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debris flows and crustal movements during



H6IX 1977~ 197T84EMKF#IZ I 5 A ERK A RO HIFEZE L

A197T~197T84EM KO MR (F - HERE, 1970)

Br1977T4E10 A TA), 1-41%, 1ok n GorHHTEEIX)
C:19784E10H FA, A-NIX, 2 ko ki CHrEHIEERK)

“AUsu—shinzan R O 7 Fe
K -_I j]" ’J __. :
Sy 7Y

Fig. 6 Topographic change of the atrio (crater floor) of Usu Volcano during the 1977-1978 activity.
A:Topographic map before the 1977-1978 eruption (Geographical Survey of Institute, 1970)
B:Development of craters (1-4 of the stage-I eruption) and faults, end of October, 1977 (after K. Niida)
C:Development of craters (A-N of the stage—II eruption) and faults, end of October, 1978 (after K. Niida)
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Fig. 7 Usu Volcano viewed from the north. Top: August 1976; Bottom: August 1979 (photo by Y. Sakai)
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Fig. 8 Variation diagram of oxides for the somma lavas, historic
pumice and dome lavas of Usu Volcano. Red symbols at Si0=69wt.%: the
2000 pumice; those at Si0,=54wt.%: hypothetical end member of a
magma mixing model shown by the broken lines (Katsui et al.,
1978; Tomiya and Takahashi, 1995; Nakagawa et al., 2002)
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Fig. 9 Seismic activity and ground deformation during the first stage
of the Usu Volcano's 2000 activity. (A) Height of Kousu Lava Dome;
(B) baseline length by a GPS network (GSI); (C) distribution of
epicenters; (D) temporal variation of epicenters in the NS direction:
(E) EW cross section of hypocenters; and (F) temporal variation of
hypocentral depth (UV0). Arrows at March 31 and April 1 represent the
first eruptions at the Nishiyama and the Kompira Yama Craters,
respectively (after Oshima and Ui, 2003)
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Geology of Usu Volcano

Usu Volcano is one of the most active volcanoes in Japan. It
is located on the northern coast of Uchiura Wan (Bay) in
southwest Hokkaido. The volcano is a postcaldera cone of Toya
Caldera, which was formed as a result of large—scale eruptions of
pyroclastic flow in the late Pleistocene age. The volcanic edifice of
Usu is composed of a somma volcano with a parasitic scoria cone
and a number of lava domes and cryptodomes.

The main volcanic body of Usu was formed on the southern
rim of Toya Caldera by repeated eruptions of lava and scoria of
basalt and basaltic andesite (Usu Somma Lava) in the latest
Pleistocene age. A parasitic scoria cone (Donkoroyama) erupted
on the northeastern foot in this stage. After the completion of the
stratovolcano, about 7 or 8 thousand years ago, its summit was
broken by a sector collapse accompanied by a debris avalanche
(Zenkoji Debris Avalanche) which rushed down on the southern
foot into the sea. The destruction of the summit resulted in the
formation of a somma, 1.8km in diameter and about 500m in
elevation.

Detailed tephrochronological studies indicate that the volcano
had been in a dormant state for several thousand years since the
formation of the somma. During this long period of quiescence, the
nature of the magma changed into extremely felsic. After this
period, a strong Plinian eruption of rhyolitic pumice (Us—b Pumice
Fall) occurred in 1663. Eight explosive eruptions have been
recorded in 1663, 1769, 1822, 1853, 1910, 1943-1945, 1977-
1978 and 2000, sometimes being accompanied with pyroclastic
flows, Occurrence of
conspicuous crustal movements with an earthquake swarm and

base surge or volcanic mudflows.
formation of lava domes and cryptodomes are the characteristic
features of these historic activities, which may have been caused
by the high viscosity of magma. By these activities, three dacite
(Kousu,
cryptodomes (e.g., Nishiyama, Kompira Yama, Nishi-maruyama,

lava domes Ousu and Showa-shinzan) and many
Meiji-shinzan, Higashi-maruyama, Ogariyama, Usu-shinzan, and
the area of upheaval during the 2000 activity) were formed,
although the dates of some domes are uncertain. These domes are
aligned in two parallel zones running NW-SE through the summit
and north flank, probably controlled by the southern wall structure
of Toya Caldera.

