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A characteristic magnetic transition at 30-34 K is shown to provide a powerful tool for the identification of pyrrhotite with 
concentration down to 10 ppm through the same low-temperature techniques as applied to magneti te  and hematite, extended 
down to liquid helium temperature. A review of rock magnetic and petrological data  on pyrrhotite suggests that this mineral 
should be considered as a major carrier of paleomagnetic signals. Unblocking temperature up to 350 ° C  and extreme 
resistance against AF  may be encountered in fine grained pyrrhotite. 

1. Introduction 

Although the magnetic and physical properties 
of ferrimagnetic iron sulfides and especially 
monoclinic pyrrhotite (FeTSs) have been rather 
extensively described [1-6], pyrrhotite is quoted as 
a minor magnetic mineral in most paleomagnetic 
textbooks. In fact, as will be discussed in this 
paper, the prevalence of pyrrhotite, its strong and 
stable magnetic properties make it potentially as 
important as magnetite as carrier of a paleomag- 
netic signal. 

Although pyrrhotite has a saturation magneti- 
zation (M s = 15 A m2/kg) six times smaller than 
that of magnetite, its remanence is comparable. 
This is because the M r s / M  s ratio varies from 0.2 
to 0.6 depending on grain size while this ratio in 
magnetite has much lower values. Also the specific 
thermo-remanence (TRM) in the earth's magnetic 
field amounts to 10 -2 to 0.3 A m2/kg [6], and can 
equal the values of 10 -2 to 1 A m2/kg for mag- 
netite [7]. Amounts of pyrrhotite of the order of 
10  - 4  o r  less are thus sufficient to account for the 
natural remanence (NRM) of weakly magnetic 
rocks. Therefore every rock where sulfides are 
thermodynamically stable is prone to show a sig- 
nificant paleomagnetic signal due to pyrrhotite 
even if this mineral is not detected by the usual 
mineralogical techniques. 

2. Occurrence  of  pyrrhotite in rocks 

Pyrrhotite is an important redox and tempera- 
ture indicator [8,9] in diagenetic, metamorphic 
and magmatic conditions. It is rather ubiquitous 
in economic sulfidic ores but also occurs as an 
accessory mineral in many rock types. 

The stable iron sulfide in magmatic rocks is 
hexagonal antiferromagnetic pyrrhotite (FegS10), 
which easily turns into FevS 8 and eventually 
smythite (FegSn, also ferrimagnetic [1]) during 
low temperature alteration [9,10]. Pyrrhotite has 
been reported in granites [10], in basaltic dikes 
[11], and in peridotites [12]. It is also quite com- 
mon in deep crustal rocks including serpentinites 
and granulites [13]. 

Primary magnetization carried by pyrrhotite has 
been reported in sediments [14] although sedi- 
mentologists usually found that the stable authi- 
genic sulfides are restricted to pyrite (FeS2), mac- 
kinawite (FeSl_x) and greigite (Fe3S4) [15] among 
which only greigite is ferrimagnetic [1]. Indeed 
pyrrhotite is more typical of later evolution, such 
as the decay of the less stable authigenic sulfide 
into pyrite and pyrrhotite. Two metamorphic reac- 
tions producing pyrrhotite have been recognized 
in black shales and dark limestones [9]: (1) the 
transformation of primary magnetite in the pres- 
ence of pyrite and organic matter, observed in the 
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lower greenschist facies (about 300°C), and (2) the 
breakdown of pyrite (about 400°C).  Minor 
amounts of pyrrhotite may appear from pyrite at 
much lower temperatures [16]. Pyrrhotite derived 
from gypsum has also been reported in anchizonal 
metasediments [17]. All those reactions may lead 
to very stable secondary magnetizations in slightly 
metamorphosed sedimentary rocks situated in 
orogenic belts where reliability of paleomagnetic 
data is of key geodynamic importance [e.g. 18-20]. 

3. Rockmagnetic properties and identification 
criteria for pyrrhotite 

FeTS 8 is ferrimagnetic, due to vacancy ordering, 
with a maximum Curie temperature (Tc) at 325°C 
as shown by the thermomagnetic curves in Fig. 1 
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Fig. 2. AF demagnetization curves of saturation IRM before 
(solid line) and after liquid helium temperature cycling (dashed 
line) in four pyrrhotite bearing rock samples (including those 
of Fig. 1; see Table 1). 
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Fig. 1. Thermomagnetic curves of rock samples J4 and A P I I  
showing the Curie temperatures of hexagonal (Teh) and mono- 
clinic (Tc) pyrrhotites together with the g transition on hexago- 
nal pyrrhotite. Inducing field: 0.8 T, heating and cooling in 
vacuum at a rate of l ° / m i n ,  except cooling below 250°C 
where a rate of 5 ° / m i n  were used to quench the hexagonal 
pyrrhotite into its ferrimagnetic metastable form. 

