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ABSTRACT
The structure and chemistry of {111} twin boundaries and stacking faults in Fe-rich sphalerite
crystals from the Trepča mines in Kosovo were studied using electron microscopy. The {111} twin
boundaries were found to be deficient in S and enriched in O, Mn, Fe, and Cu. The deficiency in S
is compensated with O, which is responsible for stabilizing the hexagonal stacking of the fault
structures and the formation of {111} twin boundaries in sphalerite. Comparing the intensities of
Bijvoet-related reflections we show that there is no inversion of the polar axis across the twin bound–
aries. In addition to twin boundaries we found two types of stacking faults with RSF1 = 1/3·[112] and
–
RSF2 = 2/3·[112]. The excretion of isostructural copper from the sphalerite crystals peaks at the twin
boundaries until it precipitates in the form of small chalcopyrite grains, aligned along the {111}
twin boundaries.

INTRODUCTION
Zinc sulfide (ZnS) crystallizes in various close-packed polytypic structures. Cubic sphalerite and hexagonal wurtzite are
the most common polytypes of ZnS. In addition to sphalerite
and wurtzite there exist several other polytypic structures which
are mixtures of the two basic polytypes (Smith 1955). Such transition polytypes are produced by the insertion of periodic stacking
faults in the cubic or hexagonal modifications. As the energy gap
for the transition between the cubic and hexagonal stackings in
ZnS is small (Engel and Needs 1990), the variety of structural
defects such as stacking faults and twin boundaries observed in
the two basic structures is relatively high (Williams 1972).
While in pure ZnS the sphalerite-wurtzite transformation
occurs at 1020 ∞C (Scott and Barnes 1972), the wurtzite structure is stable to temperatures as low as 200 ∞C (Akizuki 1983)
in a sulfur-deficient environment, whereas the sphalerite structure can persist to above 1240 ∞C (Scott and Barnes 1972) on
the zinc-deficient side. Scott and Barnes (1972) reported that
the polytypic transformation is a function of the sulfur fugacity. Planar faults and twin boundaries observed in both polytypic structures represent a transitional stage of phase
transformations in ZnS crystals. In general, the ordering of planar faults leads to intermediate polytypic intergrowth structures (Rečnik et al. 2001a), which are also observed in ZnS
(Akizuki 1981). In addition to changes in sulfur fugacity, other
factors such as impurity elements can influence the formation
of polytypic planar faults as well as the temperature of the polytypic phase transformation in ZnS. In the Knitter and Binnewies
(1999) FeS-ZnS and MnS-ZnS phase diagrams it is evident
that with increasing concentration of iron or manganese the
sphalerite-wurtzite transformation is shifted to lower temperatures. Grafenauer et al. (1969) studied the physical parameters
of various natural sphalerite crystals and their dependence on
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chemical composition and found that with increasing crystallization temperature the Fe content is higher.
Minčeva-Stefanova (1981) concluded that Fe-rich sphalerite crystals are always polysynthetic twins showing a tetrahedral morphology. Pósfai et al. (1988) reported on the twinning
in sphalerite crystals from the Gyöngyösoroszi locality in Hungary. They described two types of Fe-rich sphalerite crystals,
where the crystals with a pyramidal habit showed polysynthetic
twinning, whereas the crystals with a radial morphology comprised intergrowths of both sphalerite and wurtzite sequences.
Depending on the temperature of formation of the sphalerite
crystals, some of the Zn2+ atoms are isostructurally substituted
by Fe2+, Mn2+, or other elements (Ramdohr 1969) whereas the
role of these impurities in twinning is not clear. Shuyuan et al.
(1990) suggested that one of the reasons for {111} twinning
might be the presence of Cu, whereas Mn triggers the formation of wurtzite layers in sphalerite crystals.
Pósfai and Buseck (1997) proposed several possible atomic
models for the twin boundary in sphalerite and suggested that
(111) twins are related by a 180∞ rotation. This type of rotation
is produced as a consequence of a faulted stacking of the perfect crystal; however, the bonding configuration at the stacking faults and the twin boundaries remains close to that of the
perfect structure. Planar faults in sphalerite extend along the
{111} close-packed layers of the structure. Due to the noncentrosymmetric character of the structure one might expect
polarity inversions across the (111) twin boundary in sphalerite (Pósfai and Buseck 1997; Pósfai and Sundberg 1998). Such
polarity inversions were shown in both polytypes, in ZnSe
(sphalerite), and in ZnO (wurtzite). In ZnSe Shiojiri et al. (1982)
described two types of inversion twins with the polar axes oriented toward or away from the twin plane, whereas in Ga2O3doped ZnO (Barf, personal communications) the polar c-axes
point toward the twin boundary. In both systems the coordination of the cations at the twin plane remains tetrahedral.
In this study we investigated the structure and chemistry of
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