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Volcanic Disaster during the Eruptive Period since 1955 at Sakurajima Volcano
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Masato IGUCHI and Taishi YAMADA

Synopsis

Eruption with Vulcanian type continued at the summit craters Minamidake and Showa

continued since 1955. Volcanic disaster during the eruptive period is summarized. Factors

causing disasters are volcanic block, lapilli, ash, air-shock, and debris flow triggered by

rain fall. No disaster was induced by pyroclastic flows. Volcanic blocks ejected by 20

explosions reached distances >2.5 km and destroy residential houses and hotels. Lapilli

fall broke windows of cars, and such a disaster occurred up to a distance of 20 km (87

events). Air-shocks (>300 Pa) broke windows of houses and buildings (39 events). Debris

flow triggered by rain fall frequently occurred after a large amount of volcanic ash

deposition.

F—T—F: ks, KlEs, kv, KR, kFeE, A, 2SR

Keywords: volcanic disaster, volcanic bomb, lapilli, volcanic ash, pyroclastic flow,

debris flow, air-shock
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Fig. 1 Geographical and social information of Sakurajima volcano. Red line: national route, yellow:

prefectural road, green: city road, blue: rivers. Hatched areas indicate villages. Squares show the main

observation sites, SVO: Sakurajima Volcanological Observatory, HAR: Harutayama Observatory

equipped with an underground tunnel, AVOT: Arimura underground tunnel site. Eruptive craters in the

Minamidake summit area are indicated by “A” (A-vent of Minamidake), “B” (B-vent of Minamidake)

and “S” (Showa crater). Hikinohira cone is indicated by “H”.
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Fig.2 Eruptive activity of Sakurajima during the
period from 1955 to 2020. a: Monthly number
of explosions, b: annual number of explosions,
c: volcanic ash discharged from the craters.
Hatched bars indicate estimation from annual
number of explosions.
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Fig.3 Flight distance of volcanic blocks ejected
by explosions.
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Table 1 Flight distance (22.5 km) and launch velocity of volcanic blocks

No Date A (km) A (Pa) (njg Remarks
1 1961/3/6 16:33 29 947 229 Mochiki
2 1961/3/6 17:50 2.5 384 210 Arimura
3 1963/2/12 0:19 2.8 324 224 Higashi-Sakurajima, Arimura
4 1963/11/6 19:03 2.8 552 224 Arimura, Furusato
5 1972/10/2 22:29 3.3 630 247 Furusato
6 1977/11/30 3:47 2.8 306 224 Arimura
7 1981/1/20 16:32 2.7 207 220 Arimura
8 1983/2/18 13:26 2.7 201 220 Arimura, agricultural hut burned
9 1983/8/2 14:45 2.7 306 220 Harutayama
10 1984/7/21 15:02 2.8 459 224 Arimura, PDC
11 1985/6/8 13:16 3.0 510 234 Higashi-Sakurajima
12 1985/6/16 11:47 2.8 486 224 Higashi-Sakurajima
13 1985/6/30 11:21 29 288 229 Higashi-Sakurajima
14 1985/7/6 17:20 2.9 306 229 Arimura, house damaged
15 1985/7/10 14:14 2.9 288 229 Arimura, house damaged
16 1985/12/19 18:01 2.8 333 224 Arimura
17 1986/4/16 5:37 2.6 459 215 Nojiri River
18 1986/11/23 16:02 32 768 243 Furusato, Hotel damaged
19 1987/11/17 20:56 2.8 432 224 Higashi-Sakurajima
20 2020/6/4 2:59 33 514 247 Higashi-Sakurajima

A: flight distance, 4: amplitude of air-shock at station HAR, Vy: launch velocity in vertical direction
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Fig.4 Locations of landing point of volcanic
blocks ejected by explosions.
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Fig.5 a: Plume height of explosions. b: Time
series of flight distance of lapilli ejected by
explosions.
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Fig.6 Deposition weight of volcanic ash during
the period from August 1978 to December 2020.
Circles show sampling sites, managed by
Kagoshima Prefecture. The red triangle is the
Minamidake crater.
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Fig.7 Changes in the agricultural damage (b), as
compared with discharge of volcanic ash (a)
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Fig.8 Temporal change of concentration of
PM2.5 in the atmosphere. a:
between Kamoike and City Hall sites. b:

