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a b s t r a c t
Canada is host to at least six separate cratons that comprise a signiﬁcant proportion of its crustal extent. Of
these cratons, we possess knowledge of the cratonic lithospheric roots beneath only the Slave craton and,
to a lesser extent, the Superior craton, despite the discovery of many new diamond-bearing kimberlites
in Canada’s North. Here we present the ﬁrst age, composition and geothermal information for kimberliteborne peridotite xenoliths from two localities within the central Rae craton: Pelly Bay and Repulse Bay.
Our aim is to investigate the nature and evolution of the deep lithosphere in these regions and to examine
how events recorded in the mantle may or may not correlate with the complex history of crustal evolution
across the craton.
Peridotite xenoliths are commonly altered by secondary processes including serpentinization, siliciﬁcation and carbonation, which have variably affected the major element compositions. These secondary
processes, as well as mantle metasomatism recorded in pristine silicate minerals, however, did not significantly modify the relative compositions of platinum-group elements (PGE) and Os isotope ratios in the
majority of our samples from Pelly Bay and Repulse Bay, as indicated by the generally high absolute PGE
concentrations and mantle-like melt-depleted PGE patterns. The observed PGE signatures are consistent
with the low bulk Al2 O3 contents (mostly lower than 2.5%) of the peridotites, as well as the compositions of the silicate and oxide minerals. Based on PGE patterns and Os model ages, the peridotites
from both localities can be categorized into three age groups: Archean (3.0–2.6 Ga overall; 2.8–2.6 Ga
for Pelly Bay and 3.0–2.7 Ga for Repulse Bay), Paleoproterozoic (2.1–1.7 Ga), and “Recent” (<1 Ga, with
model ages similar to the ca. 546 Ma kimberlite eruption age). The Archean group provides the ﬁrst direct
evidence of depleted Archean lithospheric mantle forming coevally with the overlying Archean crustal
basement, indicating cratonization of the Rae during the Archean. The subtle difference in Os model ages
between Pelly Bay and Repulse Bay coincides with the age difference between crustal basement rocks
beneath these two areas, supporting the suggestion that the Rae craton was assembled by collision of
separate two Archean blocks at 2.7–2.6 Ga. The Paleoproterozoic peridotites are interpreted to represent newly formed lithospheric mantle, most likely associated with regional-scale underplating during
the 1.77–1.70 Ga Kivalliq-Nueltin event via removal of the lower portion of Archean lithospheric mantle
followed by replacement with juvenile Paleoproterozoic lithospheric mantle. The existence of multiple
age clusters in the lithosphere at each locality is consistent with the observation of present-day seismic
lithospheric discontinuities (Snyder et al., 2013, 2015) that indicate two or more layers of fossil lithospheric mantle fabric beneath this region. Our data deﬁne a shallow mantle lithosphere layer dominated
by Archean depletion ages underlain by a layer of mixed Archean and Paleoproterozoic ages. This lithospheric mantle structure is probably a response to complex tectonic displacement of portions of the
lithospheric mantle during Paleoproterozoic orogeny/underplating. The best equilibrated Archean and
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Paleoproterozoic peridotites at both Pelly Bay and Repulse Bay deﬁne a typical cratonic geotherm at the
time of kimberlite eruption, with a ∼200 km thick lithospheric root extending well into the diamond stability ﬁeld, in keeping with the diamondiferous nature of the kimberlites. Such thick lithosphere remains
in place to the present day as suggested by seismic and magnetotelluric studies (Snyder et al., 2013, 2015;
Spratt et al., 2014). The metasomatically disturbed peridotites in the Rae lithospheric mantle, yielding
model ages indistinguishable from kimberlite eruption, may represent parts of the Rae craton mantle
root that show anomalous magnetotelluric signatures.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Continental-scale tectonic and evolutionary histories typically
are constructed based upon bedrock mapping and petrographic,
geochemical and geochronological studies of crustal rocks from
the uppermost part of the lithosphere. Characterization of the deep
roots of the continental lithosphere – the lithospheric mantle section – predominantly is inferred from seismic and magnetotelluric
data that provide a snapshot of the present-day structure. Given
that the cratonic lithospheric mantle is composed of peridotite
with minor eclogite and pyroxenite, all showing similar geophysical properties (Kopylova et al., 2004), seismic data can generally
best be applied to map large-scale, tectonic boundaries, such as
sutures or plate boundaries at the present day (e.g., Snyder et al.,
2013). Since mantle electrical conductivity is a function of a variety of factors including temperature, contents of volatiles and
melts/ﬂuids, and oxygen fugacity (e.g., Schock et al., 1989; Karato,
1990; Constable et al., 1992; Duba and Constable, 1993), magnetotelluric studies can also reveal the large-scale features of the
mantle (e.g., Lizarralde et al., 1995). Yet, determination of the age,
composition, structure and evolution of the cratonic lithospheric
mantle is commonly derived from direct sampling by mantle
xenoliths and xenocrysts brought to the surface by kimberlite
eruptions (see review in Pearson et al., 2014). The xenolith-based
picture of the mantle root is taken when the kimberlite erupts,
and, hence, the seismic/magnetotelluric and xenolith-based studies may provide critical complementary data that reveal the recent
evolution of the lithospheric root (e.g., Liu et al., 2011; Mather
et al., 2011).
Although the lithospheric mantle is well documented beneath
the Slave craton (e.g., Grifﬁn et al., 1999; Aulbach et al., 2004,
2011; Heaman and Pearson, 2010) and to a lesser extent beneath
the Superior craton (e.g., Pearson et al., 1997; Scully et al.,
2004; Smit et al., 2014), little is known about the deep continental roots beneath signiﬁcant portions of Canada’s vast North,
despite the discovery of many new diamond-bearing kimberlites. In this paper, we report the ﬁrst age, composition and
geothermal information for kimberlite-borne peridotite xenoliths
from two localities that sample lithospheric mantle beneath the
central Rae craton of the western Churchill Province: Pelly Bay
and Repulse Bay (Fig. 1). The combined new data allows us to
constrain the nature of the lithospheric mantle beneath these
regions. Along with recently published seismic and magnetotelluric studies, our new results are applied to understanding the
formation and evolution of the cratonic lithosphere and investigating the inﬂuence of orogenic/plutonic events recorded in the
crust. The study also provides new context for understanding diamond mineralization and destruction in the Rae cratonic mantle
root.
2. Geological setting and samples
Located in the western part of the Churchill province, one of
the largest Precambrian crustal blocks that constitute the Canadian Shield (Fig. 1), the Rae craton is predominantly composed of

Meso- to Neoarchean amphibolite- to granulite-grade granitoid
gneisses and komatiite-bearing greenstone belts (e.g., Jackson,
1966; Frisch, 1982; Fraser, 1988; MacHattie, 2008; Peterson et al.,
2010; Wodicka et al., 2011; Pehrsson et al., 2013; LaFlamme et al.,
2014; Sanborn-Barrie et al., 2014). Similar Meso- to Neoarchean
formation ages are also recorded in the lower crustal xenoliths
(Petts et al., 2014a). Of note in the Archean supracrustal packages that comprise the Rae craton is the presence of maﬁc volcanic
rocks, including komatiite, that suggesting a thin lithosphere that
allowed extensive adiabatic melting at 2.97 Ga (Richan et al., 2015)
and at 2.74–2.70 Ga (Skulski et al., 2003). The Rae craton was
intruded by widespread ca. 2.6 Ga granitoid plutons (Hinchey
et al., 2011 and references therein), while the western Rae craton was subsequently also impacted by the ca. 2.5 Ga Queen
Maud granite event (Fig. 1; Schultz et al., 2007; Berman et al.,
2013a).
Since its stabilization, the Rae craton experienced widespread
circum-craton subduction and collisional accretion through the
Neoarchean to Paleoproterozoic, as manifested by at least seven
major events discernable within the crust (Fig. 1) including in
time sequence: (1) the ca. 2.7–2.6 Ga amalgamation of the Chesterﬁeld block along the southern margin (Davis et al., 2006); (2) the
ca. 2.56–2.50 Ga MacQuoid orogeny along the south-eastern margin (Berman, 2010; Pehrsson et al., 2013); (3) the ca. 2.5–2.3 Ga
Arrowsmith orogeny along the western margin (Berman et al.,
2005, 2013a); (4) the ca. 2.0–1.92 Ga Taltson–Thelon orogeny
along the western margin (e.g., Hoffman, 1988; Hanmer et al.,
1992); (5) the ca. 1.92–1.90 Ga Snowbird orogeny and the accretion of the Hearne craton along the southern margin (Berman
et al., 2007; Martel et al., 2008); (6) the ca. 1.87 Ga collision
of the Meta Incognita–Sugluk–Hall Peninsula block (MISH) in
the northeast (e.g., St-Onge et al., 2006a; Berman et al., 2010);
and (7) the ca. 1.82 Ga collision with the Superior craton in the
south-southeastern margin during the ca. 1.9–1.8 Ga Trans-Hudson
orogeny (e.g., Ansdell and Norman, 1995; Stern et al., 1995; St-Onge
et al., 2006b). These orogenic events involved multiple tectonometamorphic episodes that impacted the Rae craton, forming
associated metamorphic and plutonic rocks (e.g., the 1.85–1.81 Ga
Hudson granitic plutons; Fig. 1). In addition, there is evidence for
extensive crustal reworking through the Paleoproterozoic, culminating at ca. 1.77–1.70 Ca with widespread post-orogenic granitic
magmatism – the Kivalliq-Nueltin event (Peterson et al., 2015) –
considered to reﬂect major basaltic underplating (Peterson et al.,
2002, 2015; Petts et al., 2014a).
Kimberlite eruptions pierced the thick lithosphere of the
central Rae craton in late Neoproterozoic times, transporting
deep-seated crustal and lithospheric mantle xenoliths along with
diamonds. The peridotite xenoliths studied here are from the kimberlite ﬁelds south of Pelly Bay (Amaruk, n = 18; N68◦ 10 41.9
W90◦ 37 12.5 ) and north-northeast of Repulse Bay (Qilalugaq,
n = 31; N66◦ 35 28.5 W86◦ 07 53.7 ; Fig. 1). Both kimberlite clusters have been dated to be ca. 546 Ma (Scully, 2004; Kienlen
et al., 2008; Kupsch and Armstrong, 2013). The Amaruk kimberlite cluster at Pelly Bay contains 22 kimberlite bodies (Kienlen
et al., 2008) intruding Rae basement affected by the Boothia uplift
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Fig. 1. Simpliﬁed geological map of the Canadian Shield (modiﬁed after Berman et al., 2005, 2013b), showing the peridotite xenolith localities (Pelly Bay and Repulse Bay) in
the central Rae craton. QM – Queen Maud block, CB – Cumberland batholith, Cb – Chesterﬁeld block, MI – MetaIncognita terrane, Wo – Wollaston group, and WB – Wathaman
batholith. Major Neoarchean to Paleoproterozoic orogenic bets are highlighted (see text for detail).

