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57. Izu-Tobu Volcanoes

Continuously Monitored by JMA|

Latitude: 34°54'11" N, Longitude: 139°05'41" E, Elevation: 580 m
(Omuroyama) (Triangulation Point)

Latitude: 34°59'37" N, Longitude: 139°07'48" E, Depth: -118 m (Teishi
Knoll (Deepest Point of Crater))

Eruption at Teishi Knoll taken at the sea from southwest side on July 13, 1989. Courtesy of Japan Coast Gurard.

Omuroyama taken from Osaki, Ito (Omuroyama at Center) on March 3, 2004 by the Japan Meteorological Agency
Summary

Izu-Tobu volcanoes is a generic term of a large number of small, densely arranged basalt-rhyolite volcanic edifices
in the eastern part of lzu peninsula (Higashi-lzu monogenetic volcanoes) and a large number of densely arranged
submarine volcanoes to their east (Higashi-lzu submarine volcanoes). They consisnt of scoria cones, tuff rings, maars,
and lava domes, deposits from lava flows, air-fall pyroclastic materials, pyroclastic flows, pyroclastic surges, and
lahars. On the land, the largest of the basalt-andesitic volcanoes is Omuroyama, and the largest of the dacite-rhyolitic
volcanoes is Kawagodaira. Many details are lacking concerning the number of submarine volcanoes, their rock
composition, and when they were active. Several chains of volcanoes stretch from northwest to southeast, reflecting
the stress field in the area. The basalt-rhyolite is between 48.3 and 73.0 %.

After the earthquake swarms of 1930 the area was calm for some time, but from around the mid-1970s earthquake
swarm activity resumed. In July, 1989, earthquake swarms occurred, accompanied by the first recorded eruption at the

Teishi Knoll, located off the coast of Ito.
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Red Relief Image Map

Ito

Komuroyama

Omuroyama

Figure 57-1 Topography of the lzu-Tobu volcanoes.
1:50,000 scale topographic map (Ito) and digital map 50 m grid (elevation) published by the Geospatial Information

Authority of Japan were used.
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Distribution of Craters

Figure 57-2 Map shopwing volcanoes in the Higashi |zu monogenetic volcano field (Koyama., 2010a) .
Star shows the location of the Teishi Kaikyu submarine volcano, which erupted on July 13, 1989. Coast

line and main roads are shown with thin line.
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Submarine Topographic Map
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Figure 57-3 Ultrasound image of the Teishi Knoll
(Hydrographic Department, Maritime
Safety Agency, 1989).
Measurement was performed by the Tenyo

survey ship in October, 1989.
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Figure 57-4 Submarine topographic map of the Izu-Tobu volcanoes (Japan Coast Guard).
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Chronology of Eruptions
* Volcanic Activity in the Past 10,000 Years
Omuroyama was formed by an eruption which occurred approximately 4,000 years ago. Then, roughly 3,200 years
ago, the first rhyolitic magma eruption in the area occurred at Kawagodaira, resulting in a pyroclastic flow to the north
and producing pumice and volcanic ash fall to the west. Approximately 2,700 years ago a fissure eruption occurred on
the Iwanoyama-loyama volcano line, but no eruptions are considered to have occurred in the area until the

submarineeruption off the coast of Ito on July 13, 1989 (Koyama, 2010a,b).

Period Area of Activity Eruption Type Main Phenomena / Volume of Magma
4.4 ka Dainoyama Magmatic eruption Lava dome
4.2——4 ka Omuroyama, foot of Magmatic eruption —  Tephra fall — lava flow, tephra fall — tephra fall,
Omuroyama phreatomagmatic lahar — lava flow, lava dome — tephra fall.
eruption, (lahar Magma eruption volume = 0.2 km3 DRE.  (VEI 3)

production) —
magmatic eruption

3.2——3.1ka Kawagodaira Phreatomagmatic Pyroclastic surge — tephra fall — pyroclastic flow —
eruption — magmatic lava flow — lahar.
eruption — (lahar Magma eruption volume = 0.52 km3 DRE.  (VEI 4)
production)
2.7 ka Iwanoyama, Phreatic eruption, Tephra fall, lava flow, lava dome.
Iwanokubo, phreatomagmatic Magma eruption volume = 0.14 km3 DRE.  (VEI 3)
Fujimikubo, eruption, magmatic
Ananokubo, eruption
Ananoyama,

