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Volcanic Ground Deformation at Mt. Usu
—A Perspective of the Deformation in the Last Twenty Years—
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Usu Volcano Observatory, Faculty of Science, Hokkaido University.
( Received on January 8, 1998 )

Mt. Usu is one of the most active volcano in Japan. The last activity of Mt. Usu occurred
between August 1977 and March 1982. The 1977-1982 activity is characterized by huge number
of felt volcanic earthquakes and large ground deformation (Yokoyama et. al., 1981). 1997 is the
20 years anniversary of the beginning of the 1977-1982 activity. We retrospect the ground
movements of Mt. Usu in the last twenty years and describe those summary.

During the 1977-1982 activity, new peaks named Usu-Shinzan and Ogariyama had been
uplifted and thrusted toward northeast. Total amount of upheavals and horizontal movements
at those new peaks is more than 185m and more than 250m respectively. The new peaks are
located at the bottom of the U-shaped fault open toward northeast direction in the summit crater.
The thrust of the inside of the U-shaped fault introduce complex big ground deformation and
many small faults at the northern flank.

After the 1977-1982 activity, the tendency of deformation is reversed at the summit of Mt.
Usu. It looks like the volcano contracting entirely. But the deformation rate is quite small and
the order of some centimeter per year. At the flanks of Mt. Usu, subsidence is predominant and
that suggests the shrinkage of Mt. Usu too.

The reversal of deformation after the activity should be ordinal phenomena at Mt. Usu.
Because the subsiding of Showa-Shinza area had been observed before the 1977-1982 activity and
the subsiding rate is relatively large around the center of the recent activities in the 20th century.
The older the activity is, the smaller the subsiding rate is. These facts are contradictory to the
common theory that expansion of the volcano starts soon after the end of the activity and
continues until the next activity. In the case of Mt. Usu, the contraction of Mt. Usu started just
after the end of the activity and are continuing constantly for more than fifteen years. The
reasonable mechanism of contracrion is a long decaying time phenomenon like gravitational
unstability.
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Fig. 1. The elevation changes of summit new peaks of Mt. Usu and the change
of the HK-NR baseline length are obsesrved by angle and EDM measure-
ments, during the 1977-1982 activity. The elevation were measured from
Date city office, which is located at about 8 km south of Mt. Usu. Total
uplift of the new peaks amounted to more than 185m. The HK-NR
baseline locates on the northern slope of Mt. Usu.
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Fig. 2. It is shown that elevation changes of summit peaks of Mt. Usu measured
from the southern rim benchmark (SRM) after the 1977-1982 activity.
Summit new peaks (US and OG) are almost constantly subsiding at the rate
of 4-6 cm/year. Discontinuity in the figure denotes loss of bench marks on
the summit peaks.
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Fig. 3. It is shown the elevation changes of the benchmarks on the rim refered to
the foot of Mt. Usu after the 1977-1982 activity. Subsidence of the rim took
place in the whole direction. It means that the whole summit of Mt. Usu is
subsiding after the activity.
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Fig.4. It is shown the shortening of base lines on the mountainside of the
volcano. It suggest that Mt. Usu is contracting continuously after the 1977
-1982 activity.
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Fig. 5. It is the result of levellings that shows vertical displacement at the northwestern,
at the northern and at the eastern flanks during the 1977-1982 activity.

7P F—ADBAEBTREESESBL TWa, 2 LI TRNKIBYI RS 89T, BEER
29, ik o EBRIEED S — v RO LG, £727) 7 F—L08WHEE T, NS
RN B LI L 2 LbROEG RO LI, KFEFADEMHC L 2ERTH D Z L 2Rg
LT3,

EEIH B R OILEOKER &L 3 ~ 5 FRB TITbIL T3, Fig. 6 lcmd3nd &) ICEERER
B~ HEOEBTHEIC L > T b, 351D A5 &, 1943~1945 FEGEI R (X 1910 E£FHEH OB
ERDEF L2 B THBEEN Z > TWwb I b b, TN & &, 1977 SR AR B
il F— oottt el Tz b2 s, ARIUTRBEZROFEHNSKIZ, £ THEERT (S
D, —REICE LN L EREROIIARDER - BRAZIIBDH L%\,

F 7z, —RBBICOWTIE, 1977 SFICE BT & 0, 1982 4RI JhiE R E AL & n BB
REF (LA, 1984) 12 £ 1, 1993~1994 4F i ALMEE R 2EHAEE & E i Fbeic L D EBEE N T 3,
Fig. 7, 81z, AERIL—RAKEHED FEHZROWEHROEE 2 R O—SKAEL J6 2 AEE X LT
AT, EEHIMF ORI EBRO ETEBR IR L 2B~ EBoEE L EH LT, &
B BEEZ R L T b, —F, HEWMEROZENIILEI L E~mrEEiEfEmEs s, TN
FURZ F LB E > Twva, L L, 20EHRRMAOIME D LB WG LGSR
1977~1982 SEiEEIOEENE £ & 0L % BT 50 mm R (1 4% BRiTiE 30 mm RKiE T80
10mm LUF) & IEBROEERIC L TED ThE W, 85T, [KROEEREOHRETDIELDE
DEENDE L L, KIUEBHOREZERICT I EPBL VWO T, KINTES) & BT ToER
3, ZIZTiRThRwWw,

3. GPS &

LHEREHEEI TR, 6 AN—FHG P SZEH (WILDMAGNABOX 8 WM 101) % 1988 4
CEALZ. % 19894 8 Aic “RBSEER (WM 102) cduil, BHBEOXEIMIESNDE
TOBUHITZ 2 & )iz Lz, FERILZDWTIE, ZNHDZERYAVT, 19894FKL ) GP S#



FER O KRR S) — Bl 20 SFROEBOBE— 281

from September 1982 to May 1988

|

from May 1988 to May 1991

Fig.6. It is the result of levellings that shows vertical displacement at the
northwestern, at the northern and at the eastern flanks after the 1977-1982

activity.
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Fig. 7. It shows the elevation changes
of benchmarks along the circular
levelling route refered to J6, that
locates at the west corner of the
route, around Mt. Usu during the
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Fig.8. It shows the elevation changes

of benchmarks along the circular
levelling route refered to J6, that
locates at the west corner of the
route, around Mt. Usu after the
1977-1982 activity.

1977-1982 activity. It is conspic-
uous that large elevation changes
are restricted in the northern part
of the levelling route. _‘1_
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Fig.9. Recuurrent GPS observation
points on and around Mt. Usu.
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Fig. 10. Detected movements with GPS are shown. HKG located at the north flank is subsiding and
NRM at the northern rim is subsiding and moving toward south. Both results are consistent with
those of levellings and EDM measurements.
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