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Abstract

Phase relations of magnesioferrite (MgFe2O4) have been studied between 8 and 18 GPa and 
1000–1600 °C using multi-anvil experiments. At 8–10 GPa and 900–1200 °C, MgFe2O4 breaks down to 
Fe2O3+MgO. At higher temperatures, a new phase appears along with Fe2O3. Although this new phase is 
unquenchable, EPMA and TEM data point to a composition with Mg5Fe2O8 or Mg4Fe2O7 stoichiometry. 
Depending on pressure and temperature, other stoichiometries also appear to be stable together with 
Fe2O3. In terms of pressure, the stability field of the unquenchable phases + hematite widens with in-
creasing temperature to 3 ± 1 GPa at ~1400 °C, and then narrows to ~1 GPa at 1600 °C. The recoverable 
assemblage of Mg2Fe2O5+Fe2O3 becomes stable between 11–13 GPa. The Mg2Fe2O5+Fe2O3 assemblage 
is stable up to at least 18 GPa at 1300 °C without any evidence of a hp-MgFe2O4 phase. In addition, 
hematite plays an important role in the phase relations of MgFe2O4 by being present over a wide range in 
pressure and temperature together with a Mg-rich Fe-oxide. Interestingly, hematite incorporates variable 
amounts of Mg whereby its concentration appears to be a function of temperature. This experimental 
study has implications for interpreting inclusions in natural diamonds where magnesioferrite occurs 
by placing a maximum pressure stability on the formation of this phase. Through these inclusions, it 
also provides constraints on diamond formation and their subsequent evolution prior to eruption. For 
example, the occasional observation of nano-sized magnesioferrite within (Mg,Fe)O inclusions must 
have either formed from a high-pressure precursor phase with a different stoichiometry at transition 
zone or upper lower mantle conditions, or it exsolved directly from the host (Mg,Fe)O under upper 
mantle conditions (i.e., <9–10 GPa). Since several studies report various non-silicate inclusions with 
simple oxide compositions, including magnesioferrite, magnetite, or ferropericlase, such inclusions 
provide evidence for variable redox conditions at the time of entrapment.
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Introduction

Spinel structured minerals with the chemical formula AB2O4 
are of particular interest in having the ability to incorporate 
ferric (Fe3+) and ferrous (Fe2+) cations into their structure, which 
makes their stability sensitive to redox conditions. Such phases 
commonly occur in the peridotitic upper mantle and transition 
zone. Magnesioferrite (MgFe2

3+O4) is an example of such Fe3+-
bearing end-member components that may be stable at such high 
pressure and temperature conditions. MgFe2O4 exhibits a cubic 
crystal structure (space group Fd3m) with one tetrahedral and 
two octahedral sites per AB2O4 formula unit.

The high-pressure behavior of several spinel group minerals 
has been experimentally investigated over the last few decades, 
with a main interest being the nature of the “post-spinel” phase 
at conditions of the deep upper mantle and transition zone (e.g., 
Huang and Bassett 1986; Akaogi et al. 1999; Wang et al. 2003; 
Levy et al. 2004; Schollenbruch et al. 2010; Woodland et al. 
2012; Ono et al. 2006; Kyono et al. 2012; Enomoto et al. 2009; 
Ishii et al. 2014, 2015). Apart from experimental studies, mineral 

inclusions in diamonds brought up to the surface provide a direct 
window into the Earth’s interior. Thus, minerals entrapped by dia-
mond represent a local part of the Earth’s mantle. But interpreting 
the chemical signatures of these minerals can be hampered by 
fractures in diamond, which allows metasomatic interactions 
and/or changes in redox state. Additionally, high-pressure and 
high-temperature phases can also decompose during upwelling.

With regard to spinel group minerals, it has been reported 
that they transform into denser orthorhombic structures of 
CaFe2O4 (Pnma), CaTi2O4 (Cmcm), or CaMn2O4 (Pbcm) type 
at high pressures (e.g., Andrault and Bolfan-Casanova 2001; 
Yamanaka et al. 2008) or disproportionate. For example, at 
~10 GPa and 700–1400 °C magnetite (FeFe2O4) breaks down to 
Fe4O5+Fe2O3 (Woodland et al. 2012), while hercynite (FeAl2O4) 
and spinel (MgAl2O4) decompose into their constituent oxides 
(Schollenbruch et al. 2010; Akaogi et al. 1999). Andrault and 
Bolfan-Casanova (2001) studied magnesioferrite by in situ X‑ray 
diffraction at high pressures (>20 GPa) using YAG laser anneal-
ing in a diamond-anvil cell and reported a phase transformation at 
~25 GPa, apparently to a CaMn2O4-type polymorph. Combining 
their P-V-T data on magnesioferrite with available thermody-
namic data, Levy et al. (2004) proposed a phase diagram for 




