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INTRODUCTION

Herd et al. (2002), Herd (2003), Wadhwa (2001), and Go-
odrich et al. (2003) demonstrated that the fO2

 in martian shergot-
tites varies by 3 to 4 log units and is correlated with geochemical 
parameters such as LREE/HREE, initial 87Sr/86Sr, and initial εNd. 
These correlations have been interpreted to indicate the pres-
ence of reduced, incompatible-element-depleted and oxidized, 
incompatible-element-enriched reservoirs that were produced 
during 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 represented by the shergottites is thought to repre-
sent mixing between these two reservoirs. Whether this mixing 
process is a product of assimilation (reduced, mantle-derived 
basalts that assimilated an upper-mantle or lower-crustal oxidized 
component) or mixing of two mantle reservoirs during melt-
ing is still a point of debate. The relationships between fO2

 and 
incompatible-element characteristics have been determined by 
two largely independent approaches: fO2

 from mineral equilibria 
or multivalent element behavior of Eu in phases such as pyrox-
ene and bulk-rock elemental-isotopic measurements. Although 
incredibly insightful, there are some interpretive problems using 
and combining these approaches. First, many of the phases used 
in these calculations are not necessarily early liquidus phases and 
therefore could reß ect lower-temperature processes. Second, ap-
plication of the behavior of multivalent Eu may be complicated 
by both the dependence of Eu partitioning on melt and pyroxene 

composition, and by the low concentration of Eu in many of the 
primitive shergottites. Shearer et al. (2005, 2006) has shown 
that Al in the melt and pyroxene will inß uence the fractionation 
between trivalent REE and divalent Eu. Therefore, at constant 
fO2

, the size of the Eu anomaly may change with variations in 
Al during pyroxene crystallization. The low concentration of Eu 
in shergottites that approach primary melt compositions (0.18 
to 0.25 ppm) and in their earliest pyroxenes (less than 5 ppb) 
introduces signiÞ cant error in the ion-microprobe measurement 
of the magnitude of the Eu anomaly (Meyer 2003; Wadhwa 2001; 
L. Borg, personal communication). Finally, the linkage between 
the fO2

 and elemental enrichment-depletion signatures of near-
primary basalts are somewhat decoupled because measurements 
are made on either different phases (i.e., oxides vs. whole rock) 
or relatively late crystallizing phases (i.e., pyroxene, plagioclase). 
These potiential interpretive problems cloud our ability to de-
cipher whether these differences represent melting in distinct 
mantle sources or assimilation of crustal assemblages (oxidized, 
enriched) by mantle-derived magmas (reduced, depleted).

Here, we use a different approach to evaluate potential res-
ervoirs that occur in the martian mantle. In this study, we used 
both our closest representation of near-primary martian basaltic 
melt (Y980459) and one of the earliest phases to crystallize from 
this basalt (olivine). We determined, experimentally, the relation-
ship between fO2

 and the partition coefÞ cients of vanadium (DV) 
between olivine-melt for basalt compositions equivalent to the 
olivine-phyric shergottite composition of Y980459 (Y98). This 
calibration was then tested against olivine-melt pairs from two 
natural systems (lunar and Hawaiian basalts) with well-deÞ ned 
values fO2
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ABSTRACT

The valence state of vanadium (V2+, V3+, V4+, and V5+) is highly sensitive to variations in redox 
conditions of basaltic magmas. Differences in valence state will inß uence its partitioning behavior 
between minerals and basaltic liquid. Using partitioning behavior of V between olivine and basaltic 
liquid precisely calibrated for martian basalts, we determined the oxidation state of a primitive (ol-
ivine-rich, high Mg no.) martian basalt (Y980459) near its liquidus. The behavior of V in the olivine 
from other martian olivine-phyric basalts (SaU005, DaG476, and NWA1110) was documented. The 
combination of oxidation state and incompatible-element characteristics determined from early olivine 
indicates that correlations among geochemical characteristics such as fO2

, LREE/HREE, initial 87Sr/86Sr, 
and initial εNd observed in many martian basalts is also a fundamental characteristic of these primitive 
magmas. These observations are interpreted as indicating that the mantle sources for these magmas 
have a limited variation in fO2

 from IW to IW+1 and are incompatible-element depleted. Moreover, 
these mantle-derived magmas assimilated a more oxidizing (>IW+3), incompatible-element enriched, 
lower-crustal component as they ponded at the base of the martian crust.
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