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Heat accumulation beneath Tokachidake volcano as inferred from total magnetic field
change (2008-2009)
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Introduction : In the summit area of Takachidake volcano, localized but steady inflation has been observed since 2007 (JMA
et al., 2009). Since no anomalous changes have been observed in superficial activity, further geophysical investigation for th
inflation source has been anticipated. Thus we started geomagnetic repeat surveys aiming for the detection of subsurface therr
changes.

Measurements We conducted the first survey in October, 2008. The same pegs and marks were occupied in July, 2009. We
used an Overhauser total field magnetometer, GSM-19 (GEM-systems). The summit crater area of Tokachidake mostly consis
of basaltic andesite lavas with large magnetization. Since the steep topography causes large magnetic gradient exceeding 1
nT/m at some points, we paid special attention to the repeatability of the sensor position.

Detection of temporal changes We investigated the difference between the two surveys (about 270 days). A clear dipolar
pattern of magnetic changes was detected around the 62-II crater, the present main vent of Tokachidake. This change is qu
consistent with the pattern due to the demagnetized sphere placed at a depth of 180 m beneath the 62-II crater. The comparis
between measured and modeled total field magnetic changes is shown in Fig.1. The contour lines indicate the magnetic chanc
on the plane at the altitude of 62-11 crater. The change of magnetic moment amounts td’ JAm2.0The maximum magnetic
change is about 30 nT, overwhelming the errors due to extra-terrestrial changes, secular changes, or seasonal variations. The nr
likely explanation of this demagnetization is the thermomagnetic effect due to heating beneath the crater. The piezomagnet
effect is safely excluded since the expected polarity of the magnetic changes is opposite to the observed one if we assume t
inflation of Mogi source.

Estimation of thermal energy. According to the recent measurements of fumaroles in 62-11 crater by JMA, the maximum
temperature does not exceed 200 C. This implies that the thermal demagnetization is not caused directly by magma intrusion. V
here assume that hot water or gas supplied from depths brings about the heat accumulation at the source depth. In this case
relevant temperature may be below 300 C. According to the laboratory experiments of rock magnetism by Soga (1997), Uesaw
(2008), and Uesawa (unpublished data), 10 to 20 % of NRM should

be lost in a temperature range between 0 to 300 C. Assuming the NRM of Tokachidake basaltic andesite as 5 to 15 A/m, an
the specific heat as 900 J/K/kg, the heat accumulation can be estimated-d€PQ). This corresponds to the heating rate of an
order of 10 MW.

Discussion We here consider the heat source of the demagnetization. Pressure at the source depth is assumed to be the s
of the lithostatic pressure at 200 m deep and the overpressure driving the ongoing inflation. Referring to the result of grounc
deformation by GPS (JMA et al., 2009), we here assume the total pressure of 10 MPa. Although the subsurface temperature
unknown, we assume the temperature at the source depth is 200 C. The steam table gives the specific engi@lat/tbfsH
condition. We consider that the hot water supplies heat to the surrounding rocks. Therf 8.1 kg of hot water should
be added to realize the observed demagnetization. This corresponds to the water volume 8fB73H® m>.

Conclusions We detected a clear demagnetization beneath 62-11 crater of Tokachidake volcano. The relevant heat accumula
tion is estimated as a few tens of MW, which is probably the same order as the recent fumarolic discharge rate. Considering th
fact that fumarolic activity of 62-1I crater has declined since 2006, the ongoing demagnetization can be explained by the decreas
of heat discharge rate from the crater. Thus additional heat supply from depths is not necessarily required.
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