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abstract

The structure of argentopyrite, AgFe2S3, was determined for the first time with single-crystal 
X-ray diffraction. In contrast to the previously reported orthorhombic symmetry, our data show that 
argentopyrite is monoclinic with space group P1121/n (non-standard setting) and unit-cell parameters 
a = 6.6902(2), b = 11.4497(4), c = 6.4525(2) Å, γ = 90.2420(8)°, and V = 494.26(3) Å3. Similar to 
cubanite (CuFe2S3), the structure of argentopyrite is also based on approximately hexagonal close-
packed S atoms, with cations ordered over one half of the tetrahedral sites, forming corner-shared AgS4 
and FeS4 tetrahedral sheets parallel to (001). The two structures differ chiefly in the linkage between 
the two adjacent tetrahedral sheets and the ordering patterns of cations within a tetrahedral sheet. 
Topologically, the structure of argentopyrite can be obtained by a displacement of a tetrahedral sheet 
in the cubanite structure along the (a/2 + b/6) direction relative to the sheet beneath, giving rise to a 
cluster of four edge-shared FeS4 tetrahedra in argentopyrite, as compared to two in cubanite. There are 
two distinct Fe sites (Fe1 and Fe2) in argentopyrite, rather than only one, as in other MFe2S3 sulfide 
minerals (M = monovalent cations). Together with published Mössbauer data, we suggest that there 
exists some degree of Fe2+-Fe3+ order-disorder in argentopyrite, with Fe2+ favoring the more distorted 
Fe2 tetrahedral site. Argentopyrite appears to possess all the features proposed by Putnis (1977) for 
a high-temperature ordered form of cubanite.
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introduction

Ternary sulfides with a general chemical formula MFe2S3, 
where M represents a monovalent cation, such as Cu+, Ag+, K+, 
Cs+, Rb+, or Tl+, are characterized by Fe with a nominal valency 
of +2.5, due to rapid electron exchange between Fe2+ and Fe3+ 
ions (Greenwood and Whitfield 1968; Vaughan and Burns 1972; 
Amthauer and Bente 1983; Wintenberger et al. 1990; McCam-
mon 1994; Reissner et al. 2004; Pareek et al. 2008). These 
materials exhibit numerous interesting electronic-magnetic 
properties (Sleight and Gillson 1973; Wintenberger et al. 1990; 
Reissner et al. 2006), as well as polymorphism at different 
temperatures or pressures (e.g., Putnis 1977; Miyamoto et al. 
1980; McCammon 1994, 1995; Rozenberg et al. 1997; Pruseth 
et al. 1999). Moreover, different building blocks formed by FeS4 
tetrahedra in the MFe2S3 compounds are also found in several 
enzymes, ferredoxins, and other Fe-S bearing proteins, in which 
the valence-delocalized [Fe2+-Fe3+] clusters constitute active sites 
that are responsible for basic electron transfer reactions in many 
key biochemical pathways (e.g., Holm et al. 1996; Beinert et 
al. 1997). Geologically, although the MFe2S3 minerals, such as 
cubanite CuFe2S3, argentopyrite or sternbergite (a dimorph of 
AgFe2S3), rasvumite KFe2S3, pautovite CsFe2S3, and picotpau-
lite TlFe2S3, are relatively rare when compared to many binary 
sulfides, they reflect more extreme conditions of ore formation, 
and thus, may bear important information on geologic occur-

rence and significance of the various minerals and assemblages 
involved (Taylor 1970; Osadchii and Chareev 2006). 

The crystal structures of all MFe2S3 minerals, except argen-
topyrite, have been previously determined, including cubanite 
(Buerger 1945, 1947; Azaroff and Buerger 1955; Fleet 1970; 
Wintenberger et al. 1974; Szymanski 1974; McCammon et al. 
1992), sternbergite (Pertlik 1987), rasvumite (Clark and Brown 
1980; Mitchell et al. 2004), pautovite (Mitchell et al. 2004), 
and picotpaulite (Balić-Žunić et al. 2008). A common struc-
tural feature of these minerals is that they all contain only one 
symmetrically nonequivalent tetrahedral Fe site. Their major 
differences are manifested in the coordination of M cations and 
the linkage of FeS4 tetrahedra. In cubanite, each Cu is bonded 
to four S atoms and each FeS4 tetrahedron shares one edge with 
another FeS4 tetrahedron, forming a cluster of paired FeS4 tet-
rahedra. In sternbergite, Ag is also coordinated by four S atoms, 
but each FeS4 tetrahedron shares two edges with other FeS4 
tetrahedra, forming a single tetrahedral chain. In the isostruc-
tural minerals, rasvumite, pautovite, and picotpaulite, the large 
M cations are bonded to 10 S atoms and each FeS4 tetrahedron 
shares three edges with other FeS4 tetrahedra to form a double 
tetrahedral chain. 

Argentopyrite and sternbergite are the two best-documented 
ternary sulfides in the Ag-Fe-S system. Relative to sternbergite, 
argentopyrite is the stable form at lower temperatures (<150 °C) 
(Czamanske 1969; Taylor 1970) and is more common in nature. 
However, despite the long history since its first description (von * E-mail: hyang@u.arizona.edu


