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15.Usuzan 
Continuously Monitored by JMA  

Latitude: 42°32'38" N, Longitude: 140°50'21" E, Elevation: 733 m (Usuzan) (Elevation Point) 

Latitude: 42°32'33" N, Longitude: 140°51'52" E, Elevation: 398 m (Showashinzan) (Elevation Point) 

Latitude: 42°32'39" N, Longitude: 140°49'51" E, Elevation: 669 m (Usushinzan) 

(Triangulation Point - Usudake) 

 

 
Overv iew of  Usuzan taken from south s ide on March 16, 2012 by the Japan Meteorological  Agency 

 

Summary  

Usuzan is  a group of  s t ratovolcanoes and lava domes wh ich was  formed on the  south  wal l  of  the Toya caldera  

approx imately  10,000 to 20,000 years ago. I t  is  composed of  a basal t -basal t ic andesi te s tratovolcano wi th a somma wi th  

a diameter  of  approx imately  1.8 km, a f lank volcano (the Donkoroyama scoria cone),  3  daci te lava domes (Ko-Usu,  O-Usu,  

and Showashinzan),  and many  cryptodomes (Nishiyama, Konpirayama, Nishimaruyama, Mei j ishinzan, Higashimaruyama, 

Ogariyama, Usushinzan,  and the 2000 upl i f t  a rea,  etc .) .  The summit  col lapsed between 7,000 and 8,000 years  ago,  

causing a debris  avalanche to the south ( the Zenkoj i  debris  avalanche).  Af ter a long period of  dormancy, volcanic  act iv i ty  

resumed in 1663. Since then,  summit  erupt ions have repeatedly  ejected rhyol i te-daci te magma pumice and volcanic  ash.  

Pyroc lastic  f lows and pyroc last ic  surges occurred. After 1910, phreatomagmatic  and phreat ic  erupt ions occurred at  the  

foot  of  the volcano as wel l ,  and volcanic  lahar f lowed f rom the crater.  The act ivi ty  f requent ly  included the r ise of  h ighly  

viscous magma,  fo rming lava domes and cryptodomes. A high number  of  fe l t -ear thquakes and prominent crustal  

deformat ion have been notable  as precursors of  e rupt ions (Soya et  a l . ,  2007) .  The SiO2  content is  between 49.3 and 73.1  

wt %.  
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Photos   

  
I -crater v iewed f rom southwest  on May 10, 2011 by the Japan 
Meteorological  Agency  

K-A crater (s l ight ly  above center) and K-B crater (Lef t ) ,  
taken from northeast s ide on July  19, 2011 
by the Japan Meteorological Agency  

  

N-B Crater (Center),  taken from northeast s ide on 
July  19, 2011 by the Japan Meteorological  Agency 

 

Gin 'numa Crater,  taken from Ogariyama to northeast 
On May 10, 2011 by the Japan Meteorological Agency  

  
Showashinzan, taken f rom southwest s ide on 
May 22, 2007 by the Japan Meteorological  Agency  

Old Nat ional  Road 230 Graben, taken f rom northeast  s ide 
on July  2,  2000 Courtesy of  C.  Inaba 
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Erupt ion on August 2,  1910, taken from Lake Toya (Omori ,  1911)  

 

 

Erupt ion on July  3,  1944 (Minakami et  a l . ,  1951)  
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Erupt ion on August 7,  1977, taken from Sobetsu to the nor theast by the Japan Meteorological Agency 

 
Erupt ion on March 31, 2000, taken from southwest s ide  

Courtesy of  As ia Ai r  Survey Co.,  Ltd.  
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Topography around the Crater  

 

Figure 15-1 Detai led topography of  the crater a rea.  
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Red Relief Image Map  

 
Figure 15-2 Topography of  Usuzan. 
1:50,000 scale topographic  maps (Date and Toyako Onsen) and dig i ta l  map 50 m gr id (e levat ion) publ ished by the 
Geospat ia l  Informat ion Authori ty  of  Japan were used.  

Showashinzan Usuzan 

Lake Toya 

Date  
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Geological Map  

 
Figure 15-3 Geological  map of  Usuzan (Soya et  a l . ,  2007).  
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Chronology of Eruptions  

・Volcanic Activity in the Past 10,000 Years  

A large summit  col lapse occurred between 7,000 and 8,000 years ago, causing a debris  ava lanche to the south ( the 

Zenkoj i  debris  avalanche).  This  was fo l lowed by a long period of  dormancy, wi th act iv i ty  resuming from 1663. The 1663 

erupt ion (Kanbun erupt ion) was a large pl in ian one, p roducing a large amount o f  pyroc last ic  mater ia l  to the  east.  P l in ian 

erupt ions occurred during the volcanic  act iv i ty  of  the end of  the 17 t h  century (several  dozen years af ter the 1663 

erupt ion),  1769,  1822, 1853, and 1977. Pyroc last ic  f lows occurred for a l l  of  these act iv i ty  per iods,  except the end of  the 

17 t h  century and 1977. Phreatomagmatic  and phreat ic  erupt ions occurred in 1910, 1943 to 1945, and 2000. During these 

periods of  act iv i ty ,  h igh v iscosi ty  magma rose, forming lava domes and cryptodomes (Nakagawa et  a l . ,  2005; Soya et  a l . ,  

2007).   

