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ABSTRACT
The crystal structure of troilite from chondrites Etter and Georgetown and a troilite analog synthesized by sulfurization of an iron wire was reÞned using single-crystal X-ray data. Troilite is known
–
to be hexagonal, with space group P62c, which is non-centrosymmetric, allowing two non-identical
inversely related spatial arrangements of atoms within the unit cell. All three samples represent the
so-called inversion twins. They contain both inversely related atomic orientations instead of a single
atomic arrangement. The inversion twinning may have developed as a result of a phase transition
from the ideal centrosymmetric NiAs-type structure to troilite-type structure during cooling. In addition, all samples were found to be cation-deÞcient. The departure from ideal stoichiometry—up to
almost 3.5 rel% of metal atoms are missing—is also possibly related to atomic ordering when the
crystals cooled.
Keywords: Troilite, crystal structure, absolute structure, inversion twin, meteorite, chondrite,
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INTRODUCTION
Troilite is an ubiquitous constituent in many meteorite types,
lunar rocks, and interplanetary dust particles (Buchwald 1975;
Brearley and Jones 1998; Mittlefehldt et al. 1998; Papike et al.
1998; Rietmeijer 1998 and references therein). Rarely, it has been
found also in terrestrial rocks (e.g., Anthony et al. 1990)
–
Troilite crystallizes in the space group P62c (No. 190). This
space group is non-centrosymmetric and achiral [type NA of
Flack (2003)] which results in two possible different spatial
arrangements of constituting atoms within the unit cell. In this
particular case, the two structurally non-identical arrangements
are related by the inversion symmetry operation (see Fig. 1
displaying the coordination of iron atom in troilite). The correct orientation of the crystal structure is called the absolute
structure. The theory and practical aspects of absolute structure
determination from single-crystal structure data are presented by
Flack (1983, 2003) and Flack and Bernardinelli (1999, 2000).
The application of the X-ray single-crystal diffraction approach
to the determination of the absolute structure for meteoritic
schreibersites was shown in Skála and Císařová (2005).
None of the previous structure reÞnements of troilite or its
synthetic analogs (e.g., Evans 1970; Keller-Besrest and Collin
1990a, 1990b; King and Prewitt 1982) included the test of the
absolute structure. Here, we report the results of the absolute
structure determination for two chondritic troilites and a synthetic
analog, with their possible genetic implications.

Charles University, Prague) equipped with a position-sensitive area CCD detector.
The program COLLECT (Nonius 1997–2000) was used for data collection and
software HKL SCALEPACK (Otwinowski and Minor 1997) was employed for
the unit-cell reÞnement. The data reduction was carried out with program HKL
DENZO (Otwinowski and Minor 1997). After correcting the data for absorption
(Coppens 1970; Blessing 1997), the crystal structures were solved by applying the
SIR92 program (Altomare et al. 1994), and the subsequent structure reÞnement was
performed with the SHELXL97 software (Sheldrick 1997). The structure reÞnement and reporting programs were operated through the WinGX graphical interface
(Farrugia 1999). The graphical presentations of the structure were prepared with
DIAMOND (Crystal Impact 2005) program. Characteristics of the polyhedra were
calculated from reÞned data employing the program PLATON (Spek 1998).
The chemical composition of the troilite samples studied was measured on carbon-coated polished (thin) sections using an electron microprobe JEOL JXA-8200
(at Bayerisches Geointitut, University Bayreuth, Bayreuth, Germany). Accelerating
voltage was 20 kV, sample current 20 nA. The elements analyzed included Fe, Co,
Ni, Mn, Ti, Cr, S, and P. The standards used were pyrite (for Fe and S), synthetic
MnTiO3 (for Mn) and GaP (for P), and pure metals for the remaining elements.
All the elements were analyzed on their Kα-lines.

MATERIALS

EXPERIMENTAL METHODS

Several grains of troilite from meteorites Cape York (IIIAB/Om), Etter
(L5/S5), Flagg (L5), Forest Vale (H4/S2), and Georgetown (H6) were tested for
suitability for single-crystal study. Most gave polycrystalline diffraction patterns
or the diffraction spots in the frames recorded were too diffuse or streaky, and
thus, not suitable for the collection of single-crystal data of a reasonable quality.
In the end, single crystals from ordinary chondrites Etter and Georgetown were
used for the data acquisition.
For comparison, also a synthetic troilite analog was studied. Single crystals
were prepared by heating an iron wire (Koch-Light Lab, Ltd., England, diameter 0.7
mm, 99.998% purity) with a stoichiometric amount of high purity sulfur at 800 °C
for 50 h in an evacuated silica-glass tube. The preparation of synthetic troilite
simulates the sulfurization process suggested for the formation of some troilites
in lunar rocks (Papike et al. 1998).

Single-crystal data were collected using a 4-circle single-crystal diffractometer
Nonius KappaCCD (at the Center of Molecular Structures at the Faculty of Science,

RESULTS
The crystal structure reÞnements of all three samples show
that the overall crystal structure motif is consistent with previ-
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