(Okulitch et al., 1986). This basement has produced Nd model ages
of between 2.7 and 2.9 Ga (Hinchey et al., 2011), and is locally
overlain by Paleozoic shelf deposits. No published detailed description exists for the Pelly Bay kimberlites, but they are known to
contain subaerially deposited volcaniclastic and hypabyssal (coherent) kimberlites (Kienlen et al., 2008). The Qilalugaq kimberlites of
Repulse Bay are located ∼230 km to the SE of Pelly Bay. Their geology and kimberlite-derived indicator mineral chemistry have been
described recently by Kupsch and Armstrong (2013). This kimberlite cluster forms a WNW trending array of eight diatremes and
eight dykes extending over 26 km. Limited data from ca. 2.6 Ga
granitoids show that the basement beneath this area has Nd model
ages of 3.2–2.8 Ga (Peterson et al., 2010 and references therein).
Based on the subtle age differences between crustal basement rocks
and seismic internal fabrics, it has been suggested that the Rae
craton was amalgamated at ca. 2.7–2.6 Ga with an eastern suture
between Pelly Bay and Repulse Bay (Fig. 1; Berman et al., 2013b;
Snyder et al., 2013; Sanborn-Barrie et al., 2014).
Loose mantle xenoliths were collected from the surface at both
locations and additional samples were extracted from kimberlite
drill-core. In this contribution we present petrographic data, mineral geochemistry, and whole-rock major element, platinum-group
element (PGE, here including Os, Ir, Pt and Pd) and Re–Os isotope
data for peridotite suites from the two localities.

3. Analytical methods
Major element compositions of recoverable mantle minerals
were determined on polished rock chips or mineral mounts using a
JEOL 8900 Electron Probe Microanalyzer (EPMA) at the University
of Alberta. Trace element data of garnet and clinopyroxene were
obtained using in situ laser ablation coupled with inductively coupled plasma-mass spectrometry (LA-ICP-MS) at the University of
Alberta. Rock powders were made from coarse grains/small chips
using an agate mortar and pestle by hand (for small samples) or
via a motorized agate ball mill. Whole-rock major element compositions, as well as loss-on-ignition (LOI) values, were determined
by X-ray ﬂuorescence (XRF) on fused glass disks made from rock
powders (see detailed protocols in Boyd and Mertzman, 1987)
at Franklin and Marshall College, United States. Whole-rock RePGE concentration and Os isotope analyses were conducted using
an isotope dilution technique coupled with High-Pressure Asher
Aqua Regia digestion on the same dissolution (following Pearson
and Woodland, 2000) at the University of Alberta. Osmium isotope ratios were measured as OsO3 − using peak-hopping SEM or
multiple Faraday collectors and ampliﬁers equipped with 1012 
resistors on a Thermo Scientiﬁc Triton Plus TIMS (see Liu and
Pearson, 2014 for detailed performance and standard repeatability). The remaining Re-PGE column cuts were measured via
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peak-hopping SEM on a Thermo Element 2 XR ICP-MS. Detailed
processing and analytical procedures, as well as chemical procedural blanks, are provided in the Supplementary Material.
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4.1. Petrographic descriptions
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Fig. 2. Cr2 O3 –CaO compositions of garnets from Pelly Bay and Repulse Bay peridotites following the classiﬁcation of Grütter et al. (2004), of which G9 is lherzolitic
and G10 is harzburgitic. Data for garnets are shown in Table S2, including the Repulse
Bay garnet from the Bachelor thesis of Johnson (2007). Symbols are deﬁned by
Os model ages (i.e., Archean, Paleoproterozoic and “Recent” groups; see grouping
details in text; Table 1) and remain consistent in all remaining ﬁgures throughout
text. Of note, sample RB-15 garnet plots close to or along the boundary between G9
and G10 ﬁelds, but its trace element pattern is more consistent with a G9 grouping
(Fig. 3). Isobars are from Cr-in-garnet barometer P38 from Grütter et al. (2006). GDC:
graphite-diamond constraint line.
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The Pelly Bay peridotite xenoliths (n = 18) range in size from
6 to 25 cm in maximum dimension. The Repulse Bay peridotite
xenoliths (n = 31) are typically smaller (2–8 cm in maximum dimension). No eclogite xenoliths were recovered from either locality.
The Pelly Bay peridotites are often highly altered by serpentinization, with some having subsequent carbonate inﬁltration (see
photomicrographs of representative rocks in Fig. S1). A sub-set of
samples preserve fresh mantle minerals, including garnet, spinel,
clinopyroxene, orthopyroxene and olivine. Secondary minerals are
dominated by serpentine and talc, as well as minor phlogopite,
amphibole and quartz. Mineral occurrences for each rock sample
are detailed in Table S1. For such highly altered peridotites, it was
difﬁcult to recognize their original lithology based upon macroscopic and microscopic observations. Of note, the largest sample
TU-13A (∼25 cm long) exhibits a clear change in color from its edge
to interior, reﬂecting gradually decreasing alteration. To examine
the effect of alteration, we carefully cut sample TU-13A for both
thin sections and whole-rock analyses as illustrated in Fig. S2. Three
aliquots of powders were made to reﬂect the variable extent of the
alteration (see detail in Section 5.1.1).
The Repulse Bay peridotite xenoliths are almost completely
altered by secondary processes. The drill-core samples are highly
serpentinized, similar to the Pelly Bay peridotites, while xenoliths exposed on the surface are not only serpentinized but also
siliciﬁed and oxidized, as well as variably carbonatized (see photomicrographs of representative rocks in Fig. S3). These secondary
processes may have occurred in a sequence of serpentinization
(sub-surﬁcial), siliciﬁcation/oxidation and carbonation (surﬁcial or
subaerial), which is consistent with the observed petrographic textures in these rocks. The Repulse Bay xenoliths are dominated
by secondary minerals, including serpentine, talc, quartz and Fe3+
oxides, as well as lesser amounts of carbonate (Fig. S3). Mineral
occurrences for each Repulse Bay xenolith are also detailed in
Table S1. Mantle garnet and/or spinel are recoverable in about half
of the Repulse Bay xenoliths, and clinopyroxene occurs in four samples. Except for garnet and spinel, nearly all other minerals appear
light in color. For these rocks, it was impossible to recognize their
original lithology based on the petrographic observations.
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4.2. Mineral chemistry

4.2.1. Cr-pyrope garnet
Of the Pelly Bay peridotites, eight samples have garnets, which
are coarse-grained and exhibit homogeneous intra- and intergrain major and trace element compositions within each xenolith.
This indicates limited alteration of garnet during low-T secondary
processes. All garnets plot within the G9 (lherzolitic) ﬁeld on a
Cr2 O3 –CaO classiﬁcation diagram (Grütter et al., 2004; Fig. 2). Their
chondrite-normalized rare earth element (REE) patterns (Fig. 3A)
can be divided into two groups: Group 1 – “normal” patterns characterized by ﬂat HREE and progressive MREE to LREE depletions,
typical of garnet REE signatures coexisting with clinopyroxene
in mildly depleted to fertile peridotites; and Group 2 – humped

Garnet/CI chondrite

Repulse Bay
For both Pelly Bay and Repulse Bay peridotite xenoliths, major
element compositions of the fresh mantle minerals are provided in
Table S2. Trace element compositions of garnet and clinopyroxene
are shown in Table S3.
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Fig. 3. Chondrite-normalized rare earth element (REE) patterns for garnet and
clinopyroxene from Pelly Bay (A) and Repulse Bay (B) peridotites. Data are shown
in Table S3. Chondrite values are from McDonough and Sun (1995).
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4.2.2. Spinel
Spinel occurs as rare, ﬁne-grained crystals in both the Pelly Bay
and Repulse Bay peridotites, some coexisting with garnet. Spinels
measured from four samples of each suite are generally chromiumrich and plot within or close to the Cr# versus Mg# ﬁeld deﬁned by
spinels from cratonic peridotites worldwide (Fig. S4A). The exception is sample TU-18 that contains alumina-rich spinels (Table S2).
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patterns characterized by ﬂat HREE and variable MREE to LREE
enrichments. The Group 1 patterns are similar to those of garnets
from non-cratonic lherzolites (Hoal et al., 1994), while the Group 2
patterns often occur in garnets from cratonic lherzolites (Pearson
et al., 2014 and references therein), which have experienced mantle metasomatism prior to kimberlite emplacement. For the Pelly
Bay peridotites that have recoverable garnet, both major element
and REE characteristics suggest that they were derived from fragments of relatively less depleted lithospheric mantle of lherzolitic
(G9) composition.
Within the Repulse Bay peridotites, garnets also show homogeneous intra- and inter-granular major and trace element
composition within each xenolith. The Repulse Bay garnets predominantly plot within the G9 (lherzolitic) ﬁeld, with a few in the
G10 (harzburgitic) ﬁeld (Fig. 2). In addition to REE patterns belonging to Groups 1 and 2 deﬁned above, a third pattern (Group 3)
is evident at Repulse Bay, characterized by strongly fractionated,
low HREE and variable MREE to LREE enrichments (Fig. 3B). These
sinusoidal garnet patterns are similar to those of garnets in cratonic harzburgites and inclusions in diamond (Stachel et al., 1998),
which have experienced mantle metasomatism prior to kimberlite
emplacement.