(see Table 1 for sample description). Curie points 
down to 310°C are observed, depending on sub- 
stitution and slight variations in the F e / S  ratio 
[2]. The critical size for single domain is estimated 
at 3 /~m [11]. Pyrrhotite shows a wide range of 
remanent coercive force (Her) according to grain 
size [4,5]. The behavior under alternating fields 
(AF) of rock samples that yield Her from 6 to 250 
mT is presented in Fig. 2. Saturation of isothermal 
remanence (1RM) is reached below 1.2 T even for 
the hardest samples. 

Pyrrhotite, even in large multi-domain grains, is 
characterized, as hematite, by its ability to acquire 
a large remanence. When hysteresis curves are 
able to provide values of M s, coercive force (He) 
and initial susceptibility (K0), the following 
criteria are useful to discriminate between pyrrho- 
tite and magnetite: (1) for all the grain size range 
of pyrrhotite M r s / M  s > 0.2, H ~ r / H  ~ < 1.5 and 
M r J K  o > H~r; and (2) for magnetite M r J M  s < 0.2, 
H ~ r / H  ~ > 2 and M r J K  o < Ocr unless the grains 
are single-domain and strongly anisotropic. 

Soft multi-domain pyrrhotite in schists [9] ex- 
hibits anhysteretic susceptibility (Ka)  as high as 
24 times K 0. Unpublished measurements in the 
set of sized dispersed samples TTE [5] yield values 
of K J K  o increasing from 4 to 10 with decreasing 
grain size f rom 150-250 /~m to less than 5 #m. 
These values are quite different from magnetite 
values which hardly exceed 10 and are less 1 for 
multi-domain grains [21]. With the onset of nor- 
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TABLE 1 
Characteristics of the studied pyrrhotite samples 
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Sample Origin and reference T~ T~ 
( o C) (K) 

Monocrystal 30 Sphere of f = 3 mm (Pauthenet) [25] 315 30 
ORl(p)  Synthetic (Orlrans) 320 32 
EOR(p) Ore, Elba (Italy) [5] 325 34 
TTE(p) Ore, Temporino (Italy) [5] 325 34 
Rouez(p) Ore, Brittany (France) 320 34 
J4(r) Black schist, Jurassic (Switzerland) [9] 320 30 
APl l ( r )  Black schist, Precambrian (Tennessee) [31] 320 33 
72A(r) Granite (Algeria) a [24] 325 32 
NB10(r) Limestone, Jurassic (French Alps) [19] _< 350 34 
32.1(r) Limestone, Carboniferous (Nepal) b < 350 32 
OW2.A Limestone, Silurian (Appalaches) [33] < 350 34 

(p) = sized dispersed powder; (r) = rock sample; maximum unblocking temperature is indicated 
" A. Arafa, pers. commun. 
b E. Appel, pers. commun. 

for the last three samples. 

malization methods to identify the origin of NRM 
[22] it is worth pointing out that a pyrrhotite TRM 
acquired in the earth field is quite high relative to 
IRM: T R M / I R M  ratios from 1 to 6% depending 
upon grain size, are observed in sized dispersed 
fractions [6]. -E- 

Other criteria to identify pyrrhotite are its 
E 

non-vanishing rotational hysteresis [16,23] and the 
quite common coexistence of the hexagonal and 

IX 

monoclinic form. The hexagonal form is unam- z 
biguously detected by its thermomagnetic behav- 
ior (Fig. 1 and [2]) due to the so called "/ transi- 
tion at T v = 200-220 °C from the low-temperature 
antiferromagnetic form to a ferrimagnetic form 
with a Curie point Tch at 275-295 o C, significantly 
lower than T~ of the monoclinic form. The 7 
transition is also easily detected by a susceptibility 
increase after quenching from a temperature higher 
than Tr [9]. 

