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INTRODUCTION

Oxygen fugacity (fO2) is an important parameter in the petro-
genetic histories of igneous rocks, from extraction from mantle
sources to degassing and crystallization at the surface. Calcu-
lations of fO2 for terrestrial basalts have provided insights into
the oxidation state of the Earth’s upper mantle (Ballhaus 1993;
Ballhaus and Frost 1994). A systematic study of martian basalts
should enable constraints to be placed on the oxidation state of
the upper mantle of Mars, as well as the processes controlling
the fO2

 of martian basalts. Buddington and Lindsley (1964) es-
tablished the most common method of determining fO2

. This
method is based on Fe and Ti exchange between co-existing
rhombohedral oxide (e.g., ilmenite) and spinel (e.g.,
titanomagnetite) pairs, which is used to determine closure tem-
perature, and on the activities of magnetite in spinel and hema-
tite in rhombohedral oxide, which are used to constrain fO2

 at
the temperature of closure. The most recent versions of this
model include Ghiorso and Sack (1991a), which was devel-
oped to account for minor-element substitution in the oxides,
and the Ca-QUIlF model of Anderson et al. (1993; see also
Lindsley and Frost 1992 and references therein), which con-
siders equilibria between titaniferous magnetite, ilmenite, aug-
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ABSTRACT

The stoichiometry of titanomagnetite spinel in the martian basaltic meteorites is assessed using
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complicating the use of Fe-Ti oxide models. The oxygen fugacity of Dar al Gani 476 is estimated to
be 1.5 log units below QFM, on the basis of the Ghiorso-Sack model. The absolute error on the
oxygen fugacity estimates is ± 0.5 log units; however, a consistent electron microprobe analytical
routine was applied to all of the basalts, and the relative uncertainty is closer to 0.2 log units.
Oxyexsolution has occurred in QUE 94201, but reconstruction of pre-exsolution titanomagnetite
compositions permits the calculation of oxygen fugacity. Subsolidus reactions involving oxides and
adjacent Fe-rich silicates are documented and the use of the Ca-QUIlF model for calculation of
oxygen fugacity from these phases is discussed.
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ite, pigeonite, orthopyroxene, olivine, and quartz in the system
FeO-CaO-MgO-SiO2-TiO2. The two models are compared by
Ghiorso and Sack (1991a, 1991b), as well as in this paper.

Application of the two-oxide geothermometer/oxygen ba-
rometer to basaltic martian meteorites has been minimal to date.
The basaltic subgroup of martian meteorites, the basaltic
shergottites, include Shergotty, Zagami, Queen Alexandria
Range (QUE) 94201, Dar al Gani (DaG) 476, and, most re-
cently, Los Angeles (Rubin et al. 2000). Elephant Moraine
(EETA) 79001 also falls into this category, but it contains oli-
vine-orthopyroxene-chromite xenoliths in addition to basaltic
lithologies termed A and B  (Steele and Smith 1982). Most
previous work has been on Shergotty and Zagami, with fO2

 es-
timates ranging from that of the Quartz-Fayalite-Magnetite
(QFM) buffer (Stolper and McSween 1979; Hale et al. 1999)
to 3 log units below the QFM buffer (Ghosal et al. 1998). A
study of QUE94201 by McSween et al. (1996) indicated that it
crystallized near the Iron-Wüstite (IW) buffer, about 3.5 log
units below QFM. No values have been placed on the fO2

 of
EETA 79001 to date, although Ghosal et al. (1998) favor “a
value of oxygen fugacity three or four orders of magnitude
below the QFM buffer,” on the basis of Fe3+/Fe2+ ratios in py-
roxene. On the other hand, Steele and Smith (1982) stated that
the amount of Fe3+ in spinel confirmed “oxidizing conditions.”

The wide range of fO2
 estimates can be attributed to two

main factors: (1) variability in the analytical techniques and


