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ABSTRACT
We have carried out in-situ X-ray diffraction experiments on high-pressure transformations of a
Ca- and Fe- rich pyroxene (Ca1.03Mg0.61Fe0.23Al0.14Si2O6) to investigate the stability of Ca0.5(Mg, Fe,
Al)0.5SiO3 perovskite (CM-perovskite) in a multi component system at about 32 GPa and up to 1900
°C. We observed that cubic CM-perovskite was formed at about 1300 °C and decomposed into cubic
Ca-perovskites and orthorhombic Mg-perovskites and stishovite at 1800 °C when using a glass starting
material. In another experiment using a crystalline pyroxene starting material, two cubic perovskites;
Ca-perovskite and CM-perovskite, and orthorhombic Mg-perovskite formed simultaneously during
the initial stage of the transformation. However, the cubic CM-perovskite subsequently decomposed
into Mg- and Ca-perovskites and stishovite at 1200 °C. These results indicate that the assembly of
cubic Ca-perovskite, orthorhombic Mg-perovskite and stishovite is stable and cubic CM-perovskite is a
metastable phase at around 32 GPa and temperatures over 1000 °C in this system. Chemical analyses of
product phases showed that Mg, Fe, and Al were preferentially partitioned into Mg-perovskite and the
compositions of Ca-perovskite were close to pure CaSiO3. The present study shows that CM-perovskite
nucleates during the initial stage of Ca(Mg, Fe, Al)Si2O6 pyroxene transformation. Therefore, cold
subducting slabs and impacted meteorites are the possible places in which CM-perovskite could exist.
The Ca-rich glassy phase in a shocked chondrite (Tomioka and Kimura 2003) might have formed by
vitriÞcation of a metastable CM-perovskite-like phase.

INTRODUCTION
The possible stability of Ca0.5Mg0.5SiO3 perovskite (CMperovskite) at high pressure is important for understanding the
mineralogy of the lower mantle. This phase was Þrst reported
by Liu (1987) as a high-pressure polymorph of diopside with the
cubic perovskite structure. However, the result was not consistent
with other studies in which diopside breaks down into a cubic CaSiO3 perovskite phase and an orthorhombic MgSiO3 perovskite
phase at pressures above 21 GPa (e.g., Mao et al. 1978; Tamai
and Yagi 1989; Irifune et al. 1989). Kim et al. (1994) veriÞed that
a (Ca, Mg)Si2O6-glass transforms to Ca0.5Mg0.5SiO3 cubic CMperovskite at 13 GPa, whereas a diopside-crystal decomposes
to CaSiO3 cubic perovskite, Mg2SiO4 spinel and stishovite at 17
GPa and 1000 °C using a laser-heated diamond anvil cell. They
observed also that Mg2SiO4 spinel and stishovite recombine to
form MgSiO3 ilmenite at 22 GPa which, in turn, transforms
to an orthorhombic MgSiO3 perovskite above 24 GPa. They
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inferred that CM-perovskite should be metastable based on the
volume difference between the CM-perovskite and a mixture of
Ca-perovskite and Mg-perovskite. Oguri et al. (1997) clariÞed
the phase relation of diopside at 18–24 GPa, 700–2100 °C, using
a multianvil apparatus and did not observe CM-perovskite in
the experimental pressure and temperature range. Irifune et al.
(2000) conducted in-situ X-ray diffraction experiments at around
23 GPa using a multianvil apparatus combined with synchrotron
radiation. They observed that crystalline CaMgSi2O6 decomposes
to Ca-perovskite and ilmenite, whereas glassy CaMgSi2O6 transforms to cubic-perovskite at 1000 °C. Both of them transformed
to cubic Ca-perovskite and orthorhombic Mg-perovskite above
1200 °C. These studies indicate that CM-perovskite is a metastable phase in diopside end-member composition under their
experimental conditions.
However, CM-perovskites with a Ca/(Mg + Fe) ratio close
to unity have been found in experimentally reacted MORB and
meteorites. Funamori et al. (2000) reported that CM-perovskite
with an orthorhombic perovskite structure formed at 40–60 GPa,
2000–2500 °C from a MORB glass using a laser-heated diamond
anvil cell. Tomioka and Kimura (2003) found an amorphous
phase with a composition close to CM-perovskite, which might
be vitriÞed from a perovskite-structure in a shocked H chondrite.
They inferred from textual observations and chemical analyses