However, the only pertinent measurable mag- E" 
netization in weakly magnetic rocks is the rema- ~ E 

v 
nence, because paramagnetic contributions strong- 
ly contaminate susceptibility and induced magne- ,- 

Z 
tization [24]. The use of only blocking temperature 
(Tb) and coercivity spectra of NRM or IRM may 
lead to a confusion with titanomagnetite. More- 
over the estimation of the maximum T b charac- 
terizing pyrrhotite is hampered by the common 
coexistence of pyrrhotite with magnetite, by the 
onset of unstable magnetization around 350°C 
due to oxidation of sulfide to magnetite, and by 

PK4B 

i i i 

1 O0 200 300 

T (°C) 

P'M6B 

4O0 

6 

4 

2 '  

0 
0 

! i ! 

100 200 300 400 

T (°C) 

Fig. 3. Stepwise thermal demagnetization of  the N R M  of two 
samples of Jurassic limestones from the Western Alps (same 
location as NBIO). 
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the fact that pyrrhotite occasionally seems to ex- 
hibit higher maximum T b than the established 
Curie point at 325 o C. 

In a very careful study of N R M  together with 
artificial T R M  of the Lower Jurassic schists of the 
internal Dauphinois zone [14] maximum T b in the 
range 335 -340°C  were found in a large majority 
of the samples but some have maximum T b up to 
350°C (Fig. 3). Small residual remanence above 
350 ° C are probably due to magnetite. Those mea- 
surements were obtained in the Lamont  Doherty 
paleomagnetic laboratory using a Sch~Snstedt oven 
calibrated with a thermocouple within the sam- 
ples, heated in air. Similar values of maximum T b 
higher than the admitted T c were obtained for the 
same rock formation with different equipment in 
the Gif sur Yvette, Ztirich and Santa Barbara 
laboratories (same procedure as in Lamont  except 
in Santa Barbara where continuous high tempera- 
ture measurements were performed under argon), 
therefore ensuring that no instrumental error can 
explain these puzzling results. In particular re- 
peated acquisition and demagnetization of T R M  
show completely reversible behavior. Unfor-  
tunately it is not possible to obtain thermomag- 
netic curves for these samples as their induced 
magnetization is strongly dominated by para- 
magnetic minerals due to very low amount  of 
pyrrhotite. 

4. The low-temperature transition of pyrrhotite 

At room temperature the spontaneous magneti- 
zation of pyrrhotite is practically confined to the 
basal plane, perpendicular to the pseudo-hexago- 
nal c-axis. However, M s along the c-axis increases 
progressively with decreasing temperature with a 
discontinuity near 30 K ( - 2 4 3 ° C )  [25,26]. This 
discontinuity is also monitored through specific 
heat and electrical conductivity measurements. It 
was related by Besnus and Meyer [26] to a 
second-order transition in Fe7S8 but has since 
received no more attention by solid physicists and 
rock magnetists until it was rediscovered in rock 
samples [27]. The magnetic expression of this tran- 
sition was reconfirmed more precisely in the 
monocrystal  used by Pauthenet [25] (Table 1, [28]). 
The transition has a drastic effect on coercivity: 
measured along the c-axis of the monocrystal  it 
increases from 10 mT above the transition to 100 
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Fig, 4. Temperature variation of the coercive force H~ for a 
pyrrhotite monocrystal along c axis and for two dispersed 
powders (Table 1). H c is almost constant between 100 K and 
room temperature. 

m T  below the transition (Fig. 4). A change of the 
easy axis of magnetization, possibly due to a 
change in electronic structure, may be suspected 
by analogy with the Verwey transition. 

Both features predict a large effect of the tran- 
sition on the remanence as is shown by the ther- 
mal behavior of the saturation I R M  induced at 
room temperature in 4 T along the easy plane of 
the monocrystal  (Fig. 5). All subsequent experi- 
ments on remanence were obtained with a SHE 
cryogenic magnetometer  allowing measurement of 
1 cm 3 samples at variable field (0 -4  T) and tem- 
perature (2-400 K) with a sensitivity of 10 - 4  A 
m-1.  After a large gradual decrease on cooling in 
zero field saturation I R M  changes sign at 30 K. 
This inversion, similar to the one observed in a 
magnetite monocrystal  near the Verwey transition 
[29] is part ly reversible upon heating. The transi- 
tion temperature (T,,) is slightly higher in a syn- 
thetic powder and three well-characterized sized 
dispersed powders of pyrrhotite from natural ores 
(Table 1, curves in [30]). These disoriented powders 
exhibit no inversion but a still obvious jump in 
coercive force (Fig. 4) and room temperature 
saturation IRM. 

