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Abstract

Cobalt and nickel in olivine from lunar, martian, and terrestrial basalts show systematic differences 
that appear to be related to planetary parentage. We present results from a series of 1 atm experiments 
designed to examine the partitioning of Co and Ni in olivine over a range of conditions relevant to 
planetary basalts. Our results confirm the suggestions of previous workers that the partitioning of Co 
is such that an increase in DCo

ol with crystallization is balanced by a decrease in Co concentration in 
the melt, resulting in constant Co in olivine, either within olivine showing otherwise normal igneous 
zoning, or within a suite of basalts related by fractionation. It is evident that the partitioning of Co and 
Ni into planetary olivine is influenced by such intensive variables as temperature, oxygen fugacity, 
and composition. Although separating these effects is not possible, our data demonstrate that over the 
range of oxygen fugacity of lunar, martian, and terrestrial basalts, oxygen fugacity has no significant 
effect on Co and Ni partitioning into olivine. We propose that an increase in melt polymerization with 
decreasing temperature, coupled with the preference of Co and Ni for the octahedral sites in olivine, 
is the mechanism by which DCo

ol and DNi
ol increase with crystallization.

With our experimental results as a baseline, we interpret data from Co and Ni in olivine from 
lunar, martian, and terrestrial basalts and conclude that the cause of increases in Co concentrations in 
olivine, either core-to-rim or within a co-genetic suite and observed primarily in martian and terrestrial 
basalts, is enrichment of the melt as crystallization progresses. We hypothesize that this enrichment 
is attributable either to crystallization of a phase in which Co is incompatible (such as plagioclase) or 
replenishment of the igneous system with Co-enriched melt.
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Introduction

Olivine is modally important in planetary basalts from the 
Earth, Moon, Mars, and differentiated asteroids. It is often 
the first phase to crystallize and can preserve a record of melt 
evolution in terms of Fe and Mg, and trace elements such as the 
first-row transition elements, assuming minimal re-equilibration. 
The identification of early formed cores using textural and com-
positional arguments, in conjunction with the Fe-Mg exchange 
coefficient (KD) and trace element partition coefficients (D 
values), allows for the calculation of equilibrium parental melt 
compositions, which can then be used to establish relationships 
among olivine-phyric basalts.

Cobalt is a common trace element in olivine in planetary 
basalts, detectable at the <500 ppm level using secondary ion 
mass spectrometry (SIMS). SIMS techniques for analyzing Co, 
Ni, Mn, and other transition elements have been developed and 
applied to a range of planetary basalts (e.g., Herd et al. 2001a; 
Papike et al. 1995, 1999). Papike et al. (1999) analyzed the Apollo 
12 basalt suite, the samples of which are thought to be related by 
fractionation, and found that Co concentrations in olivine remain 
constant within olivine grains that preserve igneous zoning in 
terms of Mg, Fe, Mn, and Ni. Furthermore, the Co concentration 

in olivine remains constant among members of the suite. They 
note the similarity of these results to those of Kohn et al. (1989) 
in which Co remains constant across an olivine phenocryst that 
shows reverse zoning in terms of Mg and Ni, indicative of magma 
mixing. Kohn et al. (1989) and Papike et al. (1999) suggest that 
the flat Co zoning patterns seen in olivine in these planetary 
basalts is due to a balance between a slight increase in DCo with 
decreasing temperature and Co depletion in the melt, as opposed 
to DCo ~ 1. Papike et al. (1999) model the evolution of Co in the 
Apollo 12 suite using an initial DCo = 2.8 that gradually increases 
as the melt evolves.

Karner et al. (2003) provide additional data for Co in olivine 
from low-Ti basalt (Apollo 12 and 15) and high-Ti basalt (Apollo 
11 and 17) suites, noting differences in the variation in Co/Ni 
ratios in olivine between the two suites, which they attribute 
to differences in bulk composition. Olivine in high-Ti basalts 
contains less Ni than Co (10–30 and 60–110 ppm, respectively), 
core-rim variations are not systematic, and the olivine has high 
Co/Ni ratios. Olivine in the low-Ti basalts contains more Ni 
and Co (150–500 and 200–300 ppm, respectively), reflecting 
greater availability of these elements in the low-Ti parental melts. 
Nickel in Apollo 12 and 15 olivine decreases significantly, and 
Co remains constant (Apollo 12) to slightly increasing (Apollo 
15) (Karner et al. 2003), resulting in systematic increases in 
Co/Ni with crystallization, as monitored by an incompatible * E-mail: herd@ualberta.ca


