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Garnets from diamondiferous and barren peridotite xenoliths from the Roberts Victor kimberlite 
(Viljoen et al., 1994) and garnet inclusions in alluvial diamonds from the Birim deposits in Ghana 
(Stachel and Harris, 1997) were analysed for trace elements by secondary ion mass spectrometry 
(Cameca IMS 4f ion microprobe at Edinburgh University). Comparison of nodule garnets and 
garnet inclusions in diamonds reveals similar trace element patterns which are characterised by a 
non-transitional separation of the lherzolitic and the harzburgitic paragenesis. Lherzolitic garnets 
from both sources are depleted in LREEn (N for chondrite normalised) and have enriched and flat 
MREEn and HREEn patterns (Fig. 1). Chondrite normalised patterns for harzburgitic garnets (Fig.2) 
are sinusoidal, with a peak within the LREEn around Pr and a trough within the MREEn around Ho. 
The shape of the patterns is very similar for all samples but the depth of the trough and the actual 
concentrations vary widely. Similar sinusoidal patterns were previously described for sub-calcic 
garnets in heavy mineral concentrates from Southern African kimberlites (Shimizu and Richardson, 
1987, Hoal et al., 1994) and for garnets in harzburgite xenoliths (Nixon et al., 1987). The clear 
separation between the lherzolitic and harzburgitic parageneses is also apparent in other trace 
elements, e g. with Ti, Zr and Y being higher in lherzolitic garnets and Sr being higher in 
harzburgitic garnets. 

Experimental work (Bulatov et al., 1991, Canil and Wei, 1992) has shown that chromium 
rich garnets (Cr203 > 4 wt.%) cannot be explained as a residual phase of single stage melt 
extraction in the garnet stability field, but may originate as a metamorphic product of a harzburgitic 
residuum depleted by partial melting in the stability field of spinel peridotite. Therefore, Cr203 

contents of more than 4 wt% indicate that harzburgitic and lherzolitic garnets from Roberts Victor 
(nodules) and Ghana (diamonds) had harzburgitic precursors which obtained their high Cr/AJ by 
depletion in the spinel stability field. 

Enrichment and depletion of REE in peridotitic garnets can be better visualised if these 
garnets are normalised to a garnet derived from a primitive mantle. A high temperature sheared 
lherzolite xenolith from Jagersfontein (J4 of Jagoutz and Spettel in Wolff-Boenisch, 1994) has a 
very primitive bulk and mineral chemistry and REE concentrations in garnet which closely match 

Fig. 1. Chondrite normalised REE con- Fig. 2. Chondrite normalised REE con¬ 
centrations in lherzolitic garnets. centrations in harzburgitic garnets. 
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those calculated for garnets crystallised in a primitive mantle. Normalised to this garnet the 
lherzolitic garnet's, despite their high chromium contents, have flat and only slightly depleted 
(xenoliths) to undepleted (inclusions) REE patterns (Fig. 3). This paradox requires a secondary 
enrichment event which introduced previously depleted major elements such as Ca and Fe and 
caused REE enrichment to a degree which erased the memory of the earlier depletion and, hence, 
resulted in patterns typical for an undepleted source. The REE patterns of harzburgitic garnets loose 
their sinusoidal shape (Fig. 4) and only show a trough in the MREE This also indicates an 
evolution in at least two stages: (i) A melt extraction event that produced LREE depleted patterns 
and high Cr contents. The positive slope from Ho to Lu may be indicative of this stage and is 
particularly well preserved in inclusions in diamonds from Ghana, but is also apparent for Roberts 
Victor, where depletion seems to be less pronounced. Depleted MORB mantle from the Voykar 
Massif, Polar Urals (Sharma and Wasserburg, 1996) shows such steep, positive LREE-HREE 
slopes as indicated by the Ho to Lu "tail". Since orthopyroxene and spinel precursors could not 
effectively retain HREE in the residuum, such strong LREE/HREE fractionation implies depletion 
within the garnet stability field. In connection with the high Cr contents this indicates a source 
evolution during fractional decompression melting (MORB extraction) which started in the garnet 
stability field but continued into the spinel stability field, (ii) A metasomatic enrichment event re¬ 
introduced the previously depleted incompatible LREE and MREE with the degree of re-enrichment 
strongly declining from La to Dy. 

Since high chromium contents in garnets from both parageneses document formation from 
residual harzburgite the key difference must be sought in the type and the extent of re-enrichment. 
For the Ghanaian inclusions the metasomatic re-enrichment seen in the lherzolitic paragenesis is 
consistent with infiltration of low volume alkaline melts whereas for the harzburgitic paragenesis 
sub-solidus equilibration temperatures and extreme trace element fractionation exclude melt 
involvement and suggest enrichment by percolating methane rich fluids (Stachel and Harris, 1997). 
Such fluids may have evolved during chromatographic column type interaction with garnet bearing 
peridotitic wall rocks which preferentially extracted the more compatible HREE. Different origins 
for lherzolitic and harzburgitic inclusions in southern African diamonds have also been suggested 
by Griffin et al. (1992), who also concluded that lherzolitic diamonds probably formed in the 
presence of a melt. Because there is a very close similarity in the REE patterns between the garnet 
inclusions from Ghana and the garnets from xenoliths from Roberts Victor we conclude that their 
lherzolitic and harzburgitic parageneses also have similar origins However, by relating diamond 
formation and metasomatic source enrichment we do not imply that the diamond formation event 
was the first and only metasomatic event affecting the harzburgitic diamond source region. On the 
contrary, Richardson et al. (1984) report low 143Nd/144Nd ratios for garnet inclusions in diamond 
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Fig. 3. REE concentrations in lherzolitic 
garnets (diamondiferous xenoliths and 
inclusions) normalised to J4 garnet. 

Fig. 4. REE concentrations in harz¬ 
burgitic garnets (diamondiferous 
xenoliths and inclusions). 
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with 87Sr/86Sr ratios that are unsupported by the low intrinsic Rb contents. This evidence indicates 
metasomatic enrichment of the host rock long before diamond formation. However, the agent 
responsible for this ancient enrichment is difficult to assess: The chemical evidence of low Ti, Y, Hf 
and Zr and petrographical characteristics (e.g. hydrous mineral inclusions are generally absent in 
diamond) of the harzburgitic diamond source are not indicative of previous metasomatism by 
kimberlitic-lamproitic or hydrous basaltic melts. The virtual absence of carbonate minerals as 
inclusions excludes diamond precipitation from carbonatitic melts. Previous source enrichment by 
carbonatites, however, is feasible because of their Sr and LREE enriched and Ti and Zr depleted 
characteristics (Griffin et al., 1992). 

The observed similarity of the trace element composition of inclusion and nodule garnets 
shows that inclusions in diamond reflect physical and chemical conditions which are also recorded 
in the surrounding garnet peridotite. This implies that inclusions in diamonds do not just represent a 
transient picture in the development of the subcratonic mantle but that they yield accurate 
information on its equilibrium state. Nevertheless and possibly to our advantage, multiple 
inclusions in diamonds may reflect pathways in the evolution of the mantle. 
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