Yahazuyama, loyama

* Reference have been appended with reference to the Active Volcano Database of Japan, AIST (Kudou and Hoshizumi,
2006 ) for volcanic periods, areas of activity, eruption types, and eruption events. All years are noted incalendar
year. "ka" within the table indicates "1000 years ago", with the year 2000 set as 0 ka.

A<——B: Eruption events taking place at some point between year A and year B

* Historical Activity

Year Phenomenon Activity Sequence, Damages, etc.
1816 to 1817 Earthquake Earthquake swarms occurred in and around Kawana from the end of 1816 to
(Bunka 13) early 1817.
1870 (Meiji 3) Earthquake Earthquake swarms continued for 2 to 3 months (possibly happened in 1868
(Meiji 1)).

1930 (Showa 5) Earthquake, February to May. Earthquake swarms with hypocenters distributed off the coast
crustal of Ito occurred (over 3,600 felt-earthquakes). An uplift of up to roughly 10 cm
deformation was observed on the coast around Ito. (On November 26 the North Izu

earthquake (M7.3) occurred, with its hypocenter in the north of the Izu
Peninsula.)
1978 to 1989 Earthquake See Table 57-1.
(Showa 53 to Heisei
1)

1989 (Heisei 1) Small-scale: Earthquake swarms began on June 30. A submarine eruption occurred on the
Phreatomagmatic  Teishi Knoll in the bay of Ito on July 13.  (Pumice and scoria drifted ashore.)
eruption The resulting landform was named the Teishi Knoll.

Magma eruption volume = 0.00004 km3 DRE.  (VEI 1)
1991 (Heisei 3) to  Earthquake See Table 57-1.
2011 (Heisei 23)
March, 2011 Earthquake After the 2011 off the Pacific coast of Tohoku Earthquake (March 11, 2011)
(Heisei 23) seismic activity became high in that areas from the north to the northwest of

Omuroyama, and approximately 15 km to the east-southeast. March 19, 01:49 -
M4.4 (JMA scale seismic intensity of 3).

* Reference have been appended with reference to the Active Volcano Database of Japan, AIST (Kudo and Hoshizumi,
2006 ) for volcanic periods, areas of activity, eruption types, and eruption events.
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Figure 57-5 Tephra stratigraphy and chronology in the Higashi Izu monogenetic volcano field (Koyama et al., 1995)
Tephra in boxes are of the Higashi Izu monogenetic volcanoes origin. Other tephra are derived from the volcanoes

outside the izu Peninsula. Equal and hyphen mean the simultaneity of eruptions at two or more volcanoes.
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Figure 57-6 Whole rock chemical composition (Takahashi, et al., 2002).
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Figure 57-7 Temporal change in magma eruption mass in Hiagshi izu monogenetic volcanoes
(Koyama et al., 1995).
Discharge mass of magma at each eruption (upper) and cumulative discharge mass of magma (I

ower) are shown..
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Figure 57-8 Spatial and temporal distribution of vent locations in the Higashi Izu monogenetic volcano field for the
period of 80-150 ka (upper), 20-80 ka (middle), and 0-20 ka (lower) (Koyama et al., 1995)

Thick solid line shows the location of an eruptive fissure. Thick broken line shows the location of the dike, which

caused the eruption of the Teishi kaikyu submarine volcano on July 13, 1989.
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Precursory Phenomena
The 1989 submarine eruption was preceded by 3 days by a high number of low-frequency earthquakes, and 2 days

before the eruption noticeable volcanic tremor activity was observed, although crustal deformation and seismic activity

caused by magma intrusion decreased.
Since roughly 1980, earthquake swarms and crustal deformations have repeatedly occurred as a result of magma

intrusions, but the activity has not culminated in an eruption.

