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Abstract
Feiite (Fe3TiO5) is a high-pressure Fe-Ti oxide mineral recently discovered in martian meteorite 

Shergotty. Feiite is isostructural with Fe4O5, a high-pressure iron oxide stable at pressures >10 GPa. 
The stability of feiite has yet to be studied, as it has not previously been synthesized in the laboratory. 
To determine the minimum pressure at which feiite can be synthesized, we have conducted multi-anvil 
experiments at 1200 °C and at pressures ranging from 7 to 12 GPa. Major element compositions and 
XRD patterns indicate that we successfully synthesized feiite with an orthorhombic unit cell (Cmcm 
structure) in experiments conducted at pressures 8 GPa or greater. Relative to A2B2O5 phases with similar 
structure, feiite can be synthesized at lower pressures. The coexistence of feiite and liuite (FeTiO3-
perovskite) in Shergotty indicates that the upper pressure limit of feiite stability is above 15 GPa. To 
investigate the effect of oxygen fugacity on the composition and stability of feiite, we conducted an 
additional series of experiments at 1200 °C and 10 GPa pressure in which we varied the Fe3+/Fetotal ratio 
of the experimental starting materials. In doing so, we identified a minimum Fe3+ content necessary 
to stabilize the feiite structure (Fe3+/Fetotal = 0.26 at 10 GPa and 1200 °C). The importance of Fe3+ for 
feiite stability suggests this phase would not form in lunar or HED meteorites, where iron-titanium 
oxides contain little to no ferric iron. Though our experimental results can only place a lower limit on 
the shock pressures experienced in Shergotty, the determined pressure stability indicates feiite could 
also be present in diamond-bearing terrestrial rocks sourced from the upper mantle or transition zone. 
Additionally, the presence of feiite would be an indicator of source Fe3+/ Fetotal.
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Introduction
Feiite (Fe3TiO5) is a high-pressure Fe-Ti oxide mineral 

recently discovered in a shock-induced melt pocket within the 
martian meteorite Shergotty (Ma and Tschauner 2018; Ma et al. 
2021). Feiite is isostructural with Fe4O5, which is stable above 
8 GPa (Lavina et al. 2011), and other “CaFe3O5-type” oxides with 
Cmcm space group symmetry. Additional high-pressure oxides 
with similar stoichiometry exist but have a modified ludwigite-
type structure with Pbam space group symmetry (e.g., Ishii et 
al. 2017). Together, these high-pressure oxide phases can be 
described by the general formula A2

2+B2
3+O5 with A = Fe2+, Mg2+, 

Mn2+, Ni2+, Co2+, and B = Fe3+, Cr3+, Al3+ (e.g., Enomoto et al. 
2009; Woodland et al. 2013; Ishii et al. 2014; Boffa Ballaran et 
al. 2015; Ishii et al. 2015, 2017; Hong et al. 2016, 2018, 2022). 
Similar to magnetite, this oxide structure allows for a mix of iron 
oxidation states (Fe2+ and Fe3+) and thus could be important in 
the interpretation of the geophysical and magnetic properties of 
planetary mantles (Fei et al. 1999). When identified in natural 
samples, the Fe3+/Fetotal of A2B2O5-type oxides may be indicative 
of source oxygen fugacity (Ishii et al. 2018; Huang et al. 2021).

Natural feiite was found to contain 66% feiite end-member 
(Fe3TiO5), 20% Fe4O5, 10% (Fe,Mg,Mn,Ca)2(Al,Cr,V)2O5, and 

4% Fe3SiO5 (Ma et al. 2021). The chemistry of the natural oc-
currence suggests that a solid solution exists between feiite and 
the other A2B2O5-type oxides, notably Fe4O5. Solid solution 
between (Fe2+)2(Fe2+Ti4+)O5 and (Fe2+)2(Fe3+)2O5 would require 
the coupled substitution Fe2+Ti4+ = 2Fe3+ to maintain charge bal-
ance. This coupled substitution is commonly observed in Fe-Ti 
oxide mineral solid solutions, such as that between ulvöspinel 
(Fe2

2+Ti4+O4) and magnetite (Fe2+Fe2
3+O4), as well as between 

ilmenite (Fe2+Ti4+O3) and hematite (Fe2
3+O3). Importantly, the 

coupled substitution of Fe2+ and Ti4+ for 2Fe3+ is highly sensitive 
to temperature and oxygen fugacity, and thus, the Ti content of 
coexisting Fe-Ti oxides is often used as a geothermometer and 
oxybarometer (Buddington and Lindsley 1964). In this way, 
feiite may be calibrated as an indicator for the oxygen fugacity 
of martian magmas. This oxybarometer would be applicable to 
other planetary bodies should feiite be discovered in additional 
meteorite or terrestrial samples.

Feiite likely formed from shock metamorphism of an Fe-Ti 
oxide precursor during an impact event on Mars. Though the 
high-pressure phase transitions in Fe2TiO4 are known (Akaogi et 
al. 2019), the stability of Fe3TiO5 has yet to be studied as it has 
not yet been synthesized in the laboratory. Recoverable Fe4O5 
has been synthesized at pressures >8 GPa, and the minimum 
pressure of stability increases with increasing oxygen fugacity 
(Lavina et al. 2011; Woodland et al. 2012, 2013; Myhill et al. 
2016). Another synthetic A2B2O5-type oxide, Mg2Fe2O5, has been 
synthesized at pressures >11 GPa (Uenver-Thiele et al. 2017).
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