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INTRODUCTION

The accessory mineral zircon, ZrSiO4, is the main host of Zr 
in the Earth�s crust. It incorporates Hf, U, Th, and other trace 
elements, but is highly incompatible for Pb2+ during crystalliza-
tion. Thus, zircon is an important source of geochronological and 
geochemical information to unravel the evolution of the litho-
sphere. The Earth�s oldest known rocks have been dated based on 
zircon geochronology, which also points toward the remarkable 
chemical and physical stability of this mineral (e.g., Ireland and 
Williams 2003). Although zirconium can be considered as an 
immobile element under many crustal conditions, there is grow-
ing evidence that enhanced mobility induced by aqueous ß uids 
is more abundant than previously thought. Metamorphic zircon 
overgrowths on detrital zircon grains and, less common, partial 
dissolution of zircon grains have been observed in many Archean 
to Paleozoic low-grade metasedimentary rocks worldwide, in 
greenschist-facies slates at temperatures ≤350 °C (Dempster 
et al. 2004) and in prehnite-pumpellyite facies shales, in which 
zircon growth commenced at about 250 °C (Rasmussen 2005). 
This unexpected low-temperature mobility of Zr has been related 
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ABSTRACT

The release of Zr, U, and Pb from nearly metamict zircon and its recrystallized analog and of Zr 
from fully crystalline and slightly radiation-damaged zircon in H2O + HCl ± SiO2 ß uids was investi-
gated in situ at temperatures between 200 and 500 °C using a hydrothermal diamond-anvil cell and 
time-resolved synchrotron-radiation XRF analyses. Dissolution of nearly metamict zircon proceeded 
much faster than that of zircon with little or no radiation damage and resulted in a 1.5 to 2 log units 
higher Zr molality in 6 to 7 m HCl ß uids. Extensive recrystallization of the almost fully amorphous 
material started at 260 to 300 °C in H2O + HCl, and at about 360 °C if quartz was added, and was 
coupled with a decrease of the Zr concentration in the ß uid by more than an order of magnitude. Re-
crystallization in 7 m HCl had little effect on the aqueous U and Pb concentrations, whereas addition of 
quartz caused a more sluggish decrease of the Zr concentration in the ß uid upon recrystallization and 
lowered the release of U. The data presented here support the interpretation that enhanced Zr mobility 
in low-grade metamorphic rocks may be related to dissolution of metamict zircon by aqueous ß uids 
and illustrate the signiÞ cance of the silica activity on the kinetics of dissolution and recrystallization 
during zircon-ß uid interaction.
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to the dissolution and recrystallization of metamict portions in 
zircon grains (Dempster et al. 2004). Metamictization, i.e., the 
transformation from the crystalline to a metastable amorphous 
state, is due to the radioactive decay of U and Th and their 
unstable daughter isotopes (e.g., Ewing et al. 2003). Structural 
damage is caused mainly by recoils of heavy daughter nuclei 
upon emission of an α-particle. Damage accumulation results in 
a higher susceptibility of zircon to alteration by aqueous ß uids, 
which has been long known from hydrothermal experiments 
(Pidgeon et al. 1974). Most studies on the hydrothermal alteration 
of zircon focused on the solid phases, particularly because of the 
important consequences in geochronology (e.g., Pidgeon et al. 
1974; Levchenkov et al. 1998; Geisler et al. 2003). The available 
experimental information on solubility and dissolution kinetics 
of zircon in aqueous ß uids is still limited (e.g., Ayers and Watson 
1991; Newton et al. 2005). These studies demonstrate that the 
silica release upon zircon dissolution in water is controlled via 
the reaction ZrSiO4(s) = ZrO2(s) + SiO2(aq). The difference in 
the element release from amorphous and crystalline zircon in 
aqueous ß uids has rarely been quantiÞ ed, e.g., Ewing et al. (1982) 
measured the Zr concentration in 5 wt% KHCO3 solutions after 
reaction with zircon at 87 °C for 9.9 days and calculated bulk 
leach rates for metamict samples, which were by 1 to 2 orders 
of magnitude higher than those of crystalline zircon.

In this paper, we present experimental results on Zr and, 


