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Abstract
Many igneous rocks contain mineral assemblages that are not appropriate for application of common mineral equilibria or oxybarometers to
estimate oxygen fugacity. Spinel-structured oxides, common minerals in
many igneous rocks, typically contain sufficient V for XANES measurements, allowing use of the correlation between oxygen fugacity and V K
pre-edge peak intensity. Here we report V pre-edge peak intensities for a
wide range of spinels from source rocks ranging from terrestrial basalt to
achondrites to oxidized chondrites. The XANES measurements are used to calculate oxygen fugacity
from experimentally produced spinels of known fO2. We obtain values, in order of increasing fO2, from
IW-3 for lodranites and acapulcoites, to diogenites, brachinites (near IW), ALH 84001, terrestrial
basalt, hornblende-bearing R chondrite LAP 04840 (IW+1.6), and finally ranging up to IW+3.1 for
CK chondrites (where the DIW notation = logfO2 of a sample relative to the logfO2 of the IW buffer
at specific T). To place the significance of these new measurements into context we then review the
range of oxygen fugacities recorded in major achondrite groups, chondritic and primitive materials,
and planetary materials. This range extends from IW-8 to IW+2. Several chondrite groups associated
with aqueous alteration exhibit values that are slightly higher than this range, suggesting that water and
oxidation may be linked. The range in planetary materials is even wider than that defined by meteorite
groups. Earth and Mars exhibit values higher than IW+2, due to a critical role played by pressure.
Pressure allows dissolution of volatiles into magmas, which can later cause oxidation or reduction
during fractionation, cooling, and degassing. Fluid mobility, either in the sub-arc mantle and crust, or
in regions of metasomatism, can generate values >IW+2, again suggesting an important link between
water and oxidation. At the very least, Earth exhibits a higher range of oxidation than other planets
and astromaterials due to the presence of an O-rich atmosphere, liquid water, and hydrated interior.
New analytical techniques and sample suites will revolutionize our understanding of oxygen fugacity
variation in the inner solar system, and the origin of our solar system in general.
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Introduction
Oxygen fugacity (fO2) has been recognized as an important
variable in terrestrial igneous processes for decades (e.g.,
Osborn 1959), and the wide range in terrestrial samples is well
documented (Carmichael 1991). On a planetary scale, oxygen
fugacity can influence critical aspects of the interior and surficial
reservoirs. For example, core composition is sensitive to fO2 such
that low fO2 favors Si as an alloyed element, whereas higher fO2
may favor O or S (Hillgren et al. 2000). The stability of metal is,
of course, fO2-dependent, and a reduced mantle may have metal
as a stable phase. The FeO content or Mg# [Mg/(Mg+Fe)] of a
mantle is also dependent upon fO2 because at low fO2 very little
oxidized iron will be present and the Mg# of silicates will be
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high, whereas at high fO2, FeO will be more abundant and the Mg#
lower. Atmospheric composition and evolution depends upon fO2
of the atmosphere as well—at low fO2, a C-H-O atmosphere will
be dominated by CH4 and CO, whereas at high fO2 it will be CO2
and H2O (Holloway and Blank 1994). Finally, the origin of life
may be dependent upon fO2—the pathways of complex molecule
formation are sensitive to the presence of a reduced vs. oxidized
environment (Shock et al. 2000). Although fO2 clearly influences
magma generation processes, it is also a critical parameter for a
broad range of planetary traits, and is important to understand
its effects both at the micro- and macroscale.
Igneous and metamorphic rocks commonly contain mineral
assemblages that allow oxygen fugacity to be calculated or
constrained, such as FeTi oxides, olivine-Opx-spinel, or some
other oxybarometer (Frost 1991). Some rocks, however, contain
a limited mineral assemblage and do not provide constraints
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