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Abstract

Coesite has been found as an inclusion in garnet from the Mengzhong eclogite in Donghai county,
northeastern Jiangsu province, eastern China. The host eclogite occurs closely associated with region-
ally developed gneiss and was formed under P-T conditions of about 810°C and more than 28 kbar.
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Introduction

CoksiTE has been found in crustal metamorphic
rocks of the eclogite facies in two areas in Europe;
garnet-quartzite in the Western Alps (Chopin,
1984) and dolomite-eclogite in Norway (Smith,
1984). Recently, coesite pseudomorphs have been
reported from several places in eastern and cen-
tral China (Yang and Smith, 1989; Enami and
Zang, 1990; Zhiqin, 1987) and finally coesite
has also been found in deep crustal rocks in central
China (Okay et al., 1989; Wang et al., 1989).
In this paper, we report the fifth documented
occurrence of coesite from a crustal eclogite in
eastern China.

Geological setting and petrography

The coesite eclogite occurs at Mengzhong in
Donghai county, Jiangsu province, eastern China
(Fig. 1). Donghai county is situated to the east
of the Tancheng-Lujiang (Tanlu) fracture zone
and north of the Jiashan—Xianshuei fracture zone,
between the Sino-Korean craton and the Yangtze
craton (Tectonic Map Compiling Group, 1974,
Ma and Zhang, 1988; Liu ef al., 1989). Almost
all eclogites in this county were found in the Dong-
hai (or Jiaonan) Group, whose protolith was
formed in the early Proterozoic as indicated by
the U-Pb concordia age of zircons from the Jiao-
nan Group (2233 Ma) and a bulk rock Rb-Sr
isochron age of diorite intrusion (1855 Ma)
(Wang, 1986). The Donghai Group mainly con-
sists of various kinds of migmatitic and gneissic
rocks with minor amounts of marble, quartzite,

amphibolite and schist. The coesite-bearing
Mengzhong eclogite occurs as lenses ranging from
several decimeters to several metres in thickness
intercalated with granitic gneiss of the Donghai
Group.

The coesite eclogite consists mainly of garnet
and omphacite, along with phengite, quartz and
rutile. The garnet and omphacite crystals are
1-5mm in diameter across, and phengite occurs
as large flakes, commonly up to Smm across.
Quartz in the matrix occurs as polygonal crystals
(1-2mm in diameter). The garnet and omphacite
include rutile, phengite, paragonite and K-feld-
spar along with two types of SiO, inclusions; one
is fine-aggregate quartz, both polycrystalline and
multicrystalline quartz in the sense of Smith
(1984), and the other, though only one example
has been found so far, is a quartz—coesite aggre-
gate in garnet (E88D-1). Both types of SiO, inclu-
sions are associated with cracks radiating from
them. These microstructures have been con-
sidered to be characteristic of coesite inclusions
in garnet and omphacite (Smith, 1988). Figs. 3a
and b show the radial cracks developed around
the multicrystalline quartz after coesite in ompha-
cite and garnet, respectively. Fig. 3c is a photo-
micrograph of the quartz—coesite aggregate
associated with radial cracks in garnet, and Fig.
3d is the corresponding backscattered electron
image. Electron-microprobe analysis shows only
Si0, in the aggregate shown in Figs. 3¢ and d,
and its central part is occupied by a cleaved phase
with higher polishing hardness than the surround-
ing quartz. Under the microscope, the cleaved
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Fi16. 1. Tectonic map of central and eastern China with localities of coesite and its pseudomorph. EZ: Enami
and Zang (1990), YS: Yang and Smith (1989), O: Okay ez al. (1989), W: Wang et al. (1989).

phase has higher refractive indices than the other,
and on a U-stage the optic axial plane is normal
to the cleavage with 2V;>60°. According to
Smyth and Hatton (1977), coesite has (010) and
(012) apparent cleavages and Sclar et al. (1962)
reported b =X and 2V, = 64°for synthetic coesite.
Our observations lead us to conclude that the
cleaved phase is coesite.

Mineralogy of the coesite—eclogite

Representative chemical analyses of the main
constituent minerals of the coesite-bearing eclo-
gite are shown in Table 1. Chemical analyses were
done by an electron-probe microanalyser (Hitachi
S550) with an energy-dispersive X-ray analytical
system (Kevex 8000 + Kevex Quantum detector)
at Kyoto University, following the procedures of
Mori and Kanehira (1984).

