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Abstract
Phase relations of magnesioferrite-magnetite solid solutions (Mg,Fe2+)Fe3+
2 O4 were investigated at
pressures of 9–23 GPa and temperatures of 1200–1600 °C. Our new results indicate that the assemblage
Mg2Fe2O5 + Fe2O3 reconstitutes to a hp-MgFe2O4 phase at 20 GPa and 1300–1500 °C. The stability
field of hp-MgFe2O4 begins at ~1300 °C and widens to higher temperature. At lower temperature
(1200–1300 °C) Mg2Fe2O5 + Fe2O3 breaks down to the new phase assemblage Mg3Fe4O9 + Fe2O3 with
its stability field expanding to higher pressures and temperatures at the expense of hp-MgFe2O4. The
Mg3Fe4O9 phase has the same crystal structure that recently reported for Fe7O9, and thus represents the
Mg-end-member. From powder X‑ray diffraction, we find that hp-MgFe2O4 has a structure consistent
with an orthorhombic unit cell belonging to the Pmcn space group (no. 62). However, it could have
undergone a transformation from a different structure during decompression.
3+
2+
Experiments conducted with a Mg0.5Fe2+
0.5Fe2 O4 composition demonstrate that the addition of Fe
significantly changes the topology of the phase relations compared to the MgFe2O4 end-member
system. At 10–11 GPa and 1000–1600 °C, Mg0.5Fe0.5Fe2O4 breaks down to the assemblage MgFeFe2O5
+ Fe2O3, with the phase boundary described by: P (GPa) = 2.0 × 10–3 × T (°C) + 8.2. No stability field
for the constituent oxides [i.e., (Mg,Fe)O + Fe2O3] exists, in contrast to that observed for the MgFe2O4
end-member. The stability of the assemblage MgFe2+Fe3+
2 O5 + Fe2O3 is limited at higher pressures
and appears to pinch out to higher temperatures. At 15–16 GPa and temperatures up to 1350 °C, this
assemblage reconstitutes to form a hp-Mg0.5Fe0.5Fe2O4 phase. However, at higher temperatures a new
assemblage of (Mg,Fe)3Fe4O9 + Fe2O3 appears. The occurrence of such compositions suggests that
solid solution may be complete across the Mg3Fe4O9–Fe7O9 binary.
Our results further demonstrate that phase relations even in simple Fe-Mg oxides can become
complex at high pressures and temperatures and that phases with various novel stoichiometries (i.e.,
Mg3Fe4O9) may become stable. In addition, this study has implications for natural samples by helping to place constraints on the range in pressure and temperature at which a given sample formed.
For instance, magnetite or magnesioferrite entrapped as inclusions in diamond could have either
have crystallized directly, or formed from precursor phases at depths that exceed the stability of the
spinel-structured phases. Evidence for such high-pressure transformations can potentially be found
by investigating micro-textures.
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Introduction
Spinel-structured oxides are of petrologic and geochemical
interest because of their ability to incorporate both trivalent and
divalent cations such as Fe2+ and Fe3+. Thus, their Fe3+/ΣFe ratio
can be used as an indicator of the prevailing oxygen fugacity
(fO2). Aside from magnetite, incorporation of Mg, Al, or Cr (e.g.,
FeCr2O4, MgFe2O4, MgAl2O4) makes such oxides even more
relevant to the Earth. Several recent studies have demonstrated
that many spinel-structured phases have limited stability at conditions corresponding to depths > ~300 km (Akaogi et al. 1999;
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Schollenbruch et al. 2011; Woodland et al. 2012; Ishii et al. 2014,
2015; Uenver-Thiele et al. 2017). An exception is ringwoodite
[(Mg,Fe)2SiO4] that is stable in the lower half of the transition
zone between ~520 and 660 km depth (e.g., Frost 2003). In a
few cases, the breakdown products are the constituent oxides
(i.e., FeAl2O4, Schollenbruch et al. 2010, and MgAl2O4, Akaogi
et al. 1999). In many other cases, so-called “post-spinel” phases
or assemblages become stable. For example, Chen et al. (2003)
found two different high-pressure (hp) polymorphs of FeCr2O4
in experiments at pressures above 12 and 20 GPa, respectively.
Assemblages with phases having different stoichiometries have
also been reported, often involving a phase of A2B2O5 stoichiometry coexisting with a B2O3 sequioxide (where A and B represent
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