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Abstract

The crystal structure of a synthetic aegirine crystal, NaFe3+Si2O6, was studied at room temperature, 
under hydrostatic conditions, over the pressure range 0–11.55 GPa using single-crystal X-ray dif-
fraction. Unit-cell data were determined at 16 pressures, and intensity data were collected at eight of 
these pressures. A third-order Birch-Murnaghan equation of state fit to the P-V data from 0–11.55 GPa 
yielded K0 = 117(1) GPa, K′0 = 3.2(2), and V0 = 429.40(9) Å3. Aegirine, like the other Na-clinopyroxenes 
that have been examined at high pressure, exhibits strongly anisotropic compression, with unit strain 
axial ratios ε1:ε2:ε3 of 1.00:2.38:2.63. Silicate chains in aegirine become more O-rotated with pressure, 
reducing ∠O3-O3-O3 from 174.1(1)° at ambient pressure to 165.5(5)° at 10.82 GPa. No evidence of 
a phase transition was observed over the studied pressure range. The relationship between M1 cation 
radius and bulk modulus is examined for 14 clinopyroxenes, and two distinct trends are identified in a 
plot of these values. The distinction between these trends can be explained by the presence or absence 
of antipathetic bonds around M2, a feature first described by McCarthy et al. (2008). Aegirine, with 
Fe3+, has nearly the same bulk modulus, within error, as hedenbergite, with Fe2+, despite the difference 
in M2 bonding topology, M2 (Fe) valence and ambient unit-cell volume. Several explanations for this 
apparent paradox are considered.
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Introduction

This study examines the relationship between M1 chemistry 
and compressibility in C2/c and P21/c silicate clinopyroxenes. 
Many such pyroxenes have been subjected to high-pressure 
single-crystal X-ray diffraction studies (Hugh-Jones and Angel 
1994; Hugh-Jones et al. 1997; Zhang et al. 1997; Arlt et al. 1998; 
Yang et al. 1999; Arlt and Angel 2000; Hattori et al. 2000; Trib-
audino et al. 2000; Origlieri et al. 2003; Gatta et al. 2005; Bindi et 
al. 2006; Downs and Singh 2006; Nestola et al. 2006; McCarthy 
et al. 2008; Thompson and Downs 2008). We examine data for 
14 pyroxenes: aegirine (this study) plus 13 from the literature. 
First-order structural controls of the compressibility of individual 
pyroxenes are thought to be well understood (cf. Thompson and 
Downs 2004); however, measured pyroxene compressibility 
systematics are still an area of active research.

Thompson and Downs (2004) hypothesized that clinopy-
roxene compressibility is largely controlled by the compressive 
strength of the M1O6 chains, which run parallel to c. These chains 
of edge-sharing polyhedra derive their compressive strength from 
short average M-O bonds and small M1-M1 separations. Exami-

nation of the compressibilities of Fe3+O6 vs. Fe2+O6 octahedra in 
various minerals shows that Fe3+O6 octahedra are significantly 
stiffer. Details are examined in the discussion section of this 
paper. The bonds in the SiO4 tetrahedra are significantly shorter 
and therefore stronger than the M-O bonds in the pyroxene 
structures and the tetrahedra do not compress significantly, nor 
do they share edges with other polyhedra. This allows each SiO4 
tetrahedron significant freedom to rotate relative to its neighbors, 
subject to the constraints of M2-O3 bonds to bridging O atoms 
(McCarthy et al. 2008). The result is an SiO4 tetrahedral chain 
that, by itself, does not offer significant resistance to compres-
sion parallel to the chain. Instead, the tetrahedra rotate, with 
concomitant kinking of the chains as measured by the O3-O3-
O3 angle. The M1 chains cannot respond to compression in a 
similar manner due to the edge-sharing nature of the polyhedra 
that make up the chain. 

Unit strain ellipsoids represent the three-dimensional shape 
change of a unit cell, incorporating all influences on compres-
sional behavior. If M1 chains are the major controller of pyroxene 
compressibility, we might expect the short (i.e., least compress-
ible) axis of the unit strain ellipsoid to lie roughly parallel to the 
M1O6 chain axis (||c). However, this is not generally the case. 
Instead, the short axis of the unit strain ellipsoid in clinopyrox-* E-mail: mccarthy.ac@gmail.com


