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INTRODUCTION

High-pressure experimental studies have revealed that phase
transformations, particularly those involving olivine, may be
correlated to the observed seismic discontinuities in the Earth’s
mantle. High-pressure transformation of pyroxene to garnet
with a denser structure occurs at P > 14–17 GPa (Akaogi and
Akimoto 1979; Irifune et al. 1986; Presnall et al. 1990). Most
majoritic garnets have been found in kimberlite; some also occur
as inclusions in diamonds from kimberlite (Moore and Gurney
1985). The best-documented, deepest-mantle xenoliths contain-
ing majoritic garnet (>300 km) are from the Jagersfontein
kimberlite, South Africa (Haggerty and Sautter 1990; Sautter
et al. 1991). The chief evidence is that the garnet contains abun-
dant exsolution lamellae of clinopyroxene along the {111} gar-
net planes, indicating majoritic garnet breakdown under
lower-pressure conditions. Supersilicic garnet recently has been
found in orogenic belts, such as in the OtrØy peridotite from
the Western Gneiss Region, Norway (Van Roermund et al. 2000)
and eclogite from the Sulu UHP terrane (Ye et al. 2000a), formed
at depths >180–200 km.

Exsolution of garnet in pyroxene was first recognized in an
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eclogite xenolith from a South African kimberlite by Beck
(1907). Since then, such exsolution texture has been found not
only in eclogite xenoliths within kimberlite (e.g., Aoki et al.
1980; Sautter and Harte 1988; Qi et al. 1997), but also in ultra-
mafic rocks (Zhang and Liou 1999) and eclogites within
serpentinites occurring in metamorphic complexes (e.g., Reiche
and Bautsch 1985). The precursor phase of such garnet +
clinopyroxene intergrowths have been considered to be a pri-
mary pyroxene, although the P-T conditions permitting such
exsolution are obscure (Harte and Gurney 1975; Reiche and
Bautsch 1985; Sautter and Harte 1988). Similarly, ilmenite-
clinopyroxene intergrowths as xenoliths in kimberlite
(Ringwood and Lovering 1970; Dawson and Reid 1970; Boyd
and Nixon 1973) have been attributed to the breakdown of a
homogeneous high-pressure parental phase, either as garnet
solid solution (Ringwood and Lovering 1970) or titaniferous
augite (Dawson and Reid 1970). However, occurrence of both
garnet + ilmenite lamellae in a single pyroxene crystal has not
been reported previously.

This study reports our recent finding of intergrowths of
clinopyroxene + garnet + ilmenite in garnet clinopyroxenite
from the Sulu UHP terrane. Based on compositions and tex-
tures of such intergrowths, and available experimental data,
precursors of the intergrowths are interpreted either as a pri-

ABSTRACT

The Rizhao garnet clinopyroxenite occurs as small mantle slices faulted into subducted conti-
nental crust in the Sulu ultrahigh-pressure (UHP) terrane, China. Two representative garnet
clinopyroxenites with exsolution microstructures were studied: (1) a massive ilmenite-rich speci-
men, composed of coarse-grained clinopyroxene containing abundant exsolution rods of grossular-
rich garnet (>20 vol%) + ilmenite (~3–4 vol%) in a fine-grained matrix of clinopyroxene + garnet +
ilmenite; and (2) megacrystic garnet-bearing sample, characterized by garnet containing inclusions
of clinopyroxene and ilmenite; the clinopyroxene inclusions show exsolution rods and blebs with
variable amounts of garnet (1–15 vol%) and minor ilmenite. Both exsolved and matrix garnets have
similar grossular-rich compositions. The aggregate composition of clinopyroxene + garnet + il-
menite intergrowth is similar to the whole-rock composition. We propose that the parental phase of
exsolved garnet + ilmenite lamellae and clinopyroxene host was either a homogeneous clinopyroxene
(hypothesis A) or a majoritic garnet (hypothesis B) that experienced three discrete evolution stages.
If the parental phase was clinopyroxene (ABO3), with an Si deficiency in the B site, the Rizhao
garnet clinopyroxenite could have an initial assemblage clinopyroxene ± Grt ± Ilm formed at near-
solidus conditions (£1400 ∞C, at 5 GPa) in the upper mantle. The second stage is defined by garnet
exsolution from the primary clinopyroxene involving decreasing temperature and/or increasing pres-
sure, related to continental subduction. Coexisting clinopyroxene host and garnet exsolution (Grtexs)
recrystallized at temperatures of ~900 ∞C at an assumed minimum P of 5 GPa. The third stage is
represented by recrystallization of exsolution phases to form the fine-grained matrix of Cpx + Grt +
Ilm at 700 ∞C and ≥ 3 GPa during the early exhumation of the UHP terrane. The speculative hypoth-
esis B implies that the proposed majoritic garnet was from the mantle transition zone (<450 km
depth); this suggestion remains to be tested.


