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INTRODUCTION

A nearly ideal cubic close-packed array of oxygen atoms
with one eighth of tetrahedral (T) and one half of octahedral
(M) sites filled by heterovalent cations characterizes multiple
oxides with the spinel structure (space group Fd3

–
m). With ori-

gin at 3–m, T and M sites have fixed coordinates 1/8 1/8 1/8 and
1/2 1/2 1/2, respectively, and oxygen occupies a 3m point sym-
metry site with u u u coordinates. Spinel has the general for-
mula (A1–xBx)[AxB2–x]O4, where parentheses refer to the
tetrahedral site, square brackets to the octahedral sites, and x to
the inversion parameter. In common 2-3 spinels several diva-
lent (A) and trivalent (B) cations can enter both T and M sites.
Inversion degree x, defined as the fraction of B-type cations in
the tetrahedral site, can vary from 0 to 1 in normal and inverse
spinels respectively, assuming the value of 2/3 for a completely
random distribution. The order-disorder of spinels is “non-con-
vergent” (i.e., the same symmetry is maintained at any inver-
sion), so that x may be used as a measure for cation disordering
since it asymptotically approaches the value of 2/3 on increas-
ing temperature (Sack and Ghiorso 1991).

In geologic environments, the chemical and structural varia-
tions in spinels have been shown to be dependent on both
paragenesis and P-T history and, because of this, they are use-
ful as petrogenetic indicators (Sack 1982; Mattioli and Wood
1988; Princivalle et al. 1989, 1999). Modeling of cation distri-
butions with temperature and composition in the spinel system
has been done using various approaches (O’Neill and Navrotsky

1984; Lehmann and Roux 1986; Nell et al. 1989; Della Giusta
and Ottonello 1993), but the existing discrepancies need addi-
tional and more accurate experimental data to be constrained.

The MgAl2O4 end-member is one of the most common com-
ponents of natural spinel solid solutions. Cation ordering as a
function of temperature in natural and synthetic MgAl2O4 has
been studied using several analytical methods: ESR of impu-
rity Cr cations (Schmocker and Waldner 1976), X-ray diffrac-
tion (Yamanaka and Takéuchi 1983), NMR (Wood et al. 1986;
Millard et al. 1992; Maekawa et al. 1997), and neutron diffrac-
tion (Peterson et al. 1991; Redfern et al. 1999). Conflicting
data exist for the maximum temperature at which an increase
of disorder can be observed. According to in situ experiments
of Schmocker and Waldner (1976) this temperature is 900–950 °C,
whereas other works revealed increasing disorder up to 1600 °C
(Yamanaka and Takéuchi 1983; Maekawa et al. 1997; Redfern
et al. 1999). Discrepancies remain among the published data in
terms of inversion degree corresponding to a certain tempera-
ture and vice versa. As an example, the same inversion has
been attributed to temperatures which may differ by more than
500 °C, thus preventing accurate thermodynamic modeling of
Mg-Al disordering with temperature and hence any exploita-
tion of the x-T relation for petrologic and geophysical purposes.
The difference between the methods used to measure inver-
sions as well as some undetected deviations of the studied
samples from nominal MgAl2O4 stoichiometry may be respon-
sible for these discrepancies.

Pure MgAl2O4 is rare in nature and its synthetic analogue
may be prepared by various methods and at different tempera-
tures, which may produce unexpected defects and deviations
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ABSTRACT

The equilibrium distribution of Mg and Al between the tetrahedral and octahedral sites of a flux
grown, stoichiometric MgAl2O4 spinel was investigated between 600 and 1100 °C by single-crystal
X-ray diffraction of quenched samples. The cation distribution for both ordering and disordering
runs was obtained by minimizing accurate crystallographic parameters and effective ionic radii.
Along with the variation of the degree of inversion from 0.18 to 0.29 between 600 and 1100 °C, both
unit cell and oxygen positional parameter decreased linearly. Multiple non-linear least-squares fit of
our data with the thermodynamic model of O’Neill and Navrotsky (1983) gave α = 23 ± 2 KJ/mol
and β = 13 ± 4 KJ/mol. The influence of both cation inversion and thermal expansion on T-O and M-
O bond length variation was determined by comparison of our data with previous in situ studies. In
the thermal interval investigated, the inversion accounts for change of –0.014 Å for T-O and +0.007 Å for
M-O. Mean linear polyhedral thermal expansion coefficients of 6.5 × 10–6 °C–1 and 8.9 × 10–6 °C–1 were
calculated for T and M sites, respectively.
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