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Diogenites as asteroidal cumulates: Insights from spinel chemistry
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INTRODUCTION

Magmatism on some asteroids involved extensive melting
at ~4.6 Ga. Magmatic activity on one asteroid, possibly 4 Vesta
(Consolmagno and Drake 1977; Drake 1979; Binzel and Xu
1993) gave rise to a series of related lithologies, which are
designated howardites, eucrites, and diogenites or “HED.”
Eucrites are pigeonite-plagioclase basalts; diogenites are
orthopyroxenites; and, as a first approximation, howardites are
two-component brecciated mixtures of eucrites and diogenites.
Eucrite, howardite, and diogenite members of the achondrite
meteorites are considered to be related genetically (Mason
1967; Stolper 1977; Takeda et al. 1979; Bartels and Grove 1991;
Grove and Bartels 1992). The relationship between eucrites
and diogenites has been described in terms of fractional-crys-
tallization and partial-melting models. In fractional-crystalli-
zation models (Mason 1967; Warren 1985; Warren and Jerde
1987; Bartels and Grove 1991; Grove and Bartels 1992), eu-
crites and diogenites represent a complementary continuum of
fractional-crystallization products: diogenites corresponding to
crystal accumulation during the crystallization of primary mag-
mas at shallow to deep levels in the eucrite parent body (EPB)
and eucrites being the residual melts. Alternatively, some ex-
perimental studies suggest that eucrites represent partial melts
of a primitive, chondritic EPB mantle (Stolper 1977;
Consolmagno and Drake 1977). Within this type of model,
diogenites are still generally considered to be cumulates, but
their petrogenetic relationship to the eucrites is not clear.

ABSTRACT

The chemical composition of spinel was determined for a suite of 19 diogenites (orthopyroxenites)
thought to be from asteroid 4 Vesta. Previous studies (Fowler et al. 1994, 1995) of orthopyroxene
demonstrated that these diogenites are linked genetically, perhaps through fractional crystallization,
in one or more crustal intrusions. The present study focuses on spinel to see if it also retains some
chemical signatures of an igneous history. The chemical compositions across spinel grains reveal flat
concentration profiles, indicating major subsolidus exchange with orthopyroxene. Nevertheless, sig-
nificant chemical differences exist among the average spinel compositions from individual diogenites
in the suite. A chemical continuum exists from high-Cr, low-Al spinel in diogenite LAP 91900 (Cr203

60.7 wt%; Al203 6.1 wt%) to low-Cr, high-Al spinel in diogenite ALHA 77256 (Cr203 44.7 wt%; Al203

21.8 wt%), which may represent one or more fractionation series. In these trends, Al and Ti behave as
incompatible elements whose abundances increase with crystallization. These systematics differ from
those in spinel in terrestrial or lunar basaltic systems because of the extremely Al-depleted nature of
the diogenite parental melts. In terrestrial and lunar basalts, the increase in Al concentration in spinel
is interrupted when plagioclase crystallizes. In diogenite parental melts, plagioclase does not come
onto the liquidus until the very end of spinel crystallization.

Recently, models similar to that of Mason (1967) involving
large-scale melting and differentiation by magma-ocean pro-
cesses have been proposed by Ruzicka et al. (1997), Takeda
(1997), Righter and Drake (1997), and Warren (1997). A dif-
ferent and more complex model involving several batches of
partial melts and fractional crystallization was proposed by
Shearer et al. (1997). Most of our data for this model derive
from major, minor, and trace element analyses of orthopyroxene
(Fowler et al. 1994, 1995).

In this paper, we focus on the mineral spinel, which is a
minor but important phase in diogenites. Bowman et al. (1997)
found that spinel makes up ~0.9 vol% of a suite of diogenites.
Chromite (Cr-spinel) is considered a valuable petrogenetic in-
dicator. Chromites that formed in basalt in different geologic
environments have distinct compositions. These differences are
typically attributed to differences in the parental-melt compo-
sitions from which the spinel crystallized (Roeder and Reynolds
1991). As crystallization progresses, the melt composition
changes and the chromite composition changes accordingly.
For example, in terrestrial chromites, the most magnesian com-
positions are associated with forsteritic olivine in primitive
basalts, mantle peridotites, and chromitites. Therefore, the most
primitive chromite is expected to be that with the lowest Fe/
(Fe+Mg). Additionally, the highest Cr/(Cr+Al+Ti) of chromite
in basalt may reflect crystallization from a melt derived from a
previously depleted source with Al removed (Roeder and
Reynolds 1991). In terrestrial basalts, the earliest chromite to
crystallize is higher in Mg and Cr, and lower in Ti and Al. Sack
et al. (1991) and Mittlefehldt (1994) reported chemical data
on diogenite spinel and demonstrated that Cr and Al are anti-
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