentary rocks constrained pen-
etrative deformation and metamorphism to between 1.88 Ga 
and 1.82 Ga (Berman et al., 2011). Collectively, these 
data established profound magmatic and tectonometamor-
phic reworking of a Neoarchean crustal domain during the 
Paleoproterozoic, consistent with penetrative involvement in 
the Trans-Hudson collision between the Rae and Superior 
cratons.

The initial geochronological study from Southampton 
Island investigated only a limited number of lithological 
units, too few to adequately evaluate the extent and relative 
proportion of Archean versus Paleoproterozoic lithologies 
(Rayner et al., 2011). In addition, Nd isotopic data reported 
by Whalen et al. (2011) indicated significant reworking of 
Mesoarchean crust during the Neoarchean, yet little evi-
dence for rocks of this age were documented. In this report, 
U-Pb data are presented for five plutonic samples to provide 
additional age characterization of some of Southampton 
Island’s major map units. These data, in concert with field 
relationships, structural, geophysical, geochemical, and 
other isotopic data provide a much more comprehensive 
foundation upon which tectonic models for this region can 
be formulated.

ANALYTICAL METHODS

Heavy minerals were separated using standard crush-
ing, grinding and heavy liquid concentration techniques, 
followed by magnetic sorting of the heavy minerals with a 
Frantz isodynamic separator. Sensitive high-resolution ion 
microprobe (SHRIMP) analyses were carried out on four of 
the five samples discussed herein. Prior to analysis, the 
internal features of the zircon crystals (zoning, structures, 
alteration, etc.) were characterized with backscattered elec-
trons (BSE) and/or cathodoluminescence (CL) utilizing 
a Zeiss Evo scanning electron microscope. SHRIMP ana-
lytical procedure and U-Pb calibration details are given in 
Stern (1997) and Stern and Amelin (2003). The analytical 
work presented here was collected over three sessions on 
three separate ion probe epoxy mounts under varying instru-
mental conditions. Specific analytical details for each sample 
are given in the footnotes of Tables 1 and 2. A fifth sample 
was analyzed by isotope dilution–thermal ionization mass 
spectrometry (ID-TIMS) following the methods described 
by Parrish et al. (1987). Mass spectrometric data reduction 
and numerical propagation of analytical uncertainties follow 
Roddick (1987). Isoplot v. 3.66 (Ludwig, 2003) was used to 
generate concordia plots and calculate weighted means. All 
ages quoted in the text are given at the 95% confidence level. 
The SHRIMP isotopic data are presented in Table 1, whereas 
ID-TIMS data are presented in Table 2. Isotopic ratios in 
Table 1 are given at 1s uncertainty, as are SHRIMP ages. 
The ID-TIMS ages (Table 2) are reported in the table with 
2s uncertainties.

Trace-element analyses of zircon grains were carried 
out on one sample (08CYA-M243, IP519) in a separate ana-
lytical session. Twenty-six isotopic species were collected, 
including all the lanthanides, Ti, Y, Ba, Ta, Hf, Th, and U. 
Abundances were calibrated against standard 6266 that is 
chemically homogeneous at the millimicron scale (Stern, 
2001). Measurement and calibration errors on abundances 
are typically between 2–5% (1 s) with the exception of Ba 
(15–25%), La (20%), and Ta (17%). External uncertainties 
on the order of 2–5% relating to the standard composition 
determined by inductively coupled plasma mass spectrom-
etry (unpub. data) are not included. Results are presented in 
Table 3.

