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Sr-bearing zoisite and epidote in ultra-high pressure (UHP) metamorphic rocks from the
Su-Lu province, eastern China: An important Sr reservoir under UHP conditions
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ABSTRACT

Sr-bearing zoisite and epidote are common constituents of eclogites and associated par-
aschists throughout the Su-Lu ultra-high pressure (UHP) province, eastern China. The SrO
content of prograde zoisite and epidote reaches 3.2 wt% in crystal cores and generally
decreases toward crystal margins. Retrograde epidote is poorer in SrO (,0.1 wt%). Pre-
liminary rare earth element (REE) analyses of epidote give La2O3 (up to 2.9 wt%), Ce2O3

(5.9 wt%), and Nd2O3 (3.0 wt%). REE contents of zoisite are distinctly lower (La2O3 up
to 0.16 wt%, Ce2O3 up to 0.26 wt%, and Nd2O3 up to 0.16 wt%) than coexisting epidote.
Apatite is always more depleted in SrO (0.10–0.59 wt% on average) than coexisting zoisite
and epidote, and Sr-Ca partition coefficients for zoisite and epidote and apatite
[(Sr/Ca)zo/ep-ap] range from 5 to 20. SrO content of K-white mica (0.012–0.044 wt%) is an
order of magnitude lower than that of apatite. An evaluation of the SrO content in zoisite
and epidote and their modal abundances in seven samples indicates that .70% of the
whole-rock SrO is contained in these minerals. Apatite and K-white mica are only minor
reservoirs for SrO in these rocks. Zoisite and epidote are thus regarded as the most im-
portant Sr reservoirs at UHP conditions where calcic plagioclase and titanite are unstable.

INTRODUCTION

Monoclinic epidote-group minerals have two distinct
sites commonly occupied by Ca: ninefold-coordinated A1
and tenfold-coordinated A2 sites. The A2 site is slightly
larger than the A1 site, and its size increases with incor-
poration of Fe31 and Mn31 in octahedral M1 and M3 sites.
The A2 site is too large for Ca (1.23 Å) (Dollase 1971);
however this site readily incorporates Sr (1.36 Å) and
larger cations. Sr-rich epidote (up to 8.5 wt% SrO: Grapes
and Watanabe 1984; Brastad 1985), piemontite (up to
15.1 wt%: Mottana 1986; Perseil 1990), and allanite (1.5
wt%: Exley 1980) have been reported in some metamor-
phic rocks, manganese deposits, and hydrothermally al-
tered rocks. In contrast, orthorhombic zoisite has two Ca
sites of essentially the same size as the A1 site of the
monoclinic epidote-group minerals (Dollase 1968).
Therefore zoisite contains very little Sr and rare earth
elements (REE) when found in normal rock compositions
metamorphosed under P-T conditions where calcic pla-
gioclase and other phases that favor Sr and REE are sta-
ble. However, Sr-rich zoisite (up to 7.4 wt% SrO) has
been reported from Sr-metasomatized eclogite (up to 2.4
wt% whole rock SrO) in the Western Gneiss Region of
Norway (Brastad 1985). This study (1) reports the com-
mon and widespread occurrence of Sr-rich zoisite and ep-
idote (up to 3.2 wt% SrO) in ultra-high pressure (UHP)
metamorphic rocks of the Su-Lu province, eastern China,
(2) examines the partitioning of Sr among zoisite and
epidote and other phases that could incorporate Sr (e.g.,
apatite and K-white mica), and (3) emphasizes the im-

portance of zoisite and epidote as Sr reservoirs under
UHP conditions where calcic plagioclase and titanite are
unstable.

GEOLOGICAL BACKGROUND AND PETROGRAPHY

The Sr-bearing zoisite and epidote studied here occur
in eclogites and associated paraschists from the Su-Lu
UHP province of eastern China, which is an eastern ex-
tension of the Dabie UHP province (Fig. 1). Twenty-five
samples collected from the seven localities shown in Fig-
ure 1 were examined in detail; zoisite, epidote, or both
in all samples were confirmed to have .0.5 wt% SrO.

The Su-Lu province is bounded by the Yantai-Qing-
dao-Wulian (YQW) fault in the northwest (Yu 1990),
where it is in contact with middle to late Proterozoic or-
tho- and paragneisses (730–1620 Ma; Enami et al. 1993a;
Ishizaka et al. 1994). The Su-Lu province is underlain
chiefly by orthogneisses and amphibolite, in which coe-
site-eclogite, garnet-peridotite, and marble blocks occur
sporadically. The UHP eclogites and associated para-
schists occur as lenticular blocks 1 to 300 m long, elon-
gate parallel to the foliation of the enclosing country rock
gneisses (e.g., Yang 1991; Zhang et al. 1995; Wallis et
al. 1997). The peak metamorphic conditions of the UHP
rocks are estimated at .2.6 GPa and 700–890 8C (e.g.,
Enami et al. 1993b; Zhang et al. 1995). The sequence of
UHP rocks and the surrounding country rocks were both
subjected to greenschist to albite-epidote amphibolite fa-
cies metamorphism during the Mesozoic (Cong et al.
1992; Ishiwatari et al. 1992). In the country rocks, no


