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Eruptive Activitiy of the Shindake Volcano on Kuchinoerabu Island, Kyushu, Japan from 2018 to 2019
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ABSTRACT: The Shindake volcano on Kuchinoerabu island, Kyushu, Japan erupted on August 3, 2014 for

the first time in 34 years. An eruption on May 29, 2015 caused pyroclastic flows to reach more than 2 km from

the crater. There was a lull in activity from 2016 to 2017, but eruptive activity resumed from October 2018 to

February 2019, and the pyroclastic flow reached about 2 km during the eruption on January 17, 2019.

During the eruptive activity from October 2018, variation in the intensity of eruption depended on variation

in the blockage of a shallow portion of the volcanic vent. Variation in the precursory phenomenon caused by

the difference in the blockage of the volcanic vent was found to be proportional to the explosive force of the

eruption.
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Fig. 2 Graph of a period of volcanic activity on Kuchinoerabu island (January 1, 2014 — December 31, 2016).
(4 :Volcanic glow, A:Eruption, A :Explosive eruption)
@O  Daily number of earthquakes.
(Gray bar: Shallow portion beneath the Shindake crater, Red bar: Western foot of Shindake,
Line: Cumulative number of gray bar)
@  GNSS baseline (Yumugi to the heliport). (Point: Daily value, Line: Moving average for the previous 7 days)

@ Daily SO2 emissions.
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Photo 1 Photograph of the volcanic glow of Shindake
8 8 taken from Maeda.
Fig. 3  Distribution of the hypocenter of volcanic (White arrow: Center of the Shindake crater
earthquakes on Kuchinoerabu island Shutter speed: Top: 97 seconds,
(January 1, 2014 — December 31, 2018). Bottom 120 seconds).
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Fig. 4
Kuchinoerabu island
(January 1, 2017 — December 31, 2019).
@  Volcanic plume altitude on the crater edge.
(+:Volcanic glow, A:Eruption, A:Explosive eruption)
@  Daily number of earthquakes.
(Gray bar: Shallow portion beneath the Shindake crater,
Red bar: Western foot of Shindake,
Line: Cumulative number of gray bars)
@ Maximum amplitude of air shock waves at the
Shindakehokutosanroku Observation point.
@  GNSS baseline (Yumugi to the heliport).
(O: Daily value ,
X : Moving average for the previous 7 days)
® Daily SO2 emissions.

Graph of a period of volcanic activity on
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Fig. 5 Amplitude ratio, running time, and waveform of the event at the western foot of Shindake.
( ©: Above ground @ : Buried X: epicenter)
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DOTIEHH LN AMICKEL 2D, IHTHD & FH AL A
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MG AN Bz i L7= (Fig. 8). 5 4C, MEAKICHE D Hb
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9-1, 9-2).
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Fig. 6
Furudakekita Observation point on October 19, 2018.
(Analysis window: 5.12 seconds,

Analysis step: 1.00 second)
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Photo 2 Photograph of a typical ash eruption at
Shindake taken from Honmura.

