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AbstrACt

The application of the Hf isotope composition of zircon as a geochemical tracer requires the pres-
ervation of Lu-Hf systematics within individual grains. We performed hydrothermal experiments on 
a self-irradiation-damaged zircon to test whether hydrothermal alteration would affect its Hf isotopic 
composition. Severely radiation-damaged zircon from Sri Lanka was reacted in either Teflon reactors 
or gold capsules at 200 °C (1080 h, autogeneous pressure), 400 °C (120 h, 1 kbar), and 600 °C (72 h, 
1 kbar) in a 1 M HCl–0.2 M HF solution that was spiked with 300 ppm non-natural Hf (98.2% 180Hf) 
and 970 ppm Yb. Laser ablation inductively coupled plasma mass spectrometry measurements of 
the Hf- and U-Pb isotope compositions of the altered domains revealed that the U-Pb system of such 
domains was severely disturbed, resulting in a discordia pointing toward the origin of the concordia 
diagram, but that the Hf isotope composition was unaffected. In addition, Yb enrichment was observed 
in the reacted zircon domains, predominantly near the zircon-solution interface. The Yb has appar-
ently diffused into the altered domains. The new data are fully consistent with a diffusion-controlled 
aqueous alteration process occurring within radiation-damaged zircon.
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introduCtion

Zircon is one of the most important minerals in U-Pb geo-
chronology and a major reservoir of Hf in crustal rocks. The Hf 
isotope composition in zircon is an important tracer for studies 
aimed at unraveling mantle differentiation and crustal growth. For 
instance, on the basis of the Hf isotope compositions of 4.0–4.4 
Ga detrital zircon grains from Jack Hills in Western Australia, it 
was suggested that most of these grains grew in magmas derived 
from crust of even greater age. This implies that the Earth must 
have cooled rapidly just after its accretion was essentially com-
plete at ~4.5 Ga (see Scherer et al. 2007, and references therein). 
Such interpretations drawn from the Hf isotope compositions of 
zircon grains rely on the assumption that the latter have remained 
closed systems with respect to Lu and Hf. However, it has been 
long known that zircon grains become increasingly susceptible 
to hydrothermal alteration as they accumulate self-irradiation 
damage over time as the result of the radioactive decay of U 
and Th (Geisler et al. 2007, and references therein). The effects 
of such alteration on Lu-Hf systematics are poorly understood. 
The goal of this study is to investigate the robustness of this 
isotope system in radiation-damaged zircon during hydrothermal 
alteration by an experimental fluid that was spiked with 300 ppm 
Hf of non-natural isotopic composition (98.2% 180Hf).

Furthermore, 180Hf and Yb were used as tracers to investigate 

the mechanism of the aqueous alteration within radiation-dam-
aged zircon. Geisler et al. (2003b) proposed that radiation-
damaged zircon alters via a diffusion-reaction process, where 
the inward diffusion of hydrogen species catalyzes structural 
recovery. Such a process was accompanied by temperature-
dependent losses of Zr, Si, U, REE, and radiogenic Pb, and gains 
of Ca, Al, and other non-formula elements that were present in 
solution, whereas Hf was found to be immobile (Geisler et al. 
2003b). A hydrothermal experiment with 16 variably radiation-
damaged zircon crystals further revealed that the alteration 
rate of radiation-damaged zircon dramatically increases when 
the volume fraction of amorphous domains, generated directly 
by the recoil nuclei during the U and Th decay, reaches ~0.3, 
and again at a fraction of ~0.7 (Geisler et al. 2003c). The first 
increase could be related to the first percolation point (Geisler et 
al. 2003c), where the amorphous domains form interconnected 
clusters over macroscopic length scales (Salje et al. 1999) and 
dramatic macroscopic volume swelling sets in (Trachenko et al. 
2003). Based on molecular-dynamics simulations (Trachenko et 
al. 2002), SAXS (Ríos and Salje 2004), and NMR measurements 
(Farnan and Salje 2001) the second increase has been interpreted 
to reflect the percolation of nano-sized regions of low atomic 
density that occur inside the amorphous recoil cascades and 
provide fast diffusion pathways (Geisler et al. 2003c). 

Alternatively, Putnis (2002) suggested that altered zones in 
radiation-damaged zircon could form by an interface-coupled 
dissolution-reprecipitation process, where the parent or reactant 
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