URANIUM-LEAD RESULTS

Sample 08CYA-J148a (z9710) Nalojoaq 
anorthosite

Along the east coast of Bell Peninsula (Fig. 1b), is a 2 km 
long, approximately 100 m wide exposure of light grey- to 
white-weathering anorthosite (J148a). The anorthosite is 
characterized by strong, straight, shallow-dipping gneissic 
layering (Fig. 2a) defined by centimetre- to metre-scale seg-
regation of its mafic minerals (biotite±hornblende), and by a 
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Figure 1. a) Simplified geological map of northeastern Laurentia showing the context of Southampton Island: 
Abbreviations: BI = Big Island; BP = Boothia Peninsula; Cb = Chesterfield block; CB = Cumberland Batholith, 
CP = Cumberland Peninsula, CBb = Committee Bay belt; DB = Daly Bay; HBg = Hoare Bay group; HP = Hall 
Peninsula; Mi = Mill Island; MP = Melville Peninsula; Pi = Piling group; Pr = Penrhyn group; RB = Repulse 
Bay; Sa = Salisbury Island; SI = Southampton Island. b) Simplified bedrock geology of Southampton Island 
(after Sanborn-Barrie et al., in press). Geochronology sample locations for data presented and discussed in 
this paper are shown with black circles, with sample locations for U-Pb data presented in Rayner et al. (2011) 
shown with grey circles and abbreviated sample names. mt = magnetite bt = biotite, opx = orthopyroxene, 
hb = hornlende, grdr = granodiorite.
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granoblastic texture that overprints and partially obscures 
gneissic layering. Across the exposure, the anorthosite unit is 
cut by several 3–5 m wide pale pink-weathering monzogran-
ite pegmatite dykes at a high angle to gneissosity (Fig. 2b).

Zircon grains are diverse in appearance, with some clear 
and colourless, whereas others have an orange stain. Many 
grains are characterized by distinct cores and rims, whereas 
others are composed of a single phase of zircon. Single-
component zircon may exhibit oscillatory zoning, but may 
also be unzoned (Fig. 2d, e). Core-rim relationships are vis-
ible in plane light (Fig. 2c), as well as in BSE images (e.g. 
Fig. 2f, g, h). Both zoned and unzoned zircon may be present 
as cores. Two chemically distinct rims have been indentified: 
1) unzoned low-U (dark BSE) rims with Th abundances less 
than 0.3 ppm (Fig. 2h), and 2) unzoned high-U (bright zones 
in BSE see Fig. 2f, g), low Th/U (0.03–0.08) rims. Zircon 
grains with similar chemistry to both types of rims are also 
present as single-component grains.

Archean ages ranging from 3.0 Ga to 2.7 Ga are docu-
mented from cores and oscillatory-zoned zircon (Table 1, 
Fig. 2i). Replicate analyses on individual grains are not 
reproducible and most of these analyses are between 5% and 
30% discordant. The scatter and relatively large amounts of 
discordance in the Archean data set complicate the interpre-
tation of these results. The data define a discordant array 
along a discordia between the age of the oldest analyses and 
Paleoproterozoic ages recorded by zircon rims. This trend 
is consistent with a Paleoproterozoic overprint of a single 
population of zircon the age of which is constrained by the 
oldest, most concordant result. Based on these observations, 
the authors consider that the best estimate of the crystalliza-
tion age of the anorthosite is 3007 ± 14 Ma (grain 84, 2s 
error).

Single-phase grains or zircon rims with low U and neg-
ligible Th are common, however, only five zircons with 
sufficient U (20–200 ppm U) to yield a result with use-
ful precision were analyzed. These yield a weighted mean 
207Pb/206Pb age of 1886 ± 17 Ma. The high-U overgrowths 
range in age from 1850 Ma to 1880 Ma, with a dominant 
mode of 1.865 Ga, but do not yield a single statistical popula-
tion. Both of these zircon populations have low, to extremely 
low, Th/U ratios consistent with a metamorphic origin.