*  Reference documents have been appended wi th reference to the catalog of  erupt ive events during the last  10,000 years  
in Japan, database of  Japanese act ive volcanoes, and AIST (Kudo and Hoshizumi,  2006 )  fo r erupt ive period,  a rea of  
act iv i ty  and erupt ion type. Al l  years are noted in calendar years.  "ka"  wi th in the table indicates "1000 years ago",  wi th 
the year 2000 set as 0 ka.  
A←→B: Erupt ion events tak ing place at  some point  between year A and year B  

 
・Historical Activity   

Year  Phenomenon  Activ i ty  Sequence, Damages, etc .    
1663 (Kanbun 3)  Large: Magmatic  

erupt ion  
Frequent earthquakes and rumbling f rom August 13.  A phreatomagmatic  

erupt ion at  the summit  began on August 16, reaching i ts  c l imax on 
August 17 wi th a pumice erupt ion (pl in ian erupt ion) (Usu b ai r - fa l l  
pyroc last ic  deposi ts).  Both ear thquakes and erupt ions were severe,  
and accompanied by volcanic  l ightning. A large amount o f  ash fe l l ,  
wi th th ick deposi ts  f loat ing approx imately  5 km off  the southwest 
coast.  The erupt ion column could be seen as fa r as the  Tsugaru area,  
and the ai r  shock could be fe l t  as far as the Shonai  area (Yamagata 
Prefecture).  Fol lowing the pumice erupt ion,  volcanic  blocks and 
volcanic  ash were  repeatedly  ejected, and several  pyroc last ic  surges 
reached the foot o f  the volcano. The strata th ickness of  the deposi ts  
was between 1 to 3 m at  the foot of  the volcano, and several  dozen 
meters th ick on the f lanks.  The erupt ion cont inued unt i l  late August.  
Houses were covered or burned by tephra  fa l l ,  resul t ing in 5 deaths.  

Total  e jecta:  2.78  km3 .  Magma erupt ion volume: 1.1 km3  DRE.  (VEI 5)   
1663←→1769  Moderate:  

Magmatic  erupt ion  
Meiwa erupt ion:  A pumice erupt ion occurred a t  the summit .  This  was 
accompanied by a pyroc last ic  surge. The Ko-Usu lava dome was formed.  
Total  e jecta:  0.001 km3 .  Magma erupt ion volume: 0.0004 km3  DRE.  
(VEI 2)  

Period  Area of  Act iv i ty  Erupt ion Type  Main Phenomena /  Volume of  Magma 
10←→7ka  Near summit   Magmatic  

erupt ion  
I  to VII  type somma lava erupt ion:  7 main erupt ions ejected 
basal t -basal t ic  andesi te lava and scoria,  forming a s tratovolcano. 

10←→7ka  Eastern foot  of  
Usuzan, 
Donkoroyama  

Magmatic  
erupt ion  

Donkoroyama ai r- fa l l  scor ia erupt ion:  Scoria erupt ion and 
pyroc last ic  f low at  northeastern foot ,  fo rming f lank volcano 
(Donkoroyama scoria cone).   

8←→7ka  Summit   (Col lapse)  An erupt ion at  the summit  caused a col lapse, and a debris  
avalanche to the south formed an i rregular hummocky topography 
at  the foot  of  the volcano (Zenkoj i  debris  avalanche deposi ts).  
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Year  Phenomenon  Activ i ty  Sequence, Damages, etc .   

1769 (Mei j i  5)  Large: Magmatic  
erupt ion  

An earthquake preceded the erupt ion.  
On January 23 a  pumice erupt ion (pl in ian erupt ion) began at  the 
summit .  Pumice and volcanic  ash ai r- fa l ls  were fo l lowed by a 
pyroc last ic  f low (Meiwa pyroc last ic  f low) which caused f i res,  burning 
down al l  homes at  the southeastern foot  o f  the volcano. The 
Ogariyama cryptodome was fo rmed. The strata th ickness of  deposi ts  
at  the foot  of  the volcano was 30 to 50 cm.   

Total  e jecta:  0.11  km3 .  Magma erupt ion volume: 0.04 km3  DRE  (volume 
of  a i r- fa l l  pyroc last ic  mater ia l  only).   (VEI 4)   

1822 (Bunsei  5)  Large:  Magmatic  
erupt ion  

Earthquakes began on March 9,  gradual ly  growing in f requency. 
A pumice erupt ion (pl in ian erupt ion) began on March 12.  The erupt ion 

grew gradual ly  s tronger.  
The f i rs t  pyroc last ic  f low occurred on March 15.  
The largest pyroc last ic  f low occurred on March 23 (the Bunse i  

pyroc last ic  f low),  burning down the ent i re  forest  f rom the 
southeastern  foot  to the  western foot .  I t  a lso burned down Abuta,  a  
coastal  vi l lage (near the cur rent I r ie),  resul t ing in many deaths 
(according to Mimatsu and Tada (2003) there were 103 deaths;  
according to the O-Usuzanshoho Record there were 82 deaths;  
according to Yokoyama et a l .  (1973) there were 50 deaths).  The 
strata th ickness of  deposi ts  was 30 cm at the western foot  of  the 
volcano and almost 1 m at  the eastern foo t .  The Ko-Usu lava dome 
was formed. The erupt ion cont inued for at  least  4 more months.  

Total  e jecta:  0.28  km3 .  Magma erupt ion volume: 0.11 km3  DRE (volume 
of  a i r- fa l l  pyroc last ic  mater ia l  only).   (VEI 4)   

1853 (Kaei  6)  Large:  Magmatic  
erupt ion  

Earthquakes and rumbl ing began on Apri l  12,  growing gradual ly  
s tronger .  On Apri l  22 a pumice erupt ion (pl in ian erupt ion) began on 
the east s ide of  the summit .  
On Apri l  29 a s trong erupt ion occurred, cont inuing unt i l  approx imately  

May 4.  On May 5,  fo rmat ion of  the O-Usu lava dome began. The 
strata th ickness of  deposi ts  was 30 cm at the western  foot  of  the  
volcano and 50 to 100cm at the eastern foot .  A  pyroc last ic  f low 
occurred during the lat ter part  of  the erupt ion ( the Kaei  pyroc lastic  
f low or Tateiwa pyroc last ic  f low).  Format ion of  the O-Usu lava 
dome cont inued, wi th i ts  e levat ion being measured in 1889 a t  595 
m, in 1905 at  692 m, and in 1911 at  740 m.  