The study of room temperature saturation IRM 
of the sized fractions TTE and EOR, reported in 
[30], have shown that the transition temperature 
does not depend on grain size but that the reversi- 
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bility of the transition does. This can be appreci- 
ated either by the ratio of the heating over cooling 
step at T~., h / c  estimated as in Fig. 5, or by the 
ratio R of IRM after and before cycling. Both 
parameters show a coherent trend with grain size 
(Fig. 6), and approximatively tend to 1 (complete 
reversibility) for the finer grain size and to 0.5 for 
large multi-domain, matching the observed value 
of h / c  of the monocrystal. 

A surprising property of pyrrhotite below the 
transition is that the single- to multi-domain size 
threshold increases drastically, in agreement with 
the increase in coercivity. This is evidenced by the 
temperature dependence of Mrs/M s which in- 
creases abruptly below the transition up to 0.6- 
0.65 at liquid helium temperature for various grain 
size (q'TE, EOR and the synthetic powder OR1). 
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Fig. 6. Grain-size dependence of recovered fraction (R, full 
symbol) of the saturation IRM after hquid helium temperature 
cycling and of the ratio h/c defined in Fig. 5 (open symbol) 
for the two sized fraction TTE and EOR ([30]; squares joined 
by sohd line) together with some other samples from this study 
(circles; grain size range estimated from thin section or de- 
duced from inferred domain state; see Table 1). 
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Fig. 5. Thermal variation in zero field on cooling and heating 
of saturation IRM acquired at room temperature within the 
easy plane of a pyrrhotite monocrystal. 

It seems that even the 150-250 /~m fraction is 
practically single-domain at 4.2 K [30]. 

5. Identification of pyrrhotite in rocks using the 
low-temperature transition 

To show that this sharp transition on rema- 
nence can be easily recognized in rocks, a large 
variety of samples was studied using the same 
procedure. Three samples (J4, A P l l  and 72A; 
Table 1) contain a few percent of large multi-do- 
main pyrrhotite grains with low remanent coercive 
force (Her < 30 mT, see Fig. 2) clearly identified 
by thermomagnetic curves (Fig. 1) and micro- 
scopic observations. J4 and A P l l  are black schists 
samples where pyrrhotite is due to the metamor- 
phic breakdown of pyrite in the amphibolite facies 
[9,31] while 72A is a granite sample. During cy- 
cling of room temperature saturation IRM the 
following features are observed (Fig. 7 and Fig. 
8a): a broad maximum near 200-250 K, a very 
well defined discontinuity with an inflection point 
at T~, and a partial recovery upon heating up to 
room temperature. Almost identical curves were 
observed in four different dispersed powders (e.g. 
[30], Table 1). The observed maximum in the 200 
K range is in fact another characteristic feature of 
pyrrhotite, corresponding to a maximum in M s 
[6,25,30]. The rock samples exhibit h / c  = R, as 
the dispersed powders (Fig. 6). While the granite 
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sample has values typical of its observed large 
grains (0.54), J4 and A P l l  yield values corre- 
sponding to grain size of 20-40 btm, a figure quite 
small compared to estimation from coercive force 
or microscopic observation. The fact that the 
grains of those schists are strongly oriented, the 
measurements being done along the maximum 
susceptibility axis, may prevent direct comparison 
with unoriented powders. 

Two other samples (NB10 and 32-1, Table 1) 
contain very small amounts of magnetic material 
according to the saturation IRM intensity. Both 
are slightly metamorphosed black shaly limestones 
where pyrrhotite is supposed ,to be derived from 
primary magnetite [9,19]. The value of Hcr is 
approximately 200 mT for both samples. Their 
N RM is hardly demagnetized in AF up to 100 mT 
(Fig. 2) and shows a very narrow blocking temper- 
ature spectrum upon stepwise thermal demagneti- 
zation (NB10 comes from the same formation as 
samples of Fig. 3). This is typical for a single-do- 
main to pseudo-single-domain state, i.e." a grain 
size less than 10 /~m. During liquid helium tem- 
perature cycling they show very similar room tem- 
perature saturation IRM behavior (Fig. 7), quite 
different from that of the previous samples. The 
maximum near 250 K is also present in the NB10 
and 32-1 curves but the gradual remanence de- 
crease above the transition temperature is larger 
and the remanence discontinuity at the transition 
is smaller than in the J4 and A P l l  curves, h/c 
values are less than 0.5 and very different from R 
values; this is in high contrast with the behavior of 
the other samples and shows that the grain size 
chart of Fig. 6 cannot be completely generalized. 
However the presence of the transition at 34 K 
strongly confirms the identification of pyrrhotite 
in these rocks which have maximum unblocking 
temperatures up to 350 ° C, higher than the estab- 
lished Curie point at 325 o C. 

