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INTRODUCTION

 Ca-rich clinopyroxenes in the pyroxene quadrilateral
(CaMgSi2O6-Mg2Si2O6-CaFeSi2O6-Fe2Si2O6, diopside-enstatite-
hedenbergite-ferrosilite, Di-En-Hd-Fs) crystallize in the C2/c
space group, whereas Ca-poor ones crystallize in P21/c. In both
structural varieties four chemically equivalent silicate chains
are present in the unit cell; in C2/c they are equivalent by sym-
metry, whereas in P21/c they are differentiated into two pairs
of A and B chains. It has been shown that P21/c clinopyroxenes
transform to C2/c by increasing temperature, pressure, and cat-
ion size in the M2 polyhedron (Arlt et al. 2000 and references
therein).

 The transition at high temperature was found to be first
order by previous investigations. Smyth (1974), in a
clinohypersthene, found no hysteresis and a sudden drop of
the h+k odd intensities at the critical temperature, with no broad-
ening of the critical reflections before the transition. In
clinoenstatite, a high-temperature transmission electron micro-
scope (HTTEM) study by Shimobayashi and Kitamura (1991)
showed that the transition occurs martensitically through a given
temperature range, with a percentage transformation typical for
each temperature range. HTTEM images showed that the tran-
sition to C2/c starts by nucleation at the antiphase domains of
the C2/c phase, and subsequent growth at higher temperature.

Most recently a first-order high pressure transition from P21/c
to C2/c was observed in clinoenstatite, clinoferrosilite, and their
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ABSTRACT

A high-pressure P21/c-C2/c phase transition in a synthetic iron-free clinopyroxene of composi-
tion Ca0.5Mg1.5Si2O6 was observed at pressure between 3 and 5 GPa from powder diffraction data
collected up to P = 14.2 GPa in a diamond anvil cell by means of synchrotron radiation. The transi-
tion is marked by a continuous decrease in a, c, and β cell parameters in the transition range and by
the disappearance of reflections with h+k odd. No hysteresis could be found. The spontaneous strain
due to the transition occurs almost completely on the (010) plane and is described by a strong
compression at a direction of 150° from the c axis and a milder expansion at 60° from the c axis.
Interaction between the macroscopic cell strain and microscopic strain due to compositional
heterogenities may explain the difference from the transition behavior in clinoenstatite. A third-
order Birch-Murnaghan equation of state for the C2/c high-pressure phase was refined giving the
following parameters: V0 = 429(2) Å3, K = 99(7) GPa, K' = 6.5 (wχ2 = 1.3). Only minor differences
are observed with other iron-free clinopyroxenes. The compressional strain in the C2/c phase in the
Ca0.5Mg1.5Si2O6 pyroxene has almost the same orientation as in diopside and in Ca0.8Mg1.2Si2O6 py-
roxene, displaying higher compression on (010) at 140° from the c axis and suggesting a similar
compressional mechanism for Ca-rich C2/c clinopyroxenes.

solid solutions (Angel et al. 1992; Hugh Jones et al. 1994; Ross
and Reynard 1999) and, in pyroxenes outside the quadrilat-
eral, in ZnSiO3 (Arlt and Angel; 2000), kanoite (MnMgSi2O6),
MnSiO3, and in CrMgSi2O6 (Arlt et al. 1998). The critical pres-
sure was found to be extremely sensitive to compositional
change, being at P = 6.5 GPa in clinoenstatite and 1.7 GPa in
clinoferrosilite. A significant hysteresis was observed in Mg-
rich compositions, whereas neither Hugh-Jones et al. (1994)
nor Ross and Reynard (1999) were able to demonstrate hyster-
esis for the more Fe-rich ones. Structural investigations on the
high-pressure and high-temperature C2/c structures indicates
significant differences between them. In particular, the tetra-
hedral chains are almost completely extended at high tempera-
ture and are extremely kinked at high pressure (Hugh-Jones et
al. 1994). This was confirmed by further in-situ investigations
with changing P and T on enstatite (Shinmei et al. 1999) and
on kanoite (Arlt et al. 2000), that indicated the presence of sepa-
rate stability fields for high-temperature and high-pressure C2/c
structures.

At constant pressure and temperature the transition from
C2/c to P21/c can be induced by substituting a smaller cation
such as Mg or Fe for Ca in the M2 site of the structure. Arlt et
al. (2000) suggested that at room conditions a critical radius
for the cation in the M2 site is 0.88 Å: clinopyroxenes with
higher average M2 cation radius are C2/c, while those with
smaller cation size are P21/c. This result agrees with experi-
mental data along the hedenbergite-ferrosilite (Ohashi et al.
1975) and kanoite-diopside (MnMgSi2O6-CaMgSi2O6, Arlt et
al. 2000) joins, in which the critical radii were found to be 0.88


