
American Mineralogist, Volume 111, pages 500–508, 2026

A Zr-Hf geothermometer for magmatic zircon: New experiments and formulation
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ABSTRACT

We present new experimental data on ZrO2 and HfO2 concentration in aluminosilicate melts of
wide compositional range [M = (Na�K� 2Ca)/(Al·Si), cation ratio, from 0.66 to 2.77] equilibrated,
respectively, with zircon (Zrn) or hafnon (Hfn) at temperature 900–1473 °C. The experiments
indicate nearly identical dependence of Zrn and Hfn solubility on the melt composition. A geotherm-
ometer equation: T (±36) = 2449/(lnKd� 1.704), where Kd = (Zr/Hf)Zrn/(Zr/Hf)m is the Zr and Hf
distribution coefficient between Zrn and melt (m), symbols of elements denote their concentration
(in ppm) in zircon and melt, and T is temperature in Kelvin, is derived by thermodynamic processing
of the experimental data. In calculations with this equation, we accepted a constant Zr concentration
in Zrn of 490 000 ppm. The commonly observed increase in Hf concentration from the cores to
margins of magmatic zircon crystals may be related to fractional crystallization of zircon. For
differentiated magmatic series, the initial crystallization temperature of zircon in the least silicic
varieties should be evaluated using the cores of zircon grains with the highest Zr/Hf ratio. Application
of the geothermometer for mafic and intermediate rocks may be hampered due to simultaneous
crystallization of Zrn with other ore and/or mafic minerals relatively enriched in Zr and Hf. The newly
derived geothermometer has some advantages over other indicators of the crystallization temperature
of magmatic zircon based on the zircon saturation and on the Ti concentration in this mineral, as it
does not depend on the major-oxide melt composition and on the accuracy of the estimated SiO2 and
TiO2 activities in the melts. Calculations of Zr and Hf fractionation trends in the course of zircon
crystallization in granitoid melts allow evaluation of the temperature at which more evolved melt
portions were segregated.

Keywords: Zircon, hafnon, aluminosilicate melts, geothermometry, magmatic fractionation

INTRODUCTION

Magmatic zircon commonly contains from 0.5–5 wt%
HfO2 (Hoskin and Schaltegger 2003, and references therein);
it is a solid solution of zircon (Zrn, ZrSiO4) and hafnon (Hfn,
HfSiO4). Numerous studies have documented a systematic
decrease in the Zr/Hf ratio from cores to rims of individual
magmatic zircon grains (Claiborne et al. 2006, 2010;
Wang et al. 2010; Padilla et al. 2016; Aranovich et al. 2017;
Schoonover et al. 2024), as well as from less to more silicic
rocks in differentiated continental magmatic series (Claiborne
et al. 2006, 2010; Barth andWooden 2010; Padilla et al. 2016).
A negative correlation between the Zr/Hf ratio and Ti concen-
tration in zircon, which is an indicator (at least qualitative) of
the crystallization temperature (Ferry and Watson 2007), was
identified by Barth andWooden (2010), Claiborne et al. (2006,
2010, 2018), Colombini et al. (2011), Grimes et al. (2009), and
Schoonover et al. (2024). These observations, which indicate
significant fractionation of Zr and Hf in the course of Zrn
crystallization, appear rather unexpected given that Zr and
Hf have very similar crystal chemical properties (the formal
charge is �4, and ionic radii in the eightfold coordination
are 0.84 and 0.83 Å, respectively) (Shannon 1976). Hence, the

two elements should only very weakly fractionate during melt-
ing and crystallization processes (e.g., Taylor and McLennan
1985). The observed fractionation becomes, however, quite
understandable considering the fact that the most compatible
element in zircon during its crystallization from a melt is Zr
itself, and so the exchange reaction:

HfSiOs
4 + ZrSiOm

4 =ZrSiOs
4 + HfSiOm

4 (1)

where m is silicate melt and s is Zrn, should be notably shifted to
the right. This deduction is supported by the experimental data on
zircon and hafnon solubility in silicate melts (Ellison and Hess
1986), and on Zr and Hf partitioning between zircon and melts
(Rubatto and Hermann 2007), as well as by theoretical estimates
of Zr and Hf partition coefficients in the system zircon–silicate
melt based on the lattice strain model (Blundy and Wood
2003), and by thorough analysis of regular patterns in Zr/Hf ratio
of Zrn rims in a series of natural magmatic rocks (Claiborne et al.
2018). The above experimental works have been used in a recon-
naissance calibration of the enthalpy and entropy of exchange
reaction 1 (Aranovich and Bortnikov 2018). Here, we present a
new systematic experimental study on Zrn andHfn crystallization
from silicate melts of fixed compositions in a wide temperature
range that allowed the derivation of significantly refined thermo-
dynamics of the exchange reaction. We also demonstrate the
potential of the Zr-Hf geothermometer for reconstructing the ther-
mal evolution of magmatic rocks.
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