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INTRODUCTION

Interest in seismic proÞ les through the Earth�s crust and 
mantle is usually focused on the anomalies, which might be 
discontinuities or breaks in slope of velocity with depth. These 
are typically explained in terms of changes in bulk composition 
and/or mineral assemblage. In the case of olivine ↔ wads-
leyite, changes in density and seismic velocity occur among 
olivine-bearing and wadsleyite-bearing assemblages across a 
narrow reaction zone in which both phases coexist. Pressure 
and temperature conditions for the reaction are known from 
experimental or computed phase diagrams, so that information 
on the temperature and bulk composition as a function of depth 
can be extracted (e.g., Agee 1998). The proÞ le for a displacive 
phase transition would be quite different, however. For example, 
the α ↔ β transition in quartz has associated changes of single 
crystal elastic constants that start to develop at temperatures 
signiÞ cantly away from the transition point itself (Fig. 1a, after 
Carpenter et al. 1998a). There is a density change of up to ~4% 
as a function of temperature (Fig. 1b), but this is accompanied 
by a total change in the bulk modulus of ~100%. In the vicinity 
of the transition point, the change in bulk modulus can even 
exceed this value. By way of contrast, the shear modulus barely 
changes and the result is a distinctive pattern of compressional 
and shear wave velocities (Fig. 1d). Mechie et al. (2004) claim 
to have identiÞ ed this transition in a seismic proÞ le  from quartz-
rich rocks in the Tibetan crust. Because the phase diagram is 

well-known and does not depend on what other phases might or 
might not be present, Mechie et al. were able to obtain a precise 
determination of the temperature at a depth of 18 km. There are 
several minerals, including silicate perovskites, clinopyroxenes, 
stishovite, and wüstite, which undergo phase transitions at high 
pressures and temperatures (e.g., Bina 1998; Prewitt and Downs 
1998). It is well established that displacive transitions can give 
rise to a wide variety of elastic anomalies, which depend on the 
exact mechanism and thermodynamic character of the transi-
tion (Carpenter and Salje 1998, and many references therein). 
Therefore, the expectation must be that these too would give 
rise to quite distinctive, if not unique, patterns of seismic veloc-
ity variation. They might then convey precise temperatures for 
points on the geotherm within the mantle.

Geophysical considerations form only part of a wider interest 
in the elastic behavior of silicates and oxides. Elastic properties 
differ fundamentally from many other equilibrium properties 
in that they depend on the second derivative of free energy 
rather than the Þ rst derivative. In other words, they are related 
to the shape of the free energy potential and not simply to the 
location of minima. As a result, they are highly sensitive to any 
structural change that occurs in a crystal, to the extent that the 
comparison of values calculated from a model with values from 
experiments often provides a stringent test for the validity of the 
model. Elasticity is also an important factor in the development 
of ferroelectric and piezoelectric ceramics. Against this general 
background, the purpose of the present paper is to present a 
quantitative analysis of the inß uence on elastic properties of 
non-convergent cation ordering in spinel, convergent ordering 
in anorthite, displacive transitions in stishovite and SrTiO3, and 
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ABSTRACT

Elastic anomalies that accompany cation ordering and displacive phase transitions can be under-
stood in terms of coupling between strain components and the driving order parameter in Landau 
free energy expansions. Non-convergent cation ordering in spinel, MgAl2O4, is accompanied by 
changes in individual elastic constants, shear modulus, and bulk modulus that vary linearly with the 
order parameter. Convergent cation ordering, such as Al/Si ordering in anorthite, is expected to give 
changes in elastic properties that scale with the square of the order parameter. The elastic anomalies 
that develop in association with displacive phase transitions show greater diversity, due to the addi-
tional inß uence of the order parameter susceptibility. These are illustrated for the cases of the proper 
ferroelastic transition at high pressure in stishovite and the improper ferroelastic transition in SrTiO3 
perovskite. Low temperature transitions in lawsonite show a more complex pattern of softening and 
stiffening that depends on coupling with both cation ordering and displacive processes. Variations of 
the spontaneous strain and elastic constants are indicative of the underlying thermodynamic mechanism 
for a phase transition. If any such transitions occur in minerals of the Earth�s crust or mantle they 
should be identiÞ able from their distinctive inß uence on seismic velocities.
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