The low-U character of the ca. 3.0 Ga population 
recovered from 08CYA-J148a is consistent with crystal-
lization from an anorthositic magma, whereas the low-U 
low-Th grains and rims are chemically consistent with a 
metamorphic origin, independently established in this region 
at 1.88 Ga and 1.86 Ga (Berman et al., 2011). The present 
authors propose infiltration of a fluid derived from cross-
cutting pegmatite dykes, as evidenced by presence of trace 
apatite in anorthosite proximal to pegmatite, as the cause of 
ca. 1.865 Ga high-U zircon growth.
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Figure 2. a) Strongly recrystallized Nalojoaq anorthosite 08CYA-J148; note unconsolidated pla-
gioclase grit-weathered material. Photograph by M. Sanborn-Barrie. 2013-011. b) Overview of 
exposure showing a crosscutting pegmatite dyke. Photograph by M. Sanborn-Barrie. 2013-013. 
c) Plane-light image of zircon selected for SHRIMP U-Pb analysis. d), e), f), g), h) Corresponding 
back-scattered electron images of zircon grains shown in Figure 2c. See text for description. 
i) Concordia diagram of zircon SHRIMP analyses. Interpreted igneous zircon shown by white 
ellipses, low-U zircon grains and rims shown by dark grey ellipses, high-U rims and grains shown 
by light grey ellipses. Error ellipses are 2s. Dashed line represents a free regression through the 
data. Inset: detail of Paleoproterozoic zircon results. See text for discussion.
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Sample 08CYA-C177A (z9708) amphibole-
biotite-orthopyroxene tonalite

A significant component of Southampton Island’s base-
ment complex (Fig. 1b) is composed of a granulite-grade 
(orthopyroxene-bearing) gneissic suite that also occurs as 
enclaves within regionally extensive biotite-hornblende-
granodiorite. Two geographically widespread samples were 
collected in order to evaluate the age of this suite. A sam-
ple of orthopyroxene tonalite was collected from the north 
(C177; Fig. 1b), whereas an orthopyroxene-biotite quartz 
diorite (C106a; Fig. 1b, results given below) was collected 
from the south, near the hamlet of Coral Harbour.

Sample C177 was taken from a 20 m by 10 m tonalitic 
enclave within biotite-hornblende-granodiorite. Internal to 
the tonalite (not shown) are elongate melanocratic gabbroic 
inclusions that may be tightly folded. Collectively, these 
lithologies are cut by foliation-parallel monzogranite veins 
(Fig. 3a). Zircon grains extracted from the sample are pre-
dominantly equant to stubby prisms with resorbed and/or 

rounded facets with a small number of more elongate pris-
matic grains. Faint oscillatory zoning is observed in many 
zircon grains, commonly as cores surrounded by unzoned 
rims (Fig. 3b, grain 3). In other cases, there is a discordant, 
but diffuse contact between oscillatory-zoned zircon and 
patchy, unzoned zircon suggestive of partial recrystalliza-
tion (Fig. 3b, grain 63). Twenty-three zircon grains analyzed 
yielded dates ranging from 2774 Ma to 1972 Ma, forming 
an array with a cluster of concordant ages at 2770 ± 6 Ma 
(weighted mean 207Pb/206Pb age, n = 6, MSWD = 2.4), 
and a Paleoproterozoic lower intercept (Table 1, Fig. 3b). 
Given the evidence for partial recrystallization, the zona-
tion patterns in the BSE images, and the evidence for 
Trans-Hudson Orogen related metamorphism of this region 
(Berman et al., 2011; Rayner et al., 2011), these younger 
ages are suspected to reflect variable degrees of Pb loss. The 
weighted mean 207Pb/206Pb age of 2770 ± 6 Ma for the six 
oldest grains is interpreted as the crystallization age of the  
orthopyroxene-bearing tonalite.

Figure 3. a) Greasy-green–weathering orthopyrox-
ene-bearing tonalite from which sample 08CYA-C177 
was collected. Hammer is approximately 27.5 cm 
in length. Photograph by J. Chakungal. 2013-010.  
b) Concordia diagram for zircon SHRIMP analyses 
for 08CYA-C177. Error ellipses are 2s. The crystalli-
zation age is calculated with the five oldest analyses 
highlighted in grey. Inset: backscatter images (spot 
error reported at 1s) representative of types of over-
growths and/or recrystallization textures observed in 
the zircon grains.
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Sample 08CYA-C106a (z9707) 
orthopyroxene-biotite quartz diorite

Sample C106a is strongly foliated, medium-grained 
orthopyroxene-bearing quartz diorite containing abundant 
dioritic-noritic xenoliths, within which garnet porphyroblasts 
mantled by plagioclase occur locally. The greasy-green fresh 
surfaces are interpreted to reflect high-temperature modifi-
cation of feldspar, and together with orthopyroxene±garnet 
assemblages support granulite-facies metamorphism of 
these rocks, prior to intrusion of pink-weathering biotite 
alkali-feldspar monzogranite (Fig. 4a).