Recent Volcanic Activity

Figure 57-9 Activity of shallow VT earthquakes (blue circles) and deep low-frequency earthquakes (red circles)
observed by a regional seismometer network (October 1, 1997, to October 31, 2011). Epicenter distribution
(upper left), space-time plot (N-S cross-section) (upper right), E-W cross-section (lower left) and

magnitude-time diagram (by scale) (lower right).
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Table 57-1 List of Earthquake Swarms in and around the Izu-Tobu Volcanoes (Headquarters for Earthquake Research

Promotion Earthquake Research Committee (2010))
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Major Volcanic Activity
= 1989 Volcanic Activity

1978/01/01-1989/05/31 1989/06/30-07/09 1th 07/09 11h-07/11 20h
o0 e 3% T,
L ° bo ?
O M=7
O H=6
O H=S
O H=4
o H=3
s H=2
@ "
07/11 20h-07/13 24h 07/14-08/31
o /B
(d) (e) (f)

Figure 57-10 Distribution of volcanic earthquakes before and after the July 13, 1989 eruption (Yamasato et al., 1991).
(a) 1978 to May, 1989 (until start of earthquake swarm activity relating to the eruption)
(b) to (e) Epicenter distribution in the periods from June 30,1989, to August 31, 1989
(f)o: Epicenters of low-frequency earthquakes occurring on or after July 5,
/\: Epicenter of isolated event between 19:03 and 19:05 on July 13,

x: Location of the Teishi Knoll
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Figure 57-11

(a) Time series of depth of earthquakes which occurred on July, 1989 (Ueki, 1992).

(b) Changes in tilt observed at the National Research Institute for Earth Science and Disaster Prevention (then known
as the National Research Center for Disaster Prevention) Ito observation point (Kana) (May 1, 1989, to July 31, 1989)
(National Research Center for Disaster Prevention, 1989). The seismicity is synchronized with the tilt change, it
strongly support that the earthquakes are generated by the stress change caused by the magma intrusion.

On July 4 the number of earthquake swarms increased, and many M>3 earthquakes occurred. At the same time, a
large tilt-change was observed from P4. Seismic activity increased again from July 8, accompanied by accelerated
and large tilt-changes.
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Figure 57-12 Short-period seismogram that records a large amplitude of tremor which occurred on a submarine volcano
on July 13, 1989 (vertical movement component at Kamata) (Japan Meteorological Agency, 1990).
It began at 18:29 on July 13, and tailed off from 18:33 to 18:48. Each horizontal line is drawn 30 minutes

interval. The submarine eruption continued from roughly 18:33 to 18:45 on July 13.

Figure 57-13 Total duration of tremors per day at Izu-Tobu volcanoes (June 30, 1989, to September 10, 1989)
(Japan Meteorological Agency, 1990).

Tremors were first observed on the night of July 11, and the eruption occurred on July 13. The volcanic
tremor activity peaked on July 14, gradually decreasing thereafter. No more tremors were observed after August
1.

The line graph indicates the number of earthquakes at Kamata, Ito.

15
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- Earthquake and Crustal Activity Since 1990

Figure 57-14
(Left)Epicenter map and its cross section for the earthquake swarm during the 1990’s and activity in December, 2009.
(Right) Those during the 2000’s and activity in December, 2009 (Earthquake Research Institute, Univ. of Tokyo, 2010).
The all hypocenters distributes uniformly on a sub-vertical plane. Hypocenters for each swarm occupied the

place where no previous earthquake swarm occurred.
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Figure 57-15

Epicenter map and cross sections of the precisely relocated
hypocenters for the 1989 swarm activity. (Morita et al. 2006).
Colors indicate the lapse time since the activity began.

The earthquakes are aligned on a sub-vertical plane. On the
first day of the activity, earthquakes occurred only in the
region shown by blue rectangle in the figure. One day after
of the beginning, earthquakes migrated outward of the region
to the center of the main part of the hypocenter distribution
(red rectangle in the figure).