Comparison

Increase in PM2.5 concentration at SVO caused
by an explosion at 16:31 on August 18, 2013.
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Fig.9 Infrasound generated by an explosion on
June 4, 2020. a: Waveform. See Fig. 1 for the
locations of stations. SI-104 and ACO-7144 are
types of microphones. b: Spectra of infrasound
waveform. ACO-7144 is less sensitive to long-
period waves.
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Fig.10 Temporal change of amplitudes of air-
shocks generated by explosions. For explosions
at Minamidake, the amplitudes are measured at
HAR and
microbarograph at Kagoshima Meteorological

station estimated from a
Office. The amplitude of air-shocks from Showa
crater are measured at station AVOT.
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Table 2 Breakage of windows due to air-shocks of explosions.

Date A (Pa) A(km) Damage situation
1 1963/11/6 15:17 450 3.2 Furusato
2 1963/11/9 13:51 360 3.2 Furusato
3 1964/12/6 5:58 423 3.2 Furusato
4 1967/3/8 19:43 540 3.2 Furusato
5 1976/5/17 13:42 270 7.4 Kaigata (100), Furusato (26), Ushine-Fumoto
6 1977/2/1 10:05 198 7.4 Kaigata (65)
7 1977/11/30 3:47 306 3.2 Furusato (76)
8 1978/1/19 10:20 288 6.9 Ushine-Fumoto
9 1978/1/20 17:15 324 3.2 Furusato
10 1978/3/4 17:35 378 3.2 Furusato
11 1978/3/28 14:49 351 3.2 Furusato (19)
12 1978/5/22 16:06 297 7.4 Kaigata (5)
13 1978/8/10 11:34 243 3.7 Higashi-Sakurajima
14 1980/11/28 21:21 252 3.2 Furusato (2)
15 1983/9/20 15:18 198 9.3 Shinmachi
16 1983/12/13 10:28 620 3.2 Furusato
17 1984/1/10 14:56 500 4.9 Kurokami (door)
18 1984/1/11 21:40 297 3.7 Higashi-Sakurajima (1), Furusato (2)
19 1984/4/12 9:41 510 9.3 Kurokami, Furusato, Izumi-cho
20 1984/4/29 18:00 396 9.8 Kamoike
21 1984/5/4 8:10 720 9.6 Yasui-cho
22 1984/5/8 13:52 620 4.2 Nojiri, Higashi-Sakurajima
23 1984/6/3 11:49 1390 5.6 SVO (1 injured), Saido, Koike
24 1984/12/31 21:32 560 3.2 Furusato
25 1985/1/29 7:13 500 3.2 Furusato
26 1985/6/22 10:29 680 3.2 Furusato
27 1985/7/21 5:20 980 10.2 Koraicho(4)
28 1985/12/3 1:03 910 8.8 22 locations in Kagoshima (180), 8 doors
29 1985/12/19 18:01 333 7.3 Ushine(85)
30 1986/1/1 11:58 279 13.4 Futagawa, Ushine-Sakai (85)
31 1986/2/6 1:28 800 10.5 Tarumizu (82), Sakurajima (3), Kagoshima
32 1986/4/16 5:37 459 5.1 Koike, Arimura, Furusato
33 1987/11/28 11:19 405 7.4 Tarumizu (8), Sakurajima (1)
34 1988/1/30 22:06 378 3.2 Furusato (37)
35 1988/2/3 12:52 324 3.2 Furusato (1)
36 1988/3/27 12:52 333 3.2 Furusato (2)
37 1990/5/1 13:35 342 8.8 Nojiri(7) , Kagoshima(14)
38 1991/5/10 12:06 360 5.7 Higashi-Sakurajima, Yokoyama
39 1991/12/5 12:46 180 5.7 Yokoyama, door

