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Central Geological Survey of Taiwan 2017/11/7
Sakurajima :f{' '

) 3 : | Kuchinoerabujima
Forecasting Volcanic Activity in Japan

Masato Iguchi

Sakurajima Volcano Research Center,
Disaster Prevention Research Institute, Kyoto University

Active volcanoes and monitoring

; " - A
Kuchinoerabujima ?—A.y
Suwanosejima —

; Kusatsu-Shirane A
Asama %,';
Unzeg . lzu-Oshima I\M.)—t*ﬁ
W~ Kirishima WiyakeNma X
A

Sakurajima

Active volcano: Last eruption <10,000 years ago
111 active volcanoes

50 volcanoes monitored by Japan Meteorological Observatory
Integrated research on 25 volcanoes by universities and institutes
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Operated by JMA since

Volcanic Alert Level December 2017
Level 5 Eruption or imminent Evacuate from the
Evacuation | eruption causing significant | danger zone

damage to residential areas

- Level 4 Forecast of eruption causing | Prepare for
Evacuation significant damage to evacuation
preparation | residential areas (increased
probability)
Level 3 Possibility of eruption Access to
Caution to affecting <2km from the No volcano
Crater | \olcano crater Residents can go | restricted
area T ; about dail
Warni Level 2 Possibility of eruption . v Access to
arning . . activities as
Caution to affecting <1km from the . crater area
normal (paying .
crater area | crater ) restricted
close attention to

Eruption |J=E KN
Zeli=l-5a Normal

volcanic activity) | No

Detection of precursory phenomena

Imminence

Ascent magma

Storing magma

crater

LF earthquake, tremor
Hydrothermal
Deformation near vent

VT Earthquake

Fumarole, Geothermal

Inflation ground

Deep VT earthquaife Magma reservoir
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Monitoring method

*Seismic = Fracture due to intrusion, fluid behavior
* Deformation—> Storing, ascent of magma

* Temperature, magnetic> Geothermal activity
*Volcanic gas— Emanate from magma

Transition of types of volcanic earthquake

Tempo,_r?{ g__uiescence
Start eruption

T
i

Increase in
seismicity
Dormancy

VTearthquake | |
Low frequency earthquake I B

Modified from McNutt(1996)
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Increase in seismicity and transit

2000 Eruption Usu Fear of eruption

80 1 Volume increase by
magma or gas

e

1 VT Eruption

l

Rock failure

20

2-hours EQ number
5

1 LF

(=T I =]
I I | 4

26 27 28 29 30 31 01 02 03 04 05
March 2000 April 2000

Grou nd deformation Tilt and strain in nderground tunnel
B. Continuous monitoring _
Tilt=strain (High sensitivity) |7 '
GPS (Low sensitivity) 1 .
' o ‘L L."'““_

Online, -automated analysi i
Automated warning

A. Repetition (Long-term)
Precise leveling
GPS-EDM
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Geothermal measurement

*Thermometer

* Remote sensing by
infrared thermography

Thermal image of Showa crater,

3 months before onset of 2006
eruption

geomagnetic total force

Estimation of heat increase by m Earih's mnetic fied

Appearance of dome

| o MR
~T “I‘, ‘VF—!MIN N4 . [ |
e . _______,,...-f-‘—"‘ N3 ; v .
"3 | North station | [roquz Increase in North
TN - 1
~~T 1:‘\\ - SES L 5“"""{" Demagnetization due
St | i -'-'"‘v,‘ LA JI' T
1 T~ _u_w ft—|loheat
. e ?51.5 m ! !‘A‘-"".-, i 1
— ﬁ;‘:{;‘g"y T 1 T Decrease in south
; ' I R
Ao T
3 4 5 =] T 8 9 10 11 12 1 2
1991 UNZEN 1892

Geomagnetic total force at Unzen volcano
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Volcanic gas

Continuous
monitoring single gas

H, concentration

Sakurajima ey
ppm Sampling fumarolic gas ¥
S0,, H,S, CO,, H, Y

f'“" et

sof SO measufenﬁent by bbAS
W A 2

O oCT T Nov. T OEC.T JAN. T FEAT MAR T APR Y MY T JUR.TIUC T AUG T SEF T OCT T Hov. - DECT

 Number of Explosion ——

) Eruption increase
B

7

oM se oy T DEC. 19353 FEB ' MAR ' APR ' MAY ' JUN. T JUL | AUG | SEP. ' OCT ' MOV. | DEC.

