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INTRODUCTION

Pyroxene is one of the main constituents of both the Earth
and neighboring planets. It has been of interest to many re-
searchers not only because of its abundance but also because
of its variety of polymorphs and the complicated transitions
between them. There are two crystallographically distinct oc-
tahedral sites in the crystal structure of clinopyroxene: M2 and
M1. Alkali-pyroxene whose M2 sites are occupied by Na+ com-
monly has the monoclinic C2/c structure. The phase relation-
ships between alkali-pyroxenes and diopside (CaMgSi2O6: Di)
have been studied by many researchers (e.g., Champness 1973;
Carpenter 1980; Nolan and Edgar 1963; Yagi 1966). In par-
ticular the solid solution between Di and jadeite (NaAlSi2O6:
Jd), one of the alkali-pyroxenes, has been investigated by many
researchers (e.g., Champness 1973; Carpenter 1980), in an ef-
fort to understand the phase transition of omphacite, which has
an intermediate composition between Jd and Di. The transition
of omphacite between its high-temperature form, with a C2/c
structure, to its low-temperature form, with a P2/n structure, is
related to the ordering of (Al, Mg) cations at closely adjacent
M1 sites and (Na, Ca) cations at the M2 sites. This transition is
associated with miscibility gaps between omphacite and jadeite
and between omphacite and diopside across the Jd-Di join
(Champness 1973; Carpenter 1980).

Since no phase transitions have been recognized in other
joins between Di and alkali pyroxenes such as kosmochlor
(NaCrSi2O6: Ko) and aegirine (NaFe3+Si2O6), there has been no
information regarding the non-ideality of the solid solution or
the cation ordering in these joins. In the present article, we
describe a new incommensurate phase in the Ko-Di solid solu-
tion and present a preliminary model for it, based on cation
ordering.
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ABSTRACT

Electron-diffraction patterns of clinopyroxene with an intermediate composition between
kosmochlor and diopside show the presence of satellite reflections in diffuse streaks running per-
pendicular to (111) planes of the C2/c structure. The position of these satellite reflections indicates
the existence of an incommensurate (INC) phase. Based on the characteristics of the diffraction
patterns, it is suggested that the INC phase consists of a regular arrangement of kosmochlor-rich and
diopside-rich slabs with a periodicity 2.6 to 6.0 times the (111) spacing in the C2/c structure. This is
a new ordering scheme in clinopyroxenes.

OCCURRENCE AND COMPOSITIONS OF THE
CLINOPYROXENE

The present specimens of clinopyroxene in the Ko-Di join
were found in pods consisting mainly of tremolite occurring in
the Osayama ultramafic body in the Sangun metamorphic belt,
southwest Japan (Sakamoto and Takasu 1996). The Sangun
metamorphic belt is a high-P/T type (glaucophanic) metamor-
phic belt. It consists of Sangun schists and ultramafic and
metagabbroic bodies. The tremolite pods are one type of tec-
tonic block in the Osayama ultramafic body. The formation
conditions of the tectonic blocks have been estimated to be
around 6–12 kbar and 250–530 ∞C (Tsujimori and Takasu 1994).
The clinopyroxene forms subhedral columnar and acicular crys-
tals, elongate along c and up to 0.5 mm in length. Cr-bearing
clinopyroxene shows a distinct pleochroism with X = yellow, Y
= yellowish green, and Z = green.

Chemical analysis of grains was carried out with a wave-
length-dispersive electron probe micro analyzer (JEOL JXA-
8800M), operated with an accelerating voltage of 15 kV,
specimen current of 2 ¥ 10–8 A and a probe diameter of about
3–10 mm. The matrix correction method is after Bence and
Albee (1968). Each of the crystals shows chemical zoning along
its elongation direction from (1) a Ko-poor core (10 to <50
mol% Ko: Ko10–<50), through (2) a pale-green Ko-richer zone
with an intermediate composition (~Ko50), to (3) a colorless
Ko-free diopside rim.

INCOMMENSURATE PHASE

Eight grains of Ko-Di clinopyroxene from thin sections were
observed with a 200 kV transmission electron microscope
(TEM; HITACHI H-8000K). The Ko-poor core and the Ko-
free diopside rim both gave electron diffraction patterns show-
ing they possess a C2/c structure. In contrast, the intermediate
Ko-richer zones in all observed samples show diffuse maxima
(satellite reflections) on diffuse streaks running perpendicular
to the (111) planes of the C2/c structure (Figs. 1a and 1b). In


