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The association of high-sodium eclogitic garnets with diamonds was established as far back as 1971 
when Sobolev and Lavrent'ev (1971) showed that garnets in diamond eclogite xenoliths and 
eclogitic garnets included in diamond contain > 0.09 to 0.22 wt% Na20. These levels were found 
to surpass the < 0.07 wt% Na20 in garnets from eclogites in lower pressure metamorphic 
complexes which "permitfs] one to suggest a possible dependence of the sodium admixture in 
garnets on pressure, fixed in this case by their association with diamond" (op. cit., p. 6). Following 
on this work, and that of McCandless and Gurney (1989), various authors have promulgated a 
threshold of > 0.07 wt% Na20 in garnet to identify diamond-associated eclogitic garnets (e.g. 
Gurney et al., 1993; Fipke et al„ 1995). This threshold has however been established through 
empirical observations, mostly on garnets included in diamonds, and is not particularly well 
constrained (see Gurney, 1984 and discussion in Gurney and Zweistra, 1995). In this contribution 
we consider data for graphite- or diamond-facies eclogites and show that eclogite bulk 
compositional controls effectively prevent delimitation of a sensible sodium-in-gamet threshold 
which uniquely characterises eclogite diamond-facies conditions. 

Garnets in crustal and mantle eclogites display a wide range in composition and colour (e.g. 
Sobolev. 1977). The extreme chemical variation results from the high variance inherent in the two-, 
three-, or even four-phase assemblages that are common in most eclogites. Under such high- 
variance conditions mineral compositions should reflect bulk-rock chemistry at any given pressure 
and temperature (Goldschmidt, 1912; Weill and Fyfe, 1964), from which it is inferred that the 
chemistry of eclogitic minerals will vary anywhere along the univariant graphite-diamond 
equilibrium. This implies that the graphite-diamond equilibrium cannot be uniquely mapped into 
the chemical space occupied by eclogitic garnet. It follows that the 0.07 wt% Na20-in-garnet 
threshold discussed above is probably not distinctive of diamond-facies conditions and that it 
should be tested reversibly before routine implementation. This test is conducted by comparing 
sodium levels in garnets from graphite- or diamond-bearing eclogite xenoliths. Published garnet 
analyses for such xenoliths exhibit the same Na20-Ti02 substitution vector that is known from 
eclogitic garnets included in diamond (not illustrated, but see Fig. 8 in Gurney et al., 1993) and the 
overwhelming majority of garnets in diamond-bearing eclogites have Na2G > 0.07 wt%, in 
accordance with previous results (Table 1). However, it is evident that two-thirds of the garnets in 
graphite-only eclogites contain Na20 > 0.07 wt%, reaching up to 0.16 wt% Na20, and some garnets 
in. diamond-bearing eclogites contain almost no sodium (Table 1). The limits of the data listed in 
Table 1 suggest that "diamond-in" could occur at 0.02 wt% Na20 in garnet, while "graphite-out" 
might occur at 0.19 wt% Na20. The corresponding inter-quartile limits for the transition is 0.06 to 
0.17 wt% Na20 in garnet, which represents almost half of the entire range found in garnets from all 
mantle eclogite xenoliths! It is clear that 0.07 wt% Na20 in garnet is neither distinctive nor 
characteristic of an eclogitic diamond association. 
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Table 1: Summary statistics for wt% Na20 in garnet from carbon-bearing eclogite xenoliths* 

Carbon occurs as Minimum Maximum Mean St dev n = % > 0.07+ 

Graphite 0.00 0.16 0.080 0.043 56 66.1 

Graphite + Diamond 0.08 0.19 0.119 0.039 12 100 

Diamond 0.02 0.25 0.128 0.046 176 89.2 

* all analyses averaged per xenolith f percentage of xenoliths with garnets that have > 0.07 wt% Na,0. 

Notwithstanding the comments made above, there is still some sense that can be made of the data in 
Table 1: mean (and maximum) Na20 in garnet increases in the classes graphite to graphite-plus- 
diamond to diamond eclogite, while the standard deviations remain almost identical. Students’ T- 
tests indicate that the sodium contents in these classes are significantly different at the 99% level of 
confidence, implying that wt% Na20 in eclogitic garnet is without doubt positively correlated with 
the transition from graphite to diamond, and by inference, lithospheric depth. Since pressure and 
temperature both increase along conductive lithospheric geotherms, the sodium increase may reflect 
increasing P or T, or both (see also Bishop et al., 1978). The validity of this inference can be 
confirmed by inspecting Fig. 1, in which an effort has been made to place carbon-bearing as well as 
carbon-free eclogite xenoliths within a broad-brush mantle stratigraphy by calculating their (Fe203- 
free) gamet-clinopyroxene Fe-Mg exchange temperatures (after Krogh, 1988). A broad positive 
correlation between Na20 in eclogitic garnet and calculated temperature is clearly evident. The 
scatter in the relationship prohibits unique temperature (or depth) estimates to be made from the 
sodium content of the garnet, in effect implying that a wide variety of broadly basaltic bulk 
compositions may coexist as eclogites at typical mantle pressures and temperatures. If Fe-Mg 
equilibration is assumed, the relationship predicts a range of about 0 to 0.16 wt% Na20 in garnet at 
temperatures typical of the graphite-diamond transition on cratonic geotherms (950 to 1050°C). 
This demonstrates, again, that sodium in garnet is not a particularly useful or distinctive measure of 
diamond-facies conditions in eclogites. 
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