Total  e jecta:  0.35 km3 .  Magma erupt ion  volume: 0.14 km3  DRE (volume 
of  a i r- fa l l  pyroc last ic  mater ia l  only).   (VEI 4)   

1903 (Mei j i  36)  Rumbl ing  Rumbl ing f rom May to June. 2 1  
1910 (Mei j i  43)  Moderate:  Phreat ic  

erupt ion   
Earthquakes became f requent f rom July  21, growing gradual l y  s tronger .  

On July  24 an M5 earthquake occurred, part ia l ly  destroying 15 
houses in Abuta.  On the night  of  July  25, when seismic act ivi ty  had 
relat ively  decreased,  an erupt ion s tarted at  Konpirayama. The 
erupt ion occurred intermi t tent l y in a 2.7 km long area running from 
the west -nor thwest  to the eas t-southeast,  f rom Konpi rayama to the  
west side of  Higashimaruyama. Approx imately  15 explosion  craters,  
large and smal l ,  were formed by August 2,  and a total  of  45 by 
November .  
A volcanic  plume extended as high as approx imately  700m, and 
volcanic  blocks fe l l  wi th in an area 300 m from the crater.  Hot  volcanic  
lahar (hot lahar) f lowed di rect l y  f rom 6 craters into Lake Toya, k i l l ing  
1 person. The east s ide of  Nishimaruyama was l i f ted approximately  
155 m by November 10, fo rming the Mei j ishinzan (Yosomiyama) 
cryptodome. There was extreme ground deformat ion in the area,  
causing damage to  houses,  mountain forests ,  and agricul tural  land.  
Magma int rus ion caused hot  spr ings to wel l  up  around the  shore  of  
Lake Toya immediately  af ter the act ivi ty .   

Total  e jecta:  0.003 km3 .   (VEI  2)  
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Year  Phenomenon  Activ i ty  Sequence, Damages, etc .   

1943 to 1945 (Showa 
18 to 20)  

Magmatic  erupt ion  (1) Pre-erupt ion period (December 28, 1943, to June 22, 1944)  
On December 28 earthquakes occurred ac ross the ent i re  Usuzan 

area, wi th almost 20 fe l t -earthquakes in a s ingle day at  the 
northern foot .  

The number of  earthquakes decreased s l ight ly  at  the s tart  of  1944, 
and the hypocenters became increasingly  concentrated at  the 
eastern foot .  A ground upl i f t  began at  Yanagihara,  reaching 16 m in  
Apri l .  

From mid-Apri l ,  the center of  the upl i f t  moved to Fukaba, to the north 
(now the s i te of  the east port ion of  Showashinzan),  reaching as 
high as 50 m. Earthquakes grew in intensi ty ,  wi th 250 
fe l t -earthquakes on June 22.  

(2) Explos ion period  (June 23, 1944, to October 31, 1944)  
On June 23, a phreat ic  e rupt ion began in agricul tural  land in 

Higashikyumantsubo (now the si te of  the  center of  Showashinzan),  
in the west of  Fukaba.  

From July  2,  the explos ions grew more powerful ,  wi th severa l  dozen 
prominent explos ions by the end of  October.  The explos ions on 
July  2 and July  3 were part icular ly  large, e ject ing a large volume of  
volcanic  blocks and volcanic  ash, causing signi f icant crop damage, 
and tephra fa l l  on Tomakomai  and Chi tose to the east.  

The July  11 explos ion produced a low temperature (60 to 70 °C) 
pyroc last ic  surge which destroyed a protected forest  and homes. 1 
person was in jured, and crops were damaged.  

On August 26, 1 smal l  chi ld was ki l led,  and a house burned down. A 
ser ies of  explos ions created a r ing of  7 craters on the south s ide of  
Matsumotosan, and ground upl i f t  cont inued, forming the Yaneyama 
cryptodome approx imately  100 m tal l .  

(3) Lava dome format ion period (early  November ,  1944, to September,  
1945)  

From mid-November,  new lava appeared from the center o f  the 
r ing-shaped group of  explos ion craters in the  center of  the roof 
mountain,  and the r ise cont inued, resul t ing in a s l ight  protuberance 
on the west s ide.  

In September,  1945, the  number of  earthquakes fe l l  and lava dome 
format ion ended, wi th the peak of  the lava dome standing at  406.9 
m. The formed lava dome was named "Showashinzan".   

Total  e jecta:  0.11  km3 ( inc luding cryptodome).  Magma erupt ion 
volume: 0.44 km3  DRE.  (VEI 1)    
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Year  Phenomenon  Activ i ty  Sequence, Damages, etc .   

1977 to 1978 (Showa 
52 to 53)  

Moderate:  Magmatic  
erupt ion  

A large number of  fe l t -earthquakes occurred f rom 03:30 on August 6.  
On August 7,  at  09:12, a daci te magma pumice erupt ion (pl in ian 
erupt ion) began from the summit  crater f loor ( the southeastern 
foot  of  Ko-Usu).  An hour later,  the volcanic  plume had reached a 
height of  12,000 m, but the erupt ion s topped temporari ly  af ter  just  
under two and a hal f  hours.  
Over 10 intermi t tent  erupt ions then occurred, inc luding large 
pumice erupt ions,  leading up to the early  morning of  August 14. 
During the f i rs t  s tage erupt ion that occurred over the course of  the 
week, craters No. 1 through No. 3 were fo rmed at  the eastern foot  
of  the Ko-Usu lava dome,  the No. 4 crater was formed to the  north 
of  the crater f loor,  and a  large amount of  pumice and volcanic  ash 
was deposi ted around the c raters.  tephra fa l l  destroyed a house at  
the foot of  the volcano, and caused damage to crops and fo rests .  

