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XAS evidence for the stability of polytellurides in hydrothermal fluids up to 599 °C, 800 bar
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Abstract
Although the crustal abundance of tellurium (Te) is about half of that of gold (Au), several classes
of Au deposits are highly enriched in Te. Our understanding of the nature of this Au-Te association is
hampered by the lack of experimental studies of Te geochemistry at elevated temperature. We characterized the structure of polytelluride solutions from room temperature to 599 °C at 800 bar using in
situ X‑ray absorption spectroscopy. Both ab-initio XANES and EXAFS fits show that polytellurides
are stable up to the highest temperature, with planar structures (four- or threefold coordination of Te)
giving way to linear chains (e.g., Te2–
2 ion) at temperatures above ∼200 °C. This is the first experimental
confirmation of the thermal stability of polytelluride species. The data show that polytellurides play
an important role in Te transport in reduced S-rich or CO2-rich solutions and vapors.
Keywords: Tellurium, polytellurides, aqueous speciation, X‑ray absorption spectroscopy, hydrothermal ore deposits

Introduction
Tellurium (Te) is of great interest in the study of ore deposits because of its association with gold (Ciobanu et al. 2006).
Despite the very low crustal abundance of Te (2 ppb, compared
to 4 ppb for Au; Greenwood and Earnshaw 1984), Te occurs in
high concentrations (ten to thousands of parts per million) in
many Au deposits; in particular, Te is closely associated with
Au in epithermal deposits (Kelley et al. 1998; Pals and Spry
2003), in some orogenic Au deposits (Bateman and Hagemann
2004; Shackleton et al. 2003; Sung et al. 2007), as well as in
some Au-skarns, where the common Au-Bi-Te association has
recently been attributed to the interaction between polymetallic
melts and hydrothermal fluids (Ciobanu et al. 2010; Tomkins et
al. 2007; Tooth et al. 2008, 2011).
This Au-Te association and high Te:Au ratios in many hydrothermal ores demonstrate that hydrothermal fluids have the
ability to carry significant quantities of Te. Yet, there are virtually
no studies of Te transport under hydrothermal conditions, and
our understanding of the nature and thermodynamic properties
of aqueous Te is derived almost exclusively from extrapolation
of experiments undertaken at room temperature (McPhail 1995).
Tellurium, like the other Group 16 elements, S and Se, has an
extensive redox chemistry with oxidation states ranging from –II
to +VI. Solubility calculations based on existing properties suggest
that reduced aqueous fluids have little capacity to carry Te (sub-ppt
concentrations at 300 °C; Cooke and McPhail 2001; Fig. 1). In
S-rich (e.g., epithermal) or CO2-rich (e.g., orogenic gold; Phillips
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and Evans 2004) fluids, the main aqueous Te species is predicted to
be the polytelluride ion, Te22– (Fig. 1a). Cooke and McPhail (2001)
suggested that the volatility of reduced tellurium species causes
Te enrichment in vapor; Figure 1b shows that in CO2-rich fluids,
the polytelluride Te2(g) species is the dominant vapor species.
The tendency to catenate is a characteristic feature of chalcogens, resulting in rings and chains. The polychalcogenide ions
Qn2–, with Q = S, Se, Te and n = 2–6 exist both in solution and
in the solid state (Sheldrick 2007; Kanatzidis and Huang 1994).
Recently, Pokrovski and Dubrovinsky (2011) discovered that the
polysulfide species S3−, rather than mononuclear species such as
HS−(aq) and SO2(aq), appears to dominate S-speciation in S-rich
solutions at high pressure (>10 kbar) at T > 200 °C.
The aim of this study is to investigate the stability of polytellurides in aqueous solutions up to temperatures characteristic of
magmatic hydrothermal conditions.

Experimental methods
Tellurium K-edge (31 814 eV) X‑ray absorption near edge structure (XANES)
and extended X‑ray absorption fine structure (EXAFS) spectra were measured
at 30-BM (FAME) at the European Synchrotron Radiation Facility (ESRF) in
Grenoble, France. The ESRF is a 6.03 GeV ring and operating in 7/8 multi-bunch
mode has a maximum current of 200 mA. FAME is a bending magnet beamline
with a double crystal Si(220) monochromator, and an energy resolution of 1.63
eV at the Te K-edge (Proux et al. 2006). A focused beam size of FWHM 300 ×
1000 µm2 was used. The incident and transmitted beam intensities, I0 and I1, were
measured with Si diodes. A 30-element solid-state fluorescence detector was used
for detecting fluorescence data. The energy was calibrated with metallic Te, such
that the maximum of the first derivative was at 31 814 eV. The high-temperaturehigh-pressure cell developed by the Laboratoire de Cristallographie (CNRS) was
used for XAS measurements of solutions up to supercritical conditions. A detailed
description of the cell can be found in Testemale et al. (2005). The temperature
was calibrated as outlined in Etschmann et al. (2010).
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