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The role of silver on the stabilization of the incommensurately modulated structure in 
calaverite, AuTe2
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Abstract

Structural investigations of several minerals belonging to the calaverite group with composition 
Au1–xAgxTe2 (x = 0.00, 0.02, 0.05, 0.09, 0.19, and 0.33) indicate that Ag is randomly distributed on 
the Au sites. This suppresses the valence fluctuation of Au and, therefore, the structure modulations. 
The results are compared with the previously published incommensurately modulated structure of 
calaverite, Au0.9Ag0.1Te2, which is characterized by valence fluctuations of Au reinforced by an ordered 
distribution of Ag. The (3+1)-dimensional calaverite structure type is able to reproduce both (3+1)D 
and 3D related structures with the general formula AB2 (A = Au, Ag, Cu, Nb, Ta; B = Te).
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Introduction

Calaverite was first identified by Ghent (1861) and, since its 
discovery, it has been the subject of numerous studies, in large 
part because of the difficulties mineralogists encountered in 
indexing crystalline specimens from different locations. It was 
later found that the diffraction pattern of calaverite exhibited 
satellite reflections, which pointed to the presence of an incom-
mensurately modulated structure (Chapuis 2003 and references 
therein). Calaverite belongs to the group of gold-silver tellurides 
with the chemical formula Au1–xAgxTe2, the most important 
group of minerals from an economic standpoint in the Au-Ag-Te 
system. This group comprises calaverite, AuTe2 (the monoclinic 
polymorph); krennerite, AuTe2 (the orthorhombic polymorph); 
and sylvanite, AuAgTe4. Based on the experimental data of Cabri 
(1965), calaverite, krennerite, and sylvanite contain 0.00 to 2.8 
wt%, 3.4 to 6.2 wt%, and 6.7 to 13.2 wt% Ag, respectively. 
These minerals occur in several epizonal and mesozonal gold 
and gold-silver telluride deposits including the Golden Mile, 
Kalgoorlie, Australia (e.g., Clout et al. 1990; Shackleton et al. 
2003), Emperor, Fiji (e.g., Ahmad et al. 1987; Pals and Spry 
2003), Cripple Creek, Colorado (e.g., Thompson et al. 1985), 
and Săcărîmb, Romania (Alderton and Fallick 2000) deposits, 
which are among the largest gold deposits in the world. 

From the crystallographic standpoint, calaverite has received 
much attention in the past century because its morphology was 
considered to violate Haüy’s law of rational indices (Goldschmidt 
et al. 1931 and references therein). It is surprising that the 
introduction of diffraction techniques did not solve the puzzle 
initially. Indeed, it was first Tunell and Ksanda (1936) and then 
Tunell and Pauling (1952) who were able to solve the average 
C2/m structure of calaverite. However, they did not propose any 
interpretation of the so-called “adventive diffraction spots” (now 
called satellites) observed in the diffraction pattern of calaverite. 

Sueno et al. (1979) were the first to identify the additional spots 
as “wavy displacements” in the structure. These authors found 
that the satellite positions were at 27.3° from the +c* axis and 
62.7° from the +a* axis, with a wave vector normal to the (304) 
lattice plane. Nonetheless, Sueno et al. (1979) could not solve 
the structure with a sinusoidal wave-distribution function for 
the displacement of the Te atoms in a commensurate enlarged 
supercell. Later, based on a transmission electron microscopy 
(TEM) study, Van Tendeloo et al. (1983a) pointed out that the 
satellite reflections in calaverite were due to an incommen-
surately displacive modulation superimposed on the average 
C2/m structure. Using the information gained from the TEM 
study, Dam et al. (1985) were able to clarify the morphology of 
calaverite by indexing the crystal faces with four instead of three 
indices, the extra index applying to q = –0.4095a* + 0.4492c*. 
Finally, Schutte and de Boer (1988), using the superspace ap-
proach, solved the incommensurately modulated structure of 
calaverite in the superspace group C2/m(α0γ)0s. These authors 
showed that the modulation consists mainly of displacements of 
Te atoms and the observed modulations are interpreted in terms 
of valence fluctuations between Au+ and Au3+. More recently, 
Balzuweit et al. (1993) studied the variation of the modulation 
wave vector in synthetic calaverite as a function of temperature 
and silver content (up to 3.0 at% of Ag) using X-ray diffraction 
and morphological techniques.

In the course of research projects dealing with the charac-
terization of tellurium-bearing minerals from museum collec-
tions (Bindi and Cipriani 2003a, 2003b, 2004a, 2004b, 2004c, 
2004d; Bindi et al. 2004, 2005; Bindi 2008, 2009), we analyzed 
calaverite samples with variable silver contents. The aim of the 
present work is to characterize calaverite by single-crystal X-ray 
diffraction, scanning electron microscopy (SEM), and electron 
probe microanalysis (EPMA) and to discuss the role of silver in 
the stabilization of the incommensurately modulated structure 
in the framework of the superspace concept. * E-mail: luca.bindi@unifi.it


