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Process of acquiring remanent magnetization in volcanic rock masses ejected from

Tokachi-dake volcano
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Subaerial volcanic rocks are irreplaceable recorders of the Earth’s past magnetic field, and how they acquire magnetization
during cooling is important for deciphering the paleomagnetic record. Basalt/andesite lavas usually contain titanomagnetite
and magnetite, which have different Curie points. However, since lavas do not rotate greatly during cooling, it is not possible
to reproduce the cooling and magnetization acquisition process from the direction of remanent magnetization. In this study,
several relatively large (approximately 10 x 10 x 15 cm) blocks were collected from a volcanic rock mass ejected into the air
from Tokachi-dake volcano in 1989, and slab samples were cut to determine the change in the direction of natural remanent
magnetization as a function of distance from the surface. Curie point and magnetic hysteresis property variations from the
surface to the interior were also obtained. Furthermore, Raman microscopy was used to determine how the composition of
titanomagnetite changes from the surface to the interior.

The direction of natural remanent magnetization before demagnetization deviates significantly from the direction of the
1989 earth field on the surface, but approaches the 1989 direction toward the interior. On the other hand, the intensity of
natural remanent magnetization increases sharply by several times at a distance of 5 to 10 cm from the surface. Thermal
demagnetization yields characteristic remanent magnetizations parallel to the 1989 earth field with unblocking temperatures
of about 300° C or higher, except for a few cm from the surface. Thermomagnetic analyses show titanomagnetites with
Curie points of about 200° C and 300° C regardless of the distance from the surface, and a small amount of magnetite with
a Curie point of 580° C inside a few centimeters from the surface. The hysteresis parameters do not change significantly
with depth, and the saturation remanent magnetization / saturation magnetization ratio (Mr/Ms) is low (less than 0.1), but the
trend on the Day plot shifts to the right at depths where magnetite also appears. Raman microscopy reveals titanomagnetite
crystals of several hundred microns as phenocrysts and in groundmass of about 10 microns, regardless of the distance from
the surface. Magnetite is seen only around voids in the interior of the rock mass, deeper than a few centimeters.

The volcanic mass contained only titanomagnetite before eruption, and a few centimeters of the surface acquired remanent
magnetization due to cooling before emplacement. During emplacement, the volcanic mass underwent rotation or deforma-
tion, and the remanent magnetization at the surface deviated significantly from the direction of the earth’s magnetic field in
1989. Magnetite was formed only around the void in the interior of the volcanic mass during cooling, and remanent magneti-
zation parallel to the direction of the earth’s magnetic field was acquired after emplacement. Magnetite formed by oxidation
around the voidsis far less in quantity than the original titanomagnetite, but its fine-grained nature contributes greatly to
stable remanent magnetization. In basalt/andesite lava in which titanomagnetite and magnetite coexist, the low unblocking
temperature component is the thermoremanent magnetization caused by the originally contained titanomagnetite, and the
high unblocking component is the thermal/chemical remanent magnetization caused by magnetite formed by oxidation dur-
ing cooling.
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