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Effects of cation substitution and order-disorder on P-V-T equations of state of
cubic spinels
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INTRODUCTION

Mineralogical models of Earth’s deep interior are devised
and constrained by comparing the elasticity of geochemically
plausible mineral phases to observed seismic velocities
(Weidner and Ito 1987; Ita and Stixrude 1992, 1993; Zhao and
Anderson 1994; Angel 1997). Tabulations of mineral elastic
constants typically record the structure type and major element
composition of phases—a convention that implies that other
compositional and structural variables are of secondary im-
portance (Carmichael 1989; Ahrens 1995). Here, we demon-
strate that this assumption may be invalid for some phases of
geophysical interest.

Hazen and Navrotsky (1996) reviewed effects of pressure
on order-disorder reactions, and demonstrated that many phases
display a significant volume of disordering, ∆Vdis = Vdisordered –
Vordered. Silicates with Mg-Fe ordering commonly have ∆Vdis up
to 0.5%, while values exceeding 2% obtain in some mixed-
valence oxides and sulfides. In this study we analyze additional
effects of cation ordering on compressibility and thermal ex-
pansion. The possibly significant role of cation ordering on
equations of state (EOS) has long been recognized; Jackson et
al. (1974) and Liebermann et al. (1977), for example, used
velocity-density systematics to infer that cation ordering af-
fects spinel elasticity.

Direct evidence for the influence of cation ordering on the
EOS of a dense oxide was subsequently provided by Hazen
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and Yang (1997), who demonstrated that the bulk modulus of
stoichiometric pseudobrookite-type MgTi2O5 varies by 6%,
depending on the ordered state of Mg and Ti in two different
octahedral sites. Such studies are usually difficult because they
require a suite of compositionally identical crystals with a range
of ordered states. The case of cubic spinels is special, how-
ever, because effects of cation substitution and order-disorder
reactions on EOS can be calculated from geometrical argu-
ments and well-established crystal chemical systematics. This
study predicts effects of compositional variation and cation
order-disorder reactions on the P-V-T equations of state of cu-
bic spinels. Implications for other presumed mantle phases are
discussed.

CUBIC SPINELS

Cubic spinel oxides with the structural formula AB2O4

(space group Fd3m) have two symmetrically distinct cation
sites, with two octahedrally coordinated cations for each tetra-
hedrally coordinated cation. “Normal” spinels are fully ordered
([4]A[6]B2O4), while “inverse” spinels are disordered on the oc-
tahedral site only [[4]B[6](AB)O4]. Maximum disorder on both
tetrahedral and octahedral sites is obtained for the intermedi-
ate form, [4](A0.33B0.67)[6](A0.67B1.33)O4.

The spinel structure features tetrahedrally coordinated cat-
ions at (1/8,1/8,1/8), and octahedrally coordinated cations at
(1/2,1/2,1/2). The oxygen atom also lies on the cube body di-
agonal at (u,u,u), where u is approximately 1/4. The cubic spinel
structure thus has only two structural variables—the unit-cell
edge a and the oxygen positional parameter u. The structure is
completely determined, therefore, by its two independent cat-
ion-anion distances, designated dT and dO (Hill et al. 1979;*E-mail: hazen@gl.ciw.edu


