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Abstract

The transformation of calaverite to gold under hydrothermal conditions was studied experimentally 
by probing the effects of temperature (140 to 220 °C), pH (2–12), oxidant concentration, geometric 
specific surface area, and solid-weight to fluid-volume ratio on the sample textures and the reaction 
kinetics. Under all of the experimental conditions explored, calaverite transformed to various extents 
to metallic gold. The replacement is pseudomorphic, as gold preserves the external dimensions of 
calaverite. The resulting elemental gold is porous; consisting of filament-shaped aggregates with 
diameters ranging from 200 to 500 nm and lengths up to 25 µm. Gold crystals appear to be randomly 
oriented with respect to the twinned calaverite grains. 

The transformation proceeds via a coupled calaverite dissolution–gold precipitation mechanism, 
with calaverite dissolution being rate-limiting relative to gold precipitation. Tellurium is lost to the 
bulk solution as Te(IV) complexes, and may further precipitate away from the dissolution site (e.g., 
autoclave walls) as TeO2(s). In contrast, gold precipitates locally near the calaverite dissolution site. 
Such local gold precipitation is facilitated by fast heterogeneous nucleation onto the calaverite surface. 
The dissolution of calaverite and the overall reaction are oxidation reactions, and oxygen diffusion 
through the porous metallic gold layer probably plays an important role in sustaining the reaction. 

A similar dissolution-reprecipitation process may be responsible for the formation of mustard gold 
during the weathering of gold-telluride ores. At 220 °C, solid-state replacement of calaverite by gold 
is slow (months), but calaverite grains ~100 µm in size are fully replaced in <24 h under hydrothermal 
conditions, providing a possible alternative to roasting as a pre-treatment of telluride-rich gold ores.
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Introduction

Gold tellurides are common accessory minerals in many gold 
deposits. For example, many “orogenic” gold deposits contain 
trace amounts of gold tellurides (e.g., Sung et al. 2007), and in 
a few of these deposits a significant portion of the Au is in the 
form of gold tellurides, such as in the Kirkland Lake District, 
Canada (Thompson 1949), and at the Golden Mile, Kalgoorlie, 
Australia, where 20% of the recovered gold occurs as tellurides 
(Shackleton and Spry 2003). Gold tellurides also are major Au 
carriers in many epithermal gold deposits [e.g., Acupan, Philip-
pines (Cooke and McPhail 2001); Cripple Creek, Colorado (Kel-
ley et al. 1998); Emperor, Fiji (Ahmad et al. 1987); Sǎcǎrîmb, 
Romania, (Cook et al. 2005)]. Some 14 distinct gold telluride 
minerals are known, but sylvanite [(Au,Ag)2Te4], calaverite 
(AuTe2), and petzite (Ag3AuTe2) are the most common (Marsden 

and House 2006). Overall, the hydrothermal geochemistry of Te 
remains poorly understood, and the stability fields of telluride 
minerals remain poorly constrained (e.g., McPhail 1995; Zhang 
and Spry 1994). 

Calaverite (AuTe2) is usually found in low-temperature 
hydrothermal veins (≤200 °C), but has also been reported from 
moderate- to high-temperature (>450 °C) deposits (Cabri 1965). 
Chemically, calaverite often contains small amounts (<15 mol%) 
of Ag substituting for Au (e.g., Bindi et al. 2009; Cabri 1965). 
The structure of calaverite is based on the CdI2 archetype, but 
with a complex, incommensurate modulation (Schutte and De 
Boer 1988; Bindi et al. 2009). The calaverite subcell is a = 7.195, 
b = 4.415, c = 5.070 Å, β = 90.04° in space group C2/m, and the 
structure is derived from a hcp sequence of Te layers with only 
every alternate layer of octahedral sites occupied by Au (Schutte 
and De Boer 1988; Bindi et al. 2009). The AuTe6 sheets, which 
are arranged parallel to (001), are linked by Te-Te bonds. 
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