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1. INTRODUCTION

Eclogites (£ pyroxenite) may host significant quantities of
diamonds in some portions of sub-continental lithospheric
mantle (e.g., Orapa, Magondi Mobile Belt; Shee and
Gurney, 1979; Argyle, Halls Creek Mobile Zone; Jaques et
al., 1989; Nyurbinskaya, Siberian Craton; Spetsius et al.,
2008; Riches et al., 2010). Although garnet concentrate data
(n = 534 grains) suggest that significant proportions of
peridotite are present in the sub-continental lithospheric
mantle beneath the Roberts Victor kimberlite (85-97%
peridotite; Schulze et al., 1989), it is well established that
the xenolith population of Roberts Victor is eclogite-rich, as
eclogites account for >95% of the xenoliths from this pipe
(MacGregor and Carter, 1970; Hatton, 1978). Eclogites are
broadly basaltic rocks that are widely considered to
represent subducted crustal materials derived from oceanic
lithosphere (e.g., Snyder et al., 1997; Jacob, 2004; Pearson
et al., 2003; Taylor et al.,, 2003a; Riches et al., 2010).
However, some Group-l eclogite xenoliths have textural
features (including banding and zonation of modal
abundances) that may not be explained by garnet formation
during high-pressure transformation alone (e.g., Hatton and
Gurney, 1987; Ishikawa et al., 2008a-b; Gréau et al., 2011).

Oxygen isotope compositions of eclogitic and pyroxenitic
garnets have often been interpreted as a robust tracer of
protolith materials (e.g., Snyder et al., 1997; Jacob et al.,
2004, 2005), and, by analogy with shallow-level ophiolite
and MORB sequences altered at low-temperatures (e.g.,
Gregory and Taylor, 1981; Alt et al., 1986), garnet '°0-
values significantly above 5.9%. are frequently cited as
evidence supporting a shallow origin for eclogites (e.g.,
Jagoutz et al., 1984; Snyder et al., 1997; Jacob et al., 2004;
Spetsius et al., 2008; Riches et al., 2011). However, recent
studies have questioned the robust nature of garnet §'°0O-
values (Gréau et al., 2011); these authors reported oxygen
isotope data for multiple garnet grains of Group-l1 and
Group-11 eclogites from Roberts Victor, and suggested that
garnet 8'®0-values are correlated with incompatible-
element abundances.

of a diamond-bearing portion (b) of a phlogopite-bearing Gt-websterite
(09RV09) from the Roberts Victor kimberlite. In (a), circles outline sub-
regions selected for in situ study, and the blue circle marks the diamond
bearing portion shown in (b). Di = diamond, Gt = garnet, Phlog =
phlogopite, Pyx = pyroxene, Sul = sulphide.

We provide the first in situ measurements of &0
compositions (determined by ion-microprobe) in garnet
adjacent to diamond, and these data are supplemented by in
situ major- and trace-element abundance data of garnets and
coexisting phases. Our results show that; 1) §'0-values do
not display measurable inter- and intra-grain oxygen-
isotope variation in Gt-rich and Cpx-rich portions (£
diamond * phlogopite) of 09RVO09, and 2) garnet §'0-
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values do not correlate with major- and trace-element
abundances and inter-element ratios.

2. RESULTS

2.1 Petrography and Mineralogy

A diamond- and phlogopite-bearing Gt-websterite xenolith,
09RV09, of Roberts Victor, Kaapvaal Craton, contains
regions with variable proportions of garnet and
clinopyroxene (Fig. 1a). Garnet (up to 1.5 mm in maximum
dimension) and clinopyroxene crystals (up to 2 mm in
maximum dimension) dominate the matrix of this sample
(>90 vol. %), and lesser amounts of phlogopite (up to 1 mm
in maximum dimension), sulphide (generally <0.5mm),
clino- and orthopyroxene (<0.5 mm maximum dimension),
and diamond (up to 800 pum in maximum dimension in the
studied sections) generally occur as interstitial phases.
Polycrystalline diamond-aggregates (up to 2 mm in
maximum dimension) are located in other portions of
09RV09, and are not the focus of this work. In contrast to
all Siberian diamondiferous-eclogites studied to date that do
not contain diamond in contact with garnet (Taylor and
Anand, 2004; Spetsius and Taylor, 2008), a 280 pum
elongate diamond (Fig. 1b) in 09RV09 is in direct contact
with garnet along 200 pm of its length. Calcium-
proportions (Ca#= 100Ca/[Ca+Mg+Fe"®]) and Mgt (where
Mg# = 100Mg/[Mg+Fe?]) of all studied 09RV09 garnets
define an antithetic correlation over a moderate range of
Ca# (9.01 to 10.7) and Mg# (76.7 to 80.0). Garnets
associated with phlogopite have Mg#>77.5 whereas garnets
in phlogopite-free zones have Mg#<77.5, and all garnets
record modest intra-grain variations in Ca# (+ 0.4 to 1.0
units) with no systematic core to rim trend.