GPS analyses indicated that the dike located in the blue
rectangle opened on the first day of the activity and the dike
in the red rectangle opened afterward. The volume in the

dike increased with the area of hypocenter distribution.
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Figure 57-16 (a) Time series of crustal deformation at Izu-Tobu volcanoes from December 14 to December 23, 2009
(Japan Meteorological Agency, 2010). (b) Temporal changes of hypocenter depth of the swarm activity in
December, 2009 (Tokyo University Earthquake Research Institute, 2010)

During the first day of the activity, the hypocenters rise up to the depth of approximately 5km bsl and they
migrated upward and downward. Given that earthquakes are generated at the tip of the dike, it is likely that
hypocenter migration represents the magma emplaces up and downward from the level of the neutral
buoyancy, at a depth of roughly 5km. When the magma is observed to rise further, an eruption is anticipated.

= The ground deformation prior to earthquake swarms were observed by volumetric strain-meter operated by

Japan Meteorological Agency.
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Figure 57-17 Long-term change in vertical displacement at a bench mark (BM9328) on the east coast of the Izu
Peninsula measured by precise leveling (Geospatial Information Authority of Japan, 2012).
The chart shows a period of uplift during the 1930s, which corresponds to roughly the time of the Kanto
earthquake in 1923 and the North Izu earthquake in1930., After the period of dormancy leading up to the
early 1970s, seismic swam activity increased again with the earthquake off the coast of the I1zu Peninsula in

1974, calming over the next quarter century up to the late 1990s.

Figure 57-18 Crustal deformation model associated with the December, 2009 earthquake swarms (National Research
Institute for Earth Science and Disaster Prevention, 2010).
These figures show the results obtained from the analysis using the tilt data of National Research
Institute for Earth Science and Disaster Prevention and GPS data of Geospatial Information Authority of

Japan. In the analysis existence of two dikes are assumed.
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Figure 57-19 Relationship between the volume increase of magmatic dike and the strain change during the earthquake
swarms in Higashi Izu (Miyamura et al., 2010).
Both the total contraction strain change and the maximum amount of change over 24 hours at the

Higashi Izu observation point corresponds very well with the amount of underground magma intrusion.
Information on Disaster Prevention
(DHazard Map

The "Potential Range of Eruption Damage" contained in the " Volcano Disaster Prevention Measure Deliberation

Committee Report at Izu-Tobu Volcanoes (currently being drafted)" is being used as a volcano disaster prevention map.

20



(57. 1zu-Tobu Volcanoes)