From August to September ra in caused secondary lahar damage at  
the western foot .  The f i rs t  s tage erupt ion ejected 83,000,000 m3  of  
e jecta.  
Af ter th is  f i rs t  s tage of  act ivi ty ,  the remaining magma cont inued to 
r ise and, accompanied by seismic activ i ty ,  the crater f loor rose, 
forming a faul t  f rom the northeastern foot  of  Ko-Usu, th rough 
Ogariyama, to O-Usu, as wel l  as a new cryptodome (Usushinzan).  
A graben measuring  100 to 250 m wide fo rmed on the 
southwestern s ide of  the faul t ,  and the summit  of  Ko-Usu 
cont inued to subside. Two and a hal f  months af ter the s tart  o f  the 
erupt ion,  the new mountain had r isen 40 to 50 m, and the 
northeastern wal l  of  the Usu somma swel led outwards,  wi th a 
lateral  d isplacement of  48 m. The prominent ef fects  of  crustal  
deformat ion at  the summit  extended to the northern foot,  causing 
severe damage to roads, bui ld ings,  and sewer and water mains,  
etc .  

From November 16,  a phreat ic  erupt ion began at  the summit  crater 
f loor (second stage erupt ion).  

1978 
From July  to September phreatomagmatic  erupt ions were f requent,  

and erupt ive act ivi ty  cont inued unt i l  October 27. During th is  t ime, 
the A-N c rater  was fo rmed on the south s ide of  the  faul t .  I t  
eventual ly  connected to the J -N crater,  forming the Gin 'numa 
crater.  The second stage erupt ion produced approx imately  
7,500,000 m3  of  magma, only  1/10 that o f  the f i rs t  s tage erupt ion.  
However ,  on October 16 and October 24 rain caused a secondary 
lahar across Usuzan, resul t ing  in 2 deaths,  1 miss ing person,  2 
sl ight  in jur ies,  damage to 196 houses, damage to 9 other 
bui ldings,  and damage to agricul tural ,  c iv i l  engineering,  sewerage,  
and other fac i l i t ies.  
The new mountain upl i f t  cont inued unt i l  March, 1982, accompanied 
by seismic act iv i ty .  An upl i f t  of  approx imately  180 m occurred in 
Ogariyama and the eastern foo t  of  Ko-Usu,  as wel l  as a reduct ion 
in the dis tance between the northern somma and the shore  of  Lake 
Toya of  approx imately  180 m.  

Total  e jecta:  0.09  km3 .  Magma erupt ion volume: 0.04 km3  DRE.  
(VEI 3)  
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Year  Phenomenon  Activ i ty  Sequence, Damages, etc .   

2000 (Heisei  12)  Smal l -scale:  
Phreatomagmatic  
erupt ion  

Gradual  increase in earthquakes from the af ternoon o f  March 27.  
On March 28, at  approx imately  01:31, the  f i rs t  fe l t -earthquake 
occurred (fe l t  in the Lake Toya Onsen area).  
From March 30 to March 31, faul ts  and f issures were formed at  
the summit  and the northwestern foot  o f  the volcano, and 
gradual ly  grew larger.  
On March 31, seismic act ivi ty  reached i ts  peak, and a t  13:07 a 
phreatomagmatic  e rupt ion began at  the western  foot  of  
Nishiyama. Volcanic  blocks were ejected near the  crater.  The 
volcanic  plume rose several  hundred meters s tra ight up,  and 
then blew to the northeast,  reaching a height of  3,500m. Ash fe l l  
downwind, to the northeast.  A small  amount  of  tephra fa l l  was 
detected at  Chi tose, 75 km away. The March 31 erupt ion ejected 
240,000 tons of  e jecta.  

On Apri l  1,  at  approx imately  11:30, an erupt ion began f rom the 
northwestern foot  of  Konpirayama. 

Smal l  phreat ic  erupt ions occurred repeatedly  unt i l  mid-Apri l ,  and a 
total  of  65 craters were fo rmed at  the western foot  of  Nishiyama 
and around Konpirayama. Hot lahars occurred from the western 
foot  of  Nishiyama from Apri l  1 to Apri l  2,  and f rom Konpirayama 
from Apri l  2 to Apri l  10.  

From mid-Apri l ,  act iv i ty  was conf ined to 4 cra ters ( the N-B crater 
and N-C crater at  the western foot  of  Nishiyama, and the K-A 
crater and K-B crater at  the northwestern foot  of  Konpirayama).  
Magma intrus ion at  the western foot  of  Nishiyama caused an 
upl i f t  wi th a maximum height o f  approx imately  80m,  forming a 
cryptodome.  

From August,  the upl i f t  at  the western foot  of  Nishiyama subsided, 
and act iv i ty  at  each crater gradual ly  lessened. At the K-B crater,  
volcanic  blocks,  etc . ,  cont inued to be ejected accompanied by 
ai r  shocks. 

2001 
No K-B cra ter a i r  shocks or volcanic  ash emiss ion were  observed 

since September.  
The area of  act ivi ty  included some res ident ia l  areas at  the foot  
of  northwest,  so despi te erupt ions being smal l ,  roads, sewer   
p ipes, and water mains were cut,  and 850 homes were damaged. 

Total  e jecta:  0.0009 km3  (smal l  amount of  magma discharge) .   
(VEI 1)   

*  Reference documents have been appended wi th reference to the catalog of  erupt ive events during the last  10,000 years  
in Japan, database of  Japanese act ive volcanoes, and AIST (Kudo and Hoshizumi,  2006 )  fo r erupt ive period,  a rea of  
act iv i ty  and erupt ion type.  
A←→B: Erupt ion events tak ing place at  some point  between year A and year B  
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Whole Rock Chemical Composition  

 
Figure 15-4  Whole rock chemical  composi t ion by Harker d iagrams of  e jecta wi th in prehis tor i c  period (somma) and his tor ic  
period (Matsumoto and Nakagawa, 2010).  
 

