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Abstract

The compressibility and structural behavior of the novel Mg2Fe2O5 oxide has been investigated by 
in situ single-crystal X‑ray diffraction in a diamond-anvil cell up to a pressure of 17 GPa. The bulk 
compressibility of Mg2Fe2O5 can be described using a second-order Birch-Murnaghan equation of 
state (BM2 EoS) with V0 = 352.4(2) Å3 and K0 = 171(4) GPa. Three linear BM2 EoS were used to 
describe the axial compressibility of Mg2Fe2O5, which was found to be highly anisotropic. The a and 
b lattice parameters have very similar compressibilies, with a0 = 2.8917(11) Å and linear modulus Ma 
= 572(16) GPa and b0 = 9.736(3) Å and linear modulus Mb = 583(15) GPa, respectively. The c-axis is 
the most compressible direction as indicated by the smaller linear modulus [c0 = 12.520(15) Å and Mc 
= 404(28) GPa]. The Mg2Fe2O5 structure consists of edge-sharing octahedra alternating with layers 
of trigonal prisms. The compression behavior of the M-O bonds of the M1 and M2 octahedra and of 
the M3 prisms depend on their location in either an edge-sharing environment, which makes them 
stiffer, or a corner-sharing environment where they have more freedom to distort and compress. The 
main compression mechanism consists of a polyhedral tilting around the M2-O1-M2 angle, which 
decreases with increasing pressure. Mg2Fe2O5 has recently been added to the list of stable end-members 
of phases with M4O5 stoichiometry, making it a potentially relevant phase in the Earth’s upper mantle 
and transition zone. To develop thermodynamic activity-composition models for high-pressure phases, 
it is crucial to know the accurate elastic parameters of each individual end-member. Currently these 
have only been measured for Mg2Fe2O5 (this study) and Fe4O5.
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Introduction

A novel oxide phase, Fe4O5, was recently discovered to be 
stable at upper mantle and transition zone conditions through 
the oxidation of siderite (Lavina et al. 2011) or the breakdown 
of magnetite (Woodland et al. 2012). More recently, Myhill et 
al. (2016) combined experimental observations with thermody-
namic models and confirmed the stability of Fe4O5 between 8 
and 22 GPa. Also, other spinel-structured phases such as chro-
mite (FeCr2O4), Mg-chromite (MgCr2O4), and magnesioferrite 
(MgFe2O4) have been found to break down to Fe2Cr2O5+Cr2O3 
(Ishii et al. 2014), Mg2Cr2O5+Cr2O3 (Ishii et al. 2015), and 
Mg2Fe2O5+Fe2O3 (Uenver-Thiele et al. 2017), respectively, 
at conditions similar to those reported for magnetite. Among 
these four end-members the Fe3+/ΣFe varies between 0 and 1.0 
making these phases stable over a large range of oxygen fugaci-
ties, fO2. Moreover, solid solutions between Fe4O5 and Fe2Cr2O5 
or Mg2Fe2O5 have also been reported (Woodland et al. 2013), 
suggesting that these novel oxides with M4O5 stoichiometry 
may be relevant for the mineralogy of parts of the Earth’s upper 
mantle and transition zone. Knowledge of the elastic parameters 
of these phases is thus crucial for constraining their properties 
and predicting their stability. So far, elastic parameters have 
only been obtained for Fe4O5 (Lavina et al. 2011), and these 

were used in the recent thermodynamic activity-composition 
model for Fe4O5–Mg2Fe2O5 binary solid solutions (Myhill et al. 
2016) with the assumption that the elastic behavior of the two 
end-members was identical. However, it is very likely that the 
elastic properties for Mg2Fe2O5 differ significantly from those 
of the Fe-end-member in a fashion similar to that observed for 
the analog spinel-structured phases. For example, magnetite 
has a larger bulk modulus (198 GPa, Haavik et al. 2000) than 
that reported for magnesioferrite (177.7 GPa, Levy et al. 2004).

At ambient conditions Mg2Fe2O5 is isostructural with Fe4O5 
(orthorhombic with space group Cmcm), but it has smaller lattice 
parameters: a = 2.8889(4), b = 9.7282(4), and c = 12.5523(7) 
Å (Boffa Ballaran et al. 2015). Its structure consists of layers 
of edge-sharing octahedra (M1 and M2) alternating with layers 
of trigonal prisms M3 (Fig. 1). Mg and Fe can occupy all three 
crystallographic sites M1, M2, and M3, although Mg prefers 
the M3 site (Boffa Ballaran et al. 2015). The cation that oc-
cupies the M3 site is responsible for the height of the trigonal 
prism expressed as the O3-O3 (O1-O1) interatomic distances, 
and consequently, the corresponding a-parameter. Given that 
Mg is smaller than Fe2+, the shorter a-axis is in agreement with 
the preference of this cation for the M3 site (Boffa Ballaran et 
al. 2015). It has also been found that the substitution of Mg at 
the M1 and M2 sites reduces the octahedral distortion (Boffa 
Ballaran et al. 2015) observed in the pure Fe4O5 end-member 
(Lavina et al. 2011). The structural differences between the two 
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