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aBstract

We investigated the incorporation of hydrogen into zircon at 1650 and 1550 °C, and pressures of 
2.5 and 1.5 GPa under water-saturated conditions in a piston-cylinder apparatus. Concentrations were 
determined by polarized Fourier transform infrared spectroscopy using the zircon absorption coefficient 
εi = 36 241 cm–2 per mol H2O/L and range from ~90 to 200 ppm H2O by weight. Crystals grown in the 
presence of Ti4+ or Th4+ do not differ significantly in their H2O content. We also synthesized zircons 
with various concentrations of Lu2O3 and Al2O3 to characterize changes in band positions and hydrogen 
concentrations related to coupled substitutions in zircon. Trivalent cations correlate in a nearly 1:1 
molar fashion with hydrogen highlighting a potentially important coupled substitution in high water 
activity environments. Bands from undoped and doped zircons in the OH stretching region of the 
infrared spectrum show broad agreement when compared to spectra from natural samples. Heating 
experiments at 1 atm and 1000 °C produce a decrease in the integrated area; while some bands disap-
peared entirely, others are particularly stable with little decrease in integrated area after 128 h at 1000 
°C. Results presented here help eliminate uncertainties that arose from Fourier transform infrared 
studies of natural zircons and provide further clarification for the origin of band positions in natural 
samples. In addition to the water activity of the crystallizing medium, the H2O content of natural 
grains will likely be significantly influenced by trivalent cation concentrations. In crustal zircons 
especially, trivalent atomic contents generally exceed those of phosphorus, meaning that hydrogen 
may be particularly important for trivalent cation charge compensation. An unanticipated result of this 
study was the development of a reasonably effective technique that produces relatively homogenous 
zircons doped with minor impurities. This technique could potentially be utilized in studies aimed at 
developing zircon standards, because it yields crystals that appear to be more homogenous than those 
produced by the flux method, and are generally free of inclusions. 
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introDuction

Zircon is a nearly ubiquitous accessory phase found in crustal 
rocks, though it may also occur in mantle-derived carbonatites 
(Belousova et al. 2002), as xenocrysts in kimberlites (Valley 
et al. 1998; Bell et al. 2004; Page et al. 2007), and in mantle 
assemblages such as metasomatized peridotite xenoliths (e.g., 
Liu et al. 2010). Zircon is tetragonal; in its crystal structure 
isolated SiO4 tetrahedra share corners and edges with ZrO8 
polyhedra. The Si-O bond distance is 1.622 Å, while each Zr 
atom has four bonds with oxygen that are 2.129 Å, and another 
four with lengths of 2.268 Å (Hazen and Finger 1979). It is an 
exceptionally durable mineral; non-metamict crystals resist 
high-temperature diffusive re-equilibration (e.g., Cherniak et 
al. 1997), survive physical breakdown during weathering, and 
have slow kinetics of dissolution in crustal melts (Harrison and 
Watson 1983; Watson 1996).

Zircon’s diverse provenance and its chemical and physi-
cal robustness have stimulated the development of numerous 
geochemical tools. These include zircon radiogenic studies 
of U, Th, and Lu (e.g., Harrison et al. 2008), a zircon oxygen 

isotope fractionation factor (Valley et al. 2003; Trail et al. 
2009), a Ti-crystallization thermometer (Watson et al. 2006; 
Ferry and Watson 2007), and zircon-melt rare earth element 
(REE) partition coefficients (Hanchar et al. 2001; Thomas et al. 
2002; Rubatto and Hermann 2007; Luo and Ayers 2009). These 
geochemical tracers have yielded an abundance of information 
about the nature and history of zircon-hosted rocks. They have 
also constrained the source rocks of detrital or inherited grains, 
including those that pre-date the known rock record (e.g., Watson 
and Harrison 2005). 

When compared to U-Th-Pb geochronology, Lu-Hf studies, 
oxygen isotopes, Ti-thermometry, and REE geochemistry, OH 
in zircon has received relatively little attention. Although gen-
erally considered an anhydrous mineral, zircon can incorporate 
hydroxyl into its structure during crystallization (Frondel 1953). 
Experiments have also shown that in a fluorinated hydrothermal 
environment, (OH,F)4 may occupy more than half the Si sites 
in zircon (Caruba et al. 1985). Natural, non-metamict zircons 
from diverse provenances exhibit several sharp bands in the OH 
stretching region of the infrared spectrum, though the cause of 
this absorption is sometimes ambiguous (Woodhead et al. 1991a). 
It was later suggested that water is incorporated into zircon during * E-mail: traild@rpi.edu