Eruptions of Usu have occurred at an interval of 30-50 years
recently so it may be used in the prediction of future eruptions.
Occurrence of locally felt shocks preceding each eruption has also
been noticed. The duration of the preceding earthquakes was
generally short, less than 10 days, except for that of the 1943—
1945 activity.

The rocks of Usu Volcano are divided into two groups; one is
the somma lavas of olivine—pyroxene basalt and basaltic andesite
of the low—K tholeiite series, and the other is the historic pumice
and dome lavas of hypersthene rhyolite and dacite of the calc—
alkali series. Intermediate rocks are lacking. The chemical
composition of the historic products varies with time from rhyolitic
to dacitic, decreasing gradually in SiO, contents. Such a change in
composition may be interpreted in terms of a compositionally
zoned magma chamber.
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_________ Cover photo: Usu Volcano viewed from the northwest. The volcano consists of a
stratocone of basalt and basaltic andesite with a summit crater 1.8 km in
diameter and many lava domes and cryptdomes. Ousu Lava Dome, Usu—shinzan
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R Craters, respectively.
(Photo by A.Tomiya on April 1, 2000)
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Table 2 Chemical analyses of representative products of Usu Volcano (modified from Soya et al., 1981)
No. Sample (AD.) Si0, Ti0, ALO, Fe0, Fe0 M0 Mgd Ca0 Na0 KO PO, HO(+) HO(-) Total
1 Ahglss (FEALLAREE) Somma Lava - 4936 0.69 16.07 3.79 7.68 0.21 892 10.75 2.03 0.18 0.12 0.7 0.10 100.27
2 AR (P ILFEEEE) Somma Lava - 51.80 0.83 16.79 4.14 6.74 0.17 6.01 10.20 1.93 0.46 0.33 0.26 0.32 99.98
3 ShmIlEcE GREE AR OR) Somma Lava - 53.02 079 16.42 3.22 7.09 0.17 4.95 10.24 2.80 0.58 0.16 0.17 0.18 99.79
4 SMwIIEE (@I Somma Lava - 53.36 0.86 17.27 3.81 7.47 0.09 3.63 9.41 2.67 051 031 028 0.11 99.78
5 Us-b#fi,Us-b Pumice 1663 73.04 0.26 12.95 1.11 1.54 0.06 0.36 241 507 1.14 043 102 0.21 99.60
6 /IMTERIAS F— 2/ Kousu Lava Dome 1769 71.25 0.43 13.21 3.19 196 0.27 0.84 3.10 4.02 1.15 0.46 0.50 0.25 100.63
T SCECKREROAEE AT Bunsei Pyroclastic Flow Deposit 1822 70.83  0.33 14.86 1.86 1.61 0.09 0.78 3.563 4.71 0.93 0.08 0.05 0.18 99.84
8 AU K R— 2 Ogariyama Lava Dome 1822 69.58 0.32 15.88 1.16 2.48 0.14 078 359 4.19 0.79 0.19 0.33 0.06 99.49
9 KEBEH F—2, Ousu Lava Dome 1853 69.23 0.36 15.40 1.82 2.09 0.15 0.91 3.83 4.5 1.08 0.21 0.9 0.14 99.56
10 WAFET L B — 2/ Showa-shinzan Lava Dome 1945 68.89 0.47 1492 3.01 1.78 0.16 0.90 4.10 4.00 1.03 0.24 0.2 0.32 99.94
11 Us-1977-108 A /Us-1977-1 (pumice) 1977 68.74 0.45 1552 1.42 239 0.08 0.84 3.78 4.62 1.10 0.28 047 0.10 99.79
12 Us=1977-SBD S Bk K LB, Us=1977-SB (bomb) 1977 67.89  0.37 1553 1.24 276 0.5 0.96 3.97 457 1.12 0.22 043 0.23 99.44
13 Us-20004%47 Us-2000 Pumice 2000 66.93 0.46 14.85 4.39 - 017 100 4.02 451 0.90 0.16 - - 97.39
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Fig. 11 Distribution of craters (purple) and volcanic mud flows (light blue) at the 2000 eruption of Usu Volcano.

The date beside each crater is when the crater was first found and not necessarily when it was formed, except for

March 31 and April 1. The craters formed at the 1910 eruption are also shown in black for comparison

(compiled by Tomiya, 2007, after Ui et al., 2002, Yahata et al., 2002, Ohno et al.,2002 and others)
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Table 1. Geologic sequence and historic eruptions of Usu Volcano
(modified from Soya et al., 1981)
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