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Crystal structure of a synthetic tin-selenium representative of the cylindrite structure type
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absTracT 
The synthetic tin-selenium member of the cylindrite structural family, with the empirical formula 

Sn31.52Sb6.23Fe3.12S59.12 based on electron-microprobe data, has a triclinic crystal structure composed 
of two alternating layer types, both with a pronounced one-dimensional modulation, and with a non-
commensurate layer match in two dimensions. The pseudotetragonal (Q) layer is a MeSe layer two-
atomic planes thick with lattice parameters a = 5.969(2) Å, b = 6.004(1) Å, and the layer-stacking 
vector c = 12.238(1) Å, α = 87.98(4)°, β = 83.14(3)°, and γ = 90.01(4)°. The pseudohexagonal (H) 
layer is a single-octahedral MeSe2 layer with a = 3.831(1) Å, b = 6.580(3) Å, c = 12.151(5) Å, α = 
87.79(4)°, β = 90.59(3)°, and γ = 89.99(3)°; the a and b vectors of the two subsystems are parallel, the 
c vectors diverge. The transversal wave-like modulation has the wave-normal parallel to b, so that the 
modulation vector q is 0.0001(3) a* + 0.1921(4) b* – 0.0119(3) c* in terms of the pseudohexagonal sub-
system. Superspace structure refinement in the superspace group X1 where X stands for non-primitive 
centering vectors (½,½,0,0,0), (0,0,0,0,½), (½,½,0,0,½) in five-dimensional superspace, and based on 
2128 observed reflections, resulted in R1 = 0.038 for all reflections. Composition of the H layer has 
been modeled as Sn4+

240Fe2+
54Se588, that of the Q layer as Sn2+

306Sb3+
108Se414. The cation-anion distances in 

the Q layer vary between 2.63 and 3.30 Å, indicating that the cations present are primarily Sn2+ (and 
Sb3+), whereas distances in the H layer lie between 2.665 and 2.721 Å and correspond to Sn4+ with 
admixture of Fe2+. The shortest cation-anion distance across the interlayer space is 3.24 Å. Relations 
between layer match and the modulation vector, divergence of layer stackings of the two components, 
and reasons for the modulation and for the pronounced disorder of the Q component, as well as the 
differences and similarities with levyclaudite, franckeite, and synthetic layer-misfit compounds are 
discussed in detail. In its structural principles, although not in numerical values, the Sn-Se cylindrite 
corresponds fully to the natural Pb-Sn-S cylindrite previously described. 
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inTroDucTion

Cylindrite was described under the name “Kylindrit” by 
Frenzel (1893) from a tin-mining region in Bolivia, comprising 
the Poopó, Huanuni, and Oruro districts, located within 35 km 
of each other. It attracted attention because of its tendency to 
develop large cylindrical structures and a perfect cylindrical 
cleavage. A detailed study of these aggregates was performed by 
Makovicky (1970, 1971) using SEM. The wet chemical analysis 
of cylindrite (Frenzel 1893; Prior 1904; Moritz 1933) established 
Pb, Sn, Sb, Fe, and S as the principal cations present. This was 
confirmed by the EPMA data of Makovicky (1970, 1974) and 
Mozgova et al. (1975).

The crystallography of cylindrite was investigated by means 
of X-ray and electron diffraction (Makovicky 1970, 1976; Wil-
liams and Hyde 1988; Mozgova et al. 1975). HRTEM studies of 
cylindrite were published by Williams and Hyde (1988), Wang 
and Kuo (1991), Wang and Buseck (1992), Makovicky and 
Hyde (1992), and Bente et al. (2005). From the parallel studies 

of a higher accretional homologue of cylindrite, the mineral 
franckeite, those by Williams and Hyde (1988), Wang and Kuo 
(1991), and Hendriksen et al. (2002) are most relevant for the 
present study. 

Systematic syntheses of cylindrite and related phases were 
initiated by Li (1984, 1986) who synthesized a series of sulfide 
compositions from a Pb-free end-member to a Sn2+-free end-
member of a potential solid-solution series. These syntheses and 
those of Mozgova et al. (1975) were accompanied by powder 
diffraction experiments. Further syntheses were performed by 
Williams and Hyde (1988) and Maurel and Moëlo (1990), Evain 
et al. (2006), and Menzel et al. (2006), as well as by Makovicky 
and Karup-Møller (unpublished). The current material comes 
from the latter series of syntheses. The spectrum of composi-
tions synthesized generalizes the meaning of the name cylindrite 
from a pure mineral name to that of a cylindrite structure type 
that occurs for a range of compositions. The present superspace 
refinement was preceded by a classical structure determina-
tion on the present material (Makovicky, Petříček, and Topa, 
reported briefly by Makovicky 2005, 2006). Recently, a (3+2)-
dimensional superspace refinement was published on a synthetic * E-mail: emilm@geol.ku.dk


