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INTRODUCTION

A high-pressure clinoenstatite (space group: C2/c) of
MgSiO3 was confirmed by the in-situ high pressure single crys-
tal X-ray diffraction (Angel et al. 1992). The high-P
clinoenstatite is believed to exist in the upper mantle. How-
ever, because this phase is stable only at high pressures above
about 8 GPa (Angel et al. 1992), its compressional process of a
high-P clinoenstatite has not been investigated by single-crys-
tal XRD, except for measurements at one pressure (Angel et
al. 1992).

 Germanate pyroxenes, MGeO3 (M = Co, Mn, Mg, Fe), are
known to have the same structures as silicates, but at the ambi-
ent pressure (Peacor 1968; Hirano et al. 1980; Yamanaka et al.
1985) they can be considered as analogs for the silicate high-P
clinopyroxene. The structure is based on the regular cubic clos-
est packing (CCP) of oxygen. The tetrahedral chains are highly
kinked compared with those in silicate pyroxenes, such as Ca-
rich clinopyroxene (C2/c), high-temperature clinopyroxene (C2/c),
orthoenstatite (Pbca) and low-clinoenstatite (P21/c) (Cameron
and Papike 1980). The kink is clearly shown by the small O3-
O3-O3 angle, where O3 is the bridging oxygen of the tetrahe-
dra. The kink angles of germanate clinopyroxenes (C2/c) are
close to 120° for the ideal structure (Thompson 1970) and are
smaller for all pyroxenes. The M1 and M2 octahedra in the

high-P pyroxene are very regular compared with those of the
above mentioned other pyroxenes. The germanate clinopyroxenes
(C2/c) are often compared to the ideal clinopyroxene structure in
terms of the above mentioned characteristics (Papike et al. 1973).

Previous results on pyroxenes (Levien and Prewitt 1981;
Zhang et al. 1997; Hugh-Jones and Angel 1994; Hugh-Jones et
al. 1997) suggest that compression of pyroxenes is mainly con-
trolled by compression of the soft octahedra rather than the
rigid tetrahedra. The tetrahedra only rotate to accommodate
the octahedral bands. Consequently, the tetrahedral chains be-
come more kinked with increasing pressure. Structure refine-
ment results show that the O3-O3-O3 angles of the germanate
and silicate high-P clinopyroxenes (C2/c) are 129.03° for
MgGeO3 and 131.1° for FeGeO3 at ambient pressure, and 133.4°
for MgSiO3 at 7.94 GPa and 138.4° for FeSiO3 at 1.84 GPa
(Yamanaka et al. 1985; Yamanaka, personal communication;
Hugh-Jones and Angel 1994; Hugh-Jones et al. 1997).

In the present study, single crystal X-ray diffraction was
carried out on FeGeO3 clinopyroxene up to 8.2 GPa to reveal
the compression process of high-P clinopyroxene and to com-
prehend the structure of high-P clinopyroxene at higher pres-
sure above 8 GPa.

EXPERIMENTAL METHODS

Sample preparation

The specimen was synthesized after Takayama and
Kimizuka (1981). Reagent-grade powders in molar ratio of
Fe:Fe2O3:GeO2 = 1:1:3 were mixed homogeneously by mortar
and formed into pellets. They were sealed in evacuated silica
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ABSTRACT

To elucidate pressure effects on the crystal structure of the high-P clinopyroxene (space group
C2/c), the compression process of FeGeO3 clinopyroxene (C2/c) was investigated up to 8.2 GPa by
single-crystal X-ray diffraction. The crystal structure of FeGeO3 is close to the ideal clinopyroxene
in terms of the O atom arrangement and the tetrahedral chain configuration at ambient conditions.
With pressure the lattice parameters and oxygen positions move closer to the ideal cubic closest
packing (CCP) and the tetrahedral chain became more kinked with increasing pressure. However, a
change in compression mechanism may occur around 4.5 GPa. All the polyhedra were homoge-
neously compressed above 4.5 GPa, whereas the MO6 exhibited compressibilities 3–4 times greater
than that of the TO4 tetrahedra below 4.5 GPa. The Ge-O-Ge angle decreased with increasing pres-
sure to 4.5 GPa and then remained constant. The close relationship between the kink angle and the
relative polyhedral size suggests that this unusual compression behavior above 4.5 GPa may be
caused by suppression of the extensive decrease of the Ge-O-Ge angle. The present results show that
compression of pyroxenes with highly kinked tetrahedral chains is strongly effected by the kink
angle.
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