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Abstract

The crystal structure of a naturally occurring pyrrhotite from the Copper Cliff North Mine, Sudbury, 
Canada, has been determined in the space group Cmce (formerly Cmca), and the positions and oc-
cupancy of the Fe and S atoms have been refined, together with their anisotropic atomic displacement 
parameters, to a conventional R value of 0.072. The summed occupancies of the Fe and Ni atoms 
[8.908 (Fe + Ni) per 10 S] are compared with the chemical composition, as determined by microprobe 
analysis, the latter giving a formula of Fe8.892Ni0.115S10 or 9.007 (Fe + Ni) per 10 S.

The structure has cell dimensions of a = 6.893(3) Å, b = 11.939(3) Å, and c = 28.63(1) Å. The S 
atoms are hexagonally close packed and adjacent Fe-S octahedra share faces that are perpendicular 
to the c direction. The Fe atoms in adjacent face-sharing octahedra also have the closest Fe-Fe inter-
atomic distances. Some Fe atoms have partial occupancies, and together with the fully occupied sites, 
they add up to 71.26 (Fe + Ni) atoms per 80 S atoms in the unit cell, as compared with 72 atoms per 
80 S atoms for Fe9S10. 

The distribution of Fe in the partially occupied layers is different from that previously postulated 
for Fe9S10, with vacant sites present in two of the 10 layers. The partially occupied Fe sites are pres-
ent in all the remaining cation layers, and there are therefore no cation layers containing completely 
filled atomic sites. Space group symmetry constrains the partially occupied cation sites to project on 
top of each other along the c axis, similar to the distribution of partially occupied sites in Fe11S12 (6C 
pyrrhotite).
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Introduction

Pyrrhotite group minerals are important naturally occurring 
sulfides, and they are described as non-stoichiometric iron mono-
sulfides having a general formula Fe1–xS, with x ranging from 0 
to 0.125. They are derivatives of the hexagonally close-packed 
NiAs structure, and the group consists of troilite (FeS) and pyr-
rhotites with continuously variable compositions that include 
Fe7S8, Fe9S10, Fe10S11, and Fe11S12. Wang and Salveson (2005) give 
a recent review of the structures and properties of pyrrhotite. The 
structures of the pyrrhotites are complex and some are incom-
mensurate, so that conventional structure analysis tools are not 
adequate to describe them. The modulated structure of Fe10S11 
has been described by Yamamoto and Nakazawa (1982) using 
a four-dimensional description of the structure, with the fourth 
dimension describing the compositional and displacement modu-
lations along the c* direction. Izaola et al. (2007) revised this 
formulation, and a common model based on a centrosymmetric 
superspace group was proposed for the pyrrhotite family.

Morimoto et al. (1975) classified the pyrrhotites as either NA 
or NC types depending on the superstructures that develop as a 
result of the ordering of vacancies in the structures. In spite of 
numerous studies of pyrrhotites as a series of non-stoichiometric 
compounds, only two naturally occurring commensurate crystal 

structures could be found in the literature. These are the structures 
of troilite, FeS (Evans 1970) and magnetic pyrrhotite, Fe7S8 

(Tokonami et al. 1972). So, if Rietveld refinement of natural 
pyrrhotites or their quantification is envisaged, their crystal 
structures, with the exception of Fe7S8, are not available, and 
refinement and quantification is thus not possible.

The so-called hexagonal pyrrhotite or non-magnetic pyr-
rhotite has been described from its Sudbury locality in Canada 
by Desborough and Carpenter (1965). Its symmetry and cell 
dimensions have been described as trigonal with cell dimensions 
a = 6.893 Å and c = 28.635 Å. Morimoto et al. (1975), in their 
review of the pyrrhotites, mention that the 5C structure is actually 
orthorhombic with space group (i.e., aspect symbol) C*ca, with 
cell dimensions a = 6.885 Å, b = 11.944 Å, and c = 28.676 Å. 

Due to the renewed interest in the flotation properties of pyr-
rhotite, which is an important accessory sulfide in the production 
of nickel and platinum-group elements, its characterization and 
quantification are of importance. Traditionally, the pyrrhotites 
have been classified as either magnetic monoclinic pyrrhotite, 
or non-magnetic hexagonal pyrrhotite, and their distinction and 
quantification are required when interpreting their flotation 
behavior. Graham (1969) devised a method to determine the 
relative amounts of monoclinic and hexagonal pyrrhotite based 
on the relative intensities of the individual components of the 
split strongest powder X-ray diffraction peak. The development 
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