Sample waveform and frequency of NS at the
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Fig. 7 Features of the eruption (October 21, 2018 — December 13, 2018).
( * : Elevation of the crushed surface estimated based on the rate of plume rise and the arrival of the seismic wave)
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Fig. 8 Average amplitude at the Furudakekita Observation point (UD) (October 18, 2018 — January 17, 2019).
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Fig. 9-1 Waveform at the Furudakekita Observation point during the early stage of eruptive activity (UD).
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Fig. 9-2 Waveform at the Furudakekita Observation point during the late stage of ash eruption (UD).
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D3 HEOMENIE N H1E, W< O DR 2 E1L
WEtH LS. £97, 13 A FaTP X HERAE KIS E S
RIFBOHE KNP R LA BN D D, HEAPEIE LT
BIIZZEDO LS RIBEOEIT R 25TV D (Fig.
10-1). ®IZ, 13~15 B2 CTH B O IRENIRIE 2315k %
WHE/N L, 15 BAF2ICIX 10 A 21 B M LLRT & A L
NN ET/HEL 2o TWD (Fig. 8). MMz T, MK
MM kEZ L TWAIRICIXIZEA EB DN T,
WE O BB 20 7 JE B IR SR A L kb 72 (Fig. 10-2).
COEBEHEMER, 16 ALUBEI SIZEENEMT 5 &
EHLICHBL K& <20, 18 A 16 B 37 o EILE
B AT 13Pa OZERE LI ARFELL. 2
DOHEKIZE Y, KEREADPFEAAOLHH 700m F
THE L, KWK 1km £ THF L7 (Fig. 11).
A EDOIEE) THID TOIREIE S DRNE R TH Y, PEMR
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1 H 17 B 09 B 19 53124, TEBhHA R B oK O k23
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FF Lz (PERBF, 2019). £7z, % HFZ ORI T
TR B EE ik R A 2,200 ton/day & TE B IR A R o
e, WA ED KUTAZDFELHLTED
MEPERINTEEZLND (Fig. 4). Z OWKR
Wb 12 A 18 B KR & FERIC, "EEE - TR bt
B ENEAD T 5, HRORBIRE L/ S VAR ENHE
FreiLd, PMIBIOWR R EEERLET DS, Fo
BAER B H TN, EEEHEORBIL L ) K&
< FAEMBKY %0 7= (Fig. 13) . £ 72, kS H #iliz,
BEoREEIC T R LX — R oRfB M E, LOE
B OWBES LR RERER, SHcE L Eo
TRAELEZZELEBO—STHDL. 20k ) 225k
HIZRIEBV A bIE, 1 A 17 B & 1B 2 B O KR 23 5
A L7Z 201545 A 29 Aok, ROUKO M 5K 9km
HSC/NESREAOBETAERSNIZFLE 6 H 18 A
DHECKFTIZ S B BTV (Fig. 13).
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Fig. 10-1 Waveform at the Furudakekita Observation point on the day when the intermittent eruption stopped (UD).
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Fig. 10-2 High-frequency waveform at the Furudakekita Observation point while the eruption stopped (UD).
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Fig. 11 Status of eruptions (December 18, 2018).
(Figure on left: Image taken with a visible camera at Honmuranishi,
Figure on the right: Image taken with an infrared camera at Honmura,
Red arrow: A volcanic bomb that fell 700 m from the Shindake crater)

Photo 4 Status of eruptions imaged with a visible camera at Honmuranishi (December 18, 2018).
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Fig. 12 Power spectrum of UD at the Furudakekita Observation point.
Left: Time of Photo 4 (2018/12/18 20:55-21:00), Right: Late ash eruption (2018/12/13 07:43-07:47)
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Fig. 13 Graph of a period of volcanic activity on Kuchinoerabu island.
Daily number of earthquakes and maximum amplitude (Shindakehokutosanroku Observation point UD)
(Top graph: August 1, 2018 — January 31, 2019, Bottom graph: January 1, 2015 — June 30, 2015).
(Gray bar and White plot: HF of the shallow portion beneath the Shindake crater,
Red bar and plot: Harmonic and type T earthquake)
*In 2015, the type of earthquake in the shallow crater was not determined due to damage to the observation point.
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— L REL b (BIEEHE, 2019).

202 RIC I NBIB 2R K AN FEAE L T2 D % i 1T
—HOMKIEB) TEE L.

26 1R 17TBHIZHRELEZ-XBRROBH

— O RIEENC BV T, KR 2018 4E 12 A 18
H, 20194 1 H 17 A, 20194 1 H 29 Ao 3 \I%4E
L7z, Wihd EZICEE B bz K g
BECHRAETAHRAZVZ— VB KEFHETHoT-. 20O
IR LBEARE L, EEE (BF) NEH TR
RBLZ 1A 17 HOKRIBERIZOWTRAEZ AT 2 72

T2 T HAEHE kO 2 AL R, A R OV
-C, 201448 A 3 H, 201545 A 29 A & FEEICH
M > Tl T L2 2 &M 2 5 (PERE, 2019).
VM EFEERILE D S H KN HH 2km F THIE
LTWAR, it FIEECHRITR RS, el M~k
A5 H 1.2km DADOREHE TCHETEELLEZL D
D, ALY T 1 g AR C A o W KR 23
WEFLE. —F, MAM~STEERE TR Y — RRE
AT EE T T L TR Y, MR B g O T2 5 i
TEEITA 140km/h & RAETS HivTs. BEAAREAEDK 1
Gy, AR TE A S b LSS 00 R T d8 T B 1B 1 L2 A
SRENSLHE Y, W TFEIFIEEILE L% (Photo. 5).
FMNT K 2B Tkm F TEBRAZ 5D 08, KU
BB TE TV (FERMF, 2019).

