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ELECTRODE PAIRS

Fig. 1. Locations of electrodes surrounding the crater of Mt. Mihara.
I, I, and I; are the current electrodes, and V;, Vz, Vs the potential ones.
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Fig. 2. Variations in the normalized apparent resistivity obtained from
different pairs of electrodes, A, B and C.
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Number of Earthquakes at Oshima Weather Station
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Fig. 3. Daily frequency of earthquakes recorded at the
Oshima Weather Station.
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Fig. 4. Geomagnetic total intensity around Oshima Island (after OsmHIMA,
1978). The broken line represents a zone along which earthquake swarms are
likely to occur. The solid line indicates the main fault that accompanied the Izu-
Oshima-Kinkai Earthquake (after StitMazaxi and SoMERVILLE, 1978).
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Fig. 5. Bathymetric chart (HyDROGRAPHIC DEPARTMENT, 1978). The broken line
represents a zone along which earthquake swarms are likely to occur. The solid
line indicates the main fault that accompanied the Izu-Oshima-Kinkai Earthquake (after
Suivazaxi and SOMERVILLE, 1978).
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54. Time Variations Observed in the Earth Resistivity on the
Oshima Volcano before the Izu-Oshima-Kinkai
Earthquake on January 14, 1978

By Takesi YUKUTAKE, Toshio YosHiNo, Hisashi UTADA
and Takafumi SHIMOMURA,

Earthquake Research Institute.

Since 1975, the measurement of the earth resistivity has been repeated by direct
current methods on the central cone, Mt. Mihara, of the Oshima Volcano. Locations
of the electrodes have been arranged to form an axial dipole configuration as shown in
Fig. 1. The electric currents were driven into the ground through the current elec-
trodes I, I, Is on the eastern side of the Mt. Mihara, while the potential was measured
by Vi, V, and V; on the west. Distances between each electrode are approximately 200
m. The diameter of the crater is about 350 m. Apparent resistivity was obtained by
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three different pairs of the electrodes, A, [ (I, 1), (Vi, V213 B, [(1;, 19, (Vy, Va1; C,
[ (I, Is), (V2, Vo). The measurements were repeated with the electrodes set up at the
same locality every time. Since the spacing between the current and the potential
electrodes is the shortest for the electrode pair A, the apparent resistivity obtained
from this pair is the most strongly influenced by the surface structure. Surface topog-
raphy is supposed to have a considerable effect on the results of the measurement of
A. At present, the volcanic vent is not filled with lava, and the crater forms a big
hole. The existence of this hole has an effect of reducing the apparent resistivity
obtained by the axial dipole arrangements. As the volume of the hole reduces with an
uprise of lava through the vent, an increase in the apparent resistivity is expected for
the measurement of A.

On the other hand, the surface topography will have the least effect on the measure-
ment of C, and the change in the apparent resistivity represents that of the true re-
sistivity in a deeper part beneath the crater, which may be caused mostly by changes
in temperature. If the temperature increases, the earth resistivity generally decreases.
Therefore when the volcano becomes active, the apparent resistivity is expected to
decrease for the measurement of C, but increase for the measurement of A due to the
contraction of the crater hole.

Fig. 2 shows the results of the repeated measurement, where the apparent resis-
tivity is normalized to the value for 1975. The apparent resistivity for A has decreased
about 20 percent during the period from March, 1975 to October, 1976. This seems to
be caused by subsidence of magma through the vent after small eruptions in 1974.
After remaining at a low level, the apparent resistivity has increased about 4 percent
for March, 1977 to October, 1977. From a simple model calculation, this can be inter-
preted as the effect of the rise of magma by 2 to 12m in the vent. In November,
earthquake swarms (Fig. 3) broke out on Oshima Island and extended to the area out-
side the island. The epicenters distributed along the broken line in Figs. 4 and 5in a
WNW direction from the crater (SHIMOZURU et al., 1978). On January 14, the main shock
was preceded by another earthquake swarm that took place in the same place as before.
A study of the focal mechanism (SHiMAzAKI and SOMERVLLE, 1978) suggests that the
main shock was accompanied by a right lateral displacement of the transcurrent fault in
the almost east-west direction as depicted by a solid line in Figs. 4 and 5. After the
main shock, the measurement of the earth resistivity has been carried out twice, in
January and March, 1978. It indicated a slight decrease in the apparent resistivity for
A, suggesting subsidence of magma after the rise of magma noticed in October, 1977.
This feature has been confirmed by the measurement of C, too, as an increase in the
apparent resistivity.

In the later half of the paper a process of generating the main fault is discussed
in association with the intrusion of magma inferred from the change in the apparent
resistivity of Mt. Mihara.

Geodetic surveys conducted by the Geographical Survey Institute have revealed a
contraction of the interval between Sukumoyama in the Izu peninsula and the north-
western coast of Oshima Island, amounting to about 1 m during 1924 to 1972. The total
strain caused by this contraction becomes 2.6 x107® for the 50 years (the mean rate of
change being 0.54x107%/year). The axis of the principal strain is approximately in the
northwest-southeasterly direction. The accumulation of the strain seems to have been
accelerated by the Izuhanto-oki Earthquake which took place at the tip of the lzu
peninsula in May, 1974. The crust was supposedly in a critical state ready to fracture.

The earthquake swarms along the broken line in Figs. 4 and 5 were distributed
within a very limited region. Kasanara et al. (1978) confirmed that the epicenters of
the aftershocks of the Izu-Oshima-Kinkai Earthquake were distributed within + 3km’s
width across the broken line. This zone corresponds to the northern boundary of a
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negative anomaly of the geomagnetic total intensity as can be seen in Fig. 4. At an
observatory situated in the southern edge of this negative anomaly, a continuous
decrease of the total intensity amounting to about 16 nT has been observed for the last
10 years, suggesting that the negative zone might have been loosing its magnetization.
An increase of gravity since 1965 has also been reported in this area. From these
data, it is presumed that magma has been penetrating into a shallower crust out of the
magma conduit running along the northern boundary of the magnetic negative zone.

Suppose that the pressure of magma in the deep crust has increased for some
reason. This would intensify the penetration of the magma near the conduit and cause
the rise of magma in the vent of Mt. Mihara, resulting in the change in the apparent
resistivity. An increase in the fluid pore pressure and local concentration of stress,
which had presumably followed the magma penetration, are supposed to have provoked
the earthquake swarms in November, 1977.

The increase of magma pressure is considered to have exerted a tensile stress to
widen the conduit in a direction perpendicular to it. In addition to this stress, the
regional compressive stress in the NW-SE direction may have perhaps contributed to
produce small cracks with right lateral displacement along the conduit. These events
seem to have worked as triggers to displace the main fault in a right lateral sense as
a boundary that seems to separate a stable crust characterized by lack of submarine
volcanoes (Fig. 5) and smooth magnetic field (Fig. 4) from the volcanic area in the north
where the magnetic field is disturbed.



