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aBstract

Granulite-facies quartzites from the Adirondack Highlands (Grenville Province, New York) contain 
accessory zircon with ubiquitous metamorphic overgrowths. Detrital zircon cores are resorbed, preserve 
various internal zoning styles and inclusions, and have ages of 1.3 to 2.7 Ga. These ages constrain 
the timing of deposition of the protolith sandstone and suggest that the Adirondack Highlands were 
proximal or part of Laurentia during deposition. Metamorphic overgrowths formed in the quartzites 
during the Shawinigan orogeny (1.20–1.14 Ga). The average volume of overgrowths in eight samples 
ranges from 62–87%, with a positive correlation between zircon growth and feldspar content (melt 
productivity during metamorphism). Melt volumes and Zr solubility were too small to allow the 
overgrowths to have formed in one dissolution-precipitation event. Crystal-size distributions suggest 
zircon coarsening by the dissolution of small crystals and Zr transfer via a partial melt, and thus zircon 
overgrowths date anatexis. These results have implications for provenance studies, as dissolution of 
small zircon grains and growth of new zircon could bias age spectra of metasedimentary rocks.
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introduction

Large zircon overgrowths are very common in high-grade 
metaigneous and metasedimentary rocks, but the mechanism of 
their formation is rarely obvious (e.g., Corfu et al. 2003). This 
makes measured U-Pb ages from “metamorphic” overgrowths 
difficult to correlate with the rock’s burial and thermal history. 
In some rocks the onset of partial melting correlates with over-
growth formation (e.g., Roberts and Finger 1997), but in other 
rocks breakdown of Zr-rich phases such as garnet or ilmenite 
appear to control new zircon growth (e.g., Fraser et al. 1997; 
Bingen et al. 2001; Degeling et al. 2001). Aqueous fluids can 
also promote zircon development (e.g., Rubin et al. 1989) or 
recrystallize igneous zircon (e.g., Pidgeon et al. 1998).

In this study, we examined the mechanisms of metamorphic 
zircon growth and investigated the geochronology of granulite-
facies quartzites and psammites from the Adirondack Highlands, 
New York. These quartzites were observed in a previous investi-
gation to contain large zircon overgrowths (Peck et al. 2003). The 
advantage of using quartz-rich rocks to study metamorphic zircon 
growth is that, other than protolith zircon, they do not contain 
abundant minerals that can be a source of zirconium, and melt 
productivity in these rocks should be low. These characteristics 
allow the relative importance to zircon growth of mineral break-
down, aqueous fluids, and melt to be evaluated. Understanding 
zircon dissolution and growth also has important implications 

for understanding zircon age distributions in provenance studies. 
In the quartzites studied, crystal-size distributions, examination 
of core-rim textures, U-Pb geochronology by SHRIMP, and 
whole-rock chemistry point to small amounts of melt being the 
fundamental control on zircon dissolution and metamorphic 
zircon growth in these rocks, even though textural evidence for 
melting has been annealed. These results have important implica-
tions for the interpretation of zircon overgrowths in high-grade 
quartzofeldspathic rocks.

geologic setting

The granulite-facies Irving Pond quartzite is located in the 
core of the Canada Lake antiform, a large east-plunging recum-
bent isocline in the Mesoproterozoic Adirondack Highlands 
(McLelland and Isachsen 1986; Peck and Valley 2004). The 
quartzite has an exposed thickness of >3000 m and crops out 
for ~100 km along strike (McLelland et al. 1979). The Irving 
Pond quartzite consists of decimeter-scale layers of quartz-rich, 
quartzofeldspathic, and pelitic lithologies. Quartz-feldspar oxy-
gen isotope fractionations from this unit correlate with metamor-
phic temperatures of 734 ± 38 °C (n = 15; Peck and Valley 2004), 
and cation geothermometry from nearby migmatitic pelites yields 
temperatures of ca. 790 °C or greater and pressures of 7–9 kbar 
(Storm and Spear 2005). 

The depositional age and age of metamorphism of the Irving 
Pond quartzite are now well constrained. Nappe formation in 
the Adirondacks affects the 1.10 Ga Hawkeye granite suite 
(McLelland et al. 2001) and, therefore, deformed the Irving 
Pond quartzite during the ca. 1.10–1.03 Ga Ottawan phase of the 
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