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Electrical Study of the 1977-1982 Activity of Usu Volcano.

By Hidefumi WATANABE, Hitoshi YAMASHITA and Tokumitsu MAEKAWA
Usu Volcano Obeservatory, Faculty of Science, Hokkaido University
(Received December 1, 1983)

The recent activity of Usu volcano was characterized by persistent earthquake swarms
and remarkable ground deformation, which continued until March 1982 since the first pumice
eruption in 1977. The principal cause of the activity was the upward movement of viscous
magma beneath the summit crater. Measurements of electrical resistivity have been re-
peated at the summit area after the pumice eruptions in 1977, intending to detect anomalous
variations in resistivity associated with the volcanic activity. The electrical resistivity was
measured by direct current method with dipole-dipole electrode arrangements. Associated
with the active thermal activity in 1978, including phreatomagmatic eruptions, considerable
decrease of resistivity was observed at the shallower part of the southern summit region.
Unfortunately, several conditions prohibited to detect temporal variations of electrical
resistivity at the deeper part which might be caused by the intrusion of dacite magma into
the summit crater.

Electrical sounding conducted at the summit in 1982 revealed that the shallow part
beneath the most active craterlet I is characterized by low resistivity and high chargeability.
Anomalous region of low resistivity was also found at the deeper part beneath the new peak
(NM). That region was found to be situated inside the earthquake-free zone, and to coincide
the high P-wave velocity zone. Previous experiments on elastic properties of volcanic rocks
showed that P-wave velocity of dacite lava of Showa-shinzan increases with temperature.
These facts may suggest that high temperature dacite magma has intruded to the depth about
several hundred meters below sea level beneath the new mountain.
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Fig. 1. Electrode arrangements for dipole-dipole measurement at Usu vol-
cano. A—B(B": current electrodes, Others : potential electrodes. NM:
“New Mountain” (cryptodome), QY : “Ogari-yama” (cryptodome). Both
of NM and OY were formed in the 1977—1982 activity ef Usu volcano.
No. 4 : the fourth crater formed in 1977, I : craterlet, GN : “Gin-numa
crater”. I and GN were formed in 1978. Qo-Usu and Ko-Usu are dacite
lava domes which were formed in the 1853 and the 1663 eruptions re-

spectively.
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Fig.2. Temporal variations of the apparent resistivities obtained by dipole-
dipole arrangements at Usu volcano.
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Fig.4. Apparent resistivity pseudosections obtained by the dipole-dipole
arrangements in July 1982 at Usu volcano. Unit of resistivity : Q-m.
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Fig. 5. Distribution of hypocenters of the earthquake swarm during January to
June, 1980. An earthquake-free zone is clearly seen in the central part of
the summit crater where remarkable doming has been occurring.
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Fig.6. A three-dimensional P-wave velocity structure beneath the summit
crater of Usu volcano (after Sakata, 1981). The slowness perturbations
are indicated in percent of the initial homogeneous velocity model (V,=
3km). Sixteen seismographs were installed on the summit area (dots) to
obtain P-arrival data.
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Fig. 7. Pulse characteristics and chargeability (m) measured by the IPR-8
time domain induced polarization receiver. Chargeability is estimated
by integrating the transient voltage V, over a period from ¢4 to £,. Inthe
present survey, 7 =2 sec, =130 msec, and £=1690 msec.
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Fig.8. Apparent chargeability pseudosections obtained by the dipole-dipole
arrangements in July 1982 at Usu volcano. Unit of chargeability : mV / V.
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