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INTRODUCTION

Exsolved quartz lamellae or rods in Na-Ca clinopyroxene are 
considered to be derived from a precursor, non-stoichiometric 
UHP supersilicic omphacite (see the review by Liou et al. 1998). 
Numerous experimental studies have shown that omphacitic py-
roxenes contain excess Si at UHP conditions (Mao 1971; Wood 
and Henderson 1978; Smyth 1980; Gasparik 1980; Angel et al. 
1988). Thus far, only quartz exsolution lamellae or rods have 
been documented in Na-Ca clinopyroxenes from eclogites in 
many UHP terranes, such as the Dabie-Sulu (Zhang and Liou 
1998; Tsai and Liou 2000), Kokchetav massif (Katayama et al. 
2000), Dora-Maira Massif (Bruno et al. 2002), Western Tianshan 
of China (Zhang et al. 2002a, 2003a), Northern Qaidam (Song et 
al. 2003), Western Gneiss Region, Norway (Smith and Cheeney 
1980), the Bohemian Massif (Bakun-Czubarow 1992; Gayk et 
al. 1995), and Alpe Arami, Switzerland (Dobrzhinetskaya et al. 
2002). Coesite exsolution in titanite has been reported in the 
Kokchetav Massif (Ogasawara et al. 2002). Zhu and Ogasawara 
(2002) mentioned coesite lamellae in clinopyroxene from the 
Kokchetav Massif in their paper. However, no positive identiÞ ca-
tion of coesite using Raman spectroscopy was reported. 

Following the report of inclusions of coesite pseudomophs in 
garnet, quartz exsolutions in omphacite, and relict metamorphic 
magnesite in Tianshan eclogite (Zhang et al. 2002a, 2002b), the 
UHP metamorphism in western Tianshan was hotly debated (see 
the comment and reply by Klemd 2003 and Zhang et al. 2003a). 
In this paper, we report the Þ rst occurrence of coesite exsolu-
tion in omphacite from eclogites, a Þ nding that provides strong 
evidence for UHP metamorphism in western Tianshan China.

GEOLOGIC SETTING AND PETROGRAPHY

The western Tianshan HP-UHP eclogite-facies rocks are ex-
posed in a 200 km orogenic belt between the Yili-Central Tianshan 
and Tarim plates, China (Zhang et al. 2002a, 2002b). This belt 

extends westward to connect with the Atbashy eclogite-blueschist 
belt in Kazakhstan where inclusions of coesite pseudomorphs 
in eclogitic garnet occur. The Tianshan HP-UHP metamorphic 
belt consists mainly of eclogite, blueschist, greenschist, and gar-
net-mica schist. It is fault-bounded to the north by low-pressure 
cordierite-sillimanite-biotite gneisses and two-pyroxene granu-
lites (Li and Zhang 2004) and to the south by layers of marble + 
chlorite-muscovite schists. Zircon separated from eclogites yields 
SHRIMP peak HP-UHP metamorphic ages at 232 ± 8 Ma to 215 
± 23 Ma (Zhang et al. 2003c). This belt is considered to have 
formed by a northward subduction of the Tarim plate beneath the 
Yili-central Tianshan plate when the south Tianshan paleo-ocean 
closed (Gao et al.1999; Zhang et al. 2001).

Based on geological occurrences and petrological charac-
teristics, three types of UHP eclogites were recognized in the 
Western Tianshan (Zhang et al. 2002a, 2002b). Type I eclogites 
occur as blocks, lenses, or thin to thick layers within pods of maÞ c 
blueschists (15�25 cm in diameter); some glaucophane-zoisite 
eclogites contain inclusions of coesite pseudomorphs in garnet. 
Type II eclogites are characterized by preservation of pillow 
structures (40 cm width and 80 cm long), and occurrences of 
quartz exsolution rods in omphacite (Zhang et al. 2002a). Type 
III eclogites are magnesite-bearing, banded calcite-dolomite 
eclogites that occur as lenticular bodies within marbles (Zhang 
et al. 2002b).

We have recently found coesite/quartz exsolution rods in Type 
I eclogites that contain garnet (10�15%), omphacite (30%) glau-
cophane (10�20%) zoisite (20%) carbonate minerals (10�15%) 
paragonite (5�10%) and minor rutile and titanite. Two kinds of 
omphacite were identiÞ ed in the studied samples: porphyroblastic 
omphacite, and matrix omphacites (Fig. 1c). The porphyroblastic 
omphacites are zoned with inclusions of strong oriented SiO2 
rods or needles in the core (Figs. 1a and 1b) and thin secondary 
omphacite rim (Figs. 1a and 1b). The matrix omphacites occur as 
Þ ne-grained idioblastic intergrown crystals associated with gar-
net, glaucophane, zoisite (epidote or zoisite), and dolomite (Fig. 
1c). In contrast to garnets in other types of eclogites in Western * E-mail: lfzhang@pku.edu.cn
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ABSTRACT

Exsolution rods of relict coesite together with quartz were identiÞ ed in omphacite in eclogites 
from western Tianshan, China. They are oriented along the c-axis of the host clinopyroxenes and have 
grain size up to 30 μm long and 2�3 μm wide. Raman spectra of exsolved lamellae yield consistent 
but weak bands at 521, 270, 181, 151, and 118 cm�1, typical for coesite, in addition to those of quartz 
and the host omphacite. Such occurrences together with textured observations suggest a two-stage 
evolution of SiO2 exsolution rods in omphacite. Lamellae of coesite were apparently exsolved from 
supersilicic omphacite at P ≈ 5.0 GPa and the transformation from coesite to quartz occurred during 
retrograde metamorphism. 


