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INTRODUCTION

Several studies, using different oxybarometers, have sug-
gested that the variation of fO2 in martian basalts (i.e., shergottites) 
spans about 3�4 log units (Wadhwa 2001; Herd et al. 2001; Go-
odrich et al. 2003; McCanta et al. 2004; Musselwhite et al. 2004) 
from approximately one log unit below the Iron Wustite buffer 
(IW-1) to IW+3. The relatively oxidized basalts (e.g., pyroxene-
phyric Shergotty) are enriched in incompatible elements, while 
the relatively reduced basalts (e.g., olivine-phyric Y 980459) 
are depleted in incompatible elements. The interpretation of the 
above observations is that martian basalts are a product of some 
combination of two reservoirs: (1) reduced and depleted and (2) 
oxidized and enriched (Wadhwa 2001). The question remains, 
however, as to whether the oxidized reservoir is a separate and 
distinct magma source in the martian mantle, or if it is a crustal 
component assimilated by a rising (reduced, depleted) magma 
(McCanta et al. 2004). Recently, Shearer et al. (2006a) deter-
mined the fO2 of primitive olivine-phyric basalt Y 980459 to be 
IW+0.9 using the partitioning of V between olivine and melt. 
In applying this technique to other olivine-phyric shergottites, 
Shearer et al. (2006a) concluded that the martian mantle source 
for these magmas was depleted and relatively reduced, and var-
ied only slightly in fO2 (IW to IW+1). Thus the more oxidized, 
enriched martian basalts had assimilated a crustal component on 
their path to the martian surface (see Herd et al. 2002).

In this study, we attempt to weigh in on the debate concern-
ing martian mantle fO2 using the partitioning of Cr and V into 
pyroxene in pyroxene-phyric basalt QUE 94201. Previous fO2 
estimates for QUE 94201 are relatively reduced compared with 
the other martian basalts, but the range of estimates is still quite 
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large, from ~IW-1 to IW+1 (Wadhwa 2001; Herd et al. 2001). 
We believe it is important to pin down the fO2 of QUE 94201 
because along with Y 980459, it is the best-documented �melt� 
we have from the martian mantle (McKay et al. 2003; Koizumi 
et al. 2004). In other words, the rocks have experienced minimal 
accumulation or subtraction of phases, and more importantly the 
liquidus crystals formed in equilibrium with the bulk composition 
of the rock. Although QUE 94201 represents a melt, it is more 
evolved than Y 980459, being signiÞ cantly lower in Mg no. and 
lacking olivine. Pyroxene is the Þ rst phase to crystallize in QUE 
94201 based on experiments and on the phenocrysts that occur in 
the rock, and thus the partitioning of Cr and V between pyroxene 
cores and the bulk composition should lend insight into the fO2 
conditions under which the rock formed. This is possible because 
Cr and V are multivalent elements, which are highly sensitive to 
the redox condition of a basaltic magma (Hanson and Jones 1998; 
Papike et al. 2005; Karner et al. 2006a), and thus partitioning of 
these elements into pyroxene is fO2 dependent. Note, however, 
that Cr and V partitioning into pyroxene is also dependent on 
charge-balancing elements such as Al and Na (Papike et al. 2005; 
Karner et al. 2006b). Therefore it is imperative to compare Cr 
and V partitioning among pyroxene grains with similar Al and 
Na contents, which is why we use the QUE 94201 bulk compo-
sition for our experiments. For comparative purposes we also 
investigated Sc partitioning into pyroxene. Scandium exists as 
only Sc3+, and thus its partitioning should not be inß uenced by 
changes in fO2.

Our procedure was to produce experimental charges of QUE 
94201 composition at various fO2 conditions and then compare the 
partitioning of Cr and V between pyroxene (pigeonite core) and 
bulk composition. Calibration curves of DCr, DV, and DCr/DV vs. 
fO2 can then be used to calculate the fO2 of the natural sample. * E-mail: jkarner@unm.edu


