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INTRODUCTION

Zircon (tetragonal ZrSiO4) is the oldest mineral found at
the Earth’s surface. Its resistance to dissolution is exceptional
compared to that of other silicate minerals. Natural zircons
commonly incorporate minor amounts of actinide elements, up
to the percent level. Both properties explain the wide use of
zircon in tracing and dating geological processes. For the same
reasons, zircon is also considered as a potential waste matrix
for plutonium (Ewing 1999). Zircon is the main repository for
Zr in crustal rocks, which insures Zr immobility with respect
to weathering processes, thus providing a reference for mass
balance calculations.

The weathering rates of silicates generally decrease in the
opposite order as the degree of polymerization of their silica
tetrahedra. Since zircon is an orthosilicate, its exceptional re-
sistance to dissolution compared with the other silicates, in-
cluding quartz, is surprising. Many studies suggest that the
resistance of zircon to dissolution is closely related to its crys-
tal structure. First, it was shown that metamictization, i.e. the
loss of periodic crystal structure as a result of the accumula-
tion of radiation damage over the course of time, strongly de-
creases the stability of zircon in weathering processes (Balan
2000) as well as during leaching experiments (Ewing 1999).
Second, no Zr enrichment was found at the surface of zircons
sampled in tropical weathering environments despite the low
solubility of Zr oxide (Balan et al. 2001). Thus, the zircon dis-
solution is likely controlled by a surface reaction, in agree-
ment with previous studies on other orthosilicates (Brady and
House 1996). The strength of the Zr-O bond may explain why
zircon has the slowest reactivity among the orthosilicates
(Velbel 1999). Indeed, the Zr-O bond probably controls the
transfer of Zr4+ cations from the mineral surface to the solu-

tion. However, it cannot be a fully convincing explanation of
the resistance of zircon in weathering processes compared with
that of more polymerized silicates, such as quartz. In addition,
the mobility of Zr in hydrothermal or weathering processes
strongly increases when zircons are absent from the altered
rocks (Duvallet et al. 1999), which underlines the peculiarity
of zircon among Zr-bearing minerals. These various observa-
tions point out a possible relation between the surface struc-
ture of zircon and its extremely slow weathering rate. As a
matter of fact, silicate dissolution involves ion exchanges and
Brönsted acid-base reactions between the mineral’s surface and
the solvent (Brady and House 1996). The rates are minimum
when mineral surfaces are close to electrostatic neutrality and
increase in acidic or basic solutions when mineral surfaces be-
come electrostatically charged. Gas phase ab initio calculations
performed on molecular clusters of silicate minerals (Lasaga
1995) suggest that hydrolysis reactions are controlled by spe-
cific surface relaxation following the adsorption of aqueous
species, such as H2O, H+ or OH–.

In this work, we study the microscopic structure of the (100)
face of zircon and we analyze the relations between the surface
structure and its interaction with water molecules. For this pur-
pose, we calculate the energies and structural relaxations asso-
ciated to the adsorption of aqueous species (H2O, H+, and OH–)
on the zircon surface by using the Density Functional Theory.
We consider the (100) surface because it is the most frequently
observed face of zircon and one of the most resistant to disso-
lution (Carroll 1953).

COMPUTATIONAL METHODS

Structure relaxations were performed by using the Density
Functional Theory and the generalized gradient approximation
with the functional proposed by Perdew, Burke and Ernzerhof
(PBE) (Perdew et al. 1996), which provides an accurate treat-
ment of hydrogen bonding and dissociation energies of small* E-mail: Etienne.Balan@lmcp.jussieu.fr
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ABSTRACT

We have studied the interaction of aqueous species with the (100) face of zircon using first-
principles quantum mechanical calculations. Adsorption energy of molecular water on the Zr Lewis
site is 1.27 eV per molecule, whereas the energy of dissociative adsorption is only 0.84 eV per
molecule. Thus, the non-dissociative adsorption of water is strongly preferred with respect to the
dissociative adsorption on the (100) face of zircon. Such behavior, which is related to the weak
ability of the surface structure to relax, is changed by a 5% increase of the surface cell parameters.
From our theoretical results, we propose that the exceptional resistance of zircon to dissolution may
be related to the strong acidity of the Zr-O-Si bridging O atoms, which promotes the associative
adsorption of water on the (100) surface of zircon.


