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Introduction

In contrast to the great abundance of peridotite xenoliths erupted by the Kimberley pipes,
eclogites from this mantle section are very scarce, being only reported by Jacob et al. (2009). The
reworking of the Boshof Road dump allowed the collection of 16 new eclogite and garnet pyroxenites
with dimensions of 3-6 cm from the coarse concentrate of the diamond recovery plant established at
the former DeBeers mine. Depending on composition, these xenoliths consist of orangey to brown
garnets and pale to dark green clinopyroxenes. Half of them have 2-4% phlogopite and two are opx-
bearing.
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Fig.1 Major element compositions of garnets and clinopyroxenes. The square symbols with various colours
present samples from this study divided into 3 groups: A, Bland B2. (A) Trilateral garnet composition diagram
after Coleman et al., 1965; (B) MgO (%) vs. Na,O (%) variation of clinopyroxenes; (C) MgO (%) vs. CaO (%)
variation in clinopyroxenes
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Fig.2 (A) Calculated major element bulk-rock compositions of eclogites from Kimberley mine (this study) and
data from Jacob et al., 2009 for eclogites from Kimberley and other locations on the Kaapvaal craton shown in
Mg# vs. SiO, (A), Mg# vs. CaO (B) and Al,O3 vs. Na,O (C) diagrams. Also shown are fields for Archean
basalts (Polat et al., 2003), Hawaiian picritic basalts (Norman and Garcia 1999) and modern gabbroic rocks (SE
Indian Ridge, Hart et al., 1999; Bach et al., 2001).
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Fig.3 Spidergram for recalculated bulk rock compositions using mineral modal abundances of garnet:
clinopyroxene = 45%:55% normalized to values for primitive mantle (McDonough, Sun 1995). The bulk-rock
compositional range of Kimberley eclogites from a previous study are shown for comparison (grey area, Jacob
et al., 2009).
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Results and preliminary conclusion

Kimberley eclogite garnet compositions fall in the A and B fields of the classification scheme
of Coleman et al. (1965; Fig.1). They are further divided into groups A, B1 and B2 according to the
major and trace element characteristics of the garnets and their coexisting clinopyroxenes. The suite
of xenoliths in this study shows considerably wider compositional range than the suite reported by
Jacob et al. (2009). Group A xenoliths contain pyrope-rich garnet (mostly around Py;0AIm;oGrsy)
associated with jadeite-poor clinopyroxenes that qualifies them as garnet pyroxenites. Two have
coexisting orthopyroxene. Their reconstructed bulk-rock major element compositions resemble
modern-day gabbroic rocks (Fig.2). The HREE abundances of the calculated bulk rocks are 3 to 8
times that of the primitive mantle (PM) while the lighter REE steeply increase up to 100x PM for Ce
(Fig.3). This group of Kimberley xenoliths may have an origin as high-pressure, high-temperature
clinopyroxene cumulates in the lower oceanic crust (e.g. Barth et al., 2001; Schmiickler et al., 2004) or
within the shallow mantle (Bodinier and Godard, 2005). They were heavily metasomatized in
incompatible elements after metamorphism. Group B2 xenoliths have garnets ranging from
Py4sAlms,Grsyg to Pys;Alm,sGrsyg and omphacites with 3-5 % Na,O, 10-14% MgO and 10-14% CaO
(Fig.1). Their reconstructed bulk-rock major element compositions are comparable to Archean basalts
(Fig.2). The MREE and HREE mantle-normalised profiles of the calculated bulk rocks are positively
sloped with abundances between 12 to 20 times PM, indicating some degree of partial melting in the
garnet stability filed while the strongly increased LREE indicate subsequent metasomatism. Group B1
xenoliths are more like eclogites sensu stricto. They possess more Ca-rich garnets ranging from
PyssAlma,Grss; to Pys,AlmygGrs,y associated with jadeite-rich clinopyroxenes with low Mg#. The
REE patterns of the calculated bulk rocks are unique for eclogites. They slope from a hump at ~ 10 to
20 X PM Eu down to 2x PM for La and 3x PM for Lu. They may have been plagioclase rich
cumulates that were subsequently severely overprinted by metasomatism after subduction.

Temperatures of last equilibration before kimberlite eruption were determined with the Fe?*-
Mg garnet-clinopyroxene exchange thermometer of Krogh et al. (1988) and extrapolated to a 40
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mW/m? conductive geothermal gradient. Interestingly, the three petrologic groups of eclogites mainly
fall into three distinctive pressure-temperature ranges, suggesting that they occupy spatially distinct
depths in the lithospheric mantle: Group A samples yield temperatures between 930 and 970°C and
pressures between 3.9 to 4.1 GPa, Group B2 samples range from 1038 to 1110°C and 4.6 to 5.1 GPa
and group B1 eclogites have highest temperatures and pressures, from 1175 to 1236 °C and 5.6 t0 6.2
GPa, sitting at the base of the Kimberley lithospheric mantle. This range in equilibration temperatures
and depths indicates a distribution of these lithologies throughout the lithospheric mantle, in contrast
to the suggestion by Huang et al., (2012).

In summary, a new expanded eclogite suite from Kimberley shows a much wider bulk and
mineral chemical compositional range compared to the initial study of Kimberley eclogites performed
by of Jacob et al (2009). Metasomatism is a dominant feature in the eclogites from Kimberley, in
keeping with the highly metasomatized nature of the garnet peridotites from Kimberley
(REFERENCES, e.g., Simon et al., 2003). Despite of various levels of overprinting, especially on the
highly incompatible trace elements, major elements and less incompatible to compatible trace
elements still reflect, to a large extent, the protoliths of these rocks. The wide range of depths of
derivation indicates a distribution of mafic lithologies through the Kimberley lithospheric mantle
column. The distinctive trace element compositions among different eclogite/pyroxenite groups at
Kimberley allow us to investigate the metasomatic profile in the cratonic mantle and to reconstruct the
metasomatic history via radiometric systems — work currently in progress.
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