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INTRODUCTION

Cation order-disorder processes are important in understand-
ing stabilities of minerals in the Earth s̓ mantle. Numerous studies 
have been carried out on spinels because of their chemical and 
structural simplicity, their geological importance, and their use 
as geothermometers, geobarometers, and geospeedometers (e.g., 
OʼNeill and Wall 1987; Sack 1982). Recently, the Þ rst in situ 
high-pressure and high-temperature experimental work on a nor-
mal spinel, MgAl2O4, was carried out (Méducin et al. 2004) and 
this study investigates cation disorder at high pressures and high 
temperatures in an inverse magnesioferrite spinel, MgFe2O4.

Spinels have the general formula AB2O4. The structure con-
sists of tetrahedrally coordinated cations at 8a (1/8, 1/8, 1/8), 
octahedrally coordinated cations at 16d (1/2, 1/2, 1/2), and O 
atoms on the body diagonals of a cube at 32e (u, u, u), where 
u is approximately 1/4 in space group Fd3�m. In fully �normal� 
spinels, the A cation occupies the tetrahedral (iv) site and the B 
cation occupies the octahedral (vi) site, iv[A]vi[B]2O4. In fully 
�inverse� spinels, the tetrahedral site contains only B cations 
and the octahedral site contains an equal number of A and B 
cations, so the octahedral site is disordered, iv[B]vi[AB]O4. Any 
intermediate spinel may be expressed as a mix of the normal 
and inverse endmembers with the general formula: iv[A1�xBx]vi

[Ax/2B1�x/2]2O4, where x is denoted the �inversion parameter�. This 
x is the fraction of B cations (in this case Fe3+) at the tetrahedral 
site. In normal spinels, x = 0, and in inverse spinels, x = 1. A 
value of x = 2/3 corresponds to a completely random distribution 
of A and B cations. In addition, an order parameter, Q, is used to 
express the degree of order in spinel (see Harrison et al. 1998). 
The parameter Q, varies from Q = 1 for a completely ordered 
normal spinel; to Q = 0 (where x = 2/3) for a random arrange-

ment of cations; to Q = �0.5 in inverse spinel. The relationship 
between Q and x is: Q = 1 � (3/2)x. The order-disorder process 
in spinels is termed �non-convergent� because there is no sym-
metry change upon cation disordering.

Relationships between the cubic cell parameter, a, and the in-
version parameter, x, exist for some spinels. For nearly �normal� 
spinels, the lattice parameter, a, of ZnAl2O4 (OʼNeill and Dollase 
1994) increases with the inversion parameter, x; for CoAl2O4 
a shows no change with x, while for ZnFe2O4 and MgAl2O4, a 
decrease with x (OʼNeill, personal communication). For FeAl2O4, 
a increases very slightly with x at low temperature, but then 
decreases above ∼900 ºC, probably due to non-stoichiometry 
(Larsson et al. 1994). Therefore, no simple generalization is pos-
sible between a and x. Hazen and Yang (1999) predicted that the 
inverse form of MgFe2O4 has a larger molar volume and is more 
compressible than the normal form. Recent in situ high tempera-
ture studies of MgFe2O4 discuss the variation of cation ordering 
with temperature (Antao et al. 2005; Levy et al. 2004).

In the present in situ study, the pressure effect on cation order 
has been determined for magnesioferrite at 6, 5, and 3 GPa and 
temperatures up to 1430 K. These results are used to compare 
the OʼNeill and Navrotsky (1983) thermodynamic model with 
the Landau (Carpenter et al. 1994; Carpenter and Salje 1994) 
thermodynamic model for equilibrium cation ordering.

EXPERIMENTAL METHODS

In situ high-pressure and high-temperature synchrotron 
powder X-ray diffraction

The brown MgFe2O4 sample was synthesized from equimolar amounts of dried 
reagent-grade oxides: MgO (slightly excess) and Fe2O3. Chemical analysis of the 
sample shows that it is stoichiometric and additional details are given elsewhere 
(Antao et al. 2005).

In situ high-temperature and high-pressure synchrotron powder X-ray diffrac-
tion experiments were performed at the high-pressure beamline ID30 [λ = 0.3738(4) * E-mail sytle.antao@stonybrook.edu 
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ABSTRACT

Disorder in stoichiometric magnesioferrite, MgFe2O4, was determined from in situ synchrotron 
powder X-ray diffraction data [λ = 0.3738(4) Å] at 6, 5, and 3 GPa and temperatures up to 1430 K. 
The a unit-cell parameter increases linearly on heating at the three different pressures. Higher pressures 
cause a smaller cell volume, as expected. Cation order was analyzed in terms of the inversion parameter, 
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inversion parameter increases in inverse MgFe2O4 spinel. OʼNeill and Navrotsky (1983) and Landau 
models were used to describe the equilibrium non-convergent ordering process in MgFe2O4, and they 
both Þ t the data well.


