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Does the bazhenovite structure really contain a thiosulfate group? A structural and
spectroscopic study of a sample from the type locality
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ABSTRACT
Bazhenovite was originally reported as a rare, thiosulfate-containing mineral, with the chemical
formula CaS5⋅CaS2O3⋅6Ca(OH)2⋅20H2O. The structure was predicted to be layered, but no structural
details were given. A crystal of “bazhenovite” from the pyritized siderite fragments occurring in the
melt products of burning dumps at the type locality in the Chelyabinsk coal basin, South Urals, Russia has been examined by single-crystal X-ray diffraction and vibrational spectroscopy (FTIR and
Raman). The structure was solved in space group P21/c and reÞned assuming twinning on {100} to a
Þnal Robs = 5.03% (731 reßections) and Rall = 6.98% (966). Although the unit-cell dimensions of the
examined crystal [a = 8.391(2), b = 17.346(6), and c = 8.221(4) Å, β = 119.33(5)°, V = 1043.2(8)
Å3 ] match those of the original bazhenovite description [a = 8.45(1), b = 17.47(1), and c = 8.24(1)
Å, β = 119.5°, V = 1059 Å3 ], the thiosulfate group was not detected by either structural analysis or
spectroscopic investigations. The structure is an alternating sequence of two kinds of layers, labeled
A and B respectively, stacked along [010]. The A layer is the ordered part of the structure and consists
of a linkage of Ca(OH)2(H2O)6 antiprisms and Ca(OH)4(H2O)2 octahedra. Taking into account both
structural and spectroscopic results, the B layer is inferred to consist of a disordered assemblage of
2–
S2–
3 , and to a lesser extent, S4 groups, with the possible presence of additional H2O and H2S. The possibility that bazhenovite and the mineral here examined could represent two distinct phases differing
slightly from each other with respect to the thiosulfate content is discussed.

INTRODUCTION
Bazhenovite is a rare mineral Þrst described by Chesnokov et
al. (1987) associated with native iron, native sulfur, oldhamite,
troilite, pyrrhotite, ßuorite, and periclase in altered pyritized
siderite fragments in the melt products of burning dumps in the
Chelyabinsk coal basin (South Urals, Russia). On the basis of
wet-chemical analysis, TGA results, and infrared spectroscopic
data, Chesnokov et al. (1987) assigned the chemical formula
CaS5⋅CaS2O3⋅6Ca(OH)2⋅20H2O and classiÞed the mineral as
a hybrid hydrate calcium hydroxide-polysulÞde-thiosulfate.
Both the chemical composition and the X-ray powder diffraction pattern are similar to that of the orthorhombic compound
(a = 14.67, b = 17.65, c = 8.254 Å; space group not reported)
synthesized by Lutz et al. (1969). According to Chesnokov et
al. (1987), bazhenovite is monoclinic, space group P21/c, a =
8.45(1), b = 17.47(1), and c = 8.24(1) Å, β = 119.5°, V = 1059
Å3. The structure was thought to be layered, but no structural
details were given.
More recently, Witzke and Göske (2002) described another
occurrence of bazhenovite from the Ronneburg uranium mining
area (Thuringia, Germany). These authors pointed out the role of
gases, namely H2S and SO2, in the alteration of oldhamite (CaS)
leading to the formation of several secondary minerals associated
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with bazhenovite, including hannebachite [Ca(SO3)⋅0.5H2O],
ettringite [Ca6Al2(SO4)3(OH)12⋅26H2O], portlandite [Ca(OH)2],
and gypsum. The study carried out by Witzke and Göske (2002)
deals with the equilibrium/disequilibrium of the mineral association and does not report any X-ray characterization of the
studied minerals. In this paper, we report a structural model for
a bazhenovite-like crystal from the type locality. Because of
the long period of time elapsed since its discovery, a question
could arise as to whether or not the mineral studied here is still
unaltered bazhenovite or has lost some components with respect
to the original sample.

EXPERIMENTAL METHODS
Numerous crystals were mounted on an Enraf-Nonius CAD4 single-crystal
diffractometer and examined with graphite-monochromatized MoKα X-radiation.
Most were found to be composed of minute aggregates. Diffraction peaks were
broad and rather weak. A crystal (80 × 80 × 100 μm, approximately) of fair diffraction quality was selected for the structural study.
Unit-cell dimensions were determined by least-squares reÞnement of the setting angles of 25 high-θ reßections (10 < θMoKα < 12°) giving a = 8.221(4), b =
14.631(3), and c = 17.346(6) Å, V = 2086.4(13) Å3. Intensity data were collected
–
––
(8 < h < 8, 16 < k < 16, 0 < l < 7) in the range 2 < θMoKα < 20°, ω-scan mode, with
a scan width of 3.2°, and a scan speed of 1.65°/min. Intensities were treated for
Lorentz-polarization effects and subsequently corrected for absorption following
––
the semi-empirical method of North et al. (1968) using the 860 and 860 reßections (χ = ± 89.81°).
FTIR spectra were collected using a Bio-Rad FTS-40 spectrometer in the range
400–4000 cm–1 with the KBr pellet technique at 4 cm–1 resolution and 32 scans.
Raman spectra were collected from single crystals by the micro-Raman tech-
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