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Abstract
We performed a series of experiments at 1 atm pressure and temperatures of 1300–1500 °C to 

determine the effect of oxygen fugacity on the oxidation state of Fe in a synthetic martian basalt. Ferric-
ferrous ratios were determined on the quenched glasses using Mössbauer spectroscopy. Following the 
conventional doublet assignments in the spectrum, we obtain a Fe3+/ΣFe value of 0.19 at 1450 °C and 
an oxygen fugacity corresponding to the QFM buffer. If we apply the Berry et al. (2018) assignments 
the calculated Fe3+/ΣFe drops to 0.09, and the slope of log(XFe

melt
O1.5/XFe

melt
O) vs. log( fO2) changes from 0.18 

to 0.26.
Combining oxidation state data together with results of one additional olivine-bearing experiment 

to determine the appropriate value(s) for the olivine (Ol)-liquid (liq) exchange coefficient, KD,Fe2+-Mg 
= (FeO/MgO)Ol/(FeO/MgO)liq (by weight), suggests a KD,Fe2+-Mg

 of 0.388 ± 0.006 (uncertainty is one 
median absolute deviation) using the traditional interpretation of Mössbauer spectroscopy and a value 
of 0.345 ± 0.005 following the Mössbauer spectra approach of Berry et al. (2018).  

We used our value of KD,Fe2+-Mg to test whether any of the olivine-bearing shergottites represent liquids. 
For each meteorite, we assumed a liquid composition equal to that of the bulk and then compared that 
liquid to the most Mg-rich olivine reported. Applying a KD,Fe2+-Mg of ~0.36 leads to the possibility that 
bulk Yamato 980459, NWA 5789, NWA 2990, Tissint, and EETA 79001 (lithology A) represent liquids.
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Introduction
The partitioning of elements between solid and liquid phases 

is an important tool for understanding and modeling igneous pro-
cesses. Relationships involving olivine are of particular interest 
due to its presence in a broad range of mafic and ultramafic lavas 
on the Earth and other planetary bodies (e.g., BVSP 1981) and to 
its relatively simple major element chemistry. In a landmark study, 
Roeder and Emslie (1970) found that the olivine (Ol)-liquid (liq) 
exchange coefficient, KD,Fe2+-Mg = (FeO/MgO)Ol/(FeO/MgO)liq is 
0.30 ± 0.03 for basaltic compositions and independent of tempera-
ture between 1150 and 1300 °C. The canonical value of 0.30 is still 
employed in both terrestrial and martian applications (e.g., Falloon 
et al. 2007, Peslier et al. 2010, respectively), even though it has 
been challenged as being too low (e.g., Matzen et al. 2011). It is 
also important to note that liquid composition can have a significant 
effect on KD,Fe2+-Mg (e.g., Ford et al. 1983; Gee and Sack 1988; Toplis 
2005), which may limit the applicability of any specific value. 
Moreover, experimental work on terrestrial magmas (summarized 
by Matzen et al. 2011), martian melt compositions (summarized by 
Filiberto and Dasgupta 2011), eucrites (Stolper 1977), and low-Ti 
lunar model compositions (Longhi et al. 1978; Seifert et al. 1988) 
indicate that a KD,Fe2+-Mg of 0.33, or higher, is appropriate for many 
applications. Choice of the correct value of KD,Fe2+-Mg is important for 
many specific applications. For example, Fe-Mg partitioning can 

be used as a criterion of equilibrium in experiments (e.g., Filiberto 
et al. 2010b) and for the estimation of parental liquid compositions, 
which allows the calculation of mantle potential temperatures (e.g., 
Falloon et al. 2007; Putirka et al. 2007), as well as putative mantle 
compositions capable of producing observed magmas.

Although measurement of the olivine-liquid KD,Fe2+-Mg relies 
(typically) on microprobe determination of olivine and glass com-
positions, the Fe content of the glass must be divided into Fe2+O 
and Fe3+O1.5 because the concentrations of both valences in the 
liquid are non-negligible at the conditions under which magmas on 
the Earth and Mars are believed to have formed and evolved (e.g., 
Cottrell and Kelley 2011; Tuff et al. 2013). Measuring Fe3+/Fe2+ 
in silicate liquids is difficult; as a result, Fe3+/Fe2+ of a melt it is 
often assumed to be negligible (e.g., Filiberto and Dasgupta 2011) 
or calculated using prior experimental calibrations (e.g., Sack et 
al. 1981; Jayasuriya et al. 2004). Given that these calibrations are 
largely based on terrestrial compositions, it is possible that their 
application to the high-Fe and low-Al martian basalt compositions 
(Righter et al. 2013) introduces systematic errors into calculated 
Fe3+/Fe2+, and the resulting KD,Fe2+-Mg values.

To more accurately constrain Fe3+/Fe2+ in magmatic liquids, 
and the corresponding KD,Fe2+-Mg, of martian basalts, we conducted 
a series of experiments at controlled temperature and oxygen 
fugacity (fO2) on a synthetic analog of a proposed primary martian 
basalt. After quenching, Fe3+/Fe2+ ratios of the resultant glasses 
were determined by Mössbauer spectroscopy. We then combined 
our data with experiments from the literature to—after estimating 
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