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INTRODUCTION

Pyrrhotite (Fe1–xS) is a common iron-sulfide mineral and an
important constituent of ore deposits. The ferrimagnetic vari-
ety is a significant magnetic mineral in different rock types of
the Earth’s upper crust (Rochette et al. 1990; Pucher 1994).
However, the mineralogic and magnetic phase relations in the
Fe-S system are not fully understood, despite much experimen-
tal effort. The KTB deep drilling provides a natural laboratory
for the investigation of pyrrhotite stability, magnetic proper-
ties, and the relations between structure and magnetic proper-
ties below 300 °C.

The KTB drilling site is located in the Oberpfalz region of
eastern Bavaria, at the western margin of the largest Variscan
basement complex in Central Europe, the Bohemian Massif.
This region is also within the Erbendorf magnetic anomaly, an
intensively studied region with a magnetic field reaching 120
nT (Pucher and Wonik 1990; Pucher 1994; Bosum et al. 1997,
and references therein). Pyrrhotite occurs throughout most of
the KTB profile and is the main carrier of magnetization. The
KTB project consists of two boreholes drilled into medium-
grade metamorphic rocks. The pilot hole (KTB VB) reached a
depth of 4 km and the main hole (KTB HB) 9.1 km, corre-
sponding to actual temperatures of about 120 and 260 °C, re-
spectively (Emmermann and Lauterjung 1997).

The mineralogic and magnetic character of pyrrhotite de-
pends on the crystal structure, which is based on the hexagonal
close-packed NiAs structure. The nonstoichiometry of pyrrho-
tite is caused by a deficiency of iron atoms in the Fe-layers. As
a function of composition and temperature, ordering of iron
vacancies produces several superstructures of the hexagonal
NiAs-type subcell, with a range of magnetic properties
(Nakazawa and Morimoto 1971; Schwarz and Vaughan 1972;
see also Table 1 in Pósfai et al. 2000). In general, two groups
of pyrrhotite occur: (1) metal-poor pyrrhotite with a composi-
tion around Fe7S8 and a monoclinic structure (4C type); and
(2) metal-rich pyrrhotites with compositions between Fe9S10

and Fe11S12 and with pseudohexagonal structures (see the com-
panion paper of Pósfai et al. 2000). Although Mössbauer stud-
ies do not reveal the presence of Fe3+ in the pyrrhotite structure
(e.g., Vaughan and Craig 1979), the vacancy ordering model
of Bertraut (1953), which has been confirmed by numerous
structural refinements (e.g., Tokonami et al. 1972), depends on
a formal valence scheme of the type Fe5

2+Fe2
3+S8 and the Fe9S10

type also needs Fe3+ for a charge balance. The lack of Mössbauer
evidence for Fe3+ is explained by electron hopping (e.g.,
Ericsson et al. 1997).

The 4C type has strong ferrimagnetic behavior and
magnetocrystalline anisotropy due to alternating vacancy-bear-
ing and filled metal layers along c. Based on its ferrimagnetism,
4C pyrrhotite is also called Weiss-type and has Curie tempera-
tures (Tc) between 310 and 325 °C (Schwarz and Vaughan 1972;
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ABSTRACT

The ultradeep bore hole of the German Continental Deep Drilling Program (KTB) reached a
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nant magnetic phase in gneisses and metabasic rocks. In the gneisses, a second pyrrhotite type with
higher metal concentrations (46.9 to 48.2 at%) and antiferromagnetic behavior also occurs. At depths
greater than 8080 m (in situ temperature > 230 °C) antiferromagnetic pyrrhotite, predominates in all
lithologies. That 4C pyrrhotite does not occur below 8080 m, suggests that 4C is unstable above 230
°C in these rocks. Instead of 4C, a 5C type with a ferrimagnetic structure occurs below 8080 m.
Thermomagnetic experiments indicate that the metal-poor Weiss-type pyrrhotite is stabilized by
oxygen that causes the formation of magnetite during heating. From our observations on natural
pyrrhotites we suggest that the magnetic λ-transition is related to the growth of ordered nA pyrrho-
tite domains to single domain size.
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