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INTRODUCTION

Pyroxenes are important phases of the Earth’s upper mantle,
second only to olivine in volumetric distribution. The crystal
chemistry of the pyroxenes is summarized by Cameron and
Papike (1981), at various temperatures by Cameron et al. (1973),
and at various pressures by Yang and Prewitt (2000). As py-
roxenes are a major phase of the Earth, their elastic properties
are necessary to model the seismic properties of the Earth.
Orthopyroxene undergoes a phase transition to clinopyroxene
in the upper mantle (Hugh-Jones et al. 1996). Thus,
clinopyroxene is a major component of the mantle, storing Mg,
Fe, Ca, Na, Al, and Cr.  Terrestrial occurrences of kosmochlor,
summarized by Anthony et al. (1995), demonstrate that chro-
mium is incorporated into clinopyroxene in terrestrial systems.
Extensive solid solution between jadeite (NaAlSi2O6) and
kosmochlor has been examined in Burmese samples (Harlow
and Olds 1987). Solid solutions of kosmochlor with diopside
(CaMgSi2O6) have also been observed (Secco et al. 2002).

Kosmochlor was first named by Laspeyres (1897), who
found a Ca-Mg-Cr silicate in residues left after dissolution of
the Toluca iron meteorite. Despite having a mere 3.3 mg of
material, Laspeyres determined Ca, Mg, Fe, Al, and Cr to be
present. Based upon the green color of the mineral, and its
meteoritic origin, he chose the name kosmochlor. Because the
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ABSTRACT

The crystal structure of synthetic kosmochlor, NaCrSi2O6, was studied using single crystal X-ray
diffraction at high pressure. A four-pin diamond anvil cell, with 4:1 methanol:ethanol pressure me-
dium, was used to achieve pressures to 9.28 GPa. Unit-cell data were collected at 20 pressures, and
intensity data were collected at 13 of these pressures. Fitting the P-V data to a third-order Birch-
Murnaghan equation yields V0 = 418.84(3) Å3, K0 = 134(1) GPa–1, and K0' = 2.0(3). Anisotropic
compression was observed with unit strain axial ratios of 1:1.82:2.08. The CrO6 octahedron has a
bulk modulus K0 = 90(16) GPa–1, while the SiO4 tetrahedron has K0 = 313(55) GPa–1, both with K0' ∫
4. An o-type rotation of the O3-O3-O3 linkage was observed with pressure, with –O3-O3-O3 de-
creasing from 172.8(2)∞ to 166.1(7)∞. Compression in kosmochlor is related to the stacking direc-
tions of distorted cubic closest packed O atom monolayers. Unit strain ellipsoids for diopside,
hedenbergite, spodumene (C2/c and P21/c), LiScSi2O6 (C2/c and P21/c), clinoenstatite, orthoenstatite,
and Mg1.54Li.23Sc.23Si2O6 (Pbcn and P21cn) were generated and discussed in terms of closest packing
systematics. A relationship between the anisotropy of compression of olivines and pyroxenes is
established. A strategy to determine not only the direction of a stress field in deformed rocks, but
also an estimate of the magnitude of stress is discussed in terms of comparing the anisotropy of
olivine and pyroxene.

structure of kosmochlor was not known, and its chemistry
poorly established, when Frondel and Klein (1965) found a
chromium analog of jadeite, they assigned it the new name
ureyite. Later, an X-ray study of an old specimen of kosmochlor
from the Bonn Museum indicated the identity of kosmochlor
with ureyite (Neuhaus 1967). Since the name kosmochlor had
priority, the name ureyite was dropped in favor of kosmochlor
(Morimoto 1988).

The crystal structure of kosmochlor was first determined
by Clark et al. (1969) from synthetic material. They found C2/c
symmetry, and demonstrated the complete ordering of Cr and
Na at the M1 and M2 sites, respectively. The pyroxene topol-
ogy consists of chains of edge-sharing M1 octahedra and single
chains of tetrahedra, both running parallel to c. Both Clark et
al. (1969) and Cameron et al. (1973) suggested that the Na in
the M2 site is eight-coordinated, based upon Na-O bond lengths.

This study was undertaken to investigate the influence of
the M1 and M2 cations in clinopyroxene at high pressure.
Kosmochlor provides a useful M2+1M1+3Si2O6 alternative to
M2+2M1+2Si2O6 pyroxenes of the C2/c structure type. While
examining compression in kosmochlor, large anisotropy was
noted in the unit strain ratios: 1:1.82:2.08. This is more anisotro-
pic than forsterite 1:1.99:1.55 (Downs et al. 1996). While the
well-known anisotropy of olivine has been correlated to the
splitting of seismic waves in the mantle, pyroxene compres-
sion may be even more anisotropic. If pyroxenes are a major


