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Phase transformation of ferric-iron-rich silicate in Earth’s mid-mantle
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ABSTRACT

The incorporation of ferric iron in mantle silicates stabilizes different crystal structures and
changes phase transition conditions, thus impacting seismic wave speeds and discontinuities. Recent
experiments of MgSiO3-Fe2O3 mixtures indicate the coexistence of fully oxidized iron-rich
�Mg0.5Fe3+0.5��Fe3+0.5Si0.5�O3 with Fe-poor silicate (wadsleyite or bridgmanite) and stishovite at 15 to
27 GPa and 1773 to 2000 K, conditions relevant to subducted lithosphere in the Earth’s transition zone
and uppermost lower mantle. X-ray diffraction (XRD) shows that �Mg0.5Fe3+0.5��Fe3+0.5Si0.5�O3 recovered
from these conditions adopts theR3cLiNbO3-type structure, which transforms to the bridgmanite struc-
ture again between 18.3 and 24.7 GPa at 300 K. XRD data are used to obtain the equation of state of
the LiNbO3-type phase up to 18.3 GPa. Combined with multi-anvil experiments, these observations
suggest that the stable phase of �Mg0.5Fe3+0.5��Fe3+0.5Si0.5�O3 is bridgmanite at 15–27 GPa, which trans-
forms on decompression to LiNbO3-type structure. Our calculation revealed that ordering of the ferric
ion reduces the kinetic energy barrier of the transition between �Mg0.5Fe3+0.5��Fe3+0.5Si0.5�O3 LiNbO3
structure and bridgmanite relative to the MgSiO3 akimotoite-bridgmanite system. A dense Fe3�-rich
bridgmanite structure is thus stable at substantially shallower depths than MgSiO3 bridgmanite and
would promote subduction.

Keywords: LiNbO3, bridgmanite, ferric iron, transition zone, lower mantle, phase transition,
equation of state

INTRODUCTION

Mineralogical differences due to chemical heterogeneity in
the mantle are crucial for understanding the dynamics of mantle
convection and driving forces for plate tectonics (Stixrude and
Lithgow-Bertelloni 2012; Faccenda and Dal Zilio 2017). The
average oxygen fugacity of the upper mantle has been underes-
timated (Cottrell and Kelley 2011), and orders of magnitude
heterogeneity in mantle oxygen fugacity suggest that both sub-
duction and plumes oxidize the mantle (Cottrell and Kelley
2013; Moussallam et al. 2019; Cottrell et al. 2021). Local iron
enrichment and high oxygen fugacity may also be found in
regions containing subducted basalt and hematite-rich sediment.
These variations in mantle oxidation may impact the stability
and equilibrium composition of major mantle minerals (e.g., Gu
et al. 2016), with corresponding effects on seismic velocities and
dynamics of downwelling slabs and upwelling plumes.

Recent experiments (Wang et al. 2021; Chanyshev et al.
2023) indicate that under oxidizing conditions in the transition
zone and uppermost lower mantle, Fe3� may partition out of
dominant silicates wadsleyite, ringwoodite, and bridgmanite
into a separate dense phase. In bulk compositions with 90–93%
MgSiO3 and 7–10% Fe2O3, experiments at 15–27 GPa and
1773–2000 K produce �Mg0.5Fe3+0.5��Fe3+0.5Si0.5�O3 coexisting
with wadsleyite and stishovite or bridgmanite and stishovite.
Because the Fe3�-rich phase forms within a much less Fe-rich
bulk composition, it could be found in oxidized natural litholo-
gies. However, these studies did not observe the structure of
�Mg0.5Fe3+0.5��Fe3+0.5Si0.5�O3 in situ at high pressure and tempera-
ture. Identifying this phase and its stability range and physical
properties is important to determine the mineralogy of oxidized
mantle and its impact on geophysics.

�Mg0.5Fe3+0.5��Fe3+0.5Si0.5�O3 recovered from lower mantle pres-
sures exhibits a structure within the corundum family, a group of
mineralswith related structures andmultiple possible cation order-
ings including corundum Al2O3 and hematite Fe2O3 (space group
R3̄c), hemleyite FeSiO3 and ilmenite FeTiO3 (space group R3̄),
LiNbO3-type wangdaoite FeTiO3 (space group R3c) (Navrotsky
1998; Dubrovinsky et al. 2009; Bindi et al. 2017; Xie et al.
2020), and an R3 modified corundum structure similar to the
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