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Host minerals and/or melt for storing thorium and uranium that are important radioactive elements have the potential to be
major carriers of these elements from upper mantle to crust. These elements can be incorporated into various accessory
minerals [monazite, allanite, zircon, titanite (sphene), apatite etc.]. For example, zircon is a host mineral for Zr, Hf, Th, U and
HREE (e.g. Sawka, 1988; Bea, 1996; O’Hara et al., 2001; Hoskin and Schaltegger, 2003), and this mineral occurs in virtually
all sorts of terrestrial rocks with zirconium. On the basis of empirical knowledge, Th/U ratio of zircon has been suggested to
be useful as an indicator of metamorphism or magmatism by many authors for a long time (e.g. Williams and Claesson, 1987;
Maas et al., 1992; Williams et al., 1996; Hoskin and Black, 2000; Aleinikoff et al., 2002; Carson et al., 2002; Hoskin and
Schaltegger, 2003; Hokada et al., 2004; Suzuki et al., 2006; Sato et al., 2010; 2011). In general, Th/U ratios in igneous
zircons are > about 0.5, and metamorphosed zircons often yield lower Th/U ratios (Hoskin and Schaltegger, 2003). However,
the mechanism of this element distribution has been still poorly understood. In bulk composition of continental crust, no
impressive change in Th/U ratios has been caused since Archean (i.e. Th/U = about 3.8), regardless of upper crust or lower
crust (Taylor and McLennan, 1985). Thus, to satisfy bulk rock constraints, there needs to be another phase which is present
with a much higher Th/U ratio than bulk rock composition. Monazite and/or allanite may be typically such phases.
However, titanite is a common accessory mineral that is found in various rock types of igneous, metamorphic and sedimentary
rocks from different geochemical environments and petrogenetic conditions because the large number of other elements (trace
elements and LREESs) can be substituted into its crystal structure (e.g. Sahama, 1946; Oberti et al., 1991; Troitzsch and Ellis,
1999). In addition, titanite appears as a stable phase even under eclogite facies metamorphic condition in felsic bulk
composition (Troitzsch and Ellis, 2002) although it is often regarded as the lower pressure phase of rutile in mafic (basaltic)
bulk composition (Liu et al., 1996; Ernst and Liu, 1998). Thus, here we report trace element data on titanite that can have a
significant effect of the Th-U partitioning during eclogite facies metamorphism.

In the present study, three eclogite facies metamorphic rocks that were collected from Kongjiadian in the northeastern
Shandong Peninsula, eastern China (the Sulu area) were examined to investigate the distribution of trace elements and REEs
amongst titanite and major rock-forming minerals by using LA-ICP-MS. One of these rocks is clinopyroxenite that is mainly
composed of clinopyroxene, zoisite, amphibole and titanite, and the other rocks are eclogites with garnet, clinopyroxene,
amphibole, rutile and titanite. Textural characteristic in titanites from the clinopyroxenite is distinguished completely from
those from the eclogites. Titanites in the clinopyroxenite occur in grain boundaries between major rock-forming minerals
(clinopyroxene etc.), and its process may be related to crystallization from trapped melt amongst the major minerals. The
other titanites in the eclogites are found as envelopes around rutiles, and this mineral texture suggests decompression process.
The former titanites in grain boundaries acquire large amounts of Th and U as compared to the major minerals, as follows.
Titanite: Th = about 60-420 ppm, U = about 100-190 ppm and Th/U = about 0.4-2.2. Clinopyroxene: Th < 0.3 ppm and U <
0.1 ppm. Zoisite: Th < 4 ppm, U = about 10 ppm and Th/U = about 0.3. Amphibole: Th < 0.1 ppm and U < 0.1 ppm. The
other titanites surrounding rutiles in the eclogites contain only a few Th and U (Th < 3 ppm and U < 4 ppm). These results
suggest that chemical characteristic of titanite quite depends on its formation process. It means that titanite formed from melt
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can yield high Th and U concentrations. Thus, if such titanites undergo further prograde metamorphism and subsequent
breakdown of this mineral, a significant amount of Th and/or U can be released into other minerals modifying the Th/U ratio of
rim domains.
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