Garnet is only slightly heterogeneous with Fe
decreasing and Ca increasing from core (grsg 3o

almg 43 pyo27) to rim (grsoss almoso Pyo.27).
Omphacite has a chemical variation between

Jdo.s8 dig 49 acmg g2 and jdg 47 dip 46 aCmg 7. Garnet
and omphacite are free from Cr. The Fe-Mg parti-
tioning between garnet and omphacite is
Kp = 8.0-9.3 around an omphacite inclusion and
Kp=7.5-7.7 for the rim—rim pair. Temperature
estimation (Powell, 1985) and the existence of
coesite (Mirwald and Massonne, 1980) give tem-
peratures of 810°C and pressures > 28 kbar at
the rim and 740-780°C and > 25 kbar for the clo-
sure of the partitioning at the core. Phengite inclu-
sions in garnet have Si=3.5, while in the matrix
they have Si=3.6 on an O =11 basis. Paragonite
+ quartzinclusions and K-feldspar + quartz inclu-
sions are found in omphacite and garnet, respect-
ively. They are of almost pure end-member
composition. Green amphibole growing along
grain boundaries between garnet and clinopyrox-
ene is ferroan-pargasite (Leake, 1978). Chopin
(1987) found a paragonite crystal included in gar-
net of a coesite-bearing metapelite in the Western
Alps and concluded that it survived the overstep-
ping pressure at the maximum stage as a prograde
relic. Due to the greater relative compressibility
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FiG. 2. Geologic sketch map of the Donghai district, Jiangsu province, with localities of coesite and its pseudomorph
by Yang and Smith (1989) (YS) and this study. The locality of magnesian staurolite by Enami and Zang (1988)
(EZ) is also shown.

of the mica compound compared to garnet, this
allows the internal pressure of the inclusion to
be less than the pressure applied on the garnet
by the matrix. These observations may suggest
that the prograde growth of zoned garnet has
taken place under a very low geothermal gradient.

Geological implication

Fig 2. compiles the known localities of coesite
pseudomorph (Yang and Smith, 1989) and of
magnesian staurolite (Enami and Zang, 1988) in
Donghai county, along with the new localities of
coesite and its pseudomorph in this study.
Although coesite was found in only one sample,
its pseudomorph was found at almost all eclogite
localities in this county. The temperature estimate
for the coesite eclogite in this study is similar to
those of Shandong province (Yang and Smith,
1989; Enami and Zang, 1990) (Fig. 1), but
slightly higher than that of Dabie Mountains, in
Anhui province (750°C, Okay et al., 1989;

600-710°C, Wang et al., 1989). The wide occur-
rence of coesite or its pseudomorph, and the simi-
lar P-T conditions for coesite eclogite in the Shan-
dong and Jiangsu province may support the ‘Su-
Lu coesite—eclogite province’ proposed by Yang
and Smith (1989). However, Enami et al. (1986)
gave 700-760°C and 11-30 kbar as maximum P-T
conditions for eclogites closely associated with
serpentinite at Mengzhong, where we found the
coesite eclogite intercalated within regional grani-
tic gneiss. They also gave 610-620°C and 10-13
kbar as maximum P-T conditions for eclogites
closely associated with regional gneisses from
another outcrop in Donghai county. This suggests
that the thermodynamic environment and tecto-
nic history of eclogite may be variable and compli-
cated even in the restricted part of ‘Su-Lu
coesite—eclogite province’.
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FiG. 3. Photomicrographs (2 and ¢) and backscattered electron images (b and d) of coesite and coesite pseudomorph.

Scale bars indicate 100 wm for 4, b and ¢, and 10 pm for d. (a) Multicrystalline quartz aggregate after coesite

in clinopyroxene (Cpx). Crossed nicols with test plate. (#) Quartz (Qtz) and phengite (Ms) inclusions in garnet

(Grt). Radial cracks are developed around the quartz inclusion, but not around the phengite inclusion. (c) Coesite—

quartz aggregate in garnet. Plane polarized light. (d) Close up of the coesite~quartz aggregate of (c). Cleaved
part occupying the centre of the aggregate is coesite. Coesite inverts to quartz from the margin.
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