
4000003–004X/99/0003–0400$05.00

American Mineralogist, Volume 84, pages 400–406, 1999

Gillulyite Tl2(As,Sb)8S13: Reinterpretation of the crystal structure
and order-disorder phenomena*
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ABSTRACT

The crystal structure of gillulyite Tl2(As, Sb)8 S13 was reinterpreted based on the average
structure determined by Foit et al. (1995). It consists of alternating PbS-like slabs com-
prised of As-S polyhedra and Tl-bearing slabs with partly zeolitic properties. In the latter,
TlS5 and As2S5 groups alternate regularly along the b direction and across the width of the
slab, thus eliminating the need for S-S and As-As bonds postulated by Foit et al. (1995).
These two types of slabs are also unit order-disorder (OD) layers, the ambiguities in stack-
ing of which lead to several potential gillulyite polytypes. The actually observed OD
phenomena are caused by ambiguity in the position of [010] TlS5-As2S5 sequences (or of
entire such layers), which can with equal probability assume two positions 1b apart.

INTRODUCTION

Gillulyite Tl2(As,Sb)8S13 (As .. Sb) is the newest ad-
dition to the long line of Tl-As-Sb sulfosalts that have
been identified since the first Tl-As sulfosalt, lorandite
TlAsS2, was described by Krenner in 1895. The descrip-
tion of gillulyite by Wilson et al. (1991) was followed by
the crystal structure determination by Foit, Robinson, and
Wilson in 1995. Many of the structural features of gil-
lulyite reminded us of those in imhofite (Divjakovic and
Nowacki 1976), which we reinterpreted as an OD struc-
ture (Balić-Žunić and Makovicky 1993). Closer study of
the published gillulyite structure revealed that it, too, calls
for reinterpretation in terms of OD theory. The new un-
derstanding of the crystal structure and OD character of
gillulyite and its position in the crystal chemical system
of sulfosalts are the principal topics of this contribution.

STRUCTURAL UNITS

Foit et al. (1995) described the crystal structure of gil-
lulyite on the configuration level of strongly bonded units
as composed of corrugated As-S and Tl-As-S (001) sheets
that differ from one another by occupancy of a large co-
ordination polyhedron by either Tl1 or an As4-As5-S7
group. For the latter configuration, As4 and As5 ought to
be interconnected by a covalent As-As bond and the
sheets themselves by S7-S7 covalent bonds (Figs. 4 and
5 in Foit et al. 1995). These two types of sheets should
be intermixed in the structure of the mineral.

We describe the gillulyite structure on the next higher
configuration level, taking into account also the weaker
interactions, which ultimately keep the structure from col-
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lapsing, and refer to the structural similarities between
gillulyite and several other sulfosalts with large cations.
No existing structure drawing programs depict satisfac-
torily these configurations. The scheme used in the pre-
sent paper requires more effort from the reader but gives
better rewards; the scheme is compared to the approach
used by ATOMS (Dowty 1993). On this higher level the
gillulyite structure can be described as a parallel inter-
growth of (1) Tl-containing ‘‘A’’ slabs with complex in-
ternal structure and partly zeolitic character with (2)
(011)PbS ‘‘B’’ slabs of substantially distorted PbS arche-
type, with trapezoidal cross sections of coordination ‘‘oc-
tahedra’’ and periodic splitting of PbS motif on (100)PbS

by additional As atoms on slab periphery. These slabs are
parallel to (001)gil (Fig. 1).

PbS-like slabs

The B slabs of gillulyite are similar to the analogous
PbS-based layers in gerstleyite Na2(Sb,As)8S13. 2H2O (Na-
kai and Appleman 1981) and in the synthetic compounds
(NH4)2Sb4S7 (Dittmar and Schäfer 1977), (N2C4H8)Sb4S7

(Parise and Ko 1992) and (NC2H8)2Sb8S12(S2) (Tan et al.
1996). In all these Sb compounds, the same type of a
generalized PbS-like (011)PbS slab occurs, with two alter-
nating (100)PbS levels. One of them is two coordination
polyhedra broad and periodically split by an additional
Sb atom inserted in its periphery, whereas the other is a
single [011]PbS row of trapezoidally distorted octahedra
(Fig. 2). These two levels are periodically linked along
the [100]PbS direction into strongly bonded double slabs
by a number of short Sb-S bonds parallel to [100]PbS;
these are in turn separated by long Sb-S distances across
the interspace filled with lone electron pairs of Sb (Fig.
3). This distribution of strong and weak bonds reminds
us of the SnS structural archetype found in many sulfo-
salts (Makovicky 1997a) and in the case of (NH4)2Sb4S7


