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abStract

We describe the first documented case of {1010} twinning by reflection (or by twofold rotation 
about [100]) or merohedry (class II) in a member of the apatite supergroup. Twinning about [100] 
had previously been noted for the apatite supergroup but not confirmed. Pyromorphite crystals from 
Puech de Compolibat, Combret, Aveyron, France, were studied by single-crystal X-ray diffraction 
[a = 10.0017(19), c = 7.3413(16) Å, and V = 636.0(2) Å3, in P63/m], where twinning was confirmed 
with the approximate twin fraction 62:38. Subsequent inspection of the morphology confirmed the 
nature of the twinning. The pyromorphite crystals are typically elongate and show the faces: (21 10), 
(2110), (0001), (0001), (1010), (1010), (101 2), and (1012).
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introduction

Twinning is the oriented association of two or more 
individuals that are related by a twin operation belonging to 
the point group either of the lattice (twinning by merohedry) 
or of a sublattice (twinning by reticular merohedry), but not 
to the point group of the individual. The twin operation can be 
either exact or approximate; in the latter case the specification 
pseudo-merohedry is applied. The twinned individuals (i.e., 
the twin) share a common lattice (twin lattice) and contribute 
to all (twinning by merohedry) or part (twinning by reticular 
merohedry) of the common nodes. The diffraction pattern of 
a twin is the weighted image in the reciprocal space of the 
twin lattice; accordingly, all or part of the diffraction spots are 
contributed by the two (or more) individuals forming the twin. 
In case of pseudo-merohedry, splitting of the spots is a clear 
indication of twinning and the contribution of each individual can 
be separated either mechanically, aligning only one individual on 
the diffractometer, or with the help of ad hoc software able to de-
convolute the diffraction pattern. Instead, detection of twinning 
by merohedry is more sophisticated and nowadays usually 
depends on software that analyzes the intensity distributions of 
the diffraction pattern.

Catti and Ferraris (1976) classified twins by merohedry into 
twins of class I (the twin operation belongs to the Laue group of 
the individual) and class II (the twin operation does not belong 
to the Laue group of the individual). In class I [e.g., crystal point 
group 6, Laue group 6/m, twin operation (0001) plane], the twin 
operation always superimposes Laue-equivalent lattice nodes 

and the center of symmetry 1 may always be considered as twin 
law. In class II twins, instead, the superimposed lattice nodes 
(and the corresponding superimposed diffracted intensities) are 
not equivalent in the Laue group [e.g., crystal point group 6/m, 
Laue group 6/m, twin operation (1010) plane]. Apart from minor 
problems (cf. Catti and Ferraris 1976; Nespolo and Ferraris 
2000; Ferraris et al. 2008), the diffraction pattern of class I twins 
corresponds to that of the individual and the structure solution 
follows the usual path. For class II twins, instead, the structure 
solution is subordinated to the identification of the twin law and 
subsequent deconvolution of the diffraction pattern.

A large part of the natural and synthetic compounds with 
an apatite-type structure crystallize in space group P63/m (e.g., 
White et al. 2005; Pasero et al. 2010) and, according to the 
previous discussion, can in principle twin by merohedry class II 
via a twin element belonging to the lattice point group 6/mmm, 
but not to the crystal point group 6/m. For apatite, {1013}, 
{1123}, {1121}, and {1010} twinning is reported by Palache 
et al. (1951) and only {1122} was listed for pyromorphite. The 
first two types of twinning have been described as hybrid twins 
by Nespolo and Ferraris (2009) according to their recent theory 
(Nespolo and Ferraris 2005); {1121} twinning is by reticular 
pseudo-merohedry with twin index 3 and obliquity 2.06° 
(Nespolo and Ferraris 2009). The presence of {1010} (or [100]) 
twinning by merohedry in apatite was considered doubtful by 
Donnay et al. (1973), who reported it in synthetic “cadmium 
chloroapatite,” Cd5(PO4)3Cl, structurally studied by Sudarsanan 
et al. (1973). In this paper we report the first confirmed case of 
{1010} twinning by merohedry observed both morphologically 
and structurally in a mineral of the apatite supergroup, namely 
pyromorphite, Pb5(PO4)3Cl.* E-mail: smills@museum.vic.gov.au


