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Abstract. - It is confirmed by new magnetization measurements that a magnetic transition occurs sharply at 30 K in 
the monoclinic pyrrhotite FerSg. Though its nature is not yet fully understood, this transition shows some similarities 
with the Venvey transition and can provide a powerful tool for the identification of pyrrhotite in rocks. 

The properties of the monoclinic pyrrhotite FerSs, 
especially its large magnetic anisotropy, are of great 
importance in geophysics, and the recent growing at- 
tention in paleomagnetism for its contribution to the 
remanent magnetization of rocks, brings to interest 
any unambiguous way of identification of this mineral. 

The ferrimagnetism occurs in Fe7S8 with vacancies 
ordering at TN = 590 K [I-41. The spontaneous magne- 
tization J., which lies in the (001) plane above 200 K, 
rotates progressively at low temperature toward the 
pseudohexagonal (001) c axis, taking at helium tem- 
perature an intermediate direction at about 70' from 
the c axis 151. A small discontinuity in the thermal vari- 
ation of the magnetization has been suspected around 
30 K and related to a kink in the electrical resistivity 
vs. T curve [6, 71 and to a specific heat anomaly 181. 
But, surprisingly, it has never been more studied and, 
until now, there is very few reliable data on the FerSs 
low temperature behaviour, especially below 80 K. 

Recently, the discovery of some anomalies at 30 K on 
the remanent magnetization of some pyrrhotite con- 
taining rocks, give a new strong interest to precise 
the magnetic behaviour of Fe7S8 in this low temper- 

Fig. 1. - Magnetization at 0.3 T, after saturation at 7 T 
for each temperature, of the FerSs single crystal. 

ature region. So we have undertaken new high reso- 
lution measurements on the same single crystal me* 
sured by Pauthenet and on some pyrrhotite-bearing 
black schists from the Alps, the Appalaches and the 
Himalaya. Only typical results are presented here and 
more details will be published elsewhere. 

In the figure 1, the magnetization curves at constant 
magnetic field (0.3 T) show clearly both the compo- 
nents, along the hard c axis and easy a axis, having an 
important variation sharply confined in few Kelvins 
around 30 K. These magnetization jumps are com- 
pletely smeared out by fields greater than 3 T, but 
become relatively more important as the field value is 
decreased. 

When the crystal is cooled in zero field, the isother- 
mal remanent magnetization acquired under 4 T at 
room temperature along the a axis (RTS-IRM), ex- 
hibits also such a large jump at 30 K, reversing its ini- 
tial direction (Fig. 2a). A subsequent heating makes 
the RTS-IRM to recover its sign and partly its value 
at the same transition temperature. 

The same measurement procedure has been per- 
formed on rock samples with well characterized Fe7S8 
contents, using a variable temperature SQUID magne- 
tometer [9]. For all of them, the observed RTS-IRM 
(T) curves present similar steps in the narrow 30-34 K 
temperature range. An important recovery is always 
found but the self reversal phenomenon is absent. As 
typical example, the curve of the APl l  sample from 
Appalaches is reported in the figure 2b. 

For the discussion, we can use the classical fourth 
order developpement of the magnetocrystalline energy 
with respect to the polar (8) and azimutal (9) angles 
of the spontaneous magnetization vector J,, relative 
to  the c axis and the (001) plane a axis. Above about 
100 K, the KI and Kz constants of the p-containing 
terms are clearly one order of magnitude smaller than 
the others, K3 and K4, and usually a separate analysis 
is made for the in-plane and out-of-plane anisotropies 
15-7, 101. At lower temperature, the fact that the tran- 
sition disappears at high fields, especially along the c 
axis, permit us to assume that K3 and K4 keep high 
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Fig. 2. - Zero field thermal variation of the IRM, (a): 
Te7Ss single crystal (after saturation on easy a axis), (b): 
>.PI1 schist sample (3 % Fe7Ss). 

values (1-10 ~ / c m ~ )  and do'nt change too much across 
30 K, but K1 and K2 are mainly concerned. The ob- 
served variations would then be due to a change in the 
J, direction associated with a change of the in-plane 
easy axis. In fact, the situation is somewhat compli- 
cated by the existence of twins and at least three in- 
equivalent iron sites as seen on Mossbauer spectra [3]. 

On another hand, the analogy with the Verwey tran- 
sition of magnetite is strongly supported by the associ- 
ated electrical conductivity anomaly [6] and our obser- 
vation of a self-reversal of the single crystal remanent 
magnetization [ll]. A change in the electronic state 
and corelated atoms displacements are not to  be ex- 
cluded. 

In conclusion, the 30 K transition in Fe7Ss requires 
much more experimental investigations for its under- 
standing and some of them are in progress, but it 
can already be used, by the RTS-IRM study, as the 
first reliable characterization method of monoclinic 
pyrrhotite in rock magnetism. 
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