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Abstract
3+
A novel Mg-bearing iron oxide Mg0.87(1)Fe2+
4.13(1)Fe4 O11 was synthesized at 12 GPa and 1300 °C
using a large volume press. Rietveld structural analysis was conducted with a laboratory X‑ray diffraction pattern obtained at ambient conditions. The crystal structure, which has one oxygen trigonal
prism site and four octahedral sites for the cations, was found to be isostructural with Ca2Fe7O11. The
unit-cell lattice parameters are a = 9.8441(5) Å, b = 2.8920(1) Å, c = 14.1760(6) Å, β = 99.956(4)°,
V = 397.50(3) Å3, and Z = 2 (monoclinic, C2/m). Mg and Fe cations are disordered on the trigonal
prism site and on two of the four octahedral sites, and the remaining Fe is accommodated at the other
two octahedral sites. The present structure is closely related to the other recently discovered Fe oxide
structures, e.g., Fe4O5 and Fe5O6, by distortion derived either from incorporation (Fe4O5) or removal
(Fe5O6) of an edge-shared FeO6 single octahedral chain in their structures. The present synthesis at
deep upper mantle conditions and the structural relationships observed between various novel Mg-Fe
oxides indicate that a series of different phases become stable above 10 GPa and that their relative
stabilities (Fe2+/Fe3+) must be controlled by oxygen fugacity.
Keywords: Iron oxide, high-pressure synthesis, Walker-type multi-anvil apparatus, Rietveld
analysis, X‑ray diffraction, Fe9O11

Introduction
The Fe-O system is fundamental for understanding redox
processes operating in the Earth’s interior. The iron oxides, Fe2+O
3+
wüstite, Fe2+Fe3+
2 O4 magnetite, and Fe2 O3 hematite, have been
known for a long time, and their relative stabilities are directly
related to the local oxygen fugacity ( fO2) that controls the Fe2+/Fe3+
in mineral assemblages. Recent experimental studies have revealed
several new mixed-valence Fe-oxides to be stable at high pressures
and temperatures, such as the orthorhombic-structured phases
3+
2+
3+
Fe2+
2 Fe2 O5 and Fe3 Fe2 O6 (Lavina et al. 2011; Woodland et al.
2012, 2015; Lavina and Meng 2015). More recently, Sinmyo et al.
3+
(2016) reported the synthesis of monoclinic-structured Fe2+
3 Fe4 O9
at 25 GPa. These discoveries imply that several iron oxides with
different stoichiometries may be stable at conditions corresponding
to the deep upper mantle and transition zone.
These three new high-pressure Fe-oxides are structurally related
to calcium titanite (CT)-type Fe3O4, which is a high-pressure polymorph of magnetite (Haavik et al. 2000; Dubrovinsky et al. 2003).
They also follow similar structural systematics to those observed in
the family of Ca-ferrite-based phases (Evrard et al. 1980). CT-type
Fe3O4 consists of double chains of edge-shared FeO6 octahedra
running parallel to one of the orthorhombic cell axes. Cornerand edge-sharing of the four double chains form an octahedral
framework with a tunnel-like space in which Fe coordination is
trigonal prismatic. The stoichiometry of the new iron oxides can
3+
be expressed as Fe2+
1+nFe2 O4+n (where n = 0 for Fe3O4, n = 0.5 for
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Fe7O9, n = 1 for Fe4O5, and n = 2 for Fe5O6) by addition of FeO6
octahedral blocks into a CT-type Fe3O4 structure (Evrard et al. 1980;
Guignard and Crichton 2014; Sinmyo et al. 2016; Bykova et al.
2016). Thus, additional high-pressure iron oxides with other values
of n are expected to be stable. It has been also demonstrated that
Fe4O5 and Fe7O9 form solid solutions with the Mg-end-members
such as Mg2Fe2O5 and Mg3Fe4O9, suggesting the possible existence
of complicated Mg-Fe oxides in the deep mantle (Boffa Ballaran
et al. 2015; Uenver-Thiele et al. 2017a, 2017b).
3+
Recently, a new monoclinic Fe2+
5 Fe4 O11 phase corresponding to
2+
3+
Fe1+nFe2 O4+n [n = 1.5] was reported by Woodland et al. (2016) from
a synthesis experiment at 11 GPa. Although the powder diffraction
pattern was consistent with a Ca2Fe7O11-type structure (Malaman
et al. 1981), it could not be analyzed in detail because of extensive peak overlap with coexisting phases and the crystal quality
precluded analysis by single-crystal diffraction. In this study, we
successfully synthesized a single phase of Fe9O11 phase by doping
a small amount of Mg component, namely Mg0.9Fe8.1O11. We report
the synthesis and crystal structure of Mg0.9Fe8.1O11 analyzed by the
Rietveld method. We also discuss its structural relationship to the
family of Mg-Fe oxides and its potential stability in the mantle.

Experimental methods
High-pressure high-temperature synthesis
The starting material was a stoichiometric mixture of pre-synthesized MgFe23+O4
0
[magnesioferrite (Mf)], Fe2+Fe3+
2 O4 [magnetite (Mt)] and Fe metal powder (Chempur,
3+
99.5%) with a grain size ≤10 μm, giving a nominal composition of Mg0.5Fe2+
2.5Fe2 O6.
Details of the syntheses and characterizations of Mf and Mt are described in UenverThiele et al. (2017a) and Schollenbruch et al. (2011), respectively. The unit-cell
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