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Diogenites are believed to be an important component of the howardite-eucrite-diogenite (BD) parent 
body. They have long been recognized as cumulates, although the origin of their parent melt(s) remains 

obscure. We have continued our analyses of diogenites as part of a systematic study of the geochemistry and 

petrology of these achondrites. Neutron activation analyses have been performed for a total of 40 samples 
from 13 diogenites and microprobe analyses have been completed fo; most of these. For marry of the 

diogenites, we have analyzed both coarse-grained material separated from the breccias and whole rock 

samples. 

The major element compositions of the pyroxenes are quite uniform. The mean mg# for our 

determinations is 74.9 with most analyses in the range of 76.4 to 73.6. Exceptional samples are Hanegaon 

(78.61, ALHA84001 (72.3) and Garland (70.9). Garland is distinct from the other diogenites studied in its 

high Fs content with low Wo component and is the only diogenite sanple analyzed that belongs to class I 

pyroxenes of (1). An orthopyroxene separete from the howardite LEW85313 (mg# 71.3) is the only other 

possible class I pyroxene we have sampled. ALHA84001 is Ps-rich compared to the majority of the diogenites, 

but also contains the highest Wo content (3.52) of any sample and may be an FeO-rich member of class 11. 

Manegaon is significantly more magnesian than other diogenites but has similar Wo content. If class I and 

I1 orthopyroxenes indicate different parent magmas (I), then Munegaon might represent a third, more MgO-rich 

parent. 

The trace element data, however, indicate a more cauplex scenario for diogenite genesis. A plot of 

mg# vs Yb (Fig. 1) s h m s  that the trace element abundances are effectively decoupled from the major eloment 

composition of the pyroxenes. Cumulus orthopyroxenes fram the Stillwater Upper Bronzitite Zone (2) shcu the 

expected decrease in mg# with increasing Yb content. If mything, the diogenite samples shor a slight 

increase in mg# with increasing Yb concentration. Aa we argued previously (3) this is not due to variable 

amounts of trapped liquid affecting the trace element concentrations. There is no systematic variation in 

La/Yb ratio as would be expected if trapped liquid dominated the HBEE component. Figure 2 showa a 

calculated mixing trend between our most EREE poor sanple (ShaUa) and an equilibrim liquid (TL, assumed to 
have a flat REE pattern) cornparod to the La and Yb data for the samples. Trapping a liquid component in 

diogenite pyroxenes results in increasing La/% ratio with increasing trace el-t concentration. Among 

the lor Yb diogenite sanples (those with <0.15 pglg Yb), there is a 5 fold variation in Yb with little 

change in La. These samples clearly camot be explained by a cumlate-trapped liquid mix. The large 

variation in Yb observed in the diogenite suite is also unlikely to represent a fractionation sequence for a 

single parent melt (3) because of the uniform mg# in the suite. 

h e  possible model to explain the data is to consider the diogenite suite to have had several 

different parent melts formed by remelting of residual source regions. A residual source region would have 

had its major element canposition buffered by its equilibrium liquid, while the incompatible trace element 

abundances would have been dominated by small and variable anounts of the liquid trapped in the source. 

Remelting of this source would have produced a series of parent melts with similar major element composition 

but differing trace element contents. This type of model would suggest anatectic style of petrogenesis for 

the HED parent body (4). Because of the nllmber of free parameters in this scenario, it is difficult to 

attempt quantitative modeling of the trace element abundance pattern. 

A second scenario would be to consider the diogsnites to be remelted cl.amulates. If a ctmulate pile 

with nearly uniform bulk composition underwent small degrees of partial melting, the major element 
composition would remain relatively uniform while the trace element contents could vary considerably. This 

scenario could fit in with either a total-asteroid-melting model (5) or an anatectic model (4) for 

petrogenesis on the HED parent body. However, modeling of a partial melting process indicates that -50% 

modal melting of an orthopyroxenite is required to explain the spread in Yb concentrations observed in the 

diogenite suite. This degree of melting would not allm for a uniform mg# in the diogenites. 

We discovered an extremely fractionated, trace element-rich ca~ponent in an orthopyroxene grain from 

Roda (3). hso samples included in the second irradiation show the effects of inclusion of this trace 

element-rich component. A whole rock sample of Roda contains 2 pg/g Ce (roughly 10X the expected 
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abundance) and a single orthopyroxene fragment from Aioun el Atrouss contains La at 19X the mean of 4 other 

orthopyroxenes and 2.3 pglg Ce (roughly 15X the expected abundance). The elevated LREE concentrations in 

these samples could be caused by -0.007% LREE-rich phosphate as observed in the Roda grain. For the Aioun 

el Atrouss pyroxene separate, this is equivalent to a single -30p phosphate grain, which is comparable to 

the size of the phosphate grains observed in Roda. The Manegaon whole rock sample contains elevated Na, Ca, 

La and Eu which indicates 4-5% plagioclase similar to the Johnstown plagioclase we have analyzed. This is 

supported by previous analyses of Manegaon whole rock and pyroxene and petrographic observations (7). We 

have both whole rock (or matrix) and orthopyroxene separates analyses for 5 other diogenites; Aioun el 

Atrouss, ALHA77256, Garland, Johnstown and Shalka. Shalka is one of the moat trace element-poor diogenites 

and shows no systematic difference in incompatible element abundances between whole rock and orthopyroxene. 

Both Aioun el Atrouss and ALHA77256 show moderate (20-60X), roughly uniform enrichments in Na, La and Sm in 

the whole rock relative to pyroxene separates. Johnstown whole rock exhibits considerable enrichments in La 

and Eu (6.5-710, with lesser enrichments in Na and Sm (2-3x1. The pattern is similar to that for Manegaon 

whole rock (Pig. 3) and suggests that plagioclase debris in the breccia is the major contaminant. Garland 

is unusual in that Yb and Lu are quite enriched in the whole rock in addition to the more incompatible 

elements (Fig. 3). Garland is noted for its relatively abundant small basaltic clasts (8,9) which are 

undoubtedly the source of the trace element enrichments. Clearly, analyses of whole rock diogenite samples 

do not yield faithful records of the prebrecciation cumulate rock. 

We do not yet wish to advocate a specific model for diogenite petrogenesis. Nonetheless, it is clear 

that the diogenites underwent complex formative processes and cannot be considered simple cumulates of a 

small number of parent magmas. 
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Fig. 1 Comparison of mg# vs Yb in diogenites 
and Stillwahr cumulate orthopyroxenes (2). 
Labeled diogenites are; A84 - ALHA84001. G - 
Garland. M - Manegaon. 

Fig. 2 Plot of La vs. Yb for diogenites illustrating 
the predicted effect of adding trapped liquid 
to an Yb-poor diogenlte. See text. 

Fig. 3 Whole rock samples normalized to 
orthopyroxene separates for  6 diogenites 
for selected trace elements. Diogenites are;  
J - Johnstown, AeA - Aioun el Atrouss, A77 - 
ALHA77256, S - Shalko, M and G a s  in Fig. 1 .  
See text. 
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