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ABSTRACT

Two reflection twins are known in the literature for galena: on {111} (spinel twin), frequent, and on
{114}, rare and lamellar. The galena structure is highly pseudo-symmetric with respect to a reflection
about {111}: at the composition plane, the lead and sulfur coordination change from octahedral to
trigonal prismatic, without modification of the bond distances but with a shrinkage of the non-bonding
Pb-Pb and S-S distances. The coordination around the composition plane of the {114} twin is instead
broken, with too short non-bonding Pb-Pb and S-S distances and empty regions that justify the rarity
of this twin. The composition plane is, however, highly reminiscent of the interface between galena
modules in the lillianite homologous series, although the cell-twin operation active in that case is a
reflection on a different plane, {113}. In lillianite and related structures of the PbS-Bi2S3 phase diagram,
coalescence of Pb sites corresponding to too short non-bonding distances allows for partial heterovalent
Pb2�-Bi3� substitution. Given the similarity of the composition plane of the {114} twin, structural
adjustments, possibly with a role played by impurities, may explain the formation of this twin, whose
lamellar nature is also reminiscent of the polysynthetic cell-twinning in the lillianite homologous series.
Because the {114} twin was only reported in previous morphological investigations and was never
confirmed by diffraction studies, the hypothesis that this rare twin may actually correspond to {113},
i.e., themacroscopic counterpart of the well-known homologous series obtained by cell-twinning on the
same plane, cannot be ruled out. The relative orientation of the twinned crystals of the two twins is,
however, too different to support this hypothesis.
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INTRODUCTION

Galena, PbS, is the primary ore mineral of lead, exploited
for its lead content as early as 3000 BC (Watt 2002). It is found
in ore veins, associated with sphalerite, pyrite, chalcopyrite,
tennantite-tetrahedrite, and other sulfide minerals, as well as in
skarns and sedimentary rocks. Its crystal structure is a derivative
of the ccp aristotype, with octahedral coordination of both
cations and anions.

Galena gives two reflection twins, both with composition
plane parallel to the twin plane (Palache et al. 1944). The most
common twin is on {111} and corresponds to the spinel twin,
known also in minerals isostructural to galena, like halite, but
doubtful in pyrite (Moëlo et al. 2023). In galena, it occurs as both
contact and penetration twins. The second confirmed twin is on
{114}, lamellar and much rarer. As shown below, this indexing
is incorrect and should be changed to {228}. However, due to
the widespread use of the simplified, although incorrect, index-
ing used in the morphological investigations, we stick to it to
indicate the composition plane. Nevertheless, when analyzing
the structure of the interface (i.e., the composition plane) to
explain the occurrence frequency of these two twins, we adopt
the correct {228} indexing. After reminding the reader about the
method, we present the results and discuss how the rupture of the
coordination at the composition plane of the {114} twin can be
considered responsible for its rarity.

METHODS

The analysis of the structural continuity at the composition plane of a twin is

based on the study of the pseudo-eigensymmetry of the crystallographic orbits. An

extensive review has recently been published (Nespolo and Souvignier 2024),

where interested readers can find all the details: we provide here a short summary.

An ideal crystal structure is infinite and defectless; it is composed of an infinite

number of atoms generated by the application of the infinitely many symmetry

operations of its space group G to a finite number of atoms in the asymmetric unit.

Each atom in the asymmetric unit generates an infinite number of equivalent atoms

that define a crystallographic orbit. Accordingly, the infinite crystal structure

is composed of a finite number of crystallographic orbits, each crystallographic

orbit containing an infinite number of equivalent atoms.

Each crystallographic orbit has an eigensymmetry E, which may either coin-

cide with the space group G of the crystal structure (E = G) or be a supergroup of it

(E>G). Crystallographic orbits for which E >G are called non-characteristic

orbits (Engel et al. 1984). If among the operations of E that are not contained

in G, there is at least one operation whose linear part coincides with the twin

operation, then this orbit crosses the composition plane unperturbed and contri-

butes to a substructure common to the orientations of the two twinned crystals.

If this happens for a significant subset of the crystallographic orbits, then a signifi-

cant common substructure exists that holds the twinned edifice together.

Quite often, E is only a pseudo-symmetry for the crystallographic orbit. As a

consequence, the crystallographic orbit undergoes some distortion at the compo-

sition plane. The larger the distortion, the less stable the twin. To evaluate the

degree of pseudo-symmetry, one has to apply an operation e of E to the coordinates

of the atoms in the unit cell and measure the distance between the images of those

atoms and the nearest atoms playing the same structural role in the structure.

Let us consider an atom A with coordinates xAyAzA; the crystallographic orbit

generated by A under the space group G is fAg = ∪igiA, ∀gi ∈ G: the orbit {A}

consists of the union (∪) of all the atoms obtained by applying the operations g
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