 
Figure 15-5 Time series of  whole rock chemical  composi t ion of  SiO2  wt  % wi th in his tor ical  per iod.  
(Nakagawa et  a l . ,  2005; Matsumoto and Nakagawa, 2010)  
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Figure 15-6 Whole rock chemical  composi t ion by Harker d iagram of e jecta wi th in his tor ical  per iod (Matsumoto and 

Nakagawa,  2010).  
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Major Volcanic Activities  

4 Usuzan Eruptions
Precursor 
Earthquake 
Activity 
Period

Activity 
Area

Eruptive Activity [Duration]
New Mountain [Uplift Amount / Duration]

Earthquake Activity Accompanying New Mountain 
Formation

1910 5 days Northern 
base

(Magma) phreatic explosion [2 weeks]
Meijishinzan [170m/4 months]

Earthquake near new mountain (?)

1943-45 6 months Eastern 
base

Phreatomagmatic explosions [4 months]
Showashinzan
Yaneyama (cryptodome) [200m/10 months]
Dome [110m/11 months]

B-type earthquake near new mountain, C-type
earthquake at time of dome uplift
A-type earthquake activity over a wide area

1977-78 32 hours Summit Pumice eruption [1 week],
phreatomagmatic explosions [12 months]
1977 new mountain (180m/55 months)

High level of earthquake activity at rim of new
mountain (earthquake gap area)

2000 5 days Western 
base

Phreatomagmatic explosions [21 months]
2000 new mountain (80m/5 months)

No earthquakes observed at rim of new mountain
A-type earthquake activity over a wide area

Magma reached surface: 1943-45 activity
Pumice eruption: 1977-82 activity

 
Figure 15-7 Summary of  the recent 4 erupt ive act ivi ty  at  Usuzan. 

 

・1910 Eruption  

 
Figure 15-8 Dis tr ibut ion of  exp losion craters,  cracks,  and faul ts  (Omori ,  1911, rev ised).  
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Figure 15-9 Change in the height of  the shore of  Lake Toya af ter the  1910 erupt ion (diagram based on Omori ,  1911)  
・Upl i f t  and subsidence at  the  south shore o f  Lake Toya were conf i rmed by the observat ion  of  water level .  

 

Figure 15-10 Changes in the relat ive heights at  each bench mark ( rev ision based on Omori ,  1913, 1920).  
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・1943-1945 Eruption  

 
Figure 15-11 Distr ibut ion of  A-type earthquake hypocenters and examples of  earthquake records for 1944 erupt ion 
(Minakami et  a l . ,  1951).  
・ The gray area in the cross-sect ion indicates the hypothesized hypocenters of  the B-type earthquake near 
Showashinzan.  

 

 
Figure 15-12 Upl i f t  oat  the  eas tern foot  of  Usuzan (modi f icat ion of  Minakami,  1947a).  
・ Before the erupt ion,  upl i f t  at  C point  was prominent .  Af ter the erupt ion,  upl i f t  at  B point  was prominent.  



(15. Usuzan) 

 18

 
Figure 15-13 Growth of  the  1944-1945 lava dome (based on Fukutomi,  1946).  

 

・1977-1978 Eruption  

 
Figure 15-14 Time series of  1977 erupt ion,  and locat ions of  e rupt ion craters (Katsui  et  a l . ,  1988).  
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.  15-15 Ash fa l l  area of  the  1977 erupt ion (Katsui  et  a l . ,  1988)  

 

 
Figure 15-16 Changes in topography ins ide the crater f loor (Katsui  et  a l . ,  1988) .  



(15. Usuzan) 

 20

 
Figure 15-17 Distr ibut ion of  hypocenters of  volcanic  earthquakes in shal low summit  area, re lated to format ion of  

Usushinzan (Nishimura and Okada, 1987).  

 
Figure 15-18 Rate of  seismic energy discharge during act iv i ty  f rom 1977 to 1979 (erg/day),  and change in upheaval  rate 
of  Ogariyama (cm/day) (Yokoyama, 1993).  

 

 
Figure 15-19 Topographic  change as seen in photographs from before and af ter the 1977-82 erupt ion (Courtesy of  S.  

Mimatsu).  
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・2000 Eruption  

 
Figure 15-20 Distr ibut ion of  hypocenters around the start  of  2000 erupt ion,  and corresponding crustal  deformat ion 
(Oshima and Ui ,  2003).  
Lef t  ar row: Start  of  erupt ion at  the western foot  of  Nishiyama (crater group),  Right a rrow: Start  of  e rupt ion a t  
Konpirayama 
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Figure 15-21 Changes in re lat i ve height and grav i ty  around 2000 erupt ion (Oshima and Ui ,  2003).  

 

 
Figure 15-22 Topograhic  changes by Usuzan 2000 erupt ion  (Ui  et  a l . ,  2002).  
Newly formed craters and faul ts  were conf i rmed on Apri l  3 and May 18 
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Figure 15-23 Distr ibut ion of  ho t  lahar at  2000 erupt ion (Hokkaido Department of  Const ruct ion,  2001).  

 

 
Figure  15-24 Distr ibut ion of  vo lcanic  earthquakes around the  start  of  2000 erupt ion (Japan Meteorological  Agency, 2003).  
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Precursory Phenomena  

His tor ical  erupt ions was preceded by prominent fe l t -earthquake swarms at  several  dozen hours to several  days  

before the erupt ion,  as wel l  as cracking at  the summit  or foo t  of  the volcano, the fo rmat ion o f  faul ts ,  or other prominent  

crustal  deformat ions.  Underground water levels changed around the volcanic  edi f ice for several  days to several  

months before  the erupt ion ,  and predominant  f requencies in waveforms became lower  immediately  before  the  erupt ion.  

 

 
Figure 15-25 Precursor of  seismic activ i ty  before the1910 erupt ion (modi f icat ion of  Okada, 1982).  
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Figure 15-26 Precursor seismic activ i ty  for the 1943-45 erupt ion.  

