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INTRODUCTION

Pyrrhotite-type minerals include many varieties with Fe/S
atomic ratios ranging from 7/8 to 1. Various ordered distribu-
tions of Fe-site vacancies produce superstructures that are ei-
ther ferrimagnetic or antiferromagnetic. Pyrrhotite is a common
mineral in igneous and metamorphic rocks and is the main car-
rier of rock magnetism in many rock types; therefore, it is im-
portant to understand how the distinct structure types are
distributed in rocks and how this distribution affects the over-
all magnetic properties of the rocks.

Several pyrrhotite (Fe1–xS) superstructures exist in natural
and synthetic specimens; all are based on a hexagonal NiAs-
type subcell (with a = 3.45 Å and c = 5.75 Å) in which Fe
atoms occupy the octahedral interstices between the hexago-
nal close-packed S layers. Up to one fourth of these octahedral
sites can be vacant within a metal layer (Bertaut 1953). The
ordered arrangement of vacancies within defective layers and
the various stackings of filled and vacancy-containing Fe lay-
ers along the c axis result in ordered superstructures. For a more
detailed description of the structural principles of pyrrhotite,
see Pósfai and Buseck (1997).

Theoretically, many superstructures can exist with the same
c dimension and composition (Pósfai and Dódony 1990); how-

ever, only a few types seem to be common in nature (Table 1).
Probably the most common is 4C monoclinic. The true sym-
metry of “hexagonal” pyrrhotites is orthorhombic, monoclinic
(Morimoto et al. 1975a, 1975b), or even triclinic. When the
weak superstructure reflections are not considered, the subcell
diffraction spots of these varieties exhibit hexagonal symme-
try; because the space groups and even the crystal systems are
not known for “hexagonal” pyrrhotites, we follow the com-
mon practice and use a hexagonal cell for indexing our diffrac-
tion patterns. The conventional unit cells of 4C and “hexagonal”
pyrrhotite, as well as that of troilite, are shown in Figure 1. The
stability relationships of pyrrhotite varieties are discussed in a
companion paper (Kontny et al. 2000).

To correlate magnetic measurements with characteristic
pyrrhotite microstructures, we used TEM to study several pyr-
rhotite samples from the 9.1 km deep borehole of the KTB (the
geological setting and general results of the deep drilling were
described by Emmermann and Lauterjung 1997). Our goals
were to identify what types of pyrrhotite superstructures occur
as a function of depth and to determine whether the optically
observed variations of magnetic properties within pyrrhotite
grains are related to microstructural inhomogeneities. The high
spatial resolution of the TEM allows for a detailed character-
ization of the distribution of various microstructures in pyr-
rhotite grains. X-ray powder diffraction (XRD), chemical, and
thermomagnetic results are discussed by Kontny et al. (2000).
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ABSTRACT

We used transmission electron microscopy (TEM) to study pyrrhotite from the German Conti-
nental Deep Drilling (“Kontinentale Tiefbohrung,” KTB) project. Our goals were to determine the
distribution of structure types with depth and to establish relationships between the bulk thermo-
magnetic behavior and the microstructures of pyrrhotite. In samples from the deep section of the
borehole (9080 m below surface, which is equivalent to an in-situ temperature of ~260 °C), the
dominant variety of pyrrhotite is 1C that has a mostly disordered vacancy distribution. Faint, diffuse
superstructure reflections in the selected-area electron diffraction (SAED) patterns indicate some
nC-like ordering occurs, probably in small domains. In addition to the disordered pyrrhotite, a 5C
type is also present. According to bulk thermomagnetic measurements, pyrrhotite grains from 9080
m are antiferromagnetic at room temperature; we attribute this behavior to the dominance of the
disordered 1C type. In the upper section of the hole (at 564 and 2325 m) several pyrrhotite varieties
occur, but the 4C type is most common, in agreement with the ferrimagnetic character of most
pyrrhotite grains.

Optical microscopy of pyrrhotite grains that are covered with a magnetic colloid reveal intergrown
ferrimagnetic and antiferromagnetic lamellae. TEM images show that these grains are intergrowths
of 4C, 5C, and nC types. We interpret these microstructural variations to be responsible for the
variation in magnetic properties within single pyrrhotite grains.
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