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Abstract
Highly restitic garnet-kyanite-phlogopite metapelitic schists from the
Goshen Dome of western Massachusetts contain: a population of prograde
monocrystalline, megacrystic garnet, some with significant P in substitution for Si; precipitates of hydroxylapatite and rutile; and <1 μm zircon
crystals of undetermined origin and abundance on the order of 105/mm3.
The unusual P content and the abundant internal precipitate suite are similar
to features reported in garnet from ultrahigh-pressure (UHP) and mantle
settings, suggesting a potential (U)HP origin for the garnet megacrysts. Zircon included in megacrysts
is surrounded by radial fractures, indicating in situ volumetric expansion or new growth. Cores display
rare earth element (REE) profiles and cathodoluminescence (CL) zoning consistent with magmatic
growth, and yield only Paleozoic dates (447–404 Ma). The embayed core-rim boundary is marked by
a several micrometers wide band of CL-dark zircon enriched in Y, P, U, and Th that is interpreted as
the accumulation of redistributed xenotime component from the original zircon rim during metamorphism. Outside of this band, the rim has elevated Hf, Th/U << 1, and steep heavy REE profiles. The
metamorphic rims yield concordant dates from 400 to 381 Ma. Matrix zircon grains have magmatic
cores (1726–415 Ma) with similar core–rim boundaries enriched in Y, P, U, and Th. Metamorphic rims
on matrix zircon yield slightly younger dates (393–365 Ma) and are compositionally heterogeneous.
The difference between the youngest core and oldest rim indicates a short interval (ca. 4 Ma) between deposition of detrital zircon and the onset of metamorphism in the earliest Acadian. The oldest
zircon rim dates are found within phosphatic garnet megacrysts of possible very high-pressure origin.
The compositional uniformity of these rims indicates equilibrium with a single source; the anomalous
composition suggests a combination of dissolution-reprecipitation and new growth of zircon that is
derived from garnet. The range in both composition and dates indicates that matrix zircon rims formed
in response to local changes in mineralogy and fluid/melt composition and/or availability. New growth
of zircon on these grains cannot be confirmed, suggesting that dissolution-reprecipitation reactions
during continued metamorphism may be the dominant mechanism that formed these rims. The data
collectively suggest that dissolution-reprecipitation may be a common mechanism for producing
metamorphic rims on zircon that does not require additional Zr and Hf, which are limited within most
metamorphic settings.
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Introduction
Although the diffusion rate of Pb in geochronologic minerals, such as zircon and monazite, is slow under most geologic
conditions (Cherniak and Watson 2001; Cherniak et al. 2004),
the distribution of radiogenic Pb—crucial to U-Th-Pb geochronology—can be affected by several mechanisms during
metamorphic or thermal events. Recent studies by secondary
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ionization mass spectrometry (SIMS, Kusiak et al. 2013) and
atom probe tomography (APT) demonstrate that short-range
diffusion on reheating can cause Pb atoms in zircon (Valley et
al. 2015) and monazite (Snoeyenbos et al. 2013) to aggregate
with various other ions in radiogenic damage spots in the
crystal lattice. The bulk composition of a crystal—including
the Pb distribution—may be modified along a reaction front
propagating through a crystal via a dissolution-reprecipitation
reaction. In zircon (Geisler et al. 2007; Rubatto et al. 2008;
Hay and Dempster 2009; Harlov et al. 2012), xenotime (Harlov
and Wirth 2012), and monazite (Harlov et al. 2011; Williams
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