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INTRODUCTION

Comparative planetary mineralogy studies (e.g., Dymek et 
al. 1976; Papike and White 1979; Papike 1980) began in the late 
1970s and early 1980s as a supplement to the many bulk-rock 
comparative planetology studies being done at the same time 
(e.g., Consolmagno and Drake 1977; Papike and Bence 1978; 
Stolper 1979; Bence et al. 1980, 1981; BVSP 1981). The com-
parative bulk-rock studies work under the philosophy that basalts 
are probes of planetary interiors, and thus have compositions 
that reß ect the origin and evolution of a planetary body. Such 
studies can then be used to understand differences among basalt 
systems, and the inß uences of a planetary environment on a basalt 
system. Other workers added a slight variation to this approach 
and recognized that the compositions of the silicate phases in 
planetary basalts should also reß ect the differing chemical and 
physical conditions of the melts from which they crystallized, 
and therefore planetary mineralogy studies should be a viable 

way to compare planetary bodies and processes. The Þ rst rigor-
ous study that compared basaltic silicate mineral compositions 
from several planetary bodies (Papike 1981) showed that these 
minerals indeed held chemical signatures that could be linked 
to planetary processes and parentage. These conclusions were 
added to and reinforced in Papike (1998) and new data were 
added from the now recognized martian basalts in the world�s 
meteorite collections.

Recent comparative planetary mineralogy studies (Karner 
et al. 2003, 2004; Papike et al. 2004) have added trace-element 
chemistry to the comparison and have shown that elemental 
signatures in olivine, plagioclase, and chromite from planetary 
basalts are affected by the initial volatile-element depletions and 
enrichments of a planet, basaltic source compositions, crystal-
lization sequence and kinetics, and oxygen fugacity. Elemental 
systematics in planetary olivine and plagioclase grains also reß ect 
the different styles of igneous differentiation on the planets, and 
more speciÞ cally, the different tectonic settings within and among 
the planets. The latest comparative planetary mineralogy review 
(Papike et al. 2005) showed that partitioning of elements with * E-mail: jkarner@unm.edu
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ABSTRACT

Pyroxene grains from 14 basalt suites from the Earth, Moon, Mars, and Vesta were studied by elec-
tron- and ion-microprobe techniques. The results show that several elemental trends can be related to 
planetary parentage and crystallization conditions including paragenetic sequence and kinetics. Ferric 
iron (Fe3+) systematics show that terrestrial pyroxene is enriched in Fe3+ compared with pyroxene from 
Mars due to higher oxygen fugacity (fO2

) conditions on the Earth that produce more Fe3+ in basaltic 
melts. Low fO2

 conditions on the Moon and Vesta result in very little or no Fe3+ in pyroxene from 
these bodies. Terrestrial pyroxenes contain more Na than those from Mars, yet martian plagioclase 
contains more Na than terrestrial. This difference is because terrestrial pyroxene contains more Fe3+ 
and thus the acmite component (NaFe3+Si2O6) is more important on Earth than Mars. Pyroxenes from 
the Moon and Vesta have very little Na, which can be attributed to the overall volatile-depleted nature 
of these bodies. All planetary pyroxenes show that Cr decreases with increasing fractionation because 
it is compatible in pyroxene, and in many basalts the crystallization of chromite depletes the melt in 
Cr3+. The Mn/Fe2+ systematics in pyroxene show distinct trends for the planetary bodies in the order 
Vesta > Mars > Earth > Moon. These Mn/Fe2+ trends are most likely affected by the volatility of Mn 
relative to Fe, and thus there is an increase in the Mn/Fe ratio with increasing distance from the Sun, 
except for the Moon, which likely lost Mn during its giant impact origin. These same trends have been 
documented for olivine from the different planets, and this parameter as measured in basaltic silicates 
is a robust Þ ngerprint of planetary parentage. Vanadium partitioning into planetary pyroxene grains 
is affected by oxygen fugacity, the availability of charge-balancing elements, basaltic crystallization 
sequences, and kinetics. Partitioning of V into pyroxene at low fO2

 conditions (i.e., Moon and Vesta) 
is seen to increase as the charge-balancing cation IVAl increases. Partitioning of V into pyroxene at 
relatively high fO2

 conditions (i.e., Earth and Mars) increases with increasing Na and IVAl, which provide 
charge balance for incorporation of V4+. Because of the above complexities, a V-valence oxybarometer 
as measured in planetary pyroxene grains is not likely to be robust.
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