50

NCC peridotites

45

TU-13A
PB-measured

40

RB-measured

PUM

35
30
25
20
15
10

40

20

60
SiO2 (wt. %)

80

100

55

B

PB-Archean-normalized
PB-Paleoproterozoic-normalized
PB-Recent-normalized
RB-Archean-normalized
RB-Paleoproterozoic-normalized
RB-Recent-normalized

50
45
MgO (wt. %)

172

40
35
30
25

melt addition

20
15

4.3. Whole-rock major elements
Major element compositions of the peridotite xenoliths from
both Pelly Bay and Repulse Bay (Table S1) do not plot along theoretical mantle melt depletion trends. The majority of Pelly Bay
samples have higher SiO2 (up to 57%) and lower MgO (down to
23%) than estimates of primitive upper mantle (PUM) (Fig. 4A),
while the Repulse Bay samples have even more extreme compositions, for example with SiO2 up to 80% and MgO down to 11%. The
less mobile Al2 O3 , used as a melt depletion index, is poorly correlated with other lithophile elements such as MgO (Fig. 4B) and CaO
(Fig. 4C).
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4.2.3. Pyroxenes and olivines
Clinopyroxene (Cr-diopside) is rare in both peridotite suites.
Clinopyroxene grains from seven Pelly Bay and six Repulse Bay
samples were examined for major element composition. Pelly Bay
clinopyroxene grains were also measured for trace element concentrations. All clinopyroxenes plot within the Mg# versus Al2 O3
ﬁeld deﬁned by clinopyroxenes from cratonic peridotites worldwide (Fig. S4B). Pelly Bay clinopyroxenes from both garnet-bearing
and garnet-free peridotites show “humped” MREE to LREE patterns (Fig. 3A), reﬂecting mantle metasomatic effects (Downes et al.,
1991).
Fresh orthopyroxene and olivine are very rare in both peridotite
suites, only appearing in three Pelly Bay peridotites (Table S2).
The orthopyroxenes of the two samples (TU-1 and TU-13A) are
characterized by low Al2 O3 (<0.6%) and high Mg# (>91.5), consistent with relatively high degrees of mantle melt depletion. By
contrast, the olivines of the two samples (TU-1 and UM-2J) have
low Mg# (90–90.8) compared to typical cratonic olivines (average Mg# = 92.6; Pearson and Wittig, 2014), probably reﬂecting the
effect of secondary iron enrichment.

10

melt addition

5

0
0

2

4
6
Al2O3 (wt. %)

8

10

Fig. 4. Whole-rock major element compositions of peridotite xenoliths from Pelly
Bay and Repulse Bay: (A) SiO2 versus MgO; (B) Al2 O3 versus MgO; and (C)
Al2 O3 versus CaO. Open symbols are for measured data except gray squares for three
aliquots of sample TU-13A, and solid symbols are for normalized data. Data are
provided in Table S1, and normalization details are discussed in text. The effects
of siliciﬁcation, carbonation and melt addition trends are discussed in text. Also
shown are the composition of the primitive upper mantle (PUM; McDonough and
Sun, 1995) and the peridotite data of the North China Craton (Liu et al., 2011).
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variable in both Pelly Bay and Repulse Bay peridotites. For
example, Os concentrations range from 1.2 to 15.2 ppb with an
average of 4.8 ± 2.8 ppb (1) and a median value of 4.2 ppb,
which is broadly comparable to, or slightly higher than, those

4.4. Re–Os isotopes and platinum-group elements
Whole-rock Os isotopes and Re-PGE concentration data are
reported in Table 1. Concentrations of Re and PGE are highly

Table 1
Rhenium–osmium isotope compositions and platinum group element (PGE) concentrations of mantle peridotites from Pelly Bay and Repulse Bay within the central Rae
craton, northern Canada.
Pd (ppb)

Re (ppb)

187

1.771
1.108
3.709
1.516
3.692
2.882
2.843
2.366

0.468
0.313
1.440
0.690
1.147
0.486
1.262
2.397

0.413
0.628
0.477
0.307
0.007
0.075
0.050
0.154

0.431
0.527
0.376
0.735
0.005
0.071
0.067
0.643

0.11237
0.11375
0.11374
0.11729
0.11100
0.11197
0.11207
0.11826

5.656
3.173
3.504
2.668
1.435
5.635
2.821

2.157
5.897
5.647
7.613
0.647
9.172
0.879

1.062
3.711
3.029
4.273
0.214
8.828
0.033

0.305
0.097
0.105
0.039
0.405
0.105
0.319

0.216
0.134
0.126
0.058
0.915
0.078
0.655

7.952
5.551
5.052
3.355
5.578

5.130
4.865
3.742
2.789
4.648

10.590
9.783
7.909
7.214
1.708

8.877
7.166
7.850
6.638
1.461

0.154
0.030
0.045
0.065
0.155

Repulse Bay
Archean group
11.324
RB-9F2
2.899
RB-9E2
4.153
RB-8B
Duplicate
4.605
13.111
RB-8A2
RB-9A1
9.849
4.349
RB-9A2
2.736
RB-9U1
9.195
RB-9K2
3.326
RB-37
RB-54
4.332
4.182
RB-2B
RB-40
4.147
4.163
RB-58
2.664
RB-41
3.153
RB-44
5.627
RB-9U2
15.214
RB-9H2

11.789
2.716
4.639
3.531
9.984
6.485
2.721
2.116
6.651
3.425
2.651
4.312
1.784
3.773
3.352
2.706
4.394
21.878

0.777
1.361
3.309
1.311
6.383
3.717
1.192
1.391
2.744
1.090
1.494
3.981
0.313
4.717
1.367
0.604
4.203
10.751

0.178
0.142
0.428
0.186
1.443
0.448
0.177
0.040
0.095
0.148
0.383
0.842
–
2.199
0.500
0.051
1.995
7.993

Paleoproterozoic group
6.107
RB-35
6.718
RB-36A
RB-15
4.482
6.256
RB-2A
1.882
RB-33
2.200
RB-30
2.245
Duplicate
3.479
RB-6
2.556
Duplicate
3.813
RB-7B
3.460
Duplicate

6.208
5.590
4.792
4.854
1.936
2.228
2.228
3.269
2.260
3.227
3.380

1.624
4.551
3.966
3.371
3.041
1.999
1.999
4.081
3.530
6.970
7.318

“Recent” group
RB-18
RB-20
RB-22A
RB-22B
RB-9M2

4.143
2.718
5.345
3.002
2.050

7.860
1.049
7.347
4.316
4.219

Sample

Os (ppb)

Ir (ppb)

Pt (ppb)

4.607
5.731
6.104
2.012
6.585
5.057
3.623
1.155

3.967
3.306
6.005
1.794
6.660
4.748
2.789
1.271

Paleoproterozoic group
6.795
TU-18
3.493
TU-13A2-C
3.991
TU-13A2-B
3.269
UM-2J
2.132
TU-8A
6.432
Tu-13A2-A
TU-19
2.347
“Recent” group
TU-3
TU-6
TU-15
TU-11
TU-4

Pelly Bay
Archean group
TU-7
TU-12
TU-10
TU-9
TU-5
TU-16
TU-2B
TU-1

3.633
2.473
5.446
3.263
2.191

Re/188 Os

187

Os/188 Os

187

Os/188 Osi

TRD (Ga)

TMA (Ga)

Pd/Ir

Pt/Ir

0.10848
0.10899
0.11034
0.11065
0.11096
0.11133
0.11147
0.11245

2.76
2.69
2.50
2.46
2.42
2.37
2.35
2.21

NA
Negative
16.5
Negative
2.44
2.73
2.68
Negative

0.12
0.09
0.24
0.38
0.17
0.10
0.45
1.89

0.446
0.335
0.618
0.845
0.554
0.607
1.019
1.862

0.11613
0.11460
0.11515
0.11597
0.12401
0.11665
0.12213

0.11418
0.11339
0.11401
0.11545
0.11574
0.11594
0.11622

1.98
2.08
2.00
1.80
1.76
1.73
1.69

3.44
2.78
2.60
2.00
Negative
2.00
Negative

0.19
1.17
0.86
1.60
0.15
1.57
0.01

0.381
1.858
1.611
2.853
0.451
1.628
0.312

0.094
0.026
0.043
0.094
0.134

0.12266
0.12462
0.12682
0.12729
0.12822

0.12182
0.12439
0.12643
0.12644
0.12701

0.92
0.55
0.26
0.26
0.18

1.02
0.55
0.23
0.18
0.02

1.73
1.47
2.10
2.38
0.31

2.065
2.011
2.113
2.586
0.368

0.396
0.218
0.450
0.388
0.390
0.153
0.121
0.199
0.133
0.232
0.116
1.131
0.021
0.071
0.037
0.082
0.205
0.193

