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INTRODUCTION

Because spinels are important minerals in the Earth mantle 
rocks, their properties have been the subject of many studies. At 
increasing pressure and temperature they either transform into a 
high-pressure phase or break down into constituent oxides (Ring-
wood and Reid 1969). Thermodynamics for magnesioferrite, 
MgFe2O4, predicts the breakdown of its structure into periclase, 
MgO, and hematite, Fe2O3, at elevated pressure and temperature. 
Since iron and magnesium are two of the most important con-
stituents of the mantle, the study of the high-pressure behavior 
of MgFe2O4 may provide information useful in understanding the 
Earth�s interior. In addition, host phases for the possible existence 
of Fe3+ in the mantle are not fully clariÞ ed and MgFe2O4 may be 
one of the candidates.

Magnesioferrite is an inverse ferrimagnetic spinel at ambi-
ent temperature and pressure that crystallizes in the cubic space 
group Fd3m (Z = 8). To describe the inverse structure magne-
sioferrite may be written as (Mg1�xFex)(MgxFe2�x)O4, where x is 
the temperature-dependent inversion parameter.

Thermodynamic calculations of many AB2O4 spinels show 
that at high pressure the spinel structure becomes unstable with 
respect to its constituent oxides, resulting in breakdown of that 
structure. However, as shown experimentally, this is not always 
the case; instead, many spinels transform directly into a denser 
post-spinel phase. Ringwood and Reid (1969) experimentally 
investigated the high-pressure transformation of several spinels. 
They observed transformations which earlier had only been pre-
dicted from thermodynamic calculations. The suggested structure 

types for the dense post-spinel phase are CaFe2O4, CaMn2O4, 
and CaTi2O4, where the large Ca2+ ion is eight-coordinated and 
the smaller M3+ (M3+ = Fe3+, Mn3+, Ti3+) ions are six-coordinated 
with oxygen. The three high-pressure structures differ in the 
degree of distortion.

Several experimental studies conÞ rmed the results of Ring-
wood and Reid (1969). Liu (1975) observed the breakdown of 
spinel, MgAl2O4, into the constituent oxides MgO and Al2O3 at 
a pressure above 15 GPa and a temperature between 1000-1400 
°C. Irifune et al. (1991) reported the formation of a high-pres-
sure phase of MgAl2O4 from the breakdown products above 
25 GPa and 1500 °C, with the CaFe2O4-type structure. Further 
studies by Funamori et al. (1998) revealed that this CaFe2O4-type 
structure of MgAl2O4 transforms to the CaTi2O4-type structure 
above 40 GPa, using laser heating at temperatures between 2000 
and 3000 K. 

Due to its postulated presence in the mantle, magnetite 
(Fe3O4) is one of the most investigated spinels under high pres-
sure. Extensive solid solution exists between MgFe2O4 and Fe3O4. 
Both have the inverse spinel structure and contain Fe3+, which is 
of special interest because of the unclear role of Fe3+ in the lower 
mantle. The high-pressure phases of Fe3O4 and MgFe2O4 were 
Þ rst observed by Mao et al. (1974) and Mao and Bell (1974), 
respectively, using in situ X-ray diffraction at pressures above 
20 GPa. The formation of high-pressure phases of Fe3O4 and 
MgFe2O4 was further conÞ rmed from Mössbauer spectroscopy 
by Mao et al. (1977), appearing as non-magnetic phases at room 
temperature. In a second Mössbauer study of Fe3O4 up to 66 GPa 
at 300 K by Pasternak et al. (1994), two distinct iron sites belong-
ing to the high-pressure phase could be seen in the Mössbauer 
spectra. Based on synchrotron XRD, Fei et al. (1999) suggested * E-mail: soÞ a.winell@geo.uu.se
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ABSTRACT

The high-pressure transformation of MgFe2O4 was studied by Mössbauer and Raman spectroscopy 
and synchrotron X-ray diffraction using the DAC technique and laser annealing at temperatures of 
1500�2000 K. The high-pressure phase of MgFe2O4 was observed from in situ Mössbauer spectra 
at 17 ± 1 GPa after laser annealing by the appearance of two quadrupole doublets. This indicates a 
disordered distribution of Mg and Fe in an early stage. The displacive nature of the transformation of 
the spinel into its high-pressure polymorph was shown at increasing pressure by the redistribution of 
iron into only one site. After decompression Mössbauer spectroscopy revealed the presence of Fe2O3 
in the sample. This was further conÞ rmed by Raman spectroscopy at ambient conditions and by in situ 
high-pressure XRD, indicating a partial breakdown of the spinel into its constituent oxides MgO and 
Fe2O3. The XRD pattern of the high-pressure phase of MgFe2O4 can be indexed in agreement with the 
CaMn2O4-type structure, with cell parameters a = 2.775(2), b = 9.283(16), and c = 9.446(5) Å at 23 ± 2 
GPa. The multiphase spectra from all three analytical methods suggests that inhomogeneous conditions 
prevailed in the DAC experiments, resulting in two different reactions at high pressure and temperature, 
i.e., T < 1800 K: MgFe2O4 → Fe2O3 + MgO and T > 1800 K: MgFe2O4 → hp-MgFe2O4.
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