(based on Minakami,  1949b and Kizawa, 1957)  
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Figure 15-27 Precursor seismic activ i ty  for the 1977-78 erupt ion (number of  earthquakes at  A-stat ion by Japan 
Meteorological  Agency (cur rent “Minamisanroku ” s tat ion) and Sobetsu temporal  observat ion  point) .  
(based on Japan Meteorological  Agency, 1980)  
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Figure 15-28 Seismic activ i ty  for the 2000 erupt ion (based on Japan Meteorological  Agency,  2003).  
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Figure 15-29 Changes in waveform of precursor earthquakes of  the 1977-78 erupt ion (high f requency → low f requency) 
(Okada, 1985).  

Top: Accelerat ion ampl i tude (Date)  
Middle:  Displacement ampl i tude (Sapporo)  
Bottom: Accelerat ion ampl i tude (Tarumaesan)  

    

Figure 15-30 Changes in underground water level  before the 2000 erupt ion (Shibata and Aki ta,  2001).  
    Lef t :  Observat ion points ,  Right:  Changes of  underground water level   
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Figure 15-31 Precursor crustal  deformat ion observed by GPS measurement fo r the 2000 erupt ion (Takahashi  et  a l . ,  
2002).  

Top: Observat ion points  
Bottom lef t :  Change in basel ine length,  Bottom r ight :  Lateral  d isplacement f rom March 29 to  March 31.  
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Recent Volcanic Activity  

・Activity Chronograms  

 

Figure 15-32 Volcano act iv i ty  (1964 to June,  2012).  

① Erupt ions  

② Fume heights at  the summit  f loor  

③ Temperature at  I -crater and Showashinzan 

④ Plume heights at  N-B crater  

⑤ Temperature at  N-B crater  

⑥Number of  volcanic  earthquakes 
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・Volcanic Earthquake Epicenter Distribution  

 
Figure 15-33 Distr ibut ion of  vo lcanic  earthquakes (October,  2002, to June 30, 2012).  
+ symbols indicate earthquake observat ion points  
① Epicenter d is tr ibut ion  
② Space-t ime plot  
③ E-W cross-sect ion  
④Depth t ime series 



(15. Usuzan) 

 30

・Seismic Activity  

 
Figure 15-34 Act iv i ty  of  shal low VT earthquakes (blue c i rc les) and deep low-frequency earthquakes (red c i rc les) observed 
by a regional  seismometer network (October 1,  1997, to  June 30, 2012).  Epicenter d is tr ibu t ion (upper lef t ) ,  space-t ime 
plot  (N-S c ross-sect ion) (upper  r ight) ,  E -W cross-sect ion ( lower lef t )  and magni tude-t ime diagram ( lower r ight) .  
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・Usuzan Shallow Area Crustal Deformation  

 
Figure 15-35 Cross-sect ional  image of  crustal  act ivi ty  under Usu volcano (Aoyama e t a l . ,  2009).  

 
・ Interior Structure  

 
Figure 15-36 Cross sect ions of  the P-wave veloc i ty  model  determined by the 2001 act ive seismic survey (Onizawa et  a l . ,  
2007).  

(a) Southwest -northeast cross-section (b) Northwest-southeast cross-sect ion 
(c) Geological  column of  borehole located at  Showashinzan 
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Information on Disaster Prevention  

 

①Hazard Map 
Usuzan Volcano Disaster Prevent ion Map (Wide Area Vers ion) March, 2002 - Publ ished by the Date Off ice of  Disaster  

Prevent ion,  Abuta Usuzan Erupt ion Disaster Restorat ion In i t i at ive Office,  Sobetsu Depar tment of  General  Affa i rs ,  Toyoura  
Planning and Coordinat ion Department,  and Toya General  Affa i rs Department,  Edi to r ia l  superv is ion by the Hokkaido 
Disaster Prevent ion Commit tee Earthquake and Volcano Countermeasure Department Volcano Countermeasure Expert  
Commit tee  

ht tp: / /www.c i ty.date.hokkaido. jp/soumu/n96bln0000008f27.html  

 

http://www.city.date.hokkaido.jp/soumu/n96bln0000008f27.html
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② Volcanic  Alert  Levels  (Used since June 9,  2008)  
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Volcanic Alert Levels for the Usuzan Volcano (Valid as of June, 2008) 

Wa rn i n g  
a nd  
F or e ca s
t  

Ta r ge t  
A r ea  

L ev e ls  &  
Ke yw o rd s  

Ex pe c te d  Vo l ca n i c  
Ac t i v i t y  

Ac t i o ns  t o  b e  Ta k e n  b y  R e s id e n t s  
a nd  C l i m b e rs  Ex pe c te d  Ph e n o me n a  a n d  P r ev i o us  C a se s  

Er u p t io
n  
Wa r n in
g  

Re s id e n t i
a l  a r e a s  
a n d  a r ea s  
c lo s e r  t o  
t he  c r a t e r  
 

5  
Ev a c ua t e  

E r u p t io n  o r  i mm in e n t  
e r u pt io n  c a u s in g  
s ig n i f i c a n t  d a ma g e  t o  
r es id e n t ia l  a r e a s   

Ev a c ua t e  f r o m t h e  d a n g e r  z o n e   

● An  e r u p t i o n  f r o m  th e  s u m m i t  o r  f o o t  o f  t h e  vo l c a no  i s  i m m i n e n t  d u e  t o  f u r t h e r  se i s m i c  ac t i v i t y  o r  o bs e rv e d  p r o m i n e n t  
c r us ta l  d e fo r m a t i o n .  