0.168
0.361
0.521
0.405
0.143
0.075
0.134
0.350
0.070
0.336
0.128
1.302
0.025
0.082
0.067
0.124
0.175
0.061

0.10887
0.11159
0.11322
0.11375
0.11002
0.10995
0.11058
0.11258
0.11014
0.11273
0.11093
0.12187
0.11072
0.11184
0.11194
0.11247
0.11301
0.11285

0.10735
0.10833
0.10851
0.11009
0.10873
0.10928
0.10937
0.10941
0.10951
0.10969
0.10977
0.11010
0.11050
0.11110
0.11133
0.11135
0.11143
0.11230

2.91
2.78
2.75
2.54
2.72
2.65
2.63
2.63
2.61
2.59
2.58
2.53
2.48
2.40
2.37
2.36
2.35
2.23

4.43
14.5
Negative
Negative
3.81
3.09
3.58
11.8
3.02
9.99
3.45
Negative
2.60
2.83
2.71
3.11
3.61
2.52

0.015
0.052
0.092
0.053
0.144
0.069
0.065
0.019
0.014
0.043
0.145
0.195
0.583
0.149
0.019
0.454
0.365

0.066
0.501
0.713
0.371
0.639
0.573
0.438
0.657
0.413
0.318
0.563
0.923
0.175
1.250
0.408
0.223
0.957
0.491

0.433
1.063
0.704
0.836
0.154
0.822
0.822
2.205
1.986
5.205
5.246

0.036
0.039
0.232
0.064
0.010
0.017
0.017
0.150
0.064
0.275
0.260

0.028
0.028
0.249
0.049
0.025
0.037
0.036
0.208
0.121
0.347
0.361

0.11349
0.11432
0.11740
0.11664
0.11694
0.11711
0.11746
0.11892
0.11900
0.12117
0.12226

0.11323
0.11407
0.11515
0.11620
0.11671
0.11678
0.11714
0.11704
0.11790
0.11804
0.11899

2.11
1.99
1.84
1.70
1.63
1.62
1.57
1.58
1.46
1.44
1.31

2.22
2.09
3.67
1.85
1.69
1.72
1.66
2.57
1.83
5.43
5.69

0.070
0.190
0.147
0.172
0.080
0.369
0.369
0.674
0.879
1.613
1.552

0.262
0.814
0.828
0.694
1.571
0.897
0.897
1.248
1.561
2.160
2.165

0.577
0.192
4.558
2.899
3.303

0.017
0.042
0.066
0.065
0.135

0.023
0.081
0.058
0.096
0.298

0.11932
0.12119
0.12282
0.12488
0.12983

0.11911
0.12046
0.12229
0.12402
0.12714

1.29
1.10
0.85
0.61
0.16

1.33
1.23
0.98
0.62
0.56

0.139
0.071
0.853
0.965
1.611

1.897
0.386
1.375
1.437
2.058

Note: Age grouping is based on Os model ages (see detail in text).
Osmium model ages (TRD and TMA ) are calculated (see text for details) using the ordinary chondrite numbers (187 Re/188 Os = 0.422, and 187 Os/188 Os = 0.1283), along with
(187 Re) = 1.666 × 10−11 /year. (187 Os/188 Os)i represents the initial values when xenolith was erupted at 0.54 Ga using the present-day measured 187 Re/188 Os. Bold numbers
mark those TMA model ages with 187 Re/188 Os < 0.1. Duplicate: another digestion of the sample powder aliquant.
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Fig. 5. Primitive upper mantle (PUM)-normalized PGE-Re patterns of peridotites from Pelly Bay and Repulse Bay for three different clusters of TRD ages (i.e., “Archean”,
“Paleoproterozoic” and “Recent”; see grouping details in text; Table 1). Black lines denote the ones without signiﬁcant Re enrichments, while red lines denote the ones with
Re enrichments. PGE data of PUM here and throughout text is from Becker et al. (2006).

of PUM (Becker et al., 2006) and other peridotite xenoliths
worldwide (Pearson et al., 2014). Both suites are characterized
by PUM-like relative concentrations, to prominent depletions
in the platinum-group PGE (PPGE: Pt and Pd), relative to the
iridium-group PGE (IPGE: Os and Ir), with variable Re depletions or enrichments (Fig. 5). Both the Pelly Bay and Repulse
Bay peridotites show large ranges in present-day 187 Os/188 Os
ratios (Fig. 6A), ranging from 0.1110 to 0.1282 for Pelly Bay
and 0.1089 to 0.1298 for Repulse Bay.
5. Discussion
5.1. Primary versus secondary signatures of mantle peridotites
The two principal secondary processes that affected the mantle
peridotites from Pelly Bay and Repulse Bay are low-T crustal alteration and high-T mantle metasomatism. Here we examine effects
of these secondary processes and then try to extract the primary

signatures from the peridotites, in order to constrain their formation and the evolution of their respective lithospheric mantle roots.

5.1.1. Effects of low-T crustal alteration on the bulk major
element composition
For whole-rock major element compositions of peridotite xenoliths from both Pelly Bay and Repulse Bay, the trends of elevated
SiO2 and decreased MgO and other oxides (e.g., Al2 O3 and CaO;
Fig. 4) can be attributed to secondary alteration processes that took
place in the crust, referred to as low-T crustal alteration. The introduction of carbonate to kimberlite-borne xenoliths is a common
phenomenon (e.g., Boyd et al., 1997), but this process should dilute
both MgO and SiO2 contents and, hence, it cannot be the dominant control on the major element variation. This is also consistent
with the observation that the majority of the samples have mantlelike CaO/Al2 O3 ratios with only a few having CaO/Al2 O3 >2 and
CaO >4% (Table S1; Fig. 4C). Based on petrographic observation,
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Fig. 6. Osmium isotope compositions: (A) 187 Re/188 Os versus present-day measured 187 Os/188 Os; (B) 187 Re/188 Os versus initial 187 Os/188 Os at the time of kimberlite eruption
(0.54 Ga); (C) normalized Al2 O3 versus initial 187 Os/188 Os; and (D) Pd/Ir versus initial 187 Os/188 Os. The calculation of initial 187 Os/188 Os is detailed in Table 1. PUM (Meisel
et al., 2001) is shown for comparison.

serpentinization has affected all the samples, which is conﬁrmed
by high LOI values (up to 16%). Serpentinization not only introduces water into peridotites but can introduce dissolved species,
notably silica. This introduction of SiO2 along with water to the
Pelly Bay peridotites is indicated by the presence of both talc and
quartz. The three aliquots of sample TU-13A that reﬂect variable
extents of alteration of the peridotite, shed further light on these
chemical changes. Among the three different aliquants of this rock,
SiO2 content increases with increasing abundance of low-T alteration minerals such as talc and serpentine. On whole-rock bivariate
plots, these three data points lie along the same SiO2 –MgO trend
(e.g., Fig. 4A) toward the pristine peridotites. The slope of the line
regressed through sample TU-13A aliquants is sub-parallel to the
ﬁeld deﬁned for all Pelly Bay mantle xenoliths. This indicates that
the serpentinization associated with hydrous silica addition has
affected other Pelly Bay samples.
Of the Repulse Bay peridotites, samples extracted from drillcore are characterized by similar major element compositions as
the Pelly Bay samples, whereas the xenoliths exposed on the surface have much higher SiO2 (up to 80%) and lower MgO (down to
11%) (Table S1). This extreme chemical variability is likely caused
by intense siliciﬁcation during water–rock interaction, as discussed
above, following earlier serpentinization. Collectively, the peridotite xenoliths from both localities have experienced at least three
secondary low-T alteration processes including serpentinization,
siliciﬁcation and carbonation which exert considerable inﬂuence
on the major element variations shown in Fig. 4. Thus, extreme caution must be exercised when interpreting major element variations
in terms of mantle processes.

