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INTRODUCTION

Zircon is the most commonly used mineral for high-tem-
perature geochronometry because it is widespread, crystallizes
from magmas and is stable over wide ranges of metamorphic
grade, and is resistant to loss of radiogenic Pb, with a closure
temperature exceeding 900 ∞C for most reasonable cooling rates
(Cherniak and Watson 2000). In-situ U-Pb dating of zircon using
the ion microprobe is now common (e.g., Ayers et al. 2002;
Miller et al. 2000; Vavra et al. 1996), and methods are being
developed for accurate and precise measurement of U-Pb ages
using laser-ablation ICPMS (Horn et al. 2000; Machado and
Gauthier 1996) and the electron microprobe (Geisler and
Schleicher 2000). Cathodoluminescence and back-scattered
electron imaging commonly reveal multiple growth zones
within single crystals (Hanchar and Miller 1993) (Fig. 1), and
in-situ dating shows that these zones may have grown at dis-
tinctly different times and represent discrete events that grossly
correlate with tectonic episodes (Miller et al. 2000).

In many situations, a lack of understanding of what causes
growth of zircon impedes interpretation of growth ages. Meta-
morphic zircon growth is generally assumed to occur at peak
metamorphic conditions (i.e., peak temperature). However, re-
cent studies have documented growth that occurred over a range
of conditions in a single rock suite. For example, zircon crys-

tals in the Ivrea Zone grew during prograde metamorphism in
the upper amphibolite facies, and during peak metamorphism
in the granulite facies (Vavra et al. 1999). In-situ U-Pb analy-
sis also allowed identification of two distinct younger events
involving alteration and Pb loss. Liati and Gebauer (1999) were
able to resolve the ages of multiple zircon growth events in a
single tectono-metamorphic cycle in rocks from central
Rhodope, northern Greece. SHRIMP ages from five different
rock types from the HP-HT terrane ranged from 45.3 ± 0.9 to
36.1 ± 1.2 Ma. Clearly, it is not always safe to assume that
zircon grows only during peak metamorphism, although in most
cases, new growth occurs only during high-grade metamor-
phism in upper amphibolite, granulite and eclogite facies.

Zircon may be produced by breakdown of Zr-bearing min-
erals during prograde, peak, or retrograde metamorphism. How-
ever, protolithic zircons generally contain most or all of the Zr
in most rocks (Roberts and Finger 1997); the only other com-
mon minerals known to have significant Zr concentrations are
garnet, hornblende, and clinopyroxene (Fraser et al. 1997;
Sorensen and Grossman 1989). Garnet and clinopyroxene usu-
ally break down only during retrograde metamorphism, which
cannot explain the commonly observed prograde and peak
metamorphic growth of zircon. Hornblende may break down
to form pyroxene + zircon during prograde metamorphism of
mafic rocks at very high grade. Except for rocks with abundant
hornblende in their protoliths, in closed systems, zircon may
only grow by coarsening during prograde and peak metamor-* E-mail: john.c.ayers@vanderbilt.edu
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ABSTRACT

The rate and mechanism of zircon coarsening in quartzite ±H2O at 1.0 GPa and 1000 ∞C were
characterized by performing time-series experiments in a piston-cylinder apparatus. Anhydrous ex-
periments show no significant growth of zircon or textural modifications after 24 h. In the presence
of 1–2 wt% H2O, zircon (2 wt%) in coarsely powdered quartz recrystallized in the first 8 hours so
that mean crystal size decreased relative to the starting material. After 8 h zircon grew by Ostwald
ripening and by coalescence of crystals, and maintained its position on quartz grain boundaries,
even while quartz crystals coarsened, by recrystallizing in the fluid. Fitting the experimental data
produced the growth-rate equation log (<D>n – <D0>n) = log (<D>2 – <D0>2) = log (t – t0) + log Kn =
log (t – t0) – 5.9, where <D> is mean diameter in micrometers, the subscript 0 denotes initial value at
time zero, t is experiment duration in seconds, and Kn is the growth-rate constant with units of mm2/s
(five experiments, r2 = 0.988). A value of n = 2 suggests that growth is interface controlled, with the
rate limited by dissolution and precipitation on the crystal surface. An equivalent growth-rate equa-
tion is <D> – <D0> = K1/n t1/n = Kn

1/n t1/n = (1.12 ¥ 10–3 mm/s1/2) t1/2, a parabolic rate law equation that
can be used to demonstrate that zircon in the presence of H2O at 1000 ∞C grows fast enough by
Ostwald ripening to produce micrometer-thick overgrowths in <10 y. Rapid coarsening of zircon by
Ostwald ripening will occur during thermal metamorphism when fluid is present. Addition of fluid
(and possibly melt) greatly increases the rate of coarsening, suggesting that most metamorphic rims
form nearly instantaneously during fluid influx (or anatexis), and that U-Pb rim ages date such events.


