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Adding further complexity to the polybasite structure: The role of Ag in the B layer of the
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Abstract
We report data on the composition and crystal structure of the most Ag-rich (15.63 apfu) natural polybasite yet discovered. It shows the -M2a2b2c polytype. The crystal studied was found in
a sample (mineralogical collection of the Royal Ontario Museum) from Gowganda, Timiskaming
District, Ontario, Canada. Electron microprobe analysis yields the formula [Ag6(Sb1.78As0.18)∑=1.96S7]
[Ag9(Ag0.63Cu0.43)∑=1.06S4]. Lattice parameters are a = 26.2625(4), b = 15.1623(5), c = 24.1061(6) Å, β
= 90.045(5)°, V = 9599.0(4) Å3. The structure was refined in the space group C2/c to R = 0.0581 using
7725 observed reflections [I > 2σ(I)]. The refinement shows that one of the three structural positions
of the B module layer usually occupied by Cu is dominated by Ag. Crystal-chemical characteristics are
compared with published data on the other members of the pearceite-polybasite group. Some remarks
concerning nomenclature are also given.
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Introduction
The minerals of the pearceite-polybasite group, general
formula (M6T2S7)(Ag9CuS4), with M = Ag, Cu and T = As, Sb,
are relatively common in nature. Their crystal structure can be
described as the succession, along the c axis, of two pseudolayer modules: a (M6T2S7)2– A module layer and a (Ag9CuS4)2+
B module layer (Bindi et al. 2007a and references therein).
From a chemical point of view, the members of this group are
generally pure, only containing minor amounts of Bi, Pb, Zn,
and Fe. Nonetheless, the recent discovery of three new mineral
species belonging to this group [i.e., selenopolybasite (Bindi et al.
2007b), cupropearceite, and cupropolybasite (Bindi et al. 2007c)]
expands the range of chemical compositions reported to date.
In the course of a study dealing with the characterization of
structurally complex silver-bearing minerals of mineralogical
collections from various museums, we recovered a sample of
polybasite (polytype -M2a2b2c) with the highest Ag content
(>15 apfu) and the lowest Cu content (<1 apfu) yet discovered
in nature. Till now the chemical range (in atoms per formula
unit) for polybasite-M2a2b2c samples was 13.62–14.98 for
Ag and 1.01–2.42 for Cu (Bindi et al. 2007a; Hall 1967). The
occurrence of polybasite samples with Cu content <1.00 apfu
gives the possibility for an unusual crystal structure. The current study evaluates the structure of polybasite with such a low
Cu content.

Occurrence and chemical composition
The sample containing the polybasite crystal used in the
present study (Department of Natural History, Royal Ontario
Museum, Canada; catalog no. M27183) is from Gowganda,
Timiskaming District, Ontario, Canada, a well-known source of
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silver-bearing minerals. Geologic and metallogenic data for this
deposit were reported by Andrews et al. (1986).
Polybasite occurs as very rare black anhedral to subhedral
grains, up to 150 µm in length, and shows a gray-black to black
streak. A preliminary chemical analysis using energy dispersive
spectrometry, performed on the crystal fragment used for the
structural study, did not indicate the presence of elements (Z >
9) other than S, Cu, As, Ag, Sb, and Pb. The chemical composition was then determined using wavelength dispersive analysis
(WDS) by means of a JEOL JXA-8200 electron microprobe.
Major and minor elements were determined at a 20 kV accelerating voltage and a 40 nA beam current, with 10 s as counting
time. For the WDS analyses the following lines were used: SKα,
FeKα, CuKα, ZnKα, AsLα, SeLα, AgLα, SbLβ, TeLα, AuMα,
and PbMα. The standards employed include: native elements for
Cu, Ag, Au, and Te, galena for Pb; pyrite for Fe and S; synthetic
Sb2S3 for Sb; synthetic As2S3 for As; synthetic ZnS for Zn; and
synthetic PtSe2 for Se. The polybasite fragment was found to
be homogeneous within analytical error. The average chemical
composition (nine analyses on different spots), together with
ranges of wt% of elements, are reported in Table 1. On the basis of
29 atoms, the formula can be written as [Ag6(Sb1.78As0.18)∑=1.96S7]
[Ag9(Ag0.63Cu0.43)∑=1.06S4].

X-ray single-crystal diffraction and
structure refinement

The diffraction quality of the single crystal was initially
checked by means of a Bruker P4 single-crystal diffractometer
equipped with a conventional point detector. The data collection was then carried out with an Oxford Diffraction Xcalibur 3
diffractometer, equipped with a Sapphire 2 CCD detector (see
Table 2 for details). Intensity integration and standard Lorentzpolarization correction were performed with the CrysAlis RED

