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ABSTRACT
Unit-cell parameters of synthetic (Mg,Fe)SiO3 ortho- and clinopyroxenes were determined at regular intervals in the temperature range 293–1094 K using powder X-ray
diffraction techniques. Volume thermal expansion coefficients calculated from these data
show that orthopyroxenes expand faster than clinopyroxenes (i.e., aopx . acpx), irrespective
of their composition along the MgSiO3-FeSiO3 join. For both ortho- and clinopyroxenes,
aMgSiO exceeds aFeSiO . Axial thermal expansion coefficients calculated for each of the pyroxene phases studied here are a complex function of the changes in structure at high
temperature. Thermodynamic calculations of the position of the phase boundary between
MgSiO3 ortho- and clinopyroxene show excellent agreement with the experimentally reversed boundary.
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INTRODUCTION
Ca-poor pyroxenes are important components of the
Earth’s upper mantle, being stable to depths of ;400 km
where they transform to higher density garnet structures
(e.g., Gasparik 1990). The phase diagram of MgSiO3 pyroxene has been characterized by Pacalo and Gasparik
(1990) and Angel and Hugh-Jones (1994), and that of
FeSiO3 pyroxene by Hugh-Jones et al. (1994). The topologies of these two phase diagrams are almost identical
[the triple point in the FeSiO3 system is simply shifted to
somewhat lower pressures than that for MgSiO3 (Angel
et al. 1994)], with clinopyroxene (with space group P21/c)
being stable at ambient temperatures and pressures, and
the stability field of orthopyroxene (space group Pbca)
being at higher temperatures than this. Metastable Capoor orthopyroxene is also commonly found at ambient
conditions (e.g., see Smith 1969).
Although the behavior of (Mg,Fe)SiO3 ortho- and clinopyroxenes at high pressures was recently characterized
in some detail (Hugh-Jones and Angel 1994; Hugh-Jones
et al. 1994), relatively little is known about their response
to high temperatures. There have been a few measurements of the thermal expansivity of such Ca-poor orthoand clinopyroxenes, but the relative thermal expansion of
the two phases is essentially unknown. For example,
whereas Skinner (1966) suggested that, at room temperature, the volume thermal expansion coefficient, aV, of
MgSiO3 orthoenstatite slightly exceeds that of clinoenstatite, Sarver and Hummel (1962) reported thermal expansion coefficients for the same materials with the relative
expansivities reversed. More recent studies have not compared the relative expansivities of the two polymorphs,
but report, for example, values for the volume thermal
expansion coefficient of MgSiO3 orthoenstatite at room
temperature in the range 20.8 3 1026 K21 (Dietrich and
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Arndt 1982) to 47.7 3 1026 K21 (Frisillo and Buljan
1972), and values for Fe21-rich orthopyroxene in the
range 29.0 3 1026 K21 (Yang and Ghose 1994) to 43.8
3 1026 K21 (Smyth 1973). There is similar uncertainty in
the values of thermal expansion coefficients of the corresponding (Mg,Fe)SiO3 clinopyroxene phases. Such inconsistencies have serious implications for calculation of
the pyroxene phase diagram at high temperatures and
modest pressures; this problem is discussed in more detail
below.
The object of this study was to determine which of the
two pyroxene polymorphs (ortho or clino) expands more
over a given temperature range and then to provide precise values of their respective thermal expansion coefficients. Synthetic samples of both the end-member phases
of the (Mg,Fe)SiO3 solid solution were used to obtain
further information about the relative effects of Mg and
Fe21 in the cation sites of pyroxene.

EXPERIMENTAL

METHODS

A large sample of MgSiO3 orthoenstatite was synthesized from a stoichiometric mixture of MgO and SiO2
contained within a gold capsule using a piston-cylinder
apparatus. The experiment conditions were 2.0 GPa and
950 8C for 24 h. MgSiO3 clinoenstatite was produced by
heating a portion of this MgSiO3 orthoenstatite sample in
a gas-mixing furnace at 1200 8C for 18 h and then rapidly
quenching it to room temperature. This temperature is
within the protoenstatite stability field (Gasparik 1990),
so that the clinoenstatite phase was formed directly from
protoenstatite during the quench. A sample of fayalite
(Fe2SiO4), used as a starting material in the synthesis of
FeSiO3 orthoferrosilite, was made by annealing a stoichiometric mixture of Fe2O3 and SiO2 in a gas-mixing furnace at 1100 8C for 24 h at a controlled oxygen fugacity

689