Other samples from similar formations in the 
Alps and Himalaya have yielded the low tempera- 
ture transition of pyrrhotite. An interesting case is 
exemplified by sample 48 in Fig. 8b where mag- 
netite also is identified by its Verwey transition. 
Such an association seems quite common and is 
easily detected using the low temperature tech- 
nique. Concerning the detection threshold we were 
able to identify the transition in limestones with 
room temperature saturation IRM equal to 5 × 

" ~_~.~...~...~ J4 (210 A/m) 

AP11 (399 A/m) 0.75 ~ r  ~ ' ~ ' ~ - ~ ' ~ - ~ ~  

/ 

100 200 300 
T e m p e r a t u r e  (Kelvins)  

Fig. 7. Normalized thermal variation of room temperature 
saturation IRM (intensity indicated in brackets) upon cooling 
and heating for different pyrrhotite-bearing rock samples (see 
text). The dashed line for J4 indicates the heating curve of 
liquid helium temperature saturation IRM. The hyperbolic 
increase below 25 K probably corresponds to a small para- 
magnetic term caused by incomplete cancelling of the field in 
the magnetometer (the uncertainty is in the order of 10 -5 T). 

10 2 A m a, corresponding to a pyrrhotite amount 
of the order of 10-5. Identification of previously 
unnoticed small amounts of pyrrhotite may there- 
fore be expected in many instances. 

The transition was also detected on heating of a 
liquid helium temperature saturation IRM in sam- 
ple J4, though its expression is less defined (Fig. 7, 
dashed curve). A decrease in low field susceptibil- 
ity, as well as in coercivity, could also be used to 
trace the transition as shown by measurements on 
the monocrystal. But at 30 K the paramagnetic 
susceptibility of rocks [24] is usually already large 
(up to 10 -2 SI) compared to a contribution of the 
order of 10 -3 SI for 1% of pyrrhotite. Overall, 
liquid helium temperature cycling of IRM acquired 
at room temperature appears to be the most suit- 
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Fig. 8. Other examples of low temperature behavior of room temperature saturation IRM, except (c) where NRM is studied. (a) 
Hercynian granite 72A; (b) magnetite+pyrrhotite bearing limestone from Himalaya; (c) NRM of AP l l  (room temperature 
saturation IRM is shown in Fig. 7); and (d) Appalachian limestone OW2 [33]. 

able procedure to demonstrate this transition in 
rocks. The last example--sample A P l l  in Fig. 8c 
- -shows that the transition can be also evidenced 
on NRM. The effect is larger than for saturation 
IRM and results in a reversible change of sign, as 
in the monocrystal. AF and stepwise thermal de- 
magnetization of this NRM show no evidence of a 
reverse component that may be enhanced by the 
transition. Therefore it seems to be linked to an 
intrinsic property of the transition or to some kind 
of interaction with the hexagonal phase, quite 
abundant in this sample (Fig. 1). 

6 .  D i s c u s s i o n  

Precise and completely unequivocal assignment 
of the rock magnetic properties of pyrrhotite may 
be prevented by the fact that this mineral exhibits 
various superstructures with slightly different 
stoichiometry, which may be interlayered at the 

submicronic scale. This fact and the generalized 
twinning around the c-axis also suggests that the 
usual multi-domain theory may not be applied to 
pyrrhotite as the boundaries between twins or 
superstructures could act as fixed domain walls 
[11]. Characteristics of samples NB10 or 32-1 such 
as their quite particular low-temperature behavior, 
their abnormally high coercive force and maxi- 
mum unblocking temperature, could point toward 
a different kind of pyrrhotite. Fortunately they 
still exhibit the low-temperature transition, thus 
showing that it is quite robust versus composi- 
tional changes. Whether the small but significant 
variation of T. between 30 and 34 K (Table 1) is 
related to slight compositional change in Fe -S  
stoichiometry or to substitution of metallic ions, 
either magnetic (Ni, Mn, Co) or non-magnetic 
(Cu, Zn) remains to be investigated. 