Zircon grains are mostly 200 µm long or less, rounded 
to subhedral prisms characterized by oscillatory zoning. 
Many grains are distinguished by rims low in U relative to 
their distinct cores (i.e. grain 19 Fig. 4b), with high-U rims 
only rarely observed. Thirty-one analyses were conducted 
on 27 separate zircon grains encompassing the full range 
of morphological characteristics. The results range in age 
from 3.2 Ga to 1.8 Ga (Table 1, Fig. 4b). The oldest results, 
between 3185 Ma and 2820 Ma, are derived largely from 
cores and are interpreted as inherited based upon the spread 
in these older ages. The majority of the 207Pb/206Pb results 
range between 2763 Ma and 2622 Ma, with a small clus-
ter of analyses at the upper end of this range. The weighted 
mean of the seven oldest zircon grains from this population, 
which consist of mainly single-phase zircon, yield an age 
of 2757 ± 5 Ma (MSWD = 1.8). The ages of low-U rims 
(ca. 2.73 Ga to 2.62 Ga) overlap those of the cores and sin-
gle phase zircons, however, the low-U rims tend to cluster 
at slightly younger ages (ca. 2.72 Ga). Given the complex 
nature if these results, the authors are unable to demon-
strate that the low-U overgrowths with ages that cluster at 
ca. 2.72 Ga are distinct from the 2757 ± 5 Ma population 
and consider this older age as the best estimate for the time 
of crystallization. Analyses of two high-U rims yielded 
Paleoproterozoic ages of 1819 ± 4 Ma and 1968 ± 7 Ma: 
the former (4% discordant) is attributed to fluid related to 
crosscutting monzogranite and the latter (18% discordant) 
likely due to overlap of the analytical pit on a thin, high-U 
overgrowth with an Archean core.

Sample 08CYA-C179a (z9709) deformed 
amphibole-biotite monzogranite

A sample of homogeneous, strongly deformed biotite-
magnetite monzogranite was collected from near Cape 
Arvinguaq in the northeast quadrant of the exposed basement 
(Fig. 1b). Here, highly tectonized, feldspar porphyroclastic 
straight gneiss displays a very strongly developed L>S fabric 
defined by ribboned quartz and continuous seams of biotite 
(Fig. 5a) oriented 240/68°NW, and a strong, shallow, west-
plunging mineral lineation. This locality coincides with a 
positive aeromagnetic anomaly with a strike length of 35 km 
and breadth of 8 km, which reflects a predominance of vari-
ably strained, magnetite-bearing granitic rocks. This sample 

was collected to constrain the magmatic age of a regionally 
extensive unit and provide a maximum age of localized high 
strain, established elsewhere on the basis of overprinting 
structural fabric relationships as regional D

2
.

Zircon grains recovered include high-quality, clear, pale 
pink elongate prisms as well as high-quality, clear, colour-
less equant grains. Due to the high quality of the zircon 
grains and apparently simple morphologies, this sample was 
analyzed using the ID-TIMS technique. Core-overgrowth 
relationships, observed in some cases, were avoided in the 
grains selected for analysis (Fig. 5b, inset i). Six single-
grain fractions of elongate and equant zircons (Table 2) were 
analyzed via ID-TIMS after being chemically abraded for 
6 hours at 180°C according to a method modified from that 
of Mattinson (2005). Six single-grain fractions are between 
3% to 6% discordant and are strongly colinear (Fig. 5b). A 
regression through all six fractions (MSWD = 1.6) yields 
an upper intercept age of 2618 ± 4 Ma and a lower intercept 
of 1844 ± 7 Ma. Given the strain state of the monzogran-
ite, as well as tectonometamorphic constraints from in situ 
U-Pb monazite dating that establish regional D

