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INTRODUCTION

The spinel crystal structure (Fd3
�
m) plays a central role in the 

mineralogy of the Earth. Indeed, magnesium aluminate spinel 
(MgAl2O4) is an important rock-forming mineral for the crust 
and upper mantle and ringwoodite (Mg2SiO4) dominates the 
lower part of the transition zone (520�660 km). Although elastic 
properties have been determined for both minerals, several is-
sues have been raised in the past that motivate a Þ rst-principle 
analysis of these properties as cation-order is perturbed and as 
a function of pressure. 

The capability of cation exchange over tetrahedral and octa-
hedral sites in spinel introduces potential variation in physical 
properties. Hazen et al. (1993) found evidence for a signiÞ cant 
amount of disorder in the ringwoodite phase at mantle pres-
sures and temperatures. Subsequently, Hazen and Yang (1999) 
proposed that the bulk moduli of spinel and ringwoodite depend 
on the degree of cation ordering. In the case of ringwoodite, the 
variation in bulk modulus is signiÞ cant enough to affect seismic 
velocities. These authors used a polyhedral model for estimat-
ing bulk modulus and did not make similar calculations for the 
shear moduli, which are potentially more effective in altering the 
seismic signature than is the bulk modulus. Another study (Kiefer 
et al. 1999) used density functional theory with a molecular 
dynamic basis to calculate the properties of normal and inverse 
ringwoodite spinel and reported a decrease of around 10% in bulk 
modulus. Extensive experimental research has been focused on 
the exchange of cations over different crystallographic sites in 
spinel triggered by temperature (Andreozzi and Princivalle 2002; 
Redfern et al. 1999). Theoretical calculations are also carried out 
on the kinetics and disorder thermodynamics of spinel (Haiber et 

al. 1997; Rocha and Thibaudeau 2003; Warren et al. 2000). Even 
though elastic properties of spinel have been derived by using 
different techniques such as Brillouin spectroscopy (Askarpour 
et al. 1993; Weidner et al. 1984), resonant sphere technique 
(Suzuki et al. 2000), equation of state measurement in diamond 
anvil cell (Kruger et al. 1997; Levy et al. 2003; O�Connell and 
Graham 1971), ultrasonic technique in hydrostatic multi-anvil 
type cell (Yoneda 1990) and quantum mechanical simulation 
(Gracia et al. 2002; Kiefer et al. 1997), etc., elastic constants 
have not been measured experimentally at well-deÞ ned degrees 
of disorder. Here we use density functional theory to calculate 
all elastic moduli as a function of cation disorder for these two 
important materials.

Magnesium aluminate spinel has been the center of many 
elasticity investigations. One reason is that its elastic anisotropy 
of 2.4 is very large compared to most cubic materials. The anisot-
ropy, which is deÞ ned by the ratio of the c44 shear modulus and 
the cS shear modulus, indicates that the cS [½(c11 � c12)] mode is 
relatively soft. Yet this same elastic parameter is nearly one for 
ringwoodite (Weidner et al. 1984). In light of these observations, 
it is interesting to consider whether or not pressure will increase 
the anisotropy of spinel, by lowering the cS modulus and drive it 
through a soft mode transition. It is important to assess whether 
or not a similar phenomenon will occur for ringwoodite. To 
address these issues, we demonstrate that the density functional 
theory does indeed provide an accurate accounting of the elastic 
anisotropy for spinel, thus assuring us of its ability to accurately 
predict this character of ringwoodite. 

A Þ nal interesting report of the properties of the elastic prop-
erties of spinel comes from the observed pressure dependence 
of the bulk modulus. Ultrasonic measurements by (Chang and 
Barsch 1973) in the extrapolation of elastic constants up to 25 
GPa shows a possible decrease in bulk modulus with pressure. * E-mail: lilli@ic.sunysb.edu
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ABSTRACT

We present here a Þ rst principle computational study of the effect of cation disorder on the elastic-
ity of spinel. Our calculated elastic moduli and structural parameters are comparable with reported 
experimental and theoretical results. We Þ nd that bulk modulus for MgAl2O4 spinel does not soften 
at pressure as high as 27 GPa, while shear modulus cS [½(c11 � c12)] decreases with pressure. Disorder 
increases both the bulk modulus and shear modulus in aluminate spinel, but decreases both for the 
silicate spinel. The elastic properties of ringwoodite are signiÞ cantly affected by Si-Mg disorder; a 10% 
disorder decreases the seismic velocities by 3�5%. Thus, a small amount of disorder will signiÞ cantly 
affect seismic observations.
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