Pa s t  Ex a m p l es  
M a rc h  2 9 ,  2 0 0 0 ,  a n d  Au gu s t  7 ,  1 9 7 7  ( e a r ly  m o r n i ng ) :  M a n y  f e l t - e a r t h qu a ke s .  
● Er u p t i o n  a t  t h e  s u m m i t ,  w i t h  v o l ca n i c  b l o cks ,  p y r oc l a s t i c  f l o w,  a n d  py r oc l a s t ic  s u rg e  r ea c h in g  r es i d e n t i a l  a r e as .  
Pa s t  Ex a m p l es  
Au g us t  7 ,  1 9 7 7 ,  0 9 :1 2 ;  Ap r i l  2 2 ,  1 8 5 3 ;  M a r ch  1 2 ,  1 8 2 2 ;  J a n u ar y  2 3 ,  1 7 6 9 :  E r u p t i o n s  f ro m  th e  s u m m i t  c r a te r  f l o o r .  Vo l c a n i c  

b l oc ks  w er e  s ca t t e r e d  a p pr o x i m a te ly  4 k m  f ro m  th e  s u m m i t  c ra te r ,  p y ro c l as t i c  f l o w s  a n d  py r oc l as t i c  s u rg e s  co v er e d  a  w i de  
a r e a ,  r e ac h i n g  u p  t o  1 0 k m  f r o m  th e  s u m m i t  c r a te r  ( e xc e p t  i n  t h e  c a s e  o f  t h e  1 9 7 7  e r u p t i o n ) ,  d e p o s i ts  o f  l a r g e  a m o u n ts  o f  
p u m ic e  a n d  vo l c an i c  a sh  o v e r  a  w id e  a r e a .  

● Er u p t i o n  a t  t h e  f o o t  o f  t h e  v o l c a n o ,  w i t h  vo l c an i c  b l oc ks  a n d  p y r o c l as t i c  s u r g e  r ea c h i ng  r e s i de n t i a l  a r e as .  
Pa s t  Ex a m p l es  
M a rc h  3 1 ,  2 0 0 0 ,  13 :0 7 ;  J u ne  2 3 ,  1 94 4 ;  J u l y  2 5 ,  1 9 10 :  E r u p t i o n s  f r o m  th e  f o o t  o f  t h e  vo l c an o .  Vo l c an i c  b lo ck s  s c a t t e r ed  u p  

t o  a p pr o x i m a te ly  2 k m  f r o m  th e  c r a te r ,  a n d  py r oc l as t i c  s u rg e  r e ac h e d  u p  t o  3 k m  f r o m  th e  c r a te r  ( J u l y,  1 9 4 4  e r u p t i o n ) .   

4  
Pr e p a r e  t o  
e va c u a te  

F o r e ca s t  o f  e r u pt io n  
c a us in g  s ig n i f i c a n t  
d a ma g e  t o  r e s id e n t ia l  
a re a s  ( in c r e as e d  
p r o b a b i l i t y ) .   

T h o s e  w i t h in  t h e  a le r t  a r e a  
s h o u ld  p r e p a r e  f o r  e va c u a t io n .  
T h o s e  r e q u i r in g  p r o t e c t io n  in  
t he  e v e n t  o f  a n  d is a s te r  mu s t  
b e  e v ac u a te d .   

● H i gh  p r o ba b i l i t y  o f  s u m m i t  o r  f o o t  e r u p t i o ns  d u e  t o  i n c r ea s ed  s e i s m ic  a c t i v i t y  a n d  i n c r e as e d  i nc i d e nc e  o f  
f e l t - e a r t h q u ak e s .  

Pa s t  Ex a m p l es  
M a rc h  2 8 ,  2 0 0 0 ;  Au g us t  6 ,  1 9 7 7 ,  a p pr o x i m a te ly  0 4 :0 0 :  I n c r e as e  i n  f e l t - e a r t h q u ak es .   

Cr a t e r  
Ar e a  
Wa r n in
g  

N o n- r e s id
e nt ia l  
a re a s  n e a r  
t he  
v o lc a n o  

3  
D o  n o t  
a p p r o ac h  
t he  
v o lc a n o  

Er u p t io n  o r  p r e d ic t io n  
o f  e r u pt io n  c a u s in g  
s ig n i f i c a n t  d a ma g e  t o  
a re a s  n e a r  r e s id e n t ia l  
a re a s  ( e nt e r in g  a r e a  
i s  l i f e  t h r e a t e n in g ) .   

Re s id e n t s  c a n  g o  a b o u t  d a i l y  
a c t i v i t i e s  a s  n o r ma l  ( p a y in g  
c lo s e  a t t e n t io n  t o  v o lc a n ic  
a c t i v i t y ) .  
W he n  n e c e s s ar y,  e v a c u a t io n  
p r e p ar a t io n s  s h o u ld  b e  
p e r f o r me d  f o r  t h o s e  r e q u i r in g  
p r o te c t io n  in  t h e  e v e n t  o f  a  
d is a st e r.  
Ac c e ss  r e s t r i c t io n s  f o r  
d a n g e r o us  a r e a s ,  in c lu d in g  
mo u n t a in  c l i mb in g  a n d  
mo u n t a in  a c c e ss  p r o h ib i t i o n s ,  
e t c .   

● An  e r u p t i o n  f r o m  th e  s u m m i t  o r  f o o t  o f  t h e  vo l c a no  i s  f o r e ca s t  d u e  t o  i n c r ea s ed  s e i s m ic  a c t i v i t y .  
Pa s t  Ex a m p l es  
M a rc h  2 8 ,  2 0 0 0  (e a r ly  m o r n i n g ) ;  Au g u s t  6 ,  1 9 77 ,  a p p r ox i m a te l y  0 3 :3 0 ;  D e ce m b e r  2 8 ,  1 9 43 :  M a n y  s m a l l  e a r t h q ua k es ,  

so m e  o f  w h i c h  co u l d  b e  f e l t .   

Cr a t e r  
a re a  

2  
D o  n o t  
a p p r o ac h  
t he  c r a t e r  

E r u p t io n  o r  p r e d ic t io n  
o f  e r u pt io n  a f f e c t in g  
a re a  a r o u n d  c r a t e r  
(e n t e r in g  a r e a  i s  l i f e  
t h re a t e n in g ) .   

Re s id e n t s  c a n  g o  a b o u t  d a i l y  
a c t i v i t i e s  a s  n o r ma l  ( p a y in g  
c lo s e  a t t e n t io n  t o  v o lc a n ic  
a c t i v i t y ) .  
Ac c e ss  t o  c r a t e r  a re a  
r es t r i c t e d ,  e t c .   

