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INTRODUCTION

Ultrahigh-pressure (UHP) metamorphic rocks are a volu-
metrically minor but petrotectonically signiÞ cant feature of 
continental collision zones. Discovery of metamorphic coesite 
(Chopin 1984; Smith 1984) and diamond (Sobolev and Shatsky 
1990) provided the Þ rst unambiguous evidence for the return to 
the surface of deeply subducted (>80�120 km) crustal rocks. 
Subsequent studies have discovered UHP metamorphism in more 
than a dozen localities (for summary, see Liou et al. 2002). Al-
though eclogites and garnet peridotites typically best preserve 
mineralogic evidence for UHP metamorphism, index minerals 
(coesite, diamond) included in garnet and zircon from felsic 
gneisses at many UHP localities (e.g., Chopin 1984; Katayama 
et al. 2002; Liu et al. 2001, 2002; Sobolev and Shatsky 1990; Ye 
et al. 2001) demonstrate that km-scale tracts of felsic gneiss have 
recrystallized under UHP conditions and were exhumed together 
with maÞ c/ultramaÞ c rocks. The buoyancy of the volumetrically 
dominant felsic rocks probably allowed the transport of the dense 
maÞ c/ultramaÞ c rocks to the surface (e.g., Ernst et al. 1997).

This paper describes samples from the Qinglongshan, near 
Donghai, in the Sulu UHP terrane of eastern China (Fig. 1). 
Eclogites typically contain abundant hydrous phases includ-
ing talc, phengite, and epidote. The continuous exposure on a 
highway roadcut reveals that the section of interlayered gneiss, 
eclogite, and minor quartzite is coherent, cut only by a few minor 

faults (Fig. 2). Petrography, mineral chemistry, and estimates of 
pressure, temperature, and oxygen fugacity were conducted to 
constrain formation conditions of these rocks, and to examine the 
signiÞ cance of the epidote-talc assemblage in eclogite.

GEOLOGIC SETTING

The Dabie-Sulu UHP belt in eastern China (Fig. 1) is the result of Triassic 
subduction and collision of the Yangtze craton to the south beneath the Sino-Korean 
craton to the north. Proterozoic (?) basement and the Upper Proterozoic passive 
margin sequence of the Yangtze craton recrystallized under UHP conditions, and 
studies in the Dabieshan indicate that exhumation to mid-crustal levels from depths 
of at least 120 km occurred in the Middle to Late Triassic (Hacker et al. 2000). 
Initial surface exposure of HP-UHP rocks occurred in the Middle Jurassic to Early 
Cretaceous (Ratschbacher et al. 2000; Grimmer et al. 2003). The Dabie and Sulu 
UHP belts are separated by 500 km of left-lateral offset on the post-Triassic Tan 
Lu fault (Rumble et al. 2002).

Low mineral and bulk-rock oxygen and hydrogen isotope values measured in a 
large (>50 km × 50 km) area near Qinglongshan (Yui et al. 1995; Rumble and Yui 
1998; Rumble et al. 2002; Zheng et al. 2003) and in Dabieshan (Baker et al. 1997; 
Zheng et al. 2003) suggest that the protoliths of these rocks interacted with meteoric 
water during a period of cold climate, and preserved their anomalously low isotopic 
signature during subsequent UHP metamorphism. Zircon U-Pb geochronology and 
oxygen isotope analyses from metagranites near Qinglongshan indicate that the 
low isotopic values were acquired during hydrothermal activity accompanying 
Late Proterozoic granite intrusion, at approximately the same time as the Sturtian 
(�snowball earth�) glacial episode (Rumble et al. 2002; Zheng et al. 2003). 

Our study area is in the southeastern part of the Sulu UHP belt, near Donghai 
in eastern China (Fig. 1). Coesite and coesite pseudomorphs occur in both eclogite 
and felsic gneiss throughout the Sulu terrane in surface exposures as well as drill 
core samples to depths of 200�1028 m (Zhang et al. 1995a; Liu et al. 2001, 2002). 
Previous studies in the Donghai region have documented eclogite with hydrous 
phases including talc, epidote minerals, and phengite (Zhang et al. 1995a), and 
OH-rich topaz from kyanite quartzites (Zhang et al. 2002). Exposure of UHP * E-mail: cgm@pangea.stanford.edu
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ABSTRACT

Eclogites interlayered with gneiss and minor quartzite in the Qinglongshan near Donghai are 
characterized by unusually abundant (15�40 vol%) hydrous phases including talc, phengite, and 
epidote; many also contain kyanite. Garnet hosts both prograde (paragonite, amphibole, epidote) 
and peak stage (omphacite, epidote, phengite, kyanite) mineral inclusions. Several eclogites contain 
talc rimmed by barroisite; optically and compositionally similar coarse-grained amphibole in other 
samples indicates that the reaction Omp + Tlc = Amp has completely consumed talc. Estimated peak 
conditions of 30�35 kbar, 600�700 °C, are consistent with polycrystalline quartz pseudomorphs after 
coesite included in garnet, omphacite, epidote, and kyanite, and up to 3.6 Si pfu (11 O atom basis) in 
phengite. Garnet-epidote oxygen barometry on the peak metamorphic assemblage indicates oxygen 
fugacities above the Hem-Mag buffer, consistent with the epidote + talc assemblage and 5�20 mol% 
aegerine component in omphacite. The high oxygen fugacity calculated in this study as well as previ-
ously documented negative oxygen isotope values recorded by these rocks may both reß ect alteration 
by oxidizing, meteoric water in a hydrothermal system. Oxidized conditions during peak metamor-
phism may explain the extreme scarcity of microdiamond in this area. The Ep + Tlc assemblage is 
stabilized by high oxygen fugacity, and demonstrates that talc-bearing eclogites are not restricted only 
to unusually Mg-rich bulk compositions.




