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ABSTRACT

Iron redoxworkswell for constraining oxygen fugacity ( f O2
) in terrestrial igneousmaterials due to the

relatively high f O2
of the Earth’s atmosphere, crust, and upper mantle � f O2

≥ quartz-fayalite-magnetite
�QFM��, where there are large changes in Fe2�/Fe3� with relatively small changes in f O2

. At f O2
values

<QFM, Fe redox becomes less sensitive, and analytical uncertainties may make it difficult to determine
f O2

differences between samples. The valence change between Cr2� and Cr3� occurs at lower f O2
values

than for iron, potentially making it a more sensitive oxybarometer for materials equilibrated under reduc-
ing conditions. The current approach to measuring f O2

from X-ray absorption (XAS) measurements
derives Cr valence first from the 1s→ 4s transition and then uses that redox couple to estimate f O2

as
a function of temperature and composition. Here, that method is compared to an alternate approach of
predicting f O2

directly from the spectra of experimentally homogenized glasses of geological relevance
without an intermediate step of attempting to discern Cr2�/Cr3�. In this study, partial least-squares (PLS)
multivariate (MVA) regression models were trained on the whole XAS energy spectral range, and accu-
racy was quantified using root mean square error (RMSE). MVA results showed significantly higher
accuracy (RMSE-C of ± 0.75 log units) for predicting f O2

ΔIW relative to known experimental condi-
tions relative to the two-step method, which yielded RMSE-C of ±2.75 to ±7.65 log units for our data
set vs. those ofBerry andO’Neill (2004) andBerry et al. (2006), respectively. TheMVA results calibrate a
newCr oxybarometer for use in low-f O2

glasses with a cross-validated (RMSE-CV) accuracy of ±0.84 log
units f O2

relative to a standard oxygen buffer. Finally, the new Cr oxybarometer was applied to lunar
glasses, both volcanic and impact metamorphosed, to assess the range in oxidation conditions thematerials
experienced during formation. Lunar volcanic glasses cluster ∼IW±1, close to that of previous studies
while agglutinates and lunar impact melts record a wide range of f O2

values using Cr oxybarometry.
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INTRODUCTION

Planetary oxidation state is a driver of early planetary evolu-
tion, largely controlling events such as planetary differentiation
and atmospheric evolution (e.g., Frost and McCammon 2008;
Sossi et al. 2020; Hirschmann 2022). Redox state further reflects
the degree of oxidation of the magma source region and, possi-
bly, the additional effects of magma interaction with the near-
surface environment, such as crystal fractionation, volatile loss,
water or melt infiltration, or assimilation of oxidized or reduced
wallrock (e.g., Brandon and Draper 1996; Lange and Carmi-
chael 1996; Ague 1998; Frost and Ballhaus 1998; Parkinson
and Arculus 1999; Kelley and Cottrell 2012; Humphreys et al.
2015; Tollan and Hermann 2019; Gaillard et al. 2022). On

airless (or nearly airless) bodies such as the Moon and asteroids,
the oxidation state of regolith minerals may be modified by irra-
diation, implantation, and sputtering from solar wind particles.
The combination of these processes induces reduction and local
remobilization of Fe to form nanophase reduced Fe grains
(e.g., Pieters et al. 2000; Noguchi et al. 2011). Because of the
relationship between the partial pressure of oxygen and the
valence state assumed by multivalent elements in equilibrium
with oxygen, oxygen fugacity (f O2

) is the parameter used to infer
oxidation state. Determination of the f O2

under which planetary
materials form is required to understand their origins and segre-
gate their primary histories from those resulting from subsequent
modifications.

On Earth, f O2
is most often quantified using the partitioning

behavior of Fe2� and Fe3� in mineral and melt phases (e.g.,
Buddington and Lindsley 1964; Sack et al. 1981; Christie
et al. 1986; Kress and Carmichael 1991; Cottrell et al. 2009;
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