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INTRODUCTION

Pyroxenes are major constituents in mineralogical models
of the Earth’s upper mantle (Ringwood 1975). Five polymor-
phs of (MgFe)2Si2O6 pyroxene are known: orthoenstatite
(OREN, space group Pbca), protoenstatite (Pbcn), low-P
clinoenstatite (LCLEN, P21/c), high-T clinoenstatite (C2/c), and
high-P clinoenstatite (HCLEN, C2/c). Clinoenstatites occur
mainly in meteorites; only trace amounts of clinoenstatite oc-
cur in volcanic rocks (Dallwitz et al. 1966; Komatsu 1980;
Sameshima et al. 1983) and in amphibolite facies meta-peri-
dotite (Trommsdorff and Wenk 1968; Katzir et al. 1999). The
transformation from the orthorhombic to the monoclinic poly-
morph of pyroxene has been attributed to shear stress (e.g., Coe
and Muller 1973). Some volcanic clinoenstatites have been in-
terpreted as inverted from primary protoenstatite (Dallwitz et
al. 1966; Nakamura 1971; Mori 1978). In these studies, high-P
and low-P clinoenstatites have not been distinguished.

Orthoenstatite has long been considered to be stable in the
upper mantle. However, recent experiments indicated that Mg
end-member orthoenstatite transforms to high-P clinoenstatite
(C2/c) at P-T conditions (>8 GPa, 900 ∞C) corresponding to a
depth of ~300 km within the Earth’s upper mantle (Gasparik
1990; Pacalo and Gasparik 1990; Angel et al. 1992; Hugh-Jones
et al. 1994; Woodland and Angel 1997; Shinmei et al. 1999;

Ulmer and Stalder 2000; Angel et al. 2000). Such transforma-
tion has been correlated with the “X seismic discontinuity”
(Revenaugh and Jordan 1991; Woodland and Angel 1997).

Garnet peridotites and pyroxenites are common in UHP
metamorphic terranes (Medaris 1999). The estimated peak pres-
sures of rocks from the Dabie-Sulu UHP terrane are up to 6.7
GPa at 750–900 ∞C (Yang et al. 1993; Liou and Zhang 1998;
Zhang et al. 1995, 2000) suggesting that they recrystallized at
depths of >200 km during subduction and continental colli-
sion. These petrologic data together with the above-mentioned
experiments have led to questions such as: Did the high-P
clinoenstatite polymorph recrystallize in UHP garnet peridot-
ite and pyroxenite at such depths? If so, how can we recognize
the non-quenchable relict polymorph? Can the study of enstatite
polymorphs provide new information for the process of conti-
nental subduction and mantle dynamics? An example of new
information is the finding of low-P clinoenstatite (P21/c) as
exsolution lamellae in diopside from the Alpe Arami garnet
peridotite, and it has been considered to have transformed from
high-P clinoenstatite (C2/c) (Bozhilov et al. 1999).

A high concentration of exsolved clinopyroxene, rutile, and
apatite in eclogitic garnet from the Sulu UHP terrane suggest
UHP metamorphism at depths greater than 200 km (Ye et al.
2000). We have recently found that clinoenstatite is common
in garnet pyroxenite and peridotite in this terrane. The present
study reports our new observations and a TEM study of
intergrowths of clinoenstatite and orthoenstatite in UHP gar-* E-mail: zhang@pangea.stanford.edu
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ABSTRACT

Transmission electron microscopy (TEM) reveals that some enstatites from garnet-pyroxenites
in the Chinese Dabie-Sulu ultrahigh-pressure (UHP) terrane consist of intimate intergrowths of
orthoenstatite (OREN) and clinoenstatite (CLEN), and some grains of pyroxene (MgFe)2Si2O6 ex-
hibit inclined extinction. These garnet pyroxenites are enclosed in coesite-bearing eclogite or
interlayered with harzburgite and omphacitite. They contain garnet (Prp54 to Prp73), “enstatite” (En85

to En92), magnesite, and titanomagnetite (Sulu sample) or clinohumite (Dabie sample), and recrys-
tallized at about 4.0-6.5 ± 0.2 GPa, ~750 ± 50 ∞C. All clinoenstatite lamellae in the host orthoenstatite
have even numbers of 9 Å (100) fringes without twins, and are oriented parallel to (100) of the host.
The lamellae and host phases have nearly identical (MgFe)2Si2O6 compositions. The thickest ob-
served CLEN lamellae are ~0.4 mm. Clinoenstatites from Sulu have cell parameters: a = 9.67(7) Å,
b = 8.88(6) Å, c = 5.22(3) Å, b = 107.7(2)∞, and V = 427(8) Å3, and those from Dabie: a = 9.53(6) Å,
b = 8.88(6) Å, c = 5.24(3) Å, b = 107.0(2)∞, and V = 424(8) Å3. The TEM electron-diffraction pat-
terns indicate that both clinoenstatites possess P21/c structures and are the low-P polymorph of
clinoenstatite. The host orthoenstatites have cell dimension: a = 18.32(12) Å, b = 8.88(6) Å, c =
5.20(3) Å for the Sulu sample, and a = 18.24 (12) Å, b = 8.88(6) Å, c = 5.18(3) Å for the Dabie
sample. Clinoenstatites in garnet pyroxenites from the Dabie-Sulu UHP terrane may have formed
either by inversion from OREN, or by the displacive transformation from high-P clinoenstatite dur-
ing decompression.