T
1982

Recent eruption in Japan

* August 2014 Kuchinoerabujima (Level 1->.

* September 2014 Ontake (Level 1->I) phreatic eruption
63 dead / missing = = The worst volcanic disaster after 1945

* November 2014 Aso (Magmatic eruption)
* April 2015 Unrest events at Hakone (seismicity, deformation)(Level 1->2)

* May 2015 Kuchinoerabujima (Level I—>E)
The first level 5, Evacuation of residents from islands (137)

* June 2015 Hakone phreatic eruption

* August 2015 Unrest events at Sakurajima (seismicity, deformation)
(Level I—>ﬂ) The first level 4, Evacuation of residents (77)

* September 2015 Aso (Level 2—>I) Pyroclastic flow
* October 2016 Aso (Level 2->8)
* October 2017 Kirishima (Level 1->2->§)
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Active volcanoes 1 ?

and calderasin
Kyushu

Russia

ijic

Chronology of eruption of Kuchinoerabujima

1000 BP, Lava flow
(No historic records)

1841 Eruption, village destroyed
(many casualties)

1931 3 eruptions

1933-34 Vulcanian eruptions (8
casualties, 26 injured)

1945 Phreatic eruption Level2-3
1966 Vulcanian eruption i
1980 Phreato-magmatic eruption | oyei0-3 1980 eruption

2014 Eruption
2015 Eruption

25



-Collapse of freéﬁé_"'_'é"_

Eruption on August 3, 2014

Mostly phreatic (slight effect of magma)

.._,f. 'J,q ﬁf.[‘f\ﬁi'\‘l‘“m‘) ’_\‘_\?___ < ‘.___
£ | el ?-;-;& Collapse of trees
: \ .S«\: <, <, %

L

)

* AIST and DPRI, 2014
Alert level stayed at the lowest level 1

before the 2014 eruption and was upgraded
to 3 after the eruption occurred.

Long-term precursor
Increase in seismicity of volcanic earthquake

Monitoring camera by JMA,
Time lapse rate x8

9]

| Shindake ¢

*

o8 B
0B 08 -04 -02 00 or oe e o8 km

024 . Iu—)‘
| %} ;
92'93'94'95°96'97°98'99°00°01°02'03'04°05°06'07°08°09°10°11°12713' 14 ngl - }
08 -06 04 -0 ZV‘FEu ?km) —
Extremely shallow VT type events are dominated. Triastuty, et al. (2009)
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Inflation of ground around the crater

hi .
e "-\,_: N a) Summit b} Flank

. LS P . . s D[splacement obtalned by GPS
campaigns

Corresponding inflation to increase in
seismicity

Location of GPS
(SDW) 14 - . & :

7 AR
w\;“s‘"ﬁ:f/

% - 100

|jﬂ /0 e,
=] (€30
E
Displacement ( cm)

2004 V2005 ' 2006 ¥ 2007 ' 2008 | 2009 ' 2010 ' 2011 ¥ 2012 ¥ 2013 | 2014
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Heat accumulation revealed by
geomagnetic total force

Change in total intensity [nT]

2 1 L A O I O 1 O
5 s 70147004700 47004704 T 470010
2001 2002 2003 2004 2005 2006 2007 0 5 k
n
Kanda et al. (2010) s

Increase in geothermal activity

Appearance of new
fumarole

February 26, 2005 October 19, 2006

Airborne survey by infrared scanner

April 7, 2014
(4 months before eruption)
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Mid-term seismicity and deformation

No significant increase in seismicity

g

Eruption Aug.3

Drady number
o B 5 3 8

Daily nurrber {Log)

1A

n 3N 4n 51

2014

6/ mn 8N

Displacement ( cm)

Eruption
Aug.3
14 - . 1
y
124 T 8
10 :
P 100
8+
6 Ja0
49 Jeo &
=
=
2_ c
=
1 w g
04 g e
p H
20
2
44 ‘ 0
2004 © 2005 " 2006 ' 2007 © 2008 ' 2009 ' 2010 ' 2011 ' 2012 © 2013 ' 2014

No significant deformation

Alert level stayed at the lowest level 1 before the 2014 eruption.

