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Abstract
The paragenetic relationships and Th-U distributions among allanite, monazite, and xenotime were
investigated in a progressive sequence of garnet- to kyanite-zone metapelites of the Imjingang belt,
Korea. Allanite is predominant in the garnet and staurolite zones, whereas monazite and xenotime
predominate in the kyanite zone. Epidote grains in the lower garnet zone are commonly zoned, from
allanite (core) to relatively Y-rich, rare-earth-element (REE)-epidote to clinozoisite (rim), although
both REE-epidote and clinozoisite disappear in higher-grade metapelites. Moreover, allanite and REEepidote often contain minute inclusions of thorium silicate. The isogradic distributions and similarity
of REE patterns between allanite and monazite suggest that the latter has grown at the expense of the
former. In addition, the discontinuous Th zoning in monazite is apparently inherited from heterogeneous
Th distribution and thorium silicate inclusions in allanite. Thus, thorium silicate possibly provided
the additional Th and U necessary for the monazite formation. Paragenetic relationships of allanite
and monazite inclusions within various index minerals suggest that at amphibolite-facies conditions
allanite is stable at higher pressures than monazite. Xenotime grains in the staurolite zone are rarely
produced by the breakdown of clinozoisite and REE-epidote, whereas those in the kyanite zone are
grown primarily at the expense of garnet. Incorporation of Th and U into monazite and xenotime is
governed mainly by the brabantite and thorite substitutions, respectively. Taken together, our results
suggest that the allanite-to-monazite transformation is primarily responsible for the distributions of
REEs, Th, and U among metapelitic phases, and that the xenotime formation was facilitated by the
contribution from major silicates, particularly garnet.
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Introduction
Allanite [CaREEAl2Fe Si3O12(OH)], monazite (LREEPO4),
and xenotime (YPO4) are common accessory minerals in various
lithologies, and incorporate rare earth elements (REEs) as well
as radioactive elements such as Th and U (Spear and Pyle 2002;
Gieré and Sorensen 2004). Monazite has been particularly useful
for geochronological purposes because of significant Th and U
contents, negligible common Pb, and sluggish Pb diffusion (e.g.,
Harrison et al. 2002). It is often difficult, however, to interpret
the ages of accessory minerals in a geologic context without understanding their paragenetic link to major silicate minerals (e.g.,
Foster et al. 2004). The distributions of monazite in metapelites
commonly mimic those of index minerals, and the staurolite-in
or aluminosilicate-in isograd has alternatively been proposed as
the one responsible for the appearance of monazite (Kingsbury
et al. 1993; Wing et al. 2003; Kohn and Malloy 2004). The Y
partitioning among garnet, monazite, and xenotime has been
recognized as crucial for understanding paragenetic linkages
because the Y zoning of monazite is mainly governed by both
the stability of garnet and the presence of xenotime (Pyle and
Spear 1999; Yang and Pattison 2006). Moreover, the Y zoning
of monazite can be a proxy for temporal growth domains (Gib2+
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son et al. 2004; Kohn et al. 2005; Mahan et al. 2006). Major
silicate minerals in the absence of REE-rich phases may contain
sufficient REE and P abundances to facilitate monazite crystallization during metamorphism (Kohn and Malloy 2004). Many
studies, however, suggest that metamorphic monazite grows at
the expense of REE-bearing oxides, silicates, or phosphates (e.g.,
Smith and Barreiro 1990; Kingsbury et al. 1993; Rubatto et al.
2001; Harlov et al. 2002; Wing et al. 2003; Yang and Pattison
2006; Rasmussen and Muhling 2007; Tomkins and Pattison
2007; Corrie and Kohn 2008; Janots et al. 2008). In this study, we
investigated spatial distributions, microstructures, and mineral
compositions of allanite, monazite, and xenotime in a progressive sequence of Barrovian-type metapelites from the Imjingang
belt, Korea. In particular, we examined (1) the mineral parageneses and metamorphic reactions among allanite, monazite, and
xenotime, and (2) the partitioning of radioactive elements and
chemical zonation among and within grains of these accessory
minerals, respectively.

Geological background
The Imjingang belt is an E-W-trending fold-thrust belt bisecting Precambrian basement rocks of the Gyeonggi and Nangrim
massifs, and most likely represents the eastward extension of the
Dabie-Sulu collisional belt (Fig. 1a; Cho et al. 2007; Ernst et
al. 2007 and references therein). The Yeoncheon metamorphic