To approach the original bulk rock compositions prior to kimberlite emplacement, we use two steps of normalization designed
to remove the major effects of carbonation and siliciﬁcation
(including silicic serpentinization). We correct for carbonate introduction by normalizing CaO/Al2 O3 ratios of the peridotites to the
average of the PUM (0.80 ± 0.11, 2; McDonough and Sun, 1995),
noting that depleted mantle peridotites typically have PUM-like
CaO/Al2 O3 ratios (global peridotite database of Pearson et al., 2014
and references therein). This normalization has a relatively minor
effect (normalization factors between 0.98 and 1.08) on all but two
samples, RB-22A and RB-22B, which both have CaO contents of 19%
and a normalization factor of ∼1.2. Subsequently, we normalize the
SiO2 contents of Pelly Bay and Repulse Bay peridotites to the global
cratonic peridotite average of 42% (Pearson et al., 2014 and references therein; this value is also similar to those of the lowest SiO2
samples in the suites). Small differences in the original peridotite
SiO2 values would have a minor effect on the normalized compositions. The detailed normalization steps and results are provided in
Table S1.
The normalized data from both localities plot along the melt
depletion trends of mantle residues, for example in the Al2 O3 versus
MgO plot (Fig. 4B), with some scatter partly due to the arbitrarily
ﬁxed SiO2 contents associated with normalization. In addition, the
normalized Al2 O3 contents of the majority of samples from both
localities are lower (<2.5%) than that of PUM (Fig. S5), and largely
overlap with the values of typical cratonic peridotites, indicating a
melt-depleted mantle signature. However, these xenoliths exhibit
slightly higher average Al2 O3 values than the cratonic peridotite
global average. This, along with the lower MgO contents and higher
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incompatible lithophile “major” elements such as Na2 O, K2 O and
TiO2 in some samples compared to PUM (Fig. 4), could be explained
by variable melt refertilization (see more discussion below) or more
complex processes of crustal alteration than we have considered.
5.1.2. Effects of low-T crustal alteration on PGE concentrations
and Os isotopes
Despite having experienced extensive low-T crustal alteration
as discussed above, both Pelly Bay and Repulse Bay peridotites
exhibit PGE concentrations (Table 1) comparable to, or slightly
higher than, those estimates of PUM (Becker et al., 2006) and other
peridotite xenoliths worldwide. There are no correlations between
PGE concentrations or Os isotopic compositions and measured SiO2
or normalized Al2 O3 contents (Fig. S6). Both suites of peridotites
display PUM-like relative PGE concentrations to prominent depletions in the platinum-group PGE (PPGE: Pt and Pd), relative to
the iridium-group PGE (IPGE: Os and Ir; Fig. 5), primarily recording variably melt-depleted mantle signatures as discussed below.
Moreover, these peridotites are characterized by generally PUMlike Os/Ir ratios, and there is a lack of evidence for Os (or IPGE)
modiﬁcation during interaction with typical crustal reservoirs
(with high Os/Ir and low IPGE concentrations; Rudnick and Gao,
2014 and references therein). Thus, these observations indicate that
PGE, including Os concentration and Os isotopic composition, were
not signiﬁcantly modiﬁed during low-T crustal alteration processes
that added and/or diluted the lithophile elements.
With regard to Re variations observed in both suites of peridotites, the case of Re depletion associated with depletion of PPGE
relative to IPGE can be explained by mantle melting, whereas
typical Re enrichments for peridotites worldwide are normally
attributed to kimberlite inﬁltration (e.g., Irvine et al., 2001; Pearson
et al., 2004). Kimberlite inﬁltration is consistent with clusters of our
Re–Os data around reference isochrons associated with the 0.54 Ga
kimberlite eruption age (see discussion below); yet, Re addition by
secondary crustal alteration processes cannot be entirely excluded.
For the Pelly Bay peridotites with ﬂat PGE patterns but prominent
Re depletions (Fig. 5), Re loss due to the decomposition and replacement of silicate phases during secondary alteration processes may
be considered since a signiﬁcant portion of Re can reside in silicate
phases, especially for fertile peridotites (Brenan, 2008). However,
these Re depleted rocks do not exhibit higher extents of alteration than other Pelly Bay and Repulse Bay samples, many of which
show Re enrichments (Fig. 5). Alteration is, therefore, discounted as
the reason of the observed Re depletions and alternative potential
causes are explored below. Therefore, with the possible exception
of Re in some cases, the observed PGE concentrations and Os isotope
compositions of the peridotites from both suites can be considered
as their compositions prior to the low-T crustal alteration.
5.1.3. Effects of mantle metasomatism on PGE concentrations and
Os isotopes
In addition to the low-T crustal alteration processes discussed
above, high-T mantle metasomatism ubiquitously occurs in cratonic peridotites (e.g., Bailey, 1982; Menzies et al., 1987), including
the peridotites from Pelly Bay and Repulse Bay, as reﬂected in
the REE patterns of their garnet and clinopyroxene (Fig. 3). Garnet/clinopyroxene REE ratios increase progressively from La to Lu
(Fig. S7), consistent with the widespread impact of metasomatism.
Since HREEs are relatively resistant to mantle metasomatism compared to LREEs (e.g., Stachel et al., 1998; Shu and Brey, 2015), HREE
contents in garnet and clinopyroxene can be taken as reﬂecting the
extent of primary melt depletion, whereas LREE/HREE ratios reﬂect
more the extent of mantle metasomatism. Provided that garnet has
higher HREE contents than any coexisting pyroxene and assuming
no major changes in modal abundances during metasomatism, the
Yb content in garnet is considered a useful melt depletion indicator,

with lower Yb contents indicating higher degrees of melt depletion;
the Ce/Yb ratio in garnet is considered a good indicator of metasomatic overprint, with higher Ce/Yb ratios denoting more extensive
metasomatism.
In the application of the Re–Os chronometer to peridotites, it
is important to assess the degree to which metasomatism has
inﬂuenced the Re–Os isotopic systematics. One means is to examine the Re-PGE systematics (e.g., Lorand and Alard, 2001; Pearson
et al., 2002; Büchl et al., 2002; Irvine et al., 2003; Lorand et al.,
2004; Reisberg et al., 2005; Ackerman et al., 2009; Liu et al., 2010,
2011); being both siderophile–chalcophile, they act in similar manners and mainly reside in base metal sulphides and/or PGE-bearing
alloys in mantle rocks (e.g., Hart and Ravizza, 1996; Alard et al.,
2000; Bockrath et al., 2004; Ballhaus et al., 2006; Lorand et al.,
2008, 2010). Given their relative compatibility during mantle melting, PPGE, along with Re, become progressively depleted relative
to IPGE in mantle residual rocks (e.g., Pearson et al., 2004; Aulbach
et al., in press), so that Pd/Ir ratios can potentially be used to reﬂect
the degrees of melt depletion in mantle peridotites (Lorand et al.,
2004; Pearson et al., 2004; Liu et al., 2010). However, bulk rock
PGE patterns (and Pd/Ir ratios) are likely to be affected by mantle metasomatism through S-saturated melts/ﬂuids that may add
secondary sulﬁdes that are typically enriched in PPGE relative to
IPGE (e.g., Alard et al., 2000). The addition of metasomatic sulﬁdes
should be reﬂected in enhanced PPGE and thus elevated Pd/Ir ratios
in bulk rocks (Rudnick and Walker, 2009, and references therein).
Thus, it is important to evaluate whether bulk rock Pd/Ir ratios were
affected by the metasomatism recorded in the lithophile element
chemistry of silicate minerals.
Where garnet is present in peridotites from Pelly Bay and
Repulse Bay its Yb content correlates positively with bulk Pd/Ir
ratio (Fig. 7A), likely reﬂecting a primary melt depletion signature. Also, the Pd/Ir ratio shows a broad negative correlation with
Ce/Yb in garnet (Fig. 7B). This indicates that the peridotites characterized by lower bulk Pd/Ir ratios and lower garnet Yb contents,
formed from higher degrees of melt depletion but also experienced
higher levels of melt/ﬂuid metasomatism. Furthermore, these covariations mean that bulk Pd/Ir ratios and PGE concentrations were
little affected by metasomatism. Similar garnet REE patterns to
those seen in the Pelly Bay and Repulse Bay samples (Group 2 and
3 patterns; Fig. 3) have been observed in cratonic peridotites from
southern Africa and are ascribed to metasomatism by a carbonatitic
melt (e.g., Shu and Brey, 2015). In general, carbonate-rich metasomatic melts are thought to contain low PGE concentrations (e.g.,
Xu et al., 2008) and are, hence, not effective at modifying bulk rock
PGE systematics.
5.1.4. Primary PGE signatures and the age of lithospheric mantle
The above discussion suggests that despite severe low-T alteration and variable mantle metasomatism affecting many of the
peridotite xenoliths, their PGE concentrations and Os isotope
compositions have been little modiﬁed and, consequently, reﬂect
primary compositional signatures after melt depletion. The exception is the occurrence of secondary Re enrichments (Fig. 5) for some
samples that could lead to minor radiogenic ingrowth of 187 Os over
time (see discussion below). Using the observed PGE concentration
and Os isotope data, we examine how the primary melt depletion
signatures of these peridotites may shed light on the formation age
and structure of lithospheric mantle sampled by the Pelly Bay and
Repulse Bay kimberlites.
Both Pelly Bay and Repulse Bay peridotites show large ranges
in 187 Re/188 Os and 187 Os/188 Os ratios (Fig. 6A). There are no obvious isochron correlations corresponding to a single depletion
event, yet, several groups of samples cluster around distinct reference isochron lines associated with the 0.54 Ga eruption age.
This suggests that the Re enrichments observed in these groups of
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peridotites likely occurred close to or during kimberlite emplacement, or during secondary alteration that took place penecontemporaneously to kimberlite emplacement. In order to correct
the Re-enriched samples for the radiogenic ingrowth of 187 Os
since alteration and/or eruption, the timing for Re enrichment
is assumed to be the age of kimberlite emplacement. The calculated initial 187 Os/188 Os ratios at 0.54 Ga generally result in
horizontal trends when plotted against 187 Re/188 Os (Fig. 6B), normalized Al2 O3 (Fig. 6C) and Pd/Ir ratios (Fig. 6D). These horizontal
trends support that Re enrichment across the suite occurred synchronously with kimberlite emplacement.
The calculated initial 187 Os/188 Os ratios at 0.54 Ga are used to
compute the Re depletion model ages (TRD-ERUPT of Pearson et al.
(1995), assuming zero Re at 0.54 Ga in this case), while the Os model
ages (TMA ) are calculated using the present-day data, similar to the
calculation of crustal Nd model ages (Walker et al., 1989). In general,
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Fig. 8. Osmium model ages: TRD-ERUPT versus TMA (A; for those TMA being negative
or greater than 4.5 Ga, assign them equal to their TRD ), and histograms and probability density functions of TRD ages of Pelly Bay (B), Repulse Bay (C), and both
localities combined together (D). The peak ages marked place prominent divisions
for grouping (see detail in text).

