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INTRODUCTION

Hematite-ilmenite solid solutions are one of most abundant
accessory minerals in igneous, metamorphic, and sedimentary
rocks and can play an important role in acquisition of rock
magnetization. Many studies of magnetic properties of hema-
tite-ilmenite have focused on compositions in the range Ilm50–85

Hem50–15 (Nagata et al. 1952; Uyeda 1958; Ishikawa 1958, 1962;
Ishikawa and Syono 1963; Lawson et al. 1981; Nord and
Lawson 1989, 1992; Hoffman 1992; Harrison et al. 2000a,
2000b; Prévot et al. 2001). Intermediate solid solutions with
these compositions have a Ti-ordered R3–  structure with strong
ferrimagnetism and have been regarded as the only carriers for
natural remanent magnetization (NRM) in hematite-ilmenite.
Rapidly cooled hematite-ilmenite in this compositional range
has the ability to acquire a self-reversed thermoremanent mag-
netization (Nagata et al. 1952; Uyeda 1958; Ishikawa and Syono
1963; Hoffman 1992; Nord and Lawson 1989, 1992; Prévot et
al. 2001). On the other hand, hematite-ilmenite solid solutions
with compositions in the range Ilm0–50Hem100–50 and Ilm85–

100Hem15–0 were ignored because at these compositions the he-
matite-rich solid solution has a canted antiferromagnetic
structure with a weak ferromagnetism, and ilmenite-rich solid
solution has a paramagnetic structure at room temperature and
can make little contribution to the acquisition of NRM (Dunlop
and Özdemir 1997).

However, recent work has revealed that the end-members
hematite and ilmenite also play an important role in the acqui-

sition of NRM. Kletetschka and his co-workers have suggested
that coarse-grained hematite with a multi-domain structure can
acquire intense thermal remanent magnetization because it is
nearly saturated with remanent magnetization by a weak mag-
netic field (such as the Earth’s field) even though coarse-grained
hematite has low coercivity and alternating field resistance
(Kletetschka et al. 2000a, 2000b). They suggested that coarse-
grained hematite and titanohematite may be an important com-
ponent of the total magnetization of the crust (Kletetschka et
al. 2000a, 2000b, 2002).

McEnroe et al. (2001a, 2001b, 2002) have identified fine-
scale exsolution microstructures of hematite and ilmenite with
compositions close to their end-members in metamorphic and
igneous rocks with high NRM. They showed by transmission
electron microscopy (TEM) and energy-filtered TEM (EFTEM)
that fine ilmenite lamellae, 1–2 nm in thickness, were present
in a metamorphic rock (McEnroe et al. 2001b). McEnroe et al.
(2002) found fine exsolution lamellae of hematite and ilmenite
in nearly pure hemo-ilmenite rocks from Rogaland, Norway,
which have high coercivities, high and stable NRM, and satu-
ration magnetism that is higher than the saturation magnetism
estimated from the hematite content. The amount of magneti-
zation in these samples is too high to be accounted for solely
by a spin-canted antiferromagnetic moment of hematite, sug-
gesting that the presence of fine exsolution lamellae may sig-
nificantly relate to acquisition of NRM.

Monte Carlo simulations have suggested that a ferrimag-
netic moment of an intergrowth of hematite and ilmenite could
be due to the arrangement of cations and spins at the interface
between hematite and ilmenite (Harrison and Becker 2001).* E-mail: kasama@nwz.uni-muenster.de
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ABSTRACT

The interfaces between fine-scale exsolution lamellae of hematite and ilmenite from an igneous
rock in Rogaland, Norway have been studied by conventional transmission electron microscopy
(TEM), high-resolution TEM, and energy-filtered TEM (EFTEM), to investigate the lamellar mag-
netism hypothesis for the origin of the unusual magnetic properties of this rock. Very fine hematite
and ilmenite lamellae, less than 50 nm in length and parallel to (001) of their host, were abundant
throughout the hemo-ilmenite sample. Dark-field and EFTEM observations indicated the hematite
and ilmenite have very sharp structural and compositional interfaces with their hosts. The interfaces
between the coarse hematite and ilmenite lamellae (length >1 mm) and their hosts have some inter-
face dislocations to relieve elastic coherency strain. On the other hand, very fine lamellae (length
<50 nm) have no interface dislocations and are perfectly coherent. The interface dislocations for
lamellae on the order of 100 nm in length are distributed heterogeneously, and more than 80% of the
length of the interfaces seen by TEM is dislocation free. Thus, most of the interfaces in the sample
are coherent. These results are in accord with the predictions of Monte Carlo simulations of the
exsolution process (Harrison and Becker 2001) and with the hypothesis that coherent and sharp
structural and compositional interfaces are the origin of lamellar magnetism (Robinson et al. 2002).