@ Volcanic Alert Levels (Used since March 31, 2011)
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Volcanic Alert Levels for the Izu-Tobu Volcanoes
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Warning . )
and Target Area I}.(evels i‘ ixp_e_cted Volcanic éctlpdns to bedT%IT_enbby Expected Phenomena and Previous Cases
Forecast eywords ctivity esidents an imbers
Eruption or imminent e Volcanic blocksNete) and/or base surge reach residential areas due to a phreatomagmatic eruption
Pl . e Low frequency earthquake swarms and volcanic tremors occur.
5 eruption causing Evacuate from the Past Examples
Residential Evacuate f;g?(;z::;g: tairaerr;zge to |danger zone July 11, Heisei 1 (1989): Low frequency earthquake swarms and volcanic tremors occurred, followed by an
Eruption  |27€2S and submarine eruption on July 13
pt areas closer to - . |Those within the alert
Warning Possibility of eruption
the crater . T area should prepare for — TR
4 causing significant evacuation. Those e Low frequency seismic activity is high.
Prepare to |damage to residential requirin .rotection in Past Examples
evacuate areas (increased hq g pf di July 10, Heisei 1 (1989): The low-frequency seismic activity which began on July 10 intensified.
robability). the event of an disaster
P must be evacuated.
Residents can go about
daily activity as normal.
When necessary,
. . .. |evacuation preparations
3 Efrt;;:tulotr;oonrgarsgil::tlon should be performed for
Non-residential rerup 9 those requiring
areas near the Do not significant darpage_to protection in the event [Level 2 and Level 3 Announcements]
volcano approach |areas near residential of a disaster. Access o When activity is high
Crater the volcano |areas (entering area is restrictions f.or When the possibility of eruption is heightened, no level 2 or level 3 announcements are made. Instead, a level
Area life threatening). d 4 or level 5 announcement is made.
. angerous areas, AT
Warning h . . o When activity is high
including mountain ’ L2 )
P . When volcanic activity is calm, and the level is lowered from level 5, levels 2 or 3 may be announced
climbing and mountain | 4.0 ing on the state of volcanic activit
access prohibitions, etc. epe g on the state ot voicanic activity.
2 Efrl;[::jlotr:oonr:frfzzltti:rt‘lon Residents can go about
Do not P 9 daily activity as normal.
Crater area area around crater
approach (entering area is life Access to crater area
the crater threaten%ng) restricted, etc.
Little or no volcanic Residents can go about e Little or no volcanic activity.
activity. Volcanic daily activity as normal. e High volcanic earthquake swarm activity may result in strong shaking, with JMA scale seismic intensities of
Eruption (Inside the 1 earthquake swarms dRae:Iiergtuss'g::atsavso(;gure g;:rv;;;%6l-éc)swer.
Forecast [crater Normal may occur due to g ! P

magma activity deep
underground.

furniture, and take other
countermeasures
against strong swaying.

This has occurred in recent years with the earthquake swarm activity of April, 2006 (Heisei 18) and December,
2009 (Heisei 21)

Note 1) The volcanic blocks mentioned in this table refer mainly to blocks large enough that their trajectories are not affected by wind.
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Social Circumstances
(DPopulations
- Ito City: 73,117 (As of June 1, 2012)
- lzu City: 34,176 (As of July 1, 2012)
+ Atami City: 39,407 (as of the end of May, 2012)
- lzunokuni City: 49,709 (As of July 1, 2012)
+ Higashi Izu Town: 13,769 (As of June 30, 2012)

@ National Parks, Quasi-National Parks, Number of Climbers

+ Fuji-Hakone-lzu National Park (Izu Peninsula area)

(57.

[zu-Tobu Volcanoes)

Izu Peninsula area, including the Izu-Tobu volcanoes, was certified as a "Japanese Geopark" in September, 2012.

®Facilities

None
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Monitoring Network
Wide Area

(57. 1zu-Tobu Volcanoes)

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

Ito

Omuroyama

1:200,000 scale regional maps (Shizuoka, Yokosuka, Omaezaki and Miyakejima) published by the Geospatial Information

Authority of Japan were used.

Legend
(JMA) (Gsn (AIST)
seismometer(SP) GPS water thermometer
* GPS waterlevel gauge
tiltmeter (NIED)
strainmeter Hi-net (ERI)

infrasonic microphone& Hi-net(tiltmeter) . seismometer(SP)

visual camera F-net
€ seismic intensity meter ® K-NET

seismometer(SP) KiK-net

(For earthquakes and tsunamis)

(Municipalities)
seismic intensity meter

Figure 57-20 Regional monitoring network.
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In and Around the Summit
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* Monitoring sites with multiple observation instruments are indicated by small black dots, and other symbols indicate types of monitoring.

Ito

Omuroyama

Komuroyama

1:50,000 scale topographic maps (Ito and Atami) published by the Geospatial Information Authority of Japan were used.

infrasonic microphone@ Hi-net

@ seismic intensity meter ® K-NET

(For earthquakes and tsunamis)

Legend
(JMA) (GSI)
. seismometer(SP) ﬁ GPS
X GPs
A titmeter (NIED)

visual camera A Hi-net(tiltmeter)

o seismometer(SP) @ KiK-net

(AIST)
thermometer
D waterlevel gauge

(ERD
. seismometer(SP)

Figure 57-21 Local monitoring network.
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