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ABSTRACT

The systematics of Co and Ni in olivine from six Apollo 12 olivine basalts were studied
by SIMS techniques and correlated with major and minor element data obtained with the
electron microprobe. Our results, together with previous studies, demonstrate that one of
these basalts (12009) was extruded, as a liquid, onto the lunar surface and was parental
to five other cumulates (12075, 12020, 12018, 12040, and 12035). The concentrations of
Ni in zoned olivine phenocrysts behave as expected for a highly compatible element with
initial estimated DNi 5 9.9. On the other hand, Co concentrations in olivine vary hardly at
all and show flat patterns across crystals that retain normal zoning trends for Mg, Fe, Mn,
and Ni. The explanation for this behavior is not that DCo ø 1 (our estimated DCo 5 4) or
that Co zoning has been erased by rapid diffusion of Co compared to the other elements
(e.g., Mg and Fe) that still show normal zoning. The explanation for the behavior, as
originally suggested by Kohn et al. (1989), is that the increase in DCo with crystallization
exactly balances the depletion of Co in the melt. This decoupling of the behavior of Ni
and Co in olivine results in significant increases in Co/Ni with crystallization.

INTRODUCTION

Olivine can be an important and early crystallizing
phase in lunar mare basalts. The Apollo 12 olivine basalts
are an especially interesting suite of samples because they
may represent one or more fractionation series and also
experienced different cooling rates (e.g., Papike et al.
1976; Neal et al. 1994a, 1994b). Olivine is an important
recorder of basalt evolution and the Fo content of early
crystallizing olivine cores, together with the Fe-Mg ex-
change coefficient (KD: e.g., Jones 1995), can be used to
predict the Mg9[5 Mg/(Mg1Fe) atomic] of equilibrium
melts. If the actual bulk composition of a basalt sample
has the Mg9 predicted from the olivine, then it appears
that the olivine crystallized from the melt represented by
the bulk sample composition and is not cumulus. We de-
veloped SIMS techniques for analyzing Co and Ni in ol-
ivine (Papike et al. 1995) and now use these techniques
to study the Co-Ni systematics in olivine from mare ba-
salts. We began with six samples representative of the
Apollo 12 olivine basalts. We looked first at the distri-
bution of Co and Ni between the most Mg-rich olivine
cores and the melt. If the measured Mg9 of the bulk rock
and the Mg9 predicted from the olivine are the same, then
the Co, Ni of the bulk sample should also agree with that
calculated from olivine.

Considerable work has been done on the Apollo 12
olivine basalts. Green et al. (1971) conducted experimen-
tal phase equilibrium studies of lunar sample 12009. This
is a rapidly quenched basalt with microphenocrysts of
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olivine and spinel in a cryptocrystalline matrix. Green et
al. concluded that this rock represents the original liquid
because the most magnesian olivine core compositions
are the same as the experimentally produced liquidus ol-
ivines. Donaldson et al. (1975) conducted experiments
designed to determine the cooling history of the Apollo
12 olivine basalts. They found that mineral chemistry,
crystal shapes, grain sizes, and textures are related sys-
tematically to cooling rate and degree of supercooling. At
linear cooling rates of #40 8C/h, the texture is porphyritic
with larger olivine crystals set in a groundmass of finer-
grained pyroxene, plagioclase, and ilmenite. Walker et al.
(1976a) studied the phase equilibria and cooling rate of
Apollo 12 olivine basalt 12002. They found that the par-
titioning of Fe21 and Mg between olivine and liquid (KD

5 0.33) is independent of cooling rate (0.5–2000 8C/h),
temperature (1325–600 8C), and pressure (0–12 Kb).

A paper by Walker et al. (1976b) concerned with the
differentiation of an Apollo 12 picrite magma formed the
basis for the present study. Walker et al. (1976b) found
that the Apollo 12 olivine basalt suite shows a strong
positive correlation of grain size with normative olivine
content. This correlation is interpreted to mean that the
suite of samples represents the basal portion of a cooling
unit that differentiated by simple olivine settling. The
grain size of plagioclase observed in the coarsest samples
indicates the cooling unit may have been as much as 30
m thick. The proportion of olivine observed in each sam-
ple of the suite is quantitatively internally consistent with
simple olivine settling in a magma body of this size,
which has the composition of the chilled margin (5