A: amplitude of air-shock at station HAR, A: 3: distance from the crater
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Fig.11 Relation between flight distances of
volcanic blocks and amplitude of air-shocks.
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Photo 1 Pyroclastic flow from Minamidake
crater. a: 15:02, July 21, 1984. B: 18:27, April
9, 1985. Photographs taken from SVO. Upward
and downward arrows indicate front of
pyroclastic flows and location of vent-A,

respectively.
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Table 3 Pyroclastic flows (flow distance >1km) on Sakurajima volcano

H A A

Vv

Date (m) C (km) Dir (Pa) (10°m’) Remarks
Successive occurrence of eruptions at
1967/8/22 n o 15:44 (3800m), 15:45 (3800m), 15:47
16:01 3600 M 1.3 w 9 (3400m). Heavy ash and lapilli fall on
Arimura.
1974/7/7 n
10:03 X X 1.0 W 162
}?7292/1 1720 2700 x .20 E 54 — Successive occurrence of eruptions at
19'79/11/20 15:14, 15:22, 15:36. Heavy ash and lapilli
15:36 2000  x 120 E 27 — fall on the S-SW flanks.
123;2/7/21 >4000  x 1.4 SW 459 — Many volcanic bombs on Arimura.
1985/4/9 4000 M 139 SW 144 - PDC s.tarted 1 ‘minute after the onset of
18:27 vulcanian eruption.
1987/11/17 One of the largest eruptions at
20:56 x M >1.02 W 432 476 Minamidake. Photograph was taken from
' SW flank (Nishiinoue, 2013)

2008/2/3 3) Initial stage of magmatic eruption at Showa
15:54 500 5 I E 81 37 crater. VAL was upgraded to 3. Similar
2008/2/6 3) pyroclastic flow may occur associated with
11:25 ~1000 5 13 £ 145 52 an explosion at 10:17 on February 3.
2009/4/9 2) Inflationary ground deformation started 30
15:31 ~4000 5 I £ 2 60 hours before the eruption
?2_1331/ 818 5000 S 1.0 E 22 63 Largest eruption at Showa crater
?3.1073/3/25 >500 M .19 E 10 123 After 8-months dormancy
2018/6/16 4700 M 139 SW 96 155 Inflationary ground de'formatlon started 17
7:19 hours before the eruption

H: Plume height above the craters (Volcano Report, Japan Meteorological Agency). C: Crater. 4: Flow
distance of PDC. Dir: Flow direction of PDC. 4: Amplitude of infrasound of the eruptions. V: Volume
change of pressure source of the deflation ground deformation, estimated from tilt and strain records
at Harutayama underground tunnel. x: Unknown, M: Minamidake crater, S: Showa crater, —: no

measurement.

1)Kamo and Ishihara (1986). 2)Estimated from ground-based photographs. 3)Estimated from aerial
photographs taken from a helicopter of Kagoshima Prefecture. 4) Kagoshima Meteorological Office.
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Fig.12 a: Annual numbers of debris flows along
several rivers on Sakurajima volcano. See Fig. 1
for the locations of rivers. b: annual weight of
volcanic ash discharged from the craters.

B, KRR OBEREE TR KN TlL4mIZE EE -
THEY, EEMRPEETRAEL TR,

8. TER

8.1 THRRODFEFLERKR

BB IZB W TTHEBICHEMIZ L > THATMSHE S
I TWD., KEEWJIEREFESEET (2021) 1I2ZE250
T, AR R A BB A ) I Fig.12al ok 3.
TAHROREREN R b EVOIX, BHRITHY,

B IEEEREHOEKRBNIENZ LIZLH5DTHA .