Short-term precursor

Upward tilt immediately before the eruption

-300 = _ - 78
Eruption 12h24m
-208 4 - 80
206 - 82
T
2 J
3 .204 4 -1 84
@
2
g -292~NS ’-J - 86
§ e
F 200 [ 88
288 JEW e [ R , 480
South, West UP
-286 T T T T o T E;S T T T T T T 92
00 01 02 03 04 05 06 07 08 09 10 11 12 13h

2014/8/3

29

Tiltmeter

Fo 2= N
2 Shindake)
S
crater
((ERA0 NN
G e 8 BEMY
8 00 Y O
A B
E 204 )
% 154 Tilt rate (N-S)
5 104
=
& D'W: i 1 s
2 54
£ 104 ‘ t
= 15 8i3
=20

2004 2005 2006 2007 2008 2009 201D 2011 2012 2013 2014

All the spikes induced by distant
earthquakes



Increase in seismicity at Ontake volcano

180

1 _FM 1

ER

Number
[--]
o
|

2007 Eruption

0
1000

Eruption
>

100 —

Number

Nov 2006

i Dec 2006 |

Jan 2007 i Feb 2007 ; Mar 2007 i

1603(c)

Number
[--]
o
1

Eruption

VT
9/10, 9/11

LF
i M

2014 eruption

Number
]
1

Eruption

T
May 2014

T
Jun 2014 Jul 2014

Month

T
Aug 2014 Sep 20%4

Tilt change before the eruption Ontake

2014 9/27 11:40:00s Ontake Tanohara JMA

|
-

- Tilt (NS

= 1 VONTNIN = 7 ' : ]TN o~
% Start upw:ard ' b

8 ol 1144401 M A ST A ]
:.1 ! Eruption ]
= : 11:52:30

1

,)
[VONINTE
'—‘_‘_-___“—“\

T
1
of -
1

[ Tilt (EV\E)

e e e e e —

0 BETHE

PR —
600

200 —
E V.ONTA.U
100 qu

-100

E Velocityi seismogr
200 =t '

pum/s

Quite short-term precursory upward tilt
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Eruption on May 29, 2015

Volcanic cloud reached 10 km high. VEI
: 1-2. After the eruption, JMA upgraded
.\”-'f’,iff_,_'??-mera ; 2 ® the alert level to 5 (max) from 3. All the
2 residents evacuated from the island.

AIST (2015) Monitoring camera by JMA,
Time lapse rate x8

More intense precursors to the 2015

-
eruption
p Kuchinoerabujima
Daily number of volcanic earthquak 20{132m
300 o
! . S T Yakushima
2801 Slope distance E ;
- @
(5]
60 4 =
] Eruption &
40- i P 3
e @@
20 - <
- Sgismic station (5]

Jan 'Feb'Maf'AerafJun' Jul "Aug Sep'Ocl‘No

5000 -
1 SO, discharge rate
4000 3
%3000- 1 3
3 ] Alert level
S 2000 -
~ 1000 SO, discharge rate
-

._._."

Jan 'Feb Maf'Apr'Ma)f Jun' Jul 'Aug'Sep' Oct'No
2014 ;
Volcanic glow from

March 24, 2015
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Short-term increase in seismicity before

the 2015 eruption (May 29) |
Felt earthquake M2.6

Depth 1-2km LF earthquakes and Tornillo
Rl Pory— May 23, Felt earthquake
! 40
E . . .
§ 30 May 19 Seismicity increase
20_
10
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Shinmoedake eruption on Octob

er, 2017
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A drone image on Oct. 12 when the
upper photos were taken.

<< Oct 12 when the
left three photos
were taken.

