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The ilmenite-hematite (FeTiO3-Fe2O3) solid solution is one of the most important
magnetic phases in nature. Unusual magnetic behaviour is often observed in intermediate

compositions due to the interaction between cation ordering, magnetic ordering, and
exsolution. This presentation describes how this interaction leads to the phenomenon of

lamellar magnetism in slowly-cooled metamorphic rocks. We also present the results of

preliminary experiments to test the lamellar magnetism hypothesis directly using off-axis
electron holography. The results are consistent with a significant enhancement of

magnetization in regions that are exsolved on a very fine scale.

Metamorphic titanohematites from the Swedish Granulite Region carry an unusually

strong and stable remanent magnetization, caused by the presence of exsolution
microstructures at the nanometer scale. To provide insight into the effect of these

precipitates on the bulk magnetic properties, we have performed a detailed series of
Monte Carlo simulations, which model successfully the interaction between cation

ordering, magnetic ordering, and exsolution in the ilmenite-hematite system. The

simulations allow magnetic transitions in chemically heterogeneous systems to be
studied. At low temperatures they predict an intergrowth of antiferromagnetic hematite



and paramagnetic ilmenite. Despite the antiferromagnetic nature of the hematite

component, the simulation cells as a whole are ferrimagnetic, with a small but significant
net magnetization associated with the interface between exsolved phases. Competition

between chemical and magnetic interactions leads to a characteristic cation distribution at
the interface, which ensures a local imbalance between the numbers of up and down

magnetic spins. The interface moment acts as a defect moment of the antiferromagnetic

hematite, and has the magnitude, coercivity, and thermal stability required to explain the
remanent properties of the metamorphic samples, thus establishing exsolved

titanomagnetite as a potential carrier of strong remanence on Earth and other planets.

The magnetization of a hematite host containing fine scale ilmenite precipitates has been

compared quantitatively with the magnetization of a region containing no exsolution
lamellae using off-axis electron holography. The magnetization is determined from the

holographic phase shift accumulated across each region. Analysis yields estimates of 3.8-

4.7 mT for the exsolved region and 0.4-0.7 mT for the precipitate-free region,
corresponding to an enhancement in magnetization by a factor of ~5. This is much lower

than the theoretical maximum enhancement factor of ~22, indicating that there is a ~
60:40 ratio of in-phase to out-of-phase lamellae. These results represent some of the

smallest magnetic fields ever quantified using any technique at this spatial resolution, and

further demonstrate why holography is at the forefront of attempts to understand mineral
magnetism at the nanometre scale.