It is not known if the high T b samples also 
yield a high T~; however continuous measurements 
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at high temperature show that a remanence is still 
measurable above 325 ° C. Explanations for this 
increase of the order disorder temperature must 
take into account that it may not be properly a 
magnetic transition (spin order) but a structural 
one due to the ordering of the iron vacancies [1]. 
If something prevents the diffusion of vacancies 
the activation energy to break the order may be 
enhanced. As a suggestion can be mentioned the 
presence of other ions or molecules in the vacan- 
cies. Oxygen may be a candidate as it has been 
shown that it diffuses easily in the pyrrhotite 
lattice, producing change in the magnetic proper- 
ties, including the appearance of magnetite lamel- 
lae within the crystals [32]. 

Such unusually high unblocking temperature 
suggests to reinterpret studies where titanomagne- 
tite was inferred from T b < 350 ° C. For example, 
in a study of Appalachian Silurian limestones [33], 
pyrrhotite was rejected as the magnetic carrier 
because the measured T b were too high. A sample 
of these limestones was found to yield the char- 
acteristic transition of pyrrhotite (Fig. 8d). The 
curve, although noisy due to a very low saturation 
IRM intensity, seems to show also a Verwey tran- 
sition, in agreement with thermal demagnetization 
of saturation IRM [33]. 

What actually happens to the spontaneous 
magnetization of a pyrrhotite monocrystal at the 
transition is still unresolved. However a change of 
easy axis direction within the plane perpendicular 
to c is in qualitative agreement with the data. 
There have been contradictory results on the within 
plane type of magnetic symmetry of pyrrhotite, 
which may be 2, 6 or 2 + 4 fold. This is likely to 
interfere in particular with the reversibility of the 
room temperature saturation IRM. Complete re- 
versibility may be favored by uniaxial anisotropy, 
enhanced by stress or shape effect, thus suggesting 
that the observed grain size dependence may be 
related to the type of anisotropy rather than to the 
number of domains. On the other hand there is 
some evidence for the irreversibility to be linked 
to a rearrangement of the more mobile domain 
walls: after cycling the residual saturation IRM 
appears more difficult to AF demagnetize (Fig. 2 
and [28]). However the difference is quite small 
and the use of liquid helium temperature cycling 
as a demagnetization method in pyrrhotite bearing 
rocks is hard to evaluate [34]. 

7. Conclusions 

A new way to identify pyrrhotite in rocks is 
described, using low-temperature behavior char- 
acterized by a magnetic transition at 30-34 K and 
a maximum of spontaneous magnetization around 
200 K. Cycling of room temperature saturation 
IRM down to liquid helium temperature provides 
a very powerful tool to detect pyrrhotite even in 
weakly magnetic rocks. It may also provide grain 
size or domain state informations. Low-tempera- 
ture techniques, previously usable only for mag- 
netite and hematite [35], are now extended to 
pyrrhotite (this study) and goethite [36], thus pro- 
viding a complete palette that may motivate a 
revival of these techniques in rock magnetism. The 
most suitable instruments available now are the 
cryogenic susceptometers widely used in Solid 
State Physics in particular for the characterization 
of superconducting materials. However existing 
rock magnetic instruments may be adapted to 
allow for a liquid helium socket. Alternatively the 
most generally practical method is to observe the 
remanence behavior during rewarming of samples 
cooled to liquid helium temperature using cryo- 
genic magnetometers suited for routine paleomag- 
netic measurements. One must be aware of poten- 
tial hazards linked with the use of liquid helium 
and always precool devices in nitrogen. 

Unblocking temperatures as high as 350 °C  are 
demonstrated in pyrrhotite-bearing samples. This 
unexplained discrepancy with the currently 
accepted Curie point (325°C) nevertheless sug- 
gests to reinterpret identification of titanomagne- 
tite in some paleomagnetic studies. In the future 
the role of pyrrhotite in the N RM of rocks should 
be checked more carefully as this mineral appears 
to be much more important in paleomagnetic 
studies than previously recognized. It is also de- 
sirable to improve our ability to identify other 
magnetic sulfides, especially greigite and related 
authigenic sulfides which recently appear as im- 
portant magnetic minerals in sediments and soils 
with eventual biogenic origin [37]. 
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