KR EEFEB T (2007) (2 X, BRINEZED

[ELE224 5 O G TORBEIZI T ~46 m*TH Y,

FiHE X 100~600m’/s TH 5. RWNT, I, B
N TO AW L. ARI)ITIE, 198448 A25H
12205 m?, AR CIX199247H 158258 im* D +
BRI Lie. FEHoREaREER Kb Z 1o
72D, 1985 CLENZHEE L7=. RV CT19834F, 1990
ENL. AR OREE, EEEAFHHO I b
19904E AR £ THAL . 19954E LUK, Jb L, £/
10~20[8] F CIXF L7228, Rk DiGEH, FEES3
TEEVICIT RO L 7.

DX I AR ORAE T KIS B & BB B
BhHDHLEICHRZD. KERIEBEFEIICLD E
L LN AT OFERF AR & KUK B B
HERE % LL#g U CFig 121279, f&@ig - A (2002)
AAL - fl (2010) (¥R SN TCWD X Hig, AT
FEAEHOL, B - EKEE RV b KUK &
OFABED @Y. KL TR 72 el s b
TR <, RFEMMESET 5 LK E e I K o
TWEICHBE T 2BOFNZ V. fl 21X, 198540

54—

4 JArimura

3

2

1

0]
Jan ~ Feb = Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

1.0 n n n n n n n

08 Kurokaml

0.6

04 \

0.2 H

0.0 1t S P ll,l Ledhd g . |
Jan ' Feb ' Mar ' Apr May Jun Jul Aug  Sep Oct Nov Dec

1.0 n n n n n n n n n

0.8 Akamizu

0.6

0.4 k lL

0.2 “

b3 B W T S L
Jan Feb Mar = Apr May Jun Ju Aug Sep Oct Nov = Dec

1.0 N N N N N N N N

0.8 Saldo

0.2
L 0 gl e L1
Jan ' Feb ' Mar Apr  May ' Jun Jul Aug  Sep Oct Nov Dec
2009

Fig.13 Hourly average of concentration of SO,
gas. See Fig. 1 for the locations of monitoring
sites.
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Table 4 Disaster caused by debris flow at Sakurajima

Date Disaster
1964/7/19 | One dead at a mouth of Arimura River
1968/6/30 | The bridge girder was destroyed in the Nojiri River, and NR224 was flooded.
1974/6/17 | Three sabo workers were killed by a debris flow in Nojiri River
Five sabo workers were killed by a debris flow in No. 2 Furusato River. Two houses
1974/8/9
destroyed and one dead.
1975/4/17 | Prefectural road closed
Nojiri and Furusato River were flooded, bridge blocks were damaged, and cars were washed
1975/9/17 .
away. NR224 is closed.
1976/6/24 | One dead and two houses destroyed due to flood of Nojiri River
1980/5/12 | Damaged bridge guardrails and blocks on the Mochiki River.
1980/11/13 | 38 houses flooded
1982/7/24 | Bridge on the Mochiki River was washed away. Debris flow over flowed on NR224.
1983/2/2 A debris flow flooded NR224 with 500 m? and infiltrated hotels, shops, and houses.
1983/3/2 Inundation of Kurokami and Arimura Rivers, NR224 closed.
1983/9/20 | A debris flow occurred in the Nojiri River, NR224 closed.
1984/4/19 Hotels and 7 houses were damaged by debris flow in the No. 2 Furusato River. Debris with
1500 m3 overflowed on NR224.
Fire engine was swept away and rolled over by a debris flow in Kurokami River. NR224
1984/6/8 .
closed, parapets, and water pipes were damaged.
1984/3/25 A large-scale debris flow on the Nojiri River, and 50,000 m? debris flooded and destroyed
a bridge. NR224 closed. Evacuation of residents.
1987/7/17 Debris flow occurred in Mochiki River, revetment embankment was damaged, residents
evacuated.
1988/8/22- | Three debris flows closed NR224 and forced residents to evacuate. NR224 was flooded with
23 3,500 m? debris, and the sabo facilities were damaged.
1991/6/28 | Sabo facilities damaged in Nojiri River

NR224: National route No. 224
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