
American Mineralogist, Volume 93, pages 713–727, 2008

0003-004X/08/0506–713$05.00/DOI: 10.2138/am.2008.2639      713 

The crystal structure of vurroite, Pb20Sn2(Bi,As)22S54Cl6: OD-character, polytypism,  

twinning, and modular description

DANIELA PINTO,1,* ELENA BONACCORSI,2 TONCI BALIĆ-ŽUNIĆ,3 AND EMIL MAKOVICKY3

1Dipartimento Geomineralogico, University of Bari, Via E. Orabona 4, I-70125 Bari, Italy
2Dipartimento di Scienze della Terra, University of Pisa, Via Santa Maria 53, I-56126 Pisa, Italy

3Department of Geography and Geology, University of Copenhagen, Østervoldgade 10, DK-1350 Copenhagen K, Denmark

ABSTRACT

The crystal structure of the type specimen of vurroite from Vulcano (Aeolian Islands, Italy) has 
been solved and refined using single-crystal X-ray diffraction data collected at the Elettra synchrotron 
facility (Basovizza, Trieste). Vurroite has an OD (order-disorder) structure belonging to the category III 
of OD structures composed of equivalent layers. The OD-groupoid family (  and  partial operations) 
and MDO structures were derived by means of the application of the OD theory. The two theoreti-
cally possible polytypes with maximum degree of order (MDO polytypes) have pseudo-orthorhombic 
metric, with lattice parameters a ≈ 45.6, b ≈ 8.4, c ≈ 54 Å, and a ≈ 22.8, b ≈ 8.4, c ≈ 54 Å, and space 

group symmetries F2/d11 and A2/d11, respectively. Only the former polytype (MDO1) could be 
identified in the analyzed crystals. The MDO1 structure was solved and refined to R = 6.26% for 4968 
reflections with Fo > 4 (Fo). In the standard C2/c setting of the space group the unit-cell parameters 
of MDO1 are a = 8.371(2), b = 45.502(9), c = 27.273(6) Å,  = 98.83(3)°, V = 10265(4) Å3, Z = 4. 
Frequent twinning with (001) as the twin plane, together with the occurrence of disordered domains 
in the structure, was observed.

The crystal structure of vurroite contains lozenge-shaped composite rods made of coordination 
polyhedra of Pb and Sn, interconnected into layers parallel to (010) of the standard monoclinic set-
ting. These layers are separated by ribbons of As and Bi, each in distorted octahedral coordination. 
The ribbons form wavy, discontinuous double layers of PbS archetype. Lone electron pairs of As and 
Bi are accommodated in the central portions of the PbS-like layers. The structure of vurroite contains 
building blocks topologically similar to those found in the zinckenite group and in the structure of 
kirkiite. It can be considered a box-work structure containing the smallest possible pseudo-hexagonal 
block in the form of a sole octahedron.
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INTRODUCTION

Vurroite, a new Pb-Bi-As sulfosalt with the formula 
Pb20Sn2(Bi,As)22S54Cl6, is a recently discovered mineral species 
named in honor of Filippo Vurro of the University of Bari (Garavelli 
et al. 2005). The mineral was found in fumarolic incrustations around 
high-temperature fumaroles at La Fossa crater of Vulcano, Aeolian 
Islands, Italy, where it is associated to the Pb-Bi-As sulfosalt kirkiite 
and several sulfides and sulfosalts of Pb and Bi. Vurroite occurs as 
slender, needle-shaped crystals up to 0.4 mm long and 0.01 mm 
across, which generally form fibrous aggregates.

In the present article, we describe the solution and refinement 
of the crystal structure of vurroite from the type locality. Its crys-
tal-chemical characteristics, OD character, modular principles, 
and the relations with other sulfosalts are discussed.

PRELIMINARY X-RAY STUDY

In a first attempt, a small fragment of vurroite (0.0025  0.01 
 0.125 mm) was measured using a Bruker AXS four-circle dif-

fractometer equipped with CCD 1000 area detector (6.25  6.25 
cm active detection-area, 512  512 pixels) and a flat graphite 
monochromator (MoK  radiation from a fine-focus sealed X-ray 
tube). A total of 2800 frames were collected with an exposure 
time of 180 s per frame and crystal rotation 0.2° per frame. An 
orthorhombic primitive unit cell a = 22.923(9), b = 4.185(2), and 
c = 27.04(2) Å was found, with data statistics and systematic 

absences suggesting a space group of the type Pmmn. A sound 
model of the crystal structure was found by direct methods 
(SHELXS program; Sheldrick 1997a), showing a high degree 
of chemical and positional disorder. However, the structure re-
finement did not converge to a satisfactory residual value, due 
to a very low average intensity of reflections, as well as to the 
high disorder present in the model of the crystal structure, which 
resulted in many overlapping atomic sites. Since the crystals were 
very small, a new intensity data collection was performed at the 
X-ray diffraction beamline XRD1, at the Elettra synchrotron 
facility (Basovizza-Trieste, Italy). The X-ray diffraction pattern 
of vurroite resulting from this experiment showed strong reflec-
tions pointing to the primitive orthorhombic sub-cell already 
obtained by the conventional single-crystal diffractometer, plus * E-mail: d.pinto@geomin.uniba.it