KM D FEAETE % DO SERNR 2D AT DN EE A
i, FHEBICHRE LG TIRENRFVTVD
BN S MR TE D5 (Photo. 6). Z @ H B Fa I
MEATE E B AFAE L 25, IARICEETHN S
KROLNTEHDDILERKREEREBICED DEE T
72, BETB ORI ERITA LN N T —
5, SEILTEMTICB O CRBEOREZ L Lz =
S, IFE AV EDONARREPBEICEAE T T HD
BRACBIZB DI TV, BIBEL 72 b OIXER TE 2
o7z (Photo. 7). T B DIRWMN D, KEETHRANEHO

EEIL, KD WA TN EIR S AN A
KRBT HIEICITEL T LT, il PRI TIXZ
NEVIKIETH 7o L HEE SN D (FKH, 1957 /&1,

1984) . Uit TR O KIHH LA O PRAEERAF I TE < OB
BENA NI &1L, SiRERBNERELZZLITLY,
SARLEERLCHIK LI EEZLND.

2019 4F 1 H 17 B & 2015 4 5 A 29 A O K HE
POy AIRIAT DN T, B B 3 BER B4 12 IR 41 Bk
BAEE CHRE LmBIC L v ik L7z (Photo. 8). K
PO HERE W IZ & 5 SR O 4 IE BT 5 2%, 2015
FERE AT AN £ 0 K< i L, 2019 4ERE KT
VXK F R PR AR ST ) 08 2 BT R L 7R P A e R
TED. KRB EETH F L Li2ma T, Mk
A ISR LIS E I X0 kOB Mk o ko
— AN HE TX 572% (Photo.9), T HDIZ &
NHEBEMTEEOHMYMPEONTZEREEZ LN
5.

_11_



BRERRFHRE 85 &

201941 H 17 H 09 FF 20 43 17 ®

)

2019 4F 1 A 17 H 09 FF 20 45 49 7

201941 A 17 H 09 FF 21 43 57 ®

Photo 5 Photograph of the pyroclastic flow of the Shindake volcano taken from Honmura (2019/01/17).

201941 A 17 H 20 i 03 43

Photo 6 Photograph of fire from the pyroclastic flow taken from Banyagamine (2019/01/17 Shutter speed: 20 seconds).
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2018 4FE~2019 4F MK B3 58 i OV KB

! b ey ] e 4 ¥ i SN X 7 ,’ ‘.

. Y AL

Photo 7 Traces of the pyroclastic flow (Left: Southwest end of the pyroclastic flow, Right: Near the summit of Furudake).

201941 A 17 H 12 BF 18 43

201545 A 29 H 13 HF 00

Photo 8 Image of pyroclastic flow deposits taken 3 hours after the eruption by an infrared camera at Banyagamine.

20194E 1 B 17 H 08 47 4% (W5 K [ Bl WL K Rl

Photo 9 Photograph of the collapse of the crater edge due to the eruption taken from Maeda on January 17, 2019.
(Left: A panoramic view of Shindake before the eruption,
Right: Superimposed images from before and after the eruption)
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3 EW

31 ¥ YH5E

2018 4 8 A 27, 28 RIZHHEMKZE, BABI LTS
LIF RN FENE L7 K HERIE TIE, 2015 4E O KRl & A H)
BN = LI EM LB RENRBD SN
(KRS, 2018). 2015 FOEEMINEIL, KFNL
B A2 EE TS E LSS, RS 7km T 2.6X10°m?
ERBIb B TWS T (ILhAf, 2017), 2018 b

ZHITHEWEEEMRSHoTcb D EEZXBNLD. —H,

Bik-~1U K— LD GNSS HHE TIx, 2017 49 A
L 2018 4F 8 A & bk L7z KR &4 RiC xS 3 5 8
W72 8RR T & 2V (Fig. 4). #BmL LT, OF
RIRBCREN GG, KEEMAELCIZ W, O

BABEETLOMEENO LS, EREFMTIZ VD,

QOEMELNPBREUTOLDHB TERNENRSE
bbb, LanLl, 8 A 15 HOHBEHEMNAT%S 10
H 21 AOWEKBBHE COTNRBOBHRLN, T
DB R RIKEKBHET T2 12 B I TR A
MEA D TRBTE D (Fig. 4, 14).
REHGCHBENT — 2 bEET 5 L, BARI%
(27 BTz GNSS R ZLIZ R ~D ~ 7 < MR i
OEREZRTARENREZONDS MKITSANSL 10 A
ETICBIM SN dmm O DD EHE O I3 12 %G
T5EEZRDE, WRROES 0km OBFE, HREIY
MEIE 1x10°m?, -2km OHE 2x10°m® & BAfH b b,
72, 9 AN D 10 A £ TIZIFH 6mm BT 5 2,
EHMEORAEMPRES AL ERT LITBE 2T
KW, RRBRED MR E 2 b1 b (Fig. 4, 14).
3.2 MEAXKICHIEET SRR