2
 deforma-

tion and associated metamorphism (M
4
) at 1.86–1.84 Ga 

(Berman et al., 2011), the present authors interpret the 
upper intercept age of 2618 ± 4 Ma to represent the crystal-
lization age, and the lower intercept age of ca. 1.84 Ga to 
reflect penetrative Paleoproterozoic D

2
M

4
 tectonometamor-

phism. Subsequent SEM imaging (see Fig. 5b, inset ii) of 
zircon grains from this sample revealed the presence of thin, 
unzoned high-U overgrowths as well as diffuse patchy zon-
ing, not visible in plane light, both of which are texturally 
consistent with a Paleoproterozoic metamorphic overprint.

Sample 08CYA-M243a (z9711) gabbroic 
anorthosite

Gabbro and gabbroic anorthosite occupy the southwest 
part of the exposed basement complex and occur as an isolated 
inlier 80 km southwest of Coral Harbour (M98; Fig. 1b). In 
general, this mafic unit comprises weakly to strongly foliated 
gabbro, leucogabbro, and gabbroic anorthosite composed of 
50–20% hornblende-biotite±clinopyroxene±garnet. In least-
strained exposures, mafic phases occur as 3–8 mm clots set 
in a fine-grained recrystallized groundmass of plagioclase 
(Fig. 6a, inset). A more evolved leucogabbro with 2% modal 
quartz (08CYA-M243; Fig. 1b) was selected for U-Pb dat-
ing to increase the likelihood of zircon being present as an 
accessory phase. The strain state of this gabbroic body is 
variable with clear evidence for two generations of fabrics. 
Local recognition of both generations of tectonic fabrics in 
this mafic pluton (Fig. 6a) allows that its crystallization age 
is a maximum age of regional D

1
 and D

2
 deformation in this 

part of the basement complex.

Zircon grains are clear, colourless, anhedral fragments 
or equant prisms (Fig. 6b, inset). Anhedral fragments yield 
a weighted mean 207Pb/206Pb age of 2058 ± 4 Ma, which 
is interpreted as the crystallization age (Table 1, Fig. 6b). 
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Figure 4. a) Greasy-green–weathering orthopyroxene-bearing quartz diorite from which sam-
ple 08CYA-C106 was collected. Hammer is approximately 80 cm in length. Photograph by 
J. Chakungal. 2013-014. Inset: Photograph by J. Chakungal. 2013-009. b) Concordia diagram 
for zircon SHRIMP analyses. Error ellipses are 2s. The crystallization age is calculated using 
the seven analyses highlighted in grey. Two discordant Paleoproterozoic results are not shown, 
but their ages and error are reported at the 1s uncertainty level. See text for discussion. Inset: 
backscatter images (spot error reported at 1s) representative of the textures observed in the zir-
con grains. Probability density diagram of the interpreted igneous zircons (2780 Ma to 2620 Ma).
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Figure 5. a) Strongly deformed to mylonitic monzogranite from locality 08CYA-C179. Photograph 
by M. Sanborn-Barrie. 2013-008. b) Concordia diagram of zircon TIMS analyses. Error ellipses 
are 2s. Inset i: plane-light image of zircon where core and/or overgrowth textures are not evident 
selected for TIMS analysis. Inset ii: back-scattered electron image of representative zircon that 
displays subtle core-overgrowth relationship.
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Some fragments and equant prisms plot along concordia as 
a broadly linear array with 207Pb/206Pb ages up to 2424 Ma; 
however, morphology, zoning, and U-Th composition do not 
correlate with these older ages. The array of older results 
may be indicative of partial recrystallization with accompa-
nying Pb loss from an inherited population. Trace element 
analyses were subsequently carried out to aid in the rec-
ognition of any cryptic, older phases. All zircon grains, 
regardless of age, have overlapping trace-element compo-
sitions exhibiting a pattern diagnostic of magmatic zircon, 
with positive Ce anomalies, negative Eu anomalies, and 
strong HREE enrichment (Fig. 6c; Hoskin and Schaltegger, 
2003). Assuming that the inherited grains belong to a single 
population, consistent with their homogeneous appearance 
and chemical characteristics, the U-Pb systematics of which 
have been affected by the emplacement of the leucogabbro, 
the 207Pb/206Pb age of the oldest inherited zircon (2424 Ma) 
would represent the minimum age of that population.