2.2 Trace-Element Compositions

Garnets of 09RV09 are very consistent in their trace
element compositions. They are exclusively LREE-depleted
([La/Yb]y = 0.002 to 0.007) with HREE-abundances of
~9.5 to 13*Cl-chondrite (Fig. 2a), and [Eu/Eu*]y values of
0.99 to 1.30. Sinusoidal REE-patterns were not observed in
garnet grains, including those in close association with
diamond. High field strength element contents of 09RV09
garnets are broadly similar to those of some rutile-free
eclogites (e.g., Jacob and Foley, 1999), with [Zr/Hf]pm
values ranging from 1.4 to 4.0.

2.3 In situ Oxygen Isotope Data

Oxygen isotope compositions of garnets in 09RV09 are all
above ‘typical” mantle values, ranging from 6.2%. to 6.8%o
(Fig. 2b), and analytical uncertainties are generally 0.3 to
0.4%o 2044ey (cOmbined internal and external precisions).
The mean, mode, and median values of these data (a total of
94 points on 8 garnets from a range of textural locations)
are within uncertainty of one another (6.5%o, 6.6%o, 6.5%o,
respectively), and no detectable inter- and intra-grain 0
variations are recorded in garnets of this xenoliths.

10™ International Kimberlite Conference, Bangalore - 2012

1
'09RV09 Garnets (a)
@ |
=
5 10¢
c [
5 E
L [
5 [
c
K]
=
1]
= 0.1
0_01 i i i 1 1 i L i i 1 i i L i
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
60 L} L L] L] T T (lbl)
0T B 09RV09 1
N Literature
S, 40} Mantle .
Q
= Range
3
o 30 .
<
w
20 .
101 .
o HL——
O T TUOUWWOLLWWO OWOWDMSMPMRSMRM~OS
= =
5”0
Figure 2:  Rare-earth-element (REE) contents of 09RV09 garnets

determined by LA-ICP-MS (a) normalized the Cl-chondrite value of
McDonough and Sun (1995), and (b) oxygen isotope compositions of
garnets determined in this study of a single xenolith compared to those
determined for garnets of numerous xenoliths in previous publications
(Garlick et al., 1971; Ongley et al., 1987; Caporuscio, 1990; Schulze et al.,
2000; Gréau et al., 2011) and the range defined for ‘typical’ mantle garnets
(Valley et al., 1998).

3. SUMMARY

Previous studies of Group-l eclogites (including Gt-
websterites) have noted striking modal variations that may
be related to metasomatic processes (e.g., Hatton and
Gurney, 1987; Ishikawa et al., 2008a-b; Gréau et al., 2011).
Our in situ investigation of a single diamondiferous Roberts
Victor Gt-websterite with garnet §'°0-values above the
mantle-range shows no correlation between major- and
trace-element  abundances and  oxygen  isotope
compositions. This information suggests that metasomatism
by small-volume fluids and/or melts potentially linked to
the formation and/or destruction of diamonds (e.g., Deines
et al., 1987; Taylor et al., 1996,1998,2003b; Ishikawa et al.,
2008a-b; Izraeli et al., 2001; Navon et al., 2003; Klein-
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BenDavid et al., 2006, 2010; Tomlinson et al., 2006; Rege
et al., 2008; Liu et al., 2009) has not created secondary
8'®0-signatures. These results are consistent with previous
eclogite studies (e.g., Snyder et al., 1997; Jacob, 2004,2005;
Spetsius et al., 2008; Riches et al., 2011), which indicated
that garnet oxygen isotope compositions provide a robust
trace of the source lithology. Given the ancient ages (2.7-
3.5 Ga) determined for several Roberts Victor eclogite
samples (e.g., Shirey et al., 1999a-b, 2001) this information
is of great importance for understanding the origin and
evolution of Archean sub-continental lithospheric mantle.
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