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INTRODUCTION

The distribution of A and B cations over octahedral and tetra-
hedral sites in a spinel is described by the inversion parameter x: 
(A1�xBx)[AxB2�x]O4. At ambient pressure, the inversion parameter 
changes with temperature, increasing for normal spinels and 
decreasing for inverse spinels. As for pressure increase at am-
bient temperature, no reliable data for the relationship between 
the inversion parameter and pressure has been obtained so far, 
even though the pressure in the diamond-anvil apparatus was 
high enough to destroy the crystal structure of spinel according 
to the reaction AB2O4 → AO + B2O3 (for MgFe2O4: Andrault and 
Bolfan-Casanova 2001; Levy et al. 2004). 

After in situ experiments Pavese et al. (1999a) found that 
the inversion parameter for MgAl2O4 (normal spinel) increased 
abruptly by 0.12 somewhere between 0.63 and 1.82 GPa. This 
effect was interpreted as a phase transition. Before and after the 
transition point, the inversion parameter was constant. However, 
Foley et al. (2001) have shown that a sharp discontinuity in cation 
ordering is a direct consequence of the assumptions built into the 
model used by Pavese et al. (1999a, 1999b). Recently, Meducin 
et al. (2004) investigated the temperature-dependence of the 
cation in synthetic spinel (MgAl2O4) using in situ time-of-ß ight 
neutron powder diffraction on heating from room temperature 
to ∼1600 K at pressures of ∼2.6 GPa, and found �that disorder-
ing occurs to a much greater extent in MgAl2O4 at pressure and 
that pressure favors disordering toward the inverse structure.� 
Relationship x(P) was not investigated but values x(T) for P ∼ 
2.6 GPa are evidently greater than those at ambient pressure. In 
NiAl2O4 (inverse spinel), the inversion parameter was also found 
to increase with pressure, which is accompanied by destruc-
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ABSTRACT

The cation distribution in magnesioferrite MgFe2O4 was investigated using a �piston-cylinder� 
apparatus at three pressures (ambient, 1, and 2 GPa) over a temperature range of 600 to 1200 °C. 
Quenched samples of magnesioferrite were investigated by X-ray powder diffraction. The inversion 
parameter was derived from the unit-cell parameter at ambient temperature. 

The inversion parameter increases with pressure, being a smooth function of P-T conditions.The 
changes in the cation distribution in magnesioferrite caused by the changes in P-T conditions produce 
the contributions to the bulk modulus (<0.01%) and thermal expansion coefÞ cient (12�60%). On 
average, the pressure increment of 0.01 GPa is compensated for by 1 °C heating. 

The effect of pressure on the cation ordering obeys the fundamental relationship (dV/dx)T,P (dx/dP)T 
< 0. The terms are (dV/dx) < 0 and (dx/dP) > 0 for MgFe2O4 and MgAl2O4. 

tion of the sample (Halevy et al. 2002). The experiments were 
carried out in situ and the results involved several phenomena 
(compressibility, recrystallization, apparatus drift, etc.). For this 
reason, Halevy et al. (2002) were not sure that the increase in 
the inversion parameter of NiAl2O4 does exist, and considered 
their own results �preliminary.�

Hazen and Yang (1997) have shown that the compressibility 
of pseudobrookite-type MgTi2O5 at ambient temperature depends 
on the inversion parameter of the investigated sample, decreasing 
by 6% when the inversion parameter increases from 0 to 0.667. 
They concluded that the elastic constants of mantle silicates 
that are subject to pressure-induced cation ordering must be 
reevaluated, taking into consideration the inversion parameter 
equilibrated with respect to both temperature and pressure. To 
follow this advice, one should measure P-T-x data for silicates 
with variable cation distributions, but such data are missing 
from the literature.

The objective of this work was to obtain experimental data 
for the relationship between P-T conditions and the inversion 
parameter. Considering in situ experiments not quite accurate for 
the investigation of the inversion parameter, we used quenching 
technique and X-ray powder diffraction to investigate the quan-
titative relationship x = f(P,T). We have chosen magnesioferrite 
MgFe2O4, inverse spinel, because it is a very suitable substance 
for this purpose: its properties under high temperature and high 
pressure have been investigated in many works and with high 
accuracy, especially by OʼNeill et al. (1992). They carefully in-
vestigated the relations between cation distribution and structural 
parameters in magnesioferrite and found that at ambient tem-
perature the lattice parameter (a0) is a function of the inversion 
parameter and is Þ t well by a straight line described by: 

x = 81.34 � 95.98 a0 (nm).     (1)* E-mail: dva@uiggm.nsc.ru