DISCUSSION AND CONCLUSIONS

Rayner et al. (2011) presented the first U-Pb age deter-
minations from Southampton Island that documented local 
existence of Archean granitoid rocks and underscored the 

importance of Paleoproterozoic magmatism and tectono-
metamorphic reworking in this region. The additional data 
presented here further establishes the Archean ancestry of 
Precambrian rocks exposed across Southampton Island, 
revealing that they are more extensive and older than rec-
ognized by the initial dating program. The new U-Pb data 
support field observations that mafic plutonic rocks repre-
sent some of the oldest lithological components exposed on 
Southampton Island (Sanborn-Barrie et al., 2008). Mafic-
ultramafic-anorthositic rocks commonly occur as deformed 
enclaves contained within the orthopyroxone-bearing tonal-
ite-granodiorite-granite gneiss complex, previously dated 
at ca. 2.7 Ga (Rayner et al., 2011) and here established to 
include significant ca. 2.77–2.76 Ga phases. Anorthosite 
sample 08CYA-J148A yielded a direct age constraint on the 
ancient mafic plutonic phase, with an interpreted crystalliza-
tion age of 3.0 Ga. This agrees with the reinterpretation of 
U-Pb data from a sample of gabbroic anorthosite (M38B) 
from a layered mafic-ultramafic intrusion located 150 km 
to the northwest (Fig. 1b). Previously, a significant popula-
tion of ca. 3 Ga zircon was considered to be xenocrystic in 
origin (Rayner et al., 2011); however, integration of zircon 
morphology, U-Pb data and recently acquired rare-earth–ele-
ment data for different age populations of zircon separates 
(Rayner et al., 2012) collectively presented a strong case 

Figure 6. a) Variably strained leucogabbro and gabbroic 
anorthosite from which 08CYA-M243A was collected. 
Inset: clotty mafic phases in a fine-grained recrystallized 
groundmass of plagioclase. Photograph by J. Chakungal. 
2013-012. b) Concordia diagram of zircon SHRIMP anal-
yses. The crystallization age was calculated based on 
32 analyses highlighted in grey. Error ellipses are 2s. 
Inset: Plane-light image of zircon selected for SHRIMP 
analysis. c) Rare-earth element spider diagram for zir-
con. Normalization values of Sun and McDonough 
(1989). Note that the trace-element results for all analy-
ses are indistinguishable. Inset: detail of results from 
two grains, illustrating trace-element behaviour does not 
vary with age and inferred degree of disturbance in the 
U-Pb isotopic system. Photograph by M. Sanborn-Barrie. 
2013-015.
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for ca. 3 Ga crystallization with a 1870 ± 10 Ma meta-
morphic overprint, the latter consistent with the timing of 
metamorphism reported by Berman et al. (2011). Both dated 
anorthositic units comprise relatively large bodies (100 m to 
kilometre scale) that display high (J148) to moderate (M38) 
strain and pervasive crystallization. While these samples 
document an episode of mafic magmatism at ca. 3 Ga, one 
cannot rule out additional mafic plutonic events to account 
for other mafic plutonic enclaves within the 2.77–2.76 Ga 
gneissic suite.

