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The geochemistry of mantle minerals has been the focus of many studies in the past decades, and as 
analytical techniques improve, so the database grows. Geochemists can now recognise some mantle 
processes from the major and trace element signatures of xenolith and concentrate minerals, eg. the 
high temperature asthenospheric melt interaction with mantle wall rock, recognised by increased Ti, Zr 
and Y in garnet (Griffin and Ryan, 1995). New data obtained for a set of samples from the Letlhakane 
kimberlite, using the Laser Ablation ICP-MS microprobe in the GEMOC National Key Centre, 
extends this database. In particular, we aim to add data to areas that were previously neglected, ie the 
effects of metasomatic processes on the geochemistry of rare earth elements (REE) and other trace 
elements in orthopyroxene and olivine (in the garnet stability field). The samples studied are a subset 
of those investigated by Stiefenhofer (1993), and consist of peridotite and metasomatised peridotite. 

Harzburgite vs Lherzolite 
Minerals from harzburgite and lherzolite xenoliths show several important differences in REE and 
other trace elements. Harzburgitic olivine and orthopyroxene are enriched in Cr, relative to their 
lherzolitic counterparts. Olivine from lherzolite xenoliths is enriched in Y, Sc and Ga, and 
orthopyroxene in Mn when compared to harzburgitic phases. REE abundances in both minerals are 
low, but their concentrations are more often above the instrumental detection limits when the minerals 
are derived from a lherzolite paragenesis. The distribution of Ca in both minerals is temperature 
dependent, as noted by O’Reilly et al. (1997), and Norman (1998). 

Figure 1: Examples of contrasting trace and rare earth element concentrations in lherzolitic and harzburgitic garnet. 
Note the relative depletion in heavy rare earth elements for harzburgitic garnet 
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Positive correlations of Ni, Mn and Zn with Fe, and Ni and Ni/Co with Mg number in olivine of the 
all the samples in the suite indicate the progressive extraction of a partial melt at some stage during 
their mantle residence (Norman, 1998). 

Garnet trace element chemical composition is illustrated on chondrite normalised diagrams (Figure 1). 
In the harzburgite paragenesis, a sinuous REE pattern is defined by a “hump” for the MREE, and 
HREE depletion; this is a pattern recognised for harzburgitic garnet in xenoliths and diamond 
inclusions by other workers (Shimizu and Richardson, 1987; Nixon, 1987; Hoal et al., 1993; Nixon 
et al., 1994; Griffin et al., 1998). In lherzolite, garnet is rich in MREE and HREE, with a smooth, 
low positive slope on the diagram (Figure 1). 

Metasomatism 
At least three types of metasomatism are recognisable in these xenoliths. 1: The sinuous REE pattern 
in harzburgite garnet is interpreted to reflect cryptic metasomatism of depleted mantle, as suggested by 
Griffin et al. (1998). The absence of any other type of REE pattern for harzburgite garnet at 
Letlhakane is an indication of the extent of this metasomatism across the mantle volume sampled by 
the kimberlite. 2: The interaction of asthenospheric melt with upper mantle peridotite is recognised 
by sheared textures in xenoliths, high Ni temperatures in garnet, and enrichment in elements such as 
Ti, Y and Fe in garnet and olivine. Trace element analysis reveals that all minerals from these samples 
are markedly enriched in the incompatible elements. 3: K metasomatism, of the type described by 
Erlank et al. (1987) is most common in these xenoliths, and was studied in more detail. 

Petrographic investigation shows that garnet became unstable during the K-metasomatism, and broke 
down to form phlogopite, clinopyroxene and minor chromite. The progression of metasomatism is 
tracked by this reaction as the assemblage changes from garnet peridotite to garnet phlogopite 
peridotite , to phlogopite peridotite and finally to phlogopite rich wherlite. Analysis of the reacting 
garnet grains reveals no evidence for addition of REE or other trace elements, which shows that 
phlogopite-related metasomatism cannot always be recognised by garnet trace element geochemistry 
(Figure 2a; cf Griffin and Ryan, 1995). However, with increasing metasomatism, clinopyroxene 
becomes progressively enriched in REE and other trace elements. Modelling of the parent liquid 
responsible for the metasomatism (using published clinopyroxene-melt partition coefficients) shows 
that a fluid compositionally similar to a carbonatite melt might have been responsible for the changes 
observed. This is also consistent with the increase in Ca and Fe observed in the host rock, and the 
presence of calcite in the phlogopite cleavage planes. 
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Figure 2: The influence of K metasomatism on peridotite minerals: (a) Average Zr and Y in garnet for three samples 
which contain abundant modal phlogopite show that garnet chemical composition is not always modified by 
metasomatism (diagram from Griffin and Ryan, 1995), and (b), Al depletion in olivine with the progress of 
metasomatism, as measured by Ce levels in coexisting cpx. 
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The Ti content of olivine is usually temperature dependent (O’Reilly et al., 1997, Norman, 1998). 
However, in the metasomatised samples this does not hold true, as the olivine grains become 
anomalously enriched in Ti (165-203 ppm, vs 8.4-56 ppm in the unmetasomatised suite). 
Metasomatised orthopyroxene echo this Ti enrichment. Both orthopyroxene and clinopyroxene show 
reduced levels of Co and Ni in samples with advanced metasomatism. 

A striking discovery is the anti-correlation of Al and Ca in the minerals of the metasomatised 
wallrock. All minerals, and in particular olivine, record a decrease in Al with increasing 
metasomatism, as measured by increasing levels of Ce in coexisting cpx (Fig. 2b). Major element 
analysis and careful point counting of the garnet cpx + phlogopite ± chromite reaction 
psuedomorphs show that the products only account for half of the original Al that resided in the 
garnet. Erlank et al. (1987) also noted this Al decrease, but concluded that the metasomatism occurred 
in an environment already depleted in this element. However, the new data suggests that the 
metasomatism did in fact cause the depletion and that a strong chemical potential in Al existed towards 
the fluid source. It is this potential that drove the resorption and replacement of the garnet, and it 
contrasts strongly with other studies where garnet remains stable, or even grows (Griffin et al., 1998) 
during phlogopite-related metasomatism. This strongly suggests that the fluids responsible for 
metasomatism where garnet is stable and where garnet is unstable are distinctly different, and further 
work is needed to characterise these fluids. 
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