for a given peridotite sample, TMA is greater than TRD , and the deviation between these ages increases with increasing 187 Re/188 Os
(Fig. 8A). The TRD-ERUPT ages act as minimum estimates of melt
depletion ages for peridotites (Walker et al., 1989); the lower the
187 Re/188 Os ratios, the closer the T
RD-ERUPT model ages are to the
true ages. For samples with Re enrichments, TMA ages do not represent their melting ages. For samples with Re depletion and hence
very low 187 Re/188 Os ratios (<0.1; Table 1; Fig. 5), however, TMA is
slightly older than TRD-ERUPT , and may provide a more reasonable
age estimate. Here we combine both TRD-ERUPT and ‘reasonable’ TMA
(with 187 Re/188 Os <0.1) ages to constrain the ages of both Pelly Bay
and Repulse Bay peridotites.
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As shown in the histograms of TRD-ERUPT ages (Fig. 8B), the Pelly
Bay peridotites can be categorized into three age groups: “Archean”
(2.8–2.2 Ga with a peak at ∼2.5 Ga), “Paleoproterozoic” (2.1–1.7 Ga
with a peak at 2.0–1.8 Ga), and “Recent” (0.92–0.18 Ga with an
average of ∼0.5 Ga, close to the age of kimberlite eruption). In the
Archean age group, three (of 8) samples give reasonable TMA ages
ranging from 2.4 to 2.7 (Table 1) with an average of ∼2.6 Ga, thus,
the best estimate for the melt depletion age of this group is 2.8–2.6
Ga. In the Paleoproterozoic age group, there are two samples with
reasonable TMA ages that are both 2.0 Ga, so 2.1–1.8 Ga is the preferred age for this group. In the “Recent” age group, four of the ﬁve
samples yield ‘reasonable’ TMA ages, identical within uncertainties
to their TRD-ERUPT ages (Fig. 8A; Table 1). These younger TMA ages
range from 1.0 to 0.2 Ga with an average of 0.5 Ga, also identical to
the kimberlite eruption age.
From the TRD-ERUPT histograms in Fig. 8B, three very similar age
groups are observed for the Repulse Bay peridotites: “Archean”
(2.9–2.2 Ga with a peak at ∼2.6 Ga), “Paleoproterozoic” (2.1–1.3 Ga
with a peak at ∼1.7–1.6 Ga), and “Recent” (<1.3 Ga with an average of ∼0.8 Ga). Considering the ‘reasonable’ TMA ages in this
suite (Table 1), the best estimate for the melt depletion age of
each group is 3.0–2.7 Ga (Archean), 2.1–1.7 Ga (Paleoproterozoic),
and ∼0.8 Ga (“Recent”). Given the relatively large uncertainties
associated with the calculation of Os model ages (i.e., ±∼0.2 Ga
depending on the reference reservoir; Pearson and Wittig, 2008),
the Archean age group (3.0–2.7 Ga) of Repulse Bay is slightly older
than, but overlapping with, that of Pelly Bay (2.8–2.6 Ga). There
are no signiﬁcant differences within both the Paleoproterozoic
and Recent age groups of the two localities, therefore the data
from both localities can be combined to yield mutual Paleoproterozoic (2.1–1.7 Ga) and Recent (close to kimberlite eruption age)
groups.
Interpretation of PGE signatures. For both the Pelly Bay and
Repulse Bay suites, the group of peridotites with Archean model
ages is characterized by prominent depletions in PPGE relative to
IPGE (i.e., low Pd/Ir ratios), with the majority having prominent
Re enrichments (Figs. 5 and 6). Such patterns are typical of cratonic peridotites (Pearson et al., 2004) and indicate high degrees
of melt extraction, consistent with their observed melt depletion
indices (e.g., low bulk Al2 O3 contents, high Cr# in spinel, low HREE
contents in garnet; Fig. 7, Figs. S4 and S5). At the same time, these
rocks often experienced Re enrichments, most likely just before or
during kimberlite inﬁltration as discussed above.
Compared to the Archean age group, the Paleoproterozoic age
group of peridotites is characterized by generally less depleted
PPGE relative to IPGE (Fig. 5), consistent with their commonly more
elevated Al2 O3 contents (Fig. S5) and higher HREE contents in garnet (Fig. 7); yet, the majority preserve depletion of Re relative to
IPGE. Such Re-PGE characteristics of the Paleoproterozoic group
can be interpreted as recording primary melt depletion but at lower
extents of melting than the Archean age group. They are not consistent with the Paleoproterozoic group being formed from melt
refertilization of the Archean age group, as higher Re enrichments
and large deviations between TMA and TRD-ERUPT values would be
expected.
The “Recent” Repulse Bay peridotite group has PGE patterns
that vary from levels of depletion in PPGE similar to the Paleoproterozoic group to less fractionated PGE patterns with (Pd/Ir)N
ratios closer to 1. This could be interpreted as a reﬂection of
lower levels of melt depletion and/or high levels of refertilization
discussed below, as supported by the generally higher HREE
contents of garnet (for example, sample RB-22A; Figs. 3B and 7).
Collectively, the negative correlation between TRD ages and garnet
HREEs contents (Fig. 7C) is consistent with a gradual decrease in
the degree of melt extraction through time during the formation
of lithospheric mantle in this region.

Origin of the “fertile” peridotites with young isotopic signatures.
The “Recent” Pelly Bay group is characterized by ﬂat PGE patterns,
similar to PUM, but with prominent Re depletions (Fig. 5). This
group of peridotites are all characterized by signiﬁcantly higher
Al2 O3 (5.1–7.6%), TiO2 (0.1–0.3%), Na2 O (0.4–1.2%) and much lower
MgO (30.7–34.7%) contents than other peridotites from both localities (Fig. 4B). Such major element compositions cannot reﬂect
residual peridotites. They are, however, similar to those of komatiites (e.g., Barberton komatiites have 2.5–7.6% Al2 O3 , 0.1–0.5% TiO2 ,
0.05–0.5% Na2 O and 24–43% MgO; Puchtel et al., 2013), and there
is abundant Meso- to Neoarchean komatiitic magmatism throughout the Melville Peninsula in the central Rae craton (Richan et al.,
2015). Hence, these rocks could represent either ‘failed’ primary
mantle melts like komatiites that crystallized in the mantle lithosphere, or mantle residues extensively refertilized by melts. Their
relatively high PGE concentrations and ﬂat PGE patterns support
the latter alterative, rather than primary (e.g., komatiitic) mantle
melts that normally exhibit more fractionated PGE patterns with
(IPGE/PPGE)N < 1 (e.g., Puchtel et al., 2014). In addition, komatiites generally have more radiogenic Os isotope ratios than those
observed in the “Recent” peridotite suite. Of note, this melt refertilization process did not re-enrich Re (Fig. 5), probably due to low
Re contents in the melts as a consequence of degassing (Sun et al.,
2003 and references therein).
5.2. Geothermobarometry
In order to better constrain the tectonic evolution of the
deep lithospheric root beneath the Rae craton, it is important
to constrain local geotherms and to try to place the three age
groups of peridotites within a lithospheric mantle stratigraphic
framework. However, the highly altered state of the peridotites
from both localities makes thermobarometry very challenging due
to the scarcity of fresh primary phases other than garnet or spinel.
Here Ni-in-garnet thermometry (after Canil, 1996) was conducted
on all samples containing fresh garnet. Nickel concentrations in
garnet were measured using LA-ICP-MS (see data in Table S3).
Only one sample from the Pelly Bay suite (UM-2J) has fresh olivine
with a Ni content of ∼3000 ppm (Table S2), which is identical to
the average Ni concentration (∼3000 ppm) in olivine from garnet
peridotites worldwide. All other samples lack fresh olivine and
consequently, for these samples we assume a Ni concentration
in olivine corresponding to the global olivine average; the variability of Ni contents in global olivines may generate an error
of up to ±50 ◦ C. This approach yields a temperature range of
790–1120 ◦ C (Table 2). For samples containing additional fresh
clinopyroxene, the Mg–Fe garnet–clinopyroxene exchange thermometer of Krogh (1988) was applied (assuming a ﬁxed pressure
of 40 kbar), resulting in estimates generally agreeing within less
than 100 ◦ C with Ni-in-garnet temperatures (Table 2). Equilibrium
between garnet and clinopyroxene in these samples is, therefore,
assumed. Thermometry based on the enstatite component in
clinopyroxene (e.g., Nimis and Taylor, 2000), however, generated
temperatures that in most cases are more than 100 ◦ C lower than
the Ni-in-garnet temperatures (Table 2). For two samples where
both fresh clinopyroxene and orthopyroxene are present, in both
cases the agreement between temperature estimates based on
Ca-in-orthopyroxene (Brey and Kohler, 1990) and enstatite in
clinopyroxene are distinctly outside expected uncertainties (100
and 120 ◦ C respective differences). It, therefore, appears that
clinopyroxene was not in equilibrium with orthopyroxene.
For simultaneous estimates of pressure and temperature we
chose a combination of the single clinopyroxene barometer of
Nimis and Taylor (2000), which assumes equilibration with garnet, and the garnet–clinopyroxene thermometer of Krogh (1988).
Iterative calculations yield three P–T estimates for Pelly Bay
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Table 2
Geothermobarometry of Pelly Bay and Repulse Bay xenolithic peridotites.
Sample
Pelly Bay
Archean group
TU-16