Two of the samples analyzed in this study contribute 
further insight into the Neoarchean magmatic evolution 
of Southampton Island. Orthopyroxene-bearing tonalite 
(08CYA-C177) yields a crystallization age of 2772 ± 3 Ma, 
which is consistent with this unit occurring as enclaves 
within regionally extensive granodiorite, the latter unit dated 
at 2692 ± 6 Ma (Rayner et al., 2011) at a locality 8 km to 
the west (M62, Fig. 1b). Notably, older inherited zircon was 
not recovered from this sample, as might be expected given 
its crustal residence age of 3.3 Ga (Whalen et al., 2011). 
Orthopyroxene-bearing quartz diorite (08CYA-C106) yields 
a crystallization age of 2758 ± 5 Ma. This sample has an iden-
tical Nd model age as the orthopyroxene-bearing tonalite, but 
in this sample, an inherited component at 3.2 Ga, 3.0 Ga, and 
2.9 Ga is documented by the zircon data. These results estab-
lish that regionally extensive granulite facies plutonic rocks 
are Neoarchean in age, and that the ca. 1.93 Ga age reported 
for sample B99 (Fig. 1b) in Rayner et al. (2011) is not repre-
sentative of basement on Southampton Island. Uranium-lead 
basement crystallization ages between 2.77–2.75 Ga 
with Nd model ages of 3.6 Ga to 3.0 Ga (Whalen et al., 
2011) support correlation of Southampton Island with the  
northeast Rae craton.

The crystallization age of 2618 ± 4 Ma for mylonitic 
biotite-magnetite monzogranite (08CYA-C179) suggests 
that a suite of ca. 2.6 Ga granitic rocks that transect the Rae 
craton to the northwest (Hinchey et al., 2011) and to the 
north (N. Wodicka, unpub. data, 2011) are represented on 
Southampton Island, further strengthening the island’s affin-
ity with Rae crust. With an Sm-Nd model age of 2.88 Ga, 
one of the youngest derived from samples across the island 
(Whalen et al., 2011), this 2.61 Ga phase displays little evi-
dence in its isotopic systematics for involvement of older 
inherited material.

In the southwest, variably strained gabbroic anortho-
site (08CYA-M243A) yielded an age of 2058 ± 4 Ma. 
Rocks of this age are rare in Laurentia, but where observed, 
they are associated with rift-related rocks on Cape Smith 
(e.g. Modeland et al., 2003), the Nain plutonic suite 
(Hamilton et al., 1998), and as dykes transecting the Hearne 
(Pehrsson et al., 1993) and Superior (Buchan et al., 1996) cra-
tons. Accordingly, this gabbroic unit may reflect ca. 2.0 Ga 
extension, possibly related to sustained extension during 
opening of the Manikewan ocean (Stauffer, 1984; Halls and 
Heaman, 2000). Its 2.058 Ga age provides a maximum age 
of the two deformation events (Fig. 6a) that affected this 

region, consistent with the interpretation that penetrative 
D

1
 and D

2
 are 1880 Ma and 1860–1840 Ma, respectively 

(Berman et al., 2012).

The data presented herein not only expand insight into 
the Archean magmatic evolution of Southampton Island, 
but they further document the effects of Paleoproterozoic 
tectonometamorphism (Rayner et al., 2011; Berman et al., 
2011, 2012). For instance, considerable Paleoproterozoic 
Pb loss is shown by zircon grains from samples 08CYA-
C177 and 08CYA-C106, consistent with profound magmatic 
and tectonometamorphic reworking across the island at  
1.88–1.82 Ga. Sample 08CYA-C179 yields an ID-TIMS 
lower intercept age of 1844 ± 7 Ma, the result of incorporating 
Paleoproterozoic zircon rims during dilution. Zircon grains 
from anorthosite 08CYA-J148 possess low Th rims dated 
at 1886 ± 17 Ma, and high-U rims at ca. 1.865 Ga. Zircon 
grains with similar compositions and Paleoproterozoic ages 
have been documented from complex orthogneiss outcrops 
on Mill and Salisbury islands (Fig. 1a) located approxi-
mately 250 km to the east in Hudson Strait (Rayner et al., 
2008). These Paleoproterozoic ages are consistent with 
long-lasting, penetrative involvement in the Trans-Hudson 
collision between the Rae and Superior cratons.
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