
American Mineralogist, Volume 90, pages 1840�1851, 2005

0003-004X/05/1112�1840$05.00/DOI: 10.2138/am.2005.1854      1840

INTRODUCTION

An understanding of the behavior and properties of mantle 
materials at deep Earth pressures and temperatures is important 
for several reasons, including the geophysical and geochemical 
modeling of the earth and other planetary bodies (Mao and Hem-
ley 1998). An important terrestrial example is the interpretation 
and analysis of seismic data. Direct observation of Earth materi-
als at mantle conditions is extremely challenging. Much accepted 
understanding of the deep Earth results from the extrapolation of 
observations made at lower temperatures and/or pressures. This 
work can be extended by virtual investigations into the mantle 
using various kinds of models.

The term pyroxene refers to a group of minerals and synthetic 
materials with similar crystal structures that include important 
components of the Earthʼs crust and mantle, lunar and Martian 
rocks, and meteorites (Deer et al. 1978). Variations in the volumes 
of pyroxenes as functions of P, T, and x need to be understood to 
develop realistic mineralogical models of the upper mantle that 
are consistent with seismic proÞ les. Theoretical approaches to 
developing equations of state include quantum statistical tech-
niques, lattice dynamics (cf. Duffy and Wang 1998), molecular 
dynamics simulations (cf. Matsui and Price 1992), and topologi-
cal models with energy modeling (cf. Matsui and Busing 1984). 
In this paper, we apply the topological model of Thompson and 

Downs (2004) to the analysis of volume changes in C2/c pyrox-
enes with P, T, and x.

Many studies have utilized topological models of pyroxenes 
to analyze observed structures (cf. Thompson 2004). Thompson 
(1970) used physical models of regular octahedra and tetrahedra 
to derive rules governing the relationships between octahedral 
and tetrahedral chains in hypothetical idealized pyroxenes and 
to predict the most likely high-pressure polymorphs. Papike et 
al. (1973), building on the work of Thompson (1970), suggested 
explanations for the observed tetrahedral chain geometries in 
pyroxenes. Pannhorst (1979, 1981) presented model pyroxenes 
built from planar subunits and emphasized the role of M2-O3 
bonding changes in transitions between the polymorphs. Ch-
isholm (1981, 1982) built model pyroxenes from linear subunits, 
and proposed a rule for combining them that limited the number 
of possible polymorphs, but allowed the commonly occurring 
ones. Downs (2003) used analysis of procrystal electron densi-
ties to determine the bonding topologies of the pyroxenes and 
further established the relationship between M2-O3 bonding 
and symmetry. Hattori et al. (2000) derived the crystal structure 
of an ideal cubic closest-packed C2/c pyroxene to demonstrate 
that FeGeO3 moves toward CCP with pressure. Thompson and 
Downs (2003) derived cell parameters and asymmetric units 
for the 81 possible ideal closest-packed pyroxenes based on 
stacking sequences of length 12 or less to Þ nd crystallographic 
parameters important in determining observed topologies. The 
last two studies provided the means for quantitative comparison * E-mail: thompson@geo.arizona.edu
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ABSTRACT

Variations in unit-cell volumes of mantle minerals as functions of P and T are important param-
eters in the description of the interior of the Earth and the behavior of materials. Recently, Thompson 
and Downs (2004) presented a model for the crystal structures of pyroxenes parameterized in terms 
of the O3-O3-O3 angle, θ, and the oxygen radius, r. This model has proven useful in the analysis 
of compression and expansion mechanisms in pyroxenes, providing an understanding of θ and r as 
functions of P and T. However, it did not provide a basis for analyzing changes in some properties 
that are strongly dependent on composition. 

In this paper, we show that ambient unit-cell volumes of the C2/c pyroxenes are correlated with 
M1 cation radius. This relationship can be used to calculate model ambient unit-cell volumes as a 
function of chemistry. From this starting point, pyroxene unit-cell volume variation with P and T can 
be modeled as a function of θ(P,T) and r(P,T). These relationships are investigated for diopside, heden-
bergite, acmite, jadeite, and kosmochlor. The model reproduces observed unit-cell volumes of these 
phases recorded at P to within 0.09% and at T to within 0.10%, at simultaneous P and T for jadeite to 
within 0.57%, and at simultaneous P and T for diopside to within 1.20%. Ko and K' from third-order 
Birch-Murnaghan Þ ts to the observed volume vs. pressure relationships and those calculated from 
the Thompson-Downs model are statistically the same. The Þ t of the Thompson-Downs EOS to the 
observed data is compared to the Þ t of the third order Birch-Murnaghan. The model is used to create 
an algorithm that estimates volumes for C2/c pyroxenes as a function of P, T, and x. 