T [Ni in grt] (◦ C)a

T [Krogh88 ] (◦ C)b

T [NTcpx ] (◦ C)c

T [Krogh88 /NTcpx ] (◦ C)d

P [NTcpx /Krogh88 ] (kbar)d

893

953

699

957

41.1

Paleoproterozoic group
926
TU-13A2C
838
UM2J

977
774

777
598

1005
742

46.9
30.8

“Recent” group
TU-3
TU-6
TU-11
TU-15

796
915
802
785

Repulse Bay
Archean group
RB-2B
RB8A
RB-40

848
906
899

744
1024

688
783

726
1044

34.4
45.0

Paleoproterozoic group
RB-7B
RB-15
RB-30
RB-35
RB-36

910
868
905
916
967

852
1051

803
852

843
1062

37.8
42.4

“Recent” group
RB-22A

984

1122

Note: grt and cpx short for garnet and clinopyroxene, respectively.
a
Ni-in-garnet thermometer after Canil (1996).
b
Garnet–clinopyroxene thermometer after Krogh (1988) assuming a ﬁxed pressure of 40 kbar.
c
Single clinopyroxene thermometer after Nimis and Taylor (2000).
d
Combining the single clinopyroxene barometer of Nimis and Taylor (2000) assuming equilibration with garnet, and garnet–clinopyroxene thermometer of Krogh (1988)
through iterations that pass the stringent validation criteria of Grütter (2009).

xenoliths and four for Repulse Bay that pass the stringent validation
criteria of Grütter (2009). These P–T data are provided in Table 2
and plotted in Fig. 9. Because of the small numbers of data points
at each location and the geographic afﬁnity (∼230 km apart) of the
two localities within the Rae craton, the P–T data are combined and
ﬁtted to a mantle geotherm using the FITPLOT approach of Mather
et al. (2011). The resultant Rae geotherm is consistent with a surface
heat ﬂow of 35–40 mW m−2 , similar to typical cratonic geotherms
worldwide (Hasterok and Chapman, 2011). The thickness of the
lithosphere is ∼200 km, slightly thinner, although within error of
the thickness of lithosphere (∼230 km) beneath the central Slave
craton (e.g., Grütter, 2009), but within the range that is typical for
cratons (e.g., Mather et al., 2011). Our ∼200 km thick estimate for
the lithosphere beneath the central Rae craton, although preliminary and in need of more data, is signiﬁcantly thicker than the
∼165 km lithosphere beneath the Somerset Island (Fig. 9; Irvine
et al., 2003; Mather et al., 2011), which lies ∼500 km to the NW
extremity of the Rae craton (Fig. 1).
For all other peridotite samples that only have fresh garnet,
Ni-in-garnet temperatures were projected onto the Rae craton
geotherm deﬁned in Fig. 9 (see Fig. S8) to obtain pressure and
hence depth for stratigraphic purposes. Considering that many
of the samples having Archean ages are garnet-free peridotites
(Table S1), they are assumed to have been derived from the spinel
stability ﬁeld in the shallower portions of the lithospheric mantle.
With this and the projected pressures/depths (Fig. S8), the interpreted layered structure of lithospheric mantle is schematically
illustrated in Fig. 10.

of cratonic lithospheric mantle beneath the central Rae craton. The
existence of such an Archean mantle root beneath the Rae craton
has been previously inferred by Neoarchean model ages stemming
from highly enriched Nd isotope compositions in 1.83 Ga mantlederived minette magmas (Peterson et al., 2002) and Meso- to
Neoarchean Nd model ages from crustal rocks (Peterson et al., 2010;
Hinchey et al., 2011). Therefore, the early evolution of the lithosphere beneath the central Rae craton is coupled to the generation
and preservation of the overlying Archean crustal basement that
formed during Meso- to Neoarchean cratonization (Fig. 1). The subtle difference in Os model ages between Pelly Bay (2.8–2.6 Ga) and
Repulse Bay (3.0–2.7 Ga) can be tentatively interpreted to coincide
with the age difference of the crust in these two areas, supporting the suggestion that the Rae craton was assembled from two
Archean blocks at ca. 2.7–2.6 Ga with the eastern suture between
Pelly Bay and Repulse Bay (Figs. 1 and 11; Berman et al., 2013b;
Snyder et al., 2013; Sanborn-Barrie et al., 2014). The preservation
of original Meso- to Neoarchean lithospheric mantle beneath the
central Rae craton may suggest limited impacts of the widespread
ca. 2.6 Ga granitoid event that is inferred to have formed by crustal
thickening (Hinchey et al., 2011). The short timescale of collision
and granite formation agrees with that evident from modeling
of the thermal evolution of cratonic lower crust during orogenic
thickening (Jaupart and Mareschal, 2015). Preservation of old mantle ages also indicates very limited inﬂuence of the regional ca.
2.5 Ga Queen Maud granite event and the ca. 2.5–2.3 Ga Arrowsmith
orogeny in the western Rae (Fig. 1; Schultz et al., 2007; Berman
et al., 2013a).

5.3. Lithospheric mantle structure and tectonic implications

5.3.2. Paleoproterozoic lithospheric mantle
As discussed above, we interpret the peridotites with Paleoproterozoic depletion model ages that have melt-depleted Re-PGE
signatures (Fig. 5) and Os model TMA ages similar to, or slightly
higher than, TRD ages (Fig. 8A), to record the formation of

5.3.1. Meso- to Neoarchean lithospheric mantle
Archean Os model ages of peridotite xenoliths from both Pelly
Bay (2.8–2.6 Ga) and Repulse Bay (3.0–2.7 Ga) indicate the presence
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Fig. 10. Interpretative lithospheric cross-section from Pelly Bay to Repulse Bay
based on the garnet–clinopyroxene thermobarometry of the age-determined peridotites from both localities shown in Fig. 9 (for those peridotite samples that
only have fresh garnet, Ni-in-garnet temperatures were applied to extract the
pressures/depths by extrapolating to the Rae craton geotherm as shown in Fig.
S8). The ellipses represent the ranges of depths deﬁned by combination of
garnet–clinopyroxene barometer and Ni-in-garnet thermometer for the three age
groups (Archean, Paleoproterozoic, and Recent; Table 1). Also shown are the
mid-lithosphere seismic discontinuities (X2–X3) revealed by transverse receiver
functions in this region by Snyder et al. (2013). LAB: lithosphere–asthenosphere
boundary.

Fig. 9. Garnet–clinopyroxene thermobarometry and mantle geotherm for the central Rae craton: a combination of garnet–clinopyroxene thermometer of Krogh
(1988), and the single clinopyroxene barometer of Nimis and Taylor (2000), which
assumes equilibration with garnet; see more discussion in text. The calculated
results are provided in Table 2. The data for Pelly Bay and Repulse Bay are combined and ﬁtted numerically to deﬁne a “Rae craton geotherm” using the FITPLOT
method of Mather et al. (2011). We ran separate FITPLOT regressions for the two
locations, which basically yielded the same results in terms of the depth of the
lithosphere, but with larger uncertainties to the ﬁt. The combined regression yields
a lithospheric depth that is the same as that derived from the separate regressions
but has much greater precision (because of increased spread in lithosphere sampling), but with considerably smaller uncertainties than the separate regressions. An
average crustal thickness of 35.8 km given by Thompson et al. (2010) was used in the
geotherm calculation. The reference geotherm for the central Slave craton is from
Grütter (2009) and the Somerset Island geotherm is from Mather et al. (2011). The
diamond–graphite transitions of Kennedy and Kennedy (1976) and Day (2012) are
plotted for reference.

juvenile lithospheric mantle during the Paleoproterozoic. Furthermore, our data indicate these peridotite xenoliths were not
generated via melt refertilization of Archean precursors. As there is
no signiﬁcant difference in the Os model ages of the Paleoproterozoic age groups from the two localities, the data can be combined
to indicate the generation of new, depleted lithospheric mantle
beneath this part of the Rae craton between 2.1 and 1.7 Ga. Thus,
a lithospheric mantle root consisting of a mixture of both Archean
and Paleoproterozoic peridotites occurs beneath the central Rae
craton. We can use thermobarometry to try to establish the geometry of this relationship.
Combining our thermobarometry and geochronological results
(Fig. 10) indicates that some degree of lithospheric layering is
present beneath the central Rae craton, in agreement with the
results of teleseismic experiments (Snyder et al., 2013, 2015).

