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INTRODUCTION.  Most diogenites appear to be cumulates that have crystallized from a single 
magmatic reservoir with only a few outliers that do not appear to fit into a single "fractionation" sequence. A recent 
study by Mittlefehldt [ I ]  addressed this problem using EMPA and INAA techniques. We are attempting to add 
complimentary data and interpretations by using SIMS techniques on individual orthopyroxenes in a suite of 
diogenites. An advantage of this approach is that orthopyroxene can be analyzed in a microbeam mode and thus 
minimize the effects of contaminating phases including trapped melt. Here we report results for a suite of 15 
diogenites for which we used a SIMS analytical package which included the elements Ca, Mn, Sr, Al, Cr, Ti, V, Zr, 
Nb, Y, Ce, and Yb. Figure 1 shows that Yb and Y are highly correlated (correlation coefficient = 0.96) and that a 
considerable compositional range of these elements is observed. Figure 2 represents a possible fractionation 
sequence based on Yb which is a REE that is relatively easy to measure in orthopyroxene by SIMS techniques. We 
here address the implications of the observed range of Yb, Y, and Zr. 

RESULTS AND DISCUSSION. The ranges of Yb in orthopyroxene i n  our diogenite suite are shown 
in Figure 2. Yb in orthopyroxene varies by a factor of 27 from Ellemeet to LEW 88008. This contrasts with 
enrichment factors observed by Mittlefehldt [I]  (less than a factor of 8) over the same range of meteorites and may be 
attributed to very small amounts of trapped melt in the orthopyroxene separates that were analyzed by INAA. This 
can have a substantial effect on the incompatible element depleted orthopyroxenes (e.g. Ellemeet) and much less of 
an effect on the incompatible element "enriched" orthopyroxenes (e.g. LEW 88008, Roda). Our ion microprobe data 
also shows that from Ellemeet to LEW 88008, Zr varies by a factor of 29 and Y varies by a factor of 32. We used 
LEW 88008 as an end member in our fractionation suite rather than Roda because Roda is anomalous and may not 
belong to the main sequence (e.g. very high Ti/AI). The 15 diogenites shown in Figure 2 have been "ranked" by 
average Yb concentrations in the orthopyroxene and put in order of increasing fractionation, assuming they are related 
by a single fractional crystallization process. Diogenites which plot in the lower left of this diagram (in a single 
reservoir model) appear to have crystallized early, while those plotting i n  the upper right appear to have crystallized 
late. It also is evident that orthopyroxene in a single diogenite show a range of incompatible trace element 
concentrations. We believe that this reflects both magmatic processes and local cumulate mixing. We calculated the 
extent of fractional crystallization needed to produce the orthopyroxene trace element array from Ellemeet to LEW 
88008 assuming (1) a perfect fractional crystallization model, (2) that the trace element concentrations of the 
orthopyroxene in diogenites reflect orthopyroxene-basaltic melt equilibrium, and (3) that the D's selected for the 
calculation of the trace element characteristics of the EPB basaltic melts are appropriate for the conditions of 
crystallization. Based on these calculations, over 95% fractional crystallization of essentially orthopyroxene is 
required to generate a "LEW 88008 magma" from a parental "Ellemeet magma". This petrogenetic scenario is highly 
unlikely for basalts. Models tested by [I] also suggested high degrees of fractional crystallization were needed to 
produce this population of orthopyroxe'ne through the crystallization of a single batch of magma. Although the 
predicted increase in partition coefficients during ~rystallization [I]  lowers the extent of fractional crystallization in 
our models to 70 to 80%, this extent of orthopyroxene fractional crystallization is still too excessive without the 
crystallization of other phases (e.g. plagioclase). Three potential models are suggested by these data: (1) As 
suggested by [I], the magmas that are parental to the diogenites are of an unusual composition, essentially 
approaching orthopyroxene in composition; (2) The orthopyroxenes shown in Figure 2, do not represent a single 
fractional crystallization continuum, but represents fractional crystallization products of several batches of basaltic 
magmas produced by melting of different EPB mantle reservoirs (with elemental abundances ranging from = I  to 10 x 
chondrite); (3) The trace element characteristics of the orthopyroxenes do not adequately preserve the magmatic 
history of the diogenites. 
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