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INTRODUCTION

Quartz rods have been observed in clinopyroxene of both
eclogite and garnet clinopyroxenite of several ultrahigh-pres-
sure (UHP) metamorphic belts (Smith 1984; Shatsky et al. 1985;
Bakun-Czubarow 1992; Gayk et al. 1995; Zhang et al. 1995;
Nakajima and Ogasawara 1998; Liou et al. 1998; Tsai and Liou
2000). Smith (1984) interpreted the quartz rods to be exsolution
products from a pre-existing supersilicic clinopyroxene that
contained excess silica at peak metamorphic conditions. Sev-
eral experiments have demonstrated that the existence of
supersilicic clinopyroxene requires high pressures and tempera-
tures (e.g., Mao 1971; Khanukhova and Zharikov 1976; Wood
and Henderson 1978; Zharikov et al. 1984; Gasparik 1986).
Gayk et al. (1995) recalculated the composition of

clinopyroxene containing 2.6 wt% exsolved quartz from the
Munchberg Massif, and derived a Ca-Na pyroxene with 10
mol% of the Ca-Eskola component (Ca0.5��0.5AlSi2O6). This end-
member was first hypothesized by Vogel (1966), based on the
need to explain isochemical symplectic breakdown of
omphacites to diopside plus feldspar. Smyth (1980) reported
the presence of 17 mol% of the Ca-Eskola component in
clinopyroxenes from eclogitic xenoliths in South African
kimberlites. Sobolev et al. (1968) found marked deficiencies
in cation sums of highly aluminous clinopyroxenes in kyanite
eclogites from Siberian kimberlites.

Abundant quartz rods occur in clinopyroxene from eclogites
from the Kumdykol region of the Kokchetav massif,
Kazakhstan. The eclogite is intercalated with diamond-bear-
ing gneiss. Zircon can protect peak metamorphic minerals from
the effects of retrograde metamorphism, and is considered an
excellent microcontainer for relict UHP phases because it is
extremely stable and resistant over a wide temperature and pres-
sure interval (e.g., Chopin and Sobolev 1995; Tabata et al.

Supersilicic clinopyroxene and silica exsolution in UHPM eclogite and pelitic gneiss from
the Kokchetav massif, Kazakhstan

IKUO KATAYAMA,1,* CHRISTOPHER D. PARKINSON,1 KAZUAKI OKAMOTO,1 YOUICHI NAKAJIMA,2

AND SHIGENORI MARUYAMA1

1Department of Earth and Planetary Sciences, Tokyo Institute of Technology, Tokyo 152-8551, Japan
2Institute of Earth Science, Waseda University, Tokyo 169-8050, Japan

ABSTRACT

Abundant exsolved quartz rods occur in matrix clinopyroxene of eclogite from the Kokchetav
massif, Kazakhstan. These rocks are diamond-grade, ultrahigh-pressure (UHP) metamorphic rocks
that recrystallized at P > 6 GPa and T > 1000 °C. Zircon is an excellent container, which effectively
protects peak UHP metamorphic phases from retrogression. Therefore, to ascertain the pre-exsolution
composition of the clinopyroxene, we analyzed clinopyroxene inclusions in zircon of the eclogite
and a diamond-bearing biotite gneiss. Clinopyroxene in zircon has an excess of Fe3+ + VIAl over IVAl
+ Na + K, and calculated cation totals significantly less than 4.0 per six O atoms. The stoichiometry
of these pyroxenes can be reconciled if the Ca-Eskola end-member (Ca0.5��0.5AlSi2O6) is considered.
The zircon-hosted clinopyroxene in the eclogite contains up to 9.6 mol% of the Ca-Eskola compo-
nent, and in the biotite gneiss up to 18.2 mol%, whereas the matrix clinopyroxene contains much
less (1.3 mol%, on average). Recalculation of the composition of the matrix clinopyroxene prior to
exsolution of quartz rods yields 6.8 mol% Ca-Eskola component, which is consistent with the com-
position of the clinopyroxene inclusions in zircon. We conclude that the Ca-Eskola component in the
peak metamorphic clinopyroxenes broke down by a retrograde reaction:

2 Ca0.5��0.5AlSi2O6 → CaAl2SiO6 + 3 SiO2

resulting in exsolution of the quartz rods in the matrix clinopyroxene.
Subducted crustal and supracrustal rocks form the Ca-Eskola clinopyroxene at high pressures

and temperatures. The  vacancy-containing clinopyroxene may have an important bearing on the
physico-chemical properties of the subducted slab at upper mantle depth.
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