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The howardites, eucrites and diogenites are thought to be genetically related meteorites based on their 
geochemical and petrographic attributes and thought to have formed on the same parent body, 4 Vesta, by 
magmatic activity and impact-brecciation events [I]. In our attempt to relate the cumulate eucrites to the 
diogenites and non-cumulate (main series) eucrites, we have examined the trace-element systematics of 
plagioclase grains that co-exist with inverted pigeonites of the cumulate eucrites by SIMS. Trace-element 
abundances of plagioclase show limited variability within grains from each cumulate, but are variable among the 
four cumulates analyzed: Moama, Moore County, Serra de Mag6 and Binda. The average chondrite-normalized 
REE abundances of the plagioclase grains of the cumulates range from 1.7 to 10.3 times CI in the LREE and 
from 0.09 to 0.26 times CI in the HREE with positive Eu anomalies ranging from approximately 18 to 23 times 
CI. The uncertainties of the abundances of the HREE are greater than those of the LREE because the abundances 
of the HREE are very close to their detection limits. 

The trace-element systematics suggest that igneous compositions may be better retrieved from the plagioclase 
than the exsolved pyroxenes from cumulate eucrites. The calculated parental-melt patterns determined from both 
pyroxene and pIagioclase differ, by a factor of 4-5 for some individual REEs (Fig. 1). Partition coefficients for 
pyroxene were extrapolated from [2] and for plagioclase from [3]. In order to explain the discrepancy between 
the differing melt patterns of pyroxene and plagioclase, we suggest that the partition coefficients are 
inappropriate or that the mineral phases have experienced post-crystallization elemental redistribution. The 
pyroxenes appear to be compromised by their exsolution history and therefore, their trace-element inventories 
may reflect metamorphic overprinting. Therefore, we put more faith in the melts derived from the REE 
abundances of the plagioclase to interpret the relationship of the cumulate eucrites to the diogenites and non- 
cumulate eucrites. 

Chondrite-normalized trace-element paaerns for calculated parental melts derived from plagioclase are LREE 
enriched. All of the melts show negative Eu anomalies and all have very similar Eu concentrations (15 to 20 
times CI). The melt patterns range from 47 to 287 times CI for the LREE and from 13 to 37 times CI for the 
HREE. Although the Moore County melt pattern is much more enriched in the LREE than the other cumulates, 
the HREE concentrations of Moore County are less abundant than those from Binda. The Eu content of the melts 
all appear to have similar concentrations and may be explained by a possible EU~+/EU~+ buffering system in the 
parental melt. As crystallization of plagioclase proceeds, the E U ~ +  content in the melt should decrease unless the 
EU~+/EU~+ ratio is buffered in the melt at constant redox conditions. Modeling of the more precise LREE indicate 
that all of the cumulate eucrites may be related by simple fractional crystallization. Using the Moama melt as the 
starting composition, the REE pattern of the Moore County melt can be modeled by 82-86% fractional 
crystallization of pyroxene and plagioclase in equal proportions. Although it appears possible that all of these 
cumulates could have been derived from one parental source, it is also possible that Moore County is from a 
different melt system. 

A plot of the range of the cumulate parental melt patterns, determined from plagioclase, along with the 
estimated melt pattern parental to the average diogenite [4] and a few representatives of the bulk compositions of 
the main series eucrites [5] suggest that the cumulate eucrites are not directly related to the main series eucrites 
(Fig. 2). The parental melts of the cumulates are --enriched and in particular, LREE enriched compared to 
the bulk compositions of the main series eucrites. The REE patterns do, however, suggest that the diogenites 
may be related to the cumulate eucrites by fractional crystallization. This would suggest that the diogenites may 
be earlier cumulates than the cumulate eucrites. This scenario would be viable in a model where the main series 
eucrites are formed from partial melts of a chondritic source and the diogenites and cumulate eucrites are related 
by fractional crystallization of a melt derived from a depleted source that already experienced eucrite removal. 
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