At both localities sampled by kimberlites, the Archean lithosphere (3.0–2.6 Ga) dominates the shallow lithospheric mantle
(∼50–100 km; Fig. 10). Beneath this is a “mixed zone” characterized
by peridotites of both Archean (3.0–2.6 Ga) and Paleoproterozoic
(2.1–1.7 Ga) ages; such an admixture of both Archean and Paleoproterozoic ages was also observed beneath Somerset Island at the NW
extremity of the Rae craton (Fig. 1; Irvine et al., 2003). We suggest
that at depths of ∼100–150 km, where both Archean and Paleoproterozoic ages are recorded, a portion of the Archean lithospheric
mantle was removed and replaced by younger Paleoproterozoic
lithospheric mantle (Fig. 11). The deep (>150 km) lithospheric mantle is not well represented by the sampled peridotite xenoliths but
its extension to about 200 km depth can be inferred from the intersection of the local geotherm with the mantle adiabat (Fig. 9). It
may be speculated that this deep lithospheric layer is entirely Paleoproterozoic in age or even younger (Fig. 10). At Pelly Bay, some
metasomatic disturbance (producing “recent” ages) is observed in
the layer containing both Archean and Paleoproterozoic ages, while
at Repulse Bay, this layer is underlain by metasomatically disturbed
peridotites (Fig. 10).
Several mechanisms have been proposed to account for
younger lithospheric mantle underlying older terranes, including thermal/chemical erosion (e.g., Grifﬁn et al., 1998), density
foundering/delamination (Kay and Kay, 1993; Lee et al., 2000; Gao
et al., 2002), lateral escape/imbrication during collision (Menzies
et al., 1993; Wu et al., 2006), and transformation through refertilization (e.g., Zhang, 2005). Of these, for the lithospheric mantle
structure observed beneath the central Rae craton, transformation through refertilization can explain the Re-PGE and Os isotope
data of the “Recent” group of peridotites. Such a process cannot, however, account for the Paleoproterozoic peridotites. Lateral
escape or imbrication during collision (e.g., via the 1.9–1.8 Ga TransHudson orogeny or the ca. 2.0–1.92 Ga Taltson-Thelon orogeny;
Fig. 1) would presumably predict monotonous lithospheric layering without intervening Archean and Paleoproterozoic ages.
Density foundering/delamination can potentially remove the entire
Archean lithospheric mantle, but in this instance only removal of
the lower portion of the Archean lithospheric mantle is required,
referred to as partial delamination. Collectively, thermal/chemical
erosion and partial delamination remain viable processes for
preservation of relict Archean lithospheric mantle at shallow
depths. To understand these potential mechanisms further, we
need to integrate our understanding of the lithospheric mantle
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In contrast, regional-scale post-orogenic Kivalliq-Nueltin magmatism (ca. 1.77–1.70 Ga) is considered to reﬂect magmatic
underplating (Peterson et al., 2002, 2015) that is further manifested by granulite-facies reworking of the lower crust in this period
(Petts et al., 2014a). Such intense crustal reworking through the
depth of the crustal section implies high geothermal gradients and
is consistent with signiﬁcant disruption of existing cratonic mantle lithosphere to allow inﬂux of magma and heat into the crust
through either thermal/chemical erosion or partial delamination.
Annealing of the lithospheric root following these events could
have inter-mixed newly stabilized Paleoproterozoic mantle with
previously existing Archean mantle to form a root with variably
sized domains of Archean and Paleoproterozoic ages as shown in
Fig. 10. Thus, the association of Kivalliq-Nueltin magmatism with
removal of the lower portion of Archean mantle can also account for
the observed lithospheric mantle structure through replacement
by newly formed Paleoproterozoic lithospheric mantle (Fig. 11).
A contemporaneous analog is the northern portion of the central
North China Craton that experienced the Paleoproterozoic removal
of Archean mantle and replacement by juvenile lithospheric mantle (Gao et al., 2002; Liu et al., 2011); modern analogs in other
regions include the Mesozoic removal of Proterozoic lithospheric
mantle beneath the Sierra Nevada, California (Lee et al., 2000) and
the Mesozoic removal of Archean lithospheric mantle beneath the
eastern North China Craton (Menzies et al., 1993; Grifﬁn et al., 1998;
Gao et al., 2002).

Fig. 11. Schematic illustration of the Rae craton history: Stage 1. The proto-Rae
blocks at >2.7 Ga with Pelly Bay and Repulse Bay residing in two distinct blocks;
Stage 2. Amalgamation of the Rae craton at ca. 2.7–2.6 Ga (Fig. 1;Berman et al., 2013b;
Snyder et al., 2013; Sanborn-Barrie et al., 2014); and Stage 3. The removal of Archean
lithospheric mantle and replacement by juvenile lithospheric mantle at 1.8–1.7 Ga
most likely during the Kivalliq-Nueltin event (Peterson et al., 2015).

with known geological events that occurred in the crust of the Rae
craton.
The formation of the Paleoproterozoic lithospheric mantle is
broadly coeval with the pronounced 1.85 to ∼1.7 Ga metamorphic
and igneous events recorded in regional plutonic and supracrustal
rocks (Peterson et al., 2002; Berman, 2010; Berman et al., 2015;
Sanborn-Barrie et al., 2014) and in lower crust xenoliths (Petts et al.,
2014a,b). The 1.85–1.82 Ga regional metamorphism is interpreted
as a result of crustal thickening associated with the late stages of the
Trans-Hudson orogeny (e.g., Berman et al., 2010, 2015; SanbornBarrie et al., 2014). Similarly, Peterson et al. (2002) suggested
the generation of voluminous 1.85–1.81 Ga Hudson granitoid plutons and coeval high-Mg# ultrapotassic minette magmatism to be
related to crustal thickening during the Trans-Hudson orogeny.
These ca. 1.85–1.81 Ga metamorphic and magmatic processes lack
direct involvement of the underlying lithospheric mantle, so they
may not be, at least indirectly, associated with the formation of
Paleoproterozoic lithospheric mantle.

5.3.3. Tectonic implications
As schematically illustrated in Fig. 10, the lithospheric layering implied by our geochronology constraints is consistent with
the observation from a recent teleseismic study (Snyder et al.,
2013) that present-day seismic lithospheric discontinuities indicate two or more layers of fossil lithospheric mantle fabric beneath
the region. Given that both Archean and Paleoproterozoic ages
occur in both peridotite suites we have analyzed, this fabric may
not simply be a record of the internal structure formed during
cratonization (Snyder et al., 2015), as suggested for Archean cratons in general by Cooper and Miller (2014). Because the layered
fabric of the lithospheric mantle is broadly consistent with the
observed seismic discontinuities (Fig. 10; Snyder et al., 2013),
the transverse contrasts deﬁning the seismic discontinuities may
have been produced during complex tectonic translocations of portions of the lithospheric mantle associated with Paleoproterozoic
orogeny/underplating.
An additional implication of the adherence of the Archean and
Paleoproterozoic peridotites from both Pelly Bay and Repulse Bay to
a typical cratonic geotherm is the presence, at the time of kimberlite
eruption, of a ∼200 km thick lithospheric root beneath the central
Rae craton (Fig. 9), in keeping with their diamondiferous nature
(e.g., Kupsch and Armstrong, 2013). New seismic and magnetotelluric data indicate that this thick lithosphere remains in place to
the present day (Bastow et al., 2013; Snyder et al., 2013; Spratt
et al., 2014; Porritt et al., 2015). Hence, no matter what lithospheric
mantle disturbances that took place during the addition of Paleoproterozoic lithospheric mantle, the lithospheric root subsequently
relaxed thermally and attained considerable thickness, providing
conditions favorable for diamond mineralization/preservation. The
“Recent” peridotite group appears to relate to heat advection and
formation of local chemical disturbances associated with lithospheric refertilization. Such an inﬁltration of metasomatizing melts
has been proposed as the cause of decreased resistivity in the lithospheric mantle beneath parts of the Rae craton (Jones and Garcia,
2006; Spratt et al., 2014; Snyder et al., 2015) and, hence, here
we may be documenting the ﬁrst petrographic evidence of this
event.
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6. Conclusions
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We report the ﬁrst geochemical and geothermal results for
kimberlite-borne peridotite xenoliths from the central Rae craton.
The two suites of peridotites, from the Pelly Bay and Repulse Bay
kimberlite ﬁelds, are typically highly altered by serpentinization,
siliciﬁcation and/or carbonation, as well as mantle metasomatism. These secondary processes did not signiﬁcantly modify the
relative concentrations of PGE and Os isotopic ratios. Based on
PGE patterns and Os isotope model ages, the peridotites from
each locality can be categorized into three age groups: Archean
(3.0–2.6 Ga with 2.8–2.6 Ga for Pelly Bay and 3.0–2.7 Ga for Repulse
Bay), Paleoproterozoic (2.1–1.7 Ga), and “Recent” (<1 Ga, disturbed
samples with model ages similar to the kimberlite eruption age).
The Archean group provides the ﬁrst direct evidence of depleted
Archean lithospheric mantle forming coevally with the overlying
Archean crustal basement, indicating cratonization of the Rae during the Archean. The subtle difference in Os model ages between
Pelly Bay and Repulse Bay seems to coincide with the age difference between crustal basement rocks beneath these two areas,
supporting the suggestion that the Rae craton was assembled from
two Archean blocks at ca. 2.7–2.6 Ga (Berman et al., 2013b; Snyder
et al., 2013). The Paleoproterozoic peridotites are interpreted to
represent newly formed lithospheric mantle, most likely associated with regional-scale underplating during the 1.77–1.70 Ga
Kivalliq-Nueltin event via removal of the lower portion of Archean
lithospheric mantle followed by replacement by juvenile Paleoproterozoic lithospheric mantle. The layered structure of lithospheric
mantle is broadly consistent with the observation of present-day
seismic lithospheric discontinuities that indicate two or more layers of fossil lithospheric mantle fabric beneath this region. This
fabric may reﬂect the imprint of an internal structure within the
Rae cratonic root during formation of Paleoproterozoic lithospheric
mantle. The adherence of these Archean and Paleoproterozoic peridotites to a typical cratonic geotherm, at the time of kimberlite
eruption (∼546 Ma), indicates a ∼200 km thick lithospheric root
beneath this portion of the Rae craton, in keeping with the diamondiferous nature of the kimberlites. Such thick lithosphere remains
in place to the present day as suggested by seismic and magnetotelluric studies. The metasomatically disturbed peridotites in the Rae
lithospheric mantle, yielding model ages indistinguishable from
kimberlite eruption, may represent parts of the craton root that
show anomalous magnetotelluric signatures.
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