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Wakabayashilite, [(As,Sb)6S9][As4S5]: Crystal structure, pseudosymmetry, twinning, and
revised chemical formula
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ABSTRACT
The crystal structure of the rare mineral wakabayashilite was solved by direct methods using intensity data collected from a twinned crystal. This study revealed that, in spite of the strong hexagonal
pseudosymmetry, the structure is orthorhombic (space group Pna21) with ao = 25.262(1), bo = 14.563(1),
co = 6.492(1) Å, and Vo = 2388.4(2) Å3. The reÞnement of an anisotropic model led to an R index of
6.08% for 3135 observed reßections [Fo > 4σ(Fo)] and 8.71% for all 4260 independent reßections.
Wakabayashilite is twinned by reticular merohedry [twin plane (110)]. There are two structural units in
the structure: (1) [M6S9] bundle-like chains running along the [001] axis, consisting of corner-sharing
MS3 trigonal pyramids (M = As, Sb), and (2) rods of As4S5 cage-like molecules, located in the space
between three bundles and held together by van der Waals forces. The crystal chemical formula was
therefore revised according to the structural results, yielding [(As,Sb)6S9][As4S5] (Z = 4). Both the
intramolecular As-S and As-As bond distances and those within the bundle-like units match closely
the values commonly observed in the molecule-formed structures of other arsenic sulÞdes and those
found in orpiment, respectively. To contribute to the understanding of the effects of light exposure
on the structure of the arsenic sulÞdes, the crystal was exposed to Þltered polychromatic light. The
unit-cell parameters were measured after each exposure. The results showed that the As4S5 molecules
do not undergo any transformations, as previously found by exposing uzonite to light.

INTRODUCTION
The rare mineral wakabayashilite was Þrst identiÞed by
Kato et al. (1970) in druses of quartz associated with realgar,
orpiment, stibnite, and pyrite at the Nishinomaki As deposit
(Gumma Prefecture, Japan) and at the White Caps Au-As-Sb
deposit (Nevada, U.S.A.), where wakabayashilite was found
embedded in calcite in association with realgar and orpiment.
Wakabayashilite associated with realgar, orpiment, and pyrite has
also been found in the Gal-Khaya As-Sb-Hg deposits (Yakutia,
Russian Federation; Gruzdev et al. 1975) and Khaidarkan (Kyrgyzstan) (Gruzdev et al. 1975; Spiridonov 1989), in the Shuiluo
As deposit in the Zhuang region, Guangxi, China (Zhang 1985),
and in the Lukhumi As deposit in the central Caucasus, Georgia
(Samsonova et al. 1990). More recently, wakabayashilite was
found in the thallium-rich assemblage at Jas Roux, Hautes-Alpes,
France (Johan and Mantienne 2000).
Wakabayashilite is one of the three natural ternary phases
of the As-Sb-S system, the other two being getchellite, AsSbS3
(Weissberg 1965; Guillermo and Wuensch 1973; Kyono and
Kimata 2004), and pääkkönenite, Sb 2AsS 2 (Borodayev et
al. 1982; Bonazzi et al. 1995a). Nakai et al. (1986) reported
hydrothermal synthesis of wakabayashilite after thermal treatment of a (Sb1–x,Asx)2S3 glass (0 < x < 1) at 250–400 °C in Na2S
aqueous solutions.
According to Kato et al. (1970), the mineral is monoclinic
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pseudohexagonal, with am = 25.17(4), bm = 6.48(1), and cm =
25.24(8) Å, β = 120.0°, Z = 6, and space group P21 or P21/m.
Electron probe analyses yielded the ideal chemical formula
(As,Sb)11S18. A preliminary structural study was carried out by
Scott and Nowacki (1975) using Weissenberg and precession
methods; according to these authors the X-ray diffraction pattern of the mineral showed a marked hexagonal subcell [ah =
14.564(3), ch = 6.480(4) Å] with 6/mmm Laue symmetry and
systematic absences for hhl: l = 2n + 1 and 00l: l = 2n + 1. Because the statistical |E| test pointed to a centric structure, P63/mmc
was assumed as the most probable space group for the average
structure. In fact, additional weaker reßections yielding a fourfold
pseudohexagonal monoclinic supercell [ah = bh = 2ah = 29.128 Å,
ch = 6.480 Å, γ = 120º] were also clearly visible in photographs.
A year later, the same authors published a condensed abstract
reporting a model for the average structure of wakabayashilite
reÞned to R = 11.3% for isotropic atoms in the acentric P63mc
space group. Although no atomic coordinates were given in that
report, the hexagonal substructure (i.e., the average structure)
was described and graphically represented. It appears to consist
of two distinct structural components: (1) (As,Sb)6S9 “complex
double-spiral chains” running parallel to the hexagonal [001]
axis (translation period 6.480 Å) and located around the 63 axes,
and (2) As4S6 molecular groups on the threefold axes. Due to the
evident average character of this structural model, however, the
two As sites belonging to the chains are statistically half-occupied, thus giving four different possible kinds of chain per unit
cell (Scott and Nowacki 1976). Therefore, the crystal chemical
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