Mostly phreatic eruption, plume height max 2200 m
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Precursory activity of the Shinmoedake
eruption (from Oct 11, 2017)
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Eruptive activity after the 20t century
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2011 Minamidake crater
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Eruptive activity and intrusion of magma

Magn;a intrusion 2015A * 2017(:;%
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Progress of

Andesite

Deformation

Storing magma beneath Aira caldera

Geothermal

phenomena during Showa

2009 2011 2015A

2006, 2007

Phreatic

Andesite
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Andesite

2008

Geothermal .
Magmatic

Fumarole

| Deformation rate increase |

l

‘ C02, H2 increase ]—P
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Frequent vulcanian eruptions

Decrease SiO2
content

Basalt

Tilt and strain changes associated with
explosions at the Showa crater
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Arimura underground tunnel ( A4=2.1km)
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Unrest event at Sakurajima
VT earthquake swarm on August 15
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Seismicity and ground deformation
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Ground deformation associated with usual eruptions

Dyke intrusion model

Horizontal displacement by GNSS
In-SAR by ALOS2

130.6" 130.85° 130.7° 130.75"

P125_F860:20150104_; 20150816
. {c) JAXA analysed by DP Rl-Ki

31.65

Crack location
0.6 km, -0.1 km, 1.1 km

Dip=71°
Strike=N32° E
Length=1.2 km
Width=0.3 km
Open:6.9/ m

130.6 130.65 130.7° 130.75°

; y _— , ",cm Volume increase: 2.5 X 10° m?3
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The 1914 eruption

* January 12, 1914

* Starting with Plinean eruption (0.5km?)
and followed by effusion of lava (1.3km?3)

* Sakurajima was connected to the main
land of Kyushu

* The largest eruption in Japan after
modernized monitoring

* A destructive earthquake (M7.1) 8 hours
after the onset

* 58 casualties, 21,000 evacuee

Elevation of plume (m)
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Progress of eruptive activity

Peak of activity
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Ash emission
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Subsidence of ground after eruption

Subsidence of ground =2 Uplift of sea level
e

—® 1914-1915
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Pesll 05 Before eruption 1903-04

Ground subsidence after 1914 eruption
Omori (1916), Mogi (1958)

40

0 4 8 12 16 20 24
Monthly sea level at Kagoshima port



Magma reservoir beneath Aira caldera

Pressure source determined by GPS
observation/ precise leveling Depth: 11km

AV: +8 X 10'm?3
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Long-term magma storing of Aira caldera
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cm 1914 eruption
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Hourly number

Increase in precursory VT earthquakes
prior to the 1914 eruption

Start eruption 10:05
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January 11 January 12
(Omori, 1916)

Shortage of well water at Komen village
* People in Komen village could ° It is inferred that the water

not pick up well water at the level fell at least 0.5m.
times of low tide from * The ground of whole the
December 1913. Sakurajima was uplifted.

* The well water had never
dried up after the 1779
eruption.

* Shortage of well water were
reported at 4 villages.

'

& Ee
Location of shortage of well water
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Strategy of forecasting large eruption by
high-precision ground deformation

observations
¢ Harutayama (1985)
| (A=2.9km)

F O
.HJ'_ % ?—
g e “ o M Harutayama underground tunnel
| O - . @  Showacrater ' EX-R
Arimura (2006) >
(2.1km) m
. A S § X
® Tilt and strain meters (underground tunnel) O —
© Downhole tiltmeter =

O GNSS (dual-frequency)

Summary 1:
Progress of precursory phenomena

Shallow seismicity

Shallow VT Ground deformation Ground
Ground deformation  Geothermal deformation
Gas Gas, Fumarole
Magma Heat and gas Rapid growth Outburst
migrateto === supply to mmpp of gas chamber Magmatic
shallow shallow beneath crater eruption
| '
Degassing

Water decrease

Intrusion of
magma at
deep

Heat and gas Rapid growth Outburst
P supply to =P of gas chamber Phreatic
shallow beneath crater eruption

seismicity  Ground
d deformation deformation

Fumarole Hydrothermal stage may be quite long
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Summary 2:

Magma intrusion rate and eruption
Under detection — Phreatic 2006, 2007

Intrusionto | / <10%m3/day Vulcanian (Showa crater)
existing 2009-2015
: <10°m3/day Vulcanian (Minamidake)
conduit 1955-, 2012
>10°m3/day Strombolian—Lava flow
1946
Magma % 105m3/g ----------- RTR .
Intrusion Evacuation
at deep Seismic energy: 109J
1 T ay Stop magma 2015, 1968
New 73 o >
conduit 10’m3/day (Sub-plinean?)
formation 108m?3/day Plinean—Lava flow

Seismic energy : 104 1914, 1779

$

Evacuation all the residents
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