● In c r e as e  i n  s m a l l  e a r t h q ua k es  w h ic h  c a n n o t  b e  f e l t .  
Pa s t  Ex a m p l es  
M a rc h  2 7 ,  2 0 0 0 ;  Au g us t  6 ,  1 9 7 7 ,  a p pr o x i m a te ly  0 2 :0 0 :  I n c r e as e  i n  v e ry  s m a l l  e a r t h q u ak es  
● Ve ry  s m a l l  e r up t i o n s  f r o m  e x is t i n g  f u m a r o l es  a n d  g e o the r m a l  a r ea s ,  s ca t t e r i n g  v o lc a n ic  b l o ck s  i n  a re a .  
Pa s t  Ex a m p l es  
No  o b s er ve d  e x a m p le s   

Er u p t io
n  
F o r e ca s
t  

In s id e  t h e  
c ra t e r  

1  
N o r ma l  

L i t t l e  o r  n o  v o lc a n ic  
a c t i v i t y.  
Vo lc a n ic  a s h  ma y  b e  
d is c h a r ge d  w i t h in  t h e  
c ra t e r  a s  a  r e s u l t  o f  
v o lc a n ic  a c t i v i t y  
(e n t e r in g  a r e a  i s  l i f e  
t h re a t e n in g ) .   

Ac c e ss  t o  in t e r io r  o f  a n d  a r e a  
a r o u n d  c r a t e r  r e s t r i c t e d  a s  
n e ce s s a ry,  e t c .   

● L i t t l e  o r  n o  v o l ca n i c  ac t i v i t y.  Po s s i b i l i t y  o f  d i sc h a rg e  o f  v o l c an i c  a sh ,  e t c .  w h ic h  m ay  a f f e c t  s u m m i t  c r a te r  i n t e r i o r  a n d  
n ea r by  a r e a .   

Note  1)  Erup t ions po in ts (cra te rs)  cannot be  iden t i f ied  a t Usuzan dur ing  the  in i t ia l  s tages when precursory phenomena occur.  Erup t ion leve l  2  (Do Not  Approach the  Cra te r)  requ i res cra te r  access 

restr ic t ions,  e tc.  Erup t ion  leve l  3  (Do Not  Approach the  Vo lcano)  requ i res mounta in  access restr i c t ions and the  suspension  o f  fo restry  act iv i t ies a t  the  foo t  o f  Usuzan,  e tc.  

Note  2 )  The vo lcan ic b locks ment ioned in  th is tab le  re fe r  ma in ly to  b locks la rge  enough tha t  the i r  t ra jecto r ies a re  no t  a ffected  by w ind .
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Social Circumstances  

① Populat ions 

・Date Ci ty :  36,670 (17,747 households) (as of  March 31, 2011)  

・ Toyako Town10,041 (5,120 households) (as of  October 31 , 2011)  

・ Sobetsu Town: 2,833 (1,306 households) (as of  October 31, 2011)  

・ Toyoura Town: 4,443 (2,279 households) (as of  October 31 , 2011)  

 

②National  Parks,  Quasi -Nat ional  Parks,  Number of  Cl imbers  

Shikotsu-Toya Nat ional  Park (Shikotsu, Jozankei ,  Noboribetsu areas)  

・ Lake Toya Usuzan area cert i f ied as "Japanese Geopark"  in  December,  2008.  

・ Lake Toya Usuzan area cert i f ied as "Global  Geopark"  in August,  2009.  

・ Lake Toya Onsen area,  Lake Toya est imated number of  s ightseers per year:  2,461,541 ( in 2010)  

・ Sobetsu Onsen area, Sobetsu est imated number of  s ightseers per  year:  1,131,000 ( in 2010)  

・Date area, Date est imated number o f  s ightseers per year:  2,211,900 ( in 2010)  

 

 

③ Faci l i t ies 

・Date Ci ty :  

Date F i ref ight ing and Disaster Prevent ion Center  

・ Toyako Town:  

・ Lake Toya Vis i tor Center  

Volcano Science Museum 

・ Sobetsu Town:  

Sobetsu Informat ion Center " i "  

Mimatsu Masao Memoria l  Museum 

Usu Volcano Observatory,  Hokkaido Univers i ty  

 



(15. Usuzan) 

 36

Monitoring Network  

Wide Area * Monitoring sites with multiple observation instruments are indicated by small black dots, and other symbols indicate types of monitoring. 

 
1:200,000 scale regional  maps  (Sapporo,  Iwanai ,  Tomakomai  and Muroran) publ ished by the  Geospat ia l  Informat ion 

Authori ty  of  Japan were used.  

(JMA) (GSI) (NIED) (AIST) (Hokkaido Univ.)

seismometer(SP) GPS V-net(SP) water thermometer seismometer(SP)

GPS V-net(broadband) waterlevel gauge infrasonic microphone

tiltmeter V-net(tiltmeter)

infrasonic microphone K-NET (Municipalities)

visual camera GPS seismic intensity meter

seismic intensity meter

Legend

 

Figure 15-37 Reigional  moni to r ing network.  

Usuzan 

Lake Toya 

Date  



(15. Usuzan) 

 37

In and Around the Summit  

 * Monitoring sites with multiple observation instruments are indicated by small black dots, and other symbols indicate types of monitoring. 

 

1:50,000 scale topographic  maps (Date,  Toyoura and Toyako Onsen) publ ished by the Geospat ia l  Informat ion Authori ty  o f  

Japan were used.  

(JMA) (GSI) (NIED) (AIST) (Hokkaido Univ.)

seismometer(SP) GPS V-net(SP) water thermometer seismometer(SP)

GPS V-net(broadband) waterlevel gauge infrasonic microphone

tiltmeter V-net(tiltmeter)

infrasonic microphone K-NET (Municipalities)

visual camera GPS seismic intensity meter

seismic intensity meter

Legend

 

Figure 15-38 Local  moni tor ing network.  

Usuzan 

Showashinzan 
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