Alal, BRI O K & 2K ORI, W
TR S RN ED U, ok DR O JE R
FHRAL - BRMESHINT 52 L, BHERIEEOL(L
BB Tz AR B R H R & H R o PR R R R A&
REE L 72 RS 2 51k, 2018 £ 8 A 10 H #5512 4H
S LM BN S VRIE L 20, KxTiTk
AR B ol 11 ARAILLIE, HRIERE R[S
REWRIE L o722 N9 232 5 (Fig. 15). £,
L0 R&EREREHES WAORNE, AIBRSEEEZD
AU D R JE R 0 % AR TR L B B B H R oo e 3
MBS L0 B AR BN R L=, & JE
BITKEPAZEICHE D BT IS X 5 A A RO ETS
LHEE SN D (Fig. 4, 13). Rl 1 A 17 H OWEKRH]
X, IO HE R ORME A LTE & el U IC K

EL DB H B, KENEEBORBEN ML,
WEIBD L VES DD NIFIIEE D ~IER Lz & H#
Wxisd (Fig. 16).
33 KEZXRBOKR

2018 AN K BRARRF IR B 2S JT 5K 1, 2015 40
KANZIEHHERXKABEMENAWE TOLR ATV
(Photo. 1). 2018 4FiE, KBEA K &AL TV HiiE Ak b
TR IRIRME K DA E - 7245, 2015 4E1%, wEMER
H T2 < HEAKDTOERYIERT ORI LN
BELL., INHOZ LD, 2015 FRE KT XA DK
ETOXKENHEL TV ELZDEEBEOKILAT AT
MENE BRI T TH - 72238, 2018 41Tk 0K
B FOXKETHEMHRETCH LB 6ND
(Fig. 17-@).

10 A 21 RIZERRM 2R IKME K TR E - T2 H A 70 15
JAEEN, 11 A PALBRIEMRN TEH ) 2 ok
~EZL LT, R KA R LN otz &,
ZEeRi S ERED LI EEND, EAERED
BAIE~ 7~~~y ROBEEOKERNERZIC LY ER
RSy CKILT R) OWRBNHE SRR EHE S
N5, HEIEVERY CKILA R) OAREE KN L
TEEZONRL BRWD, HRHIEEHIRE 23k & (28
KLU, TORBTEEBR G BEBL TWIzzd, it
B EFIC L DFED FRSES & B L 72wl g E A
mhEEZLND (Fig. 8, 12). MXAMEKDOHEHEIC
FEAET D WY OO AR BWR e v B MR, — RER AR RUE
ZfE D BRI OME O ATEEENE X2 5D (Fig. 17-
@).

2018 4 12 A 18 H & 2019 4 1 A 17 H OMEKHTIL,
BE KD AT &2 RRIR &9 2 P8 oo B 7 s R e R
DEFENH BT (Fig. 3, 13). Bt foH & &
CHFIRBIEEAME T LE 52 REETRE L0,
JGEORERE (KGEPAZE) (2 FEHEMICER L
TKRERDEEROMEN R XT-E 2605 (Fig 4,
8, 10-2). ERWFZ X 2 AKWLIKGHTRREITIZ X DK
PRS2 D, ~ 7~ HROBD TP I & HEE
ENB7, HMEOFERITEICESED KT 2 NERH
LizZ b eBFBzonbd. £z, AMMME - BREME
M2 7o Z &0k, WEICEY, KEEDICHIRRET
W& NT=r T v I NRE LD L HEL IS (Fig.
17-@@) .

1 A 29 HomgkiE, 12 A 18 HOM A L FRMEETH
ST H B B3, M AT o H R TE B AR T E b
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2018 H-~2019 & 17K BB & HHE OV KI5 )

MEBHED RECED Loz, BMEMENEL,
HEN R ENOEEE N E CORMENRRKE o
DD, MR D R TR < B O BRI ) o
fHEEESND (BