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Introduction

The Fort a la Corne (FALC) kimberlite field on the Archean Sask Craton (Collerson et al. 1990) is
located in Western Canada within the Paleoproterozoic (~1.8 Ga) Trans Hudson Orogen (THO;
Rayner et al. 2005). During the THO, the Superior and the Churchill provinces were amalgamated,
creating the North American Craton (Hoffman 1988). Diamonds have been discovered in 75%
(Harvey et al. 2009) of the Cretaceous FALC kimberlites (Leckie et al. 1997), which sampled
principally Trans Hudson age (~1.9 Ga) lithospheric mantle beneath the Archean Sask Craton (Czas et
al. submitted). In the absence of Archean lithospheric mantle, the FALC kimberlites provide an
opportunity to study the composition of the lithospheric mantle, its metasomatic history and the mode
of diamond formation of an unconventional diamond deposit.

Samples and methods

We studied eclogite xenoliths (diamondiferous n=23; diamond-free n=30) from FALC, including a
unique sample crosscut by a diamond vein, for their major element (EPMA), trace element (LA-
ICPMS), nitrogen, and stable isotope (8%0, 8"C, 8°N; SIMS), compositions to assess their
metasomatic history and possible relationships between metasomatism and diamond formation.

Diamond-free eclogites

All diamond-free eclogites consist of garnet and clinopyroxene, with accessory rutile or apatite being
present in less than 10% of the samples. Clinopyroxene is omphacitic (Na/(Na+Ca) > 0.2; Clark and
Papike 1968), indicating an eclogitic rather than pyroxenitic assemblage. Even though the mineral
chemistry spans a wide compositional range among xenoliths (garnet Mg# varies from 33 — 82 and
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Figure 1: Major element variations in garnets from diamond-free and diamondiferous eclogites. At least two
analytical spots were placed on each garnet grain, up to three grains were analysed per sample; colours indicate
garnet analyses from individual samples. Garnet analyses from diamond free eclogites show a broad range, yet
intra-sample variants are small. Garnets associated with diamonds often show significant variations within
xenoliths and have been plotted as unaltered remnants (black rims) and metasomatised garnet (coloured rims).



CaO content from 3.5 — 15.1 wt%), it is typically homogenous within samples (Figure 1), with the
exception of spongy-textured, jadeite-poor clinopyroxene related to partial melting and metasomatism
(Carswell 1975; Su et al. 2011) that occurs in thin veins and rims surrounding relict omphacite.
Garnet oxygen isotope compositions show a broad range from 80 = +3.6 £0.3 %o to +7.9 + 0.3 %o.
Temperatures calculated from Mg-Fe exchange between garnet and clinopyroxene (Krogh 1988) and
projected onto the Sask Craton geotherm (~ 38mW/m? reference geotherm of Hasterok and Chapman
2011) range widely, from 740 to 1300 °C, indicating the presence of eclogite through most of the
lithospheric mantle.

Diamondiferous eclogites

Clinopyroxene is commonly absent in the small diamondiferous microxenoliths and garnet often
represents the only identified silicate mineral. Compositionally, the garnets from diamondiferous
eclogites have high Mg# (50 to 86) and low to moderate CaO contents (3.3 to 11.5 wt%).
Temperatures (Krogh 1988) are restricted to higher values (1180 — 1390 °C), indicating a deep
derivation. The majority of garnets exhibit complex irregular textures in back-scattered electron
(BSE) images (Figure 2A), corresponding to large variations in Mg# (up to 25; Figure 1) and CaO
content (up to 3.1 wt%). Similar but less pronounced trends of increasing pyrope content have been
reported for rims around eclogitic garnet and were attributed to late stage kimberlite infiltration. This
prominent melt-metasomatic overprint is also reflected in LREE enrichment in the garnets of up to
one order of magnitude within one sample and a shift in §'0 dominantly towards mantle-like (+5.4 to
+5.7 %o; Ickert et al. 2013) compositions, showing that intense mantle metasomatism may
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Figure 2: A. Backscattered-electron image showing intra-grain chemical variability within a single garnet from
a diamondiferous eclogite. Mg# varies between 51 (read area) and 71 (yellow area). B. Cathodoluminescence
image of a brecciated diamond (primary diamond light grey) with secondary low-N diamond in annealed
fractures (dark grey). Spot analyses of carbon isotope values and N concentrations are indicated.

homogenise oxygen isotope compositions rather than diversify them (cf Huang et al. 2012).
Cathodoluminescence (CL) imaging of diamonds within intensely metasomatised FALC eclogite
xenoliths reveals complex internal textures such as irregular thin bands and rims, exhibiting very low
N abundances (Figure 2B). These unusual textures appear to represent diamond brecciation followed
by annealing. The very close agreement in carbon isotopic composition between original nitrogen-rich
diamonds and secondary nitrogen-poor fracture fillings and overgrowths suggests that annealing was
based on carbon already present in the rock, involving, for instance, a diamond dissolution — re-
precipitation process.

Discussion

Eclogites in the FALC lithospheric mantle are distributed throughout the lithospheric mantle section
underpinning the Sask craton. A major metasomatic event is evident that (1) primarily affected
diamondiferous eclogites, (2) occurred shortly before kimberlite entrainment, as compositional
heterogeneity within individual garnets is still preserved, (3) produced deviatoric stress resulting in
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diamond brecciation, and (4) took place within the diamond stability field as annealing through
secondary diamond occurred. This process created strong elemental compositional gradients while
acting to homogenise oxygen isotopic compositions, as expected from melt-rock interaction mass
balance models (e.g.,Riches et al. 2016). A likely process could involve the intrusion and stagnation
of a melt related to kimberlite magmatism near the base of the lithosphere, a process similar to the
formation of polymict mantle breccias (Lawless et al. 1979; Giuliani et al. 2014).
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