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aBStraCt

A spiked (with REE, V, Sc) martian basalt Yamato 980459 (Y98) composition was used to synthesize 
olivine, spinel, and pyroxene at 1200 °C at five oxygen fugacities: IW-1, IW, IW+1, IW+2, and QFM. 
These run products were analyzed by electron microprobe, ion microprobe, and X-ray absorption near-
edge spectroscopy to establish four oxybarometers based on vanadium partitioning behavior between the 
following pairs of phases: V spinel-melt, V/(Cr+Al) spinel-melt, olivine-melt, and spinel-olivine. The 
results for the spinel-melt, olivine-melt, and V/(Cr+Al) spinel-melt are applicable for the entire oxygen 
fugacity range while the spinel-olivine oxybarometer is only applicable between IW-1 and IW+1. The 
oxybarometer based on V partitioning between spinel-olivine is restricted to basalts that crystallized 
under low oxygen fugacities, some martian, all lunar, as well as samples from 4 Vesta. The true potential 
and power of the new spinel-olivine oxybarometer is that it does not require samples representative of 
a melt composition or samples with some remnant of quenched melt present. It just requires that the 
spinel-olivine pairs were in equilibrium when the partitioning of V occurred. We have applied the V 
spinel-olivine oxybarometer to the Y98 meteorite as a test of the method.
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introduCtion

The studies of Herd et al. (2002), Herd (2003), Wadhwa (2001), 
and Goodrich et al. (2003) demonstrated that the oxygen fugac-
ity in martian basalts varies up to four log units and is correlated 
with geochemical parameters such as LREE/HREE and 87Sr/86Sr. 
These correlations have been interpreted to indicate the presence 
of reduced, incompatible-element-depleted and oxidized, incom-
patible-element-enriched reservoirs that were produced during the 
early stages of martian differentiation (~4.5 Ga) (Herd et al. 2002; 
Herd 2003; Wadhwa 2001; Goodrich et al. 2003; Shih et al. 1982; 
Borg et al. 1997; Jones 2003). Martian basaltic magmatism as it 
is represented by the shergottites is thought to be characterized 
by mixing between these two reservoirs. Early studies estimated 
oxygen fugacity by two independent approaches, fO2 from mineral 
equilibria (Herd et al. 2002; Herd 2003; Goodrich et al. 2003) or 
multivalent behavior of Eu in phases such as pyroxene bulk-rock 
elemental-isotopic measurements (Wadhwa 2001). The work of 
Shearer et al. (2006) used a different approach to evaluate the fO2 of 
potential reservoirs that occur in the martian mantle. In that paper, 
we used the estimated V content of the near-primary martian basalt 
melt Yamato 980459 (Y98) and the V content of one of the earli-
est phases to crystallize from this basalt (olivine). This approach, 
however, is somewhat compromised as the composition of the 
coexisting liquid must be inferred indirectly. In this work, we use 
a different approach that is based on the partitioning of V between 
olivine and spinel. When using this approach, it is of paramount 
importance to identify equilibrium spinel-olivine pairs. A criterion 

to make this identification is also included in the discussion of the 
following sections.

exPeriMentaL MethodS
Experiments were prepared in a 1 atm Deltech gas mixing furnace. These runs 

were made using a spiked composition of martian meteorite Y98. The REEs were 
added as 0.6 wt% of their oxides (Ce as CeO2). Scandium and V were added as Sc2O3 
and V2O3 and doped to 0.1 wt%. Experimental charges of the Y98 composition were 
pasted onto Re-wire loops at imposed oxygen fugacities of IW-1, IW, IW+1, IW+2, 
and QFM. All experiments were held for 8 h at 1500 °C to ensure homogeneity and 
fO2 equilibration. Charges were then cooled at 1000 °C/h to 1400, 1300, and 1200 
°C, and held at the final temperature for at least 48 h, then drop-quenched into water. 
For experiments conducted at QFM, pressed pellet charges of Y98 were placed 
onto Pt90Rh10 loops and then air-quenched at the end of the same thermal history 
as the other fO2 experiments. The Pt-wire loop does not oxidize at high fO2, whereas 
the Re-wire loop prevents Fe loss at low fO2. Analyses of the run products from the 
1200 °C experiments and phases in meteorite Y98 are presented in Table 1. The 1200 
°C temperature was used because we found that for our bulk composition, this is 
the optimal temperature to have spinel, olivine, pyroxene, and melt in equilibrium.

anaLytiCaL MethodS

Electron microprobe (EPMA)
See appendix1 for details.  

Ion microprobe (SIMS)
See appendix1 for details.  

Error analyses of data and partition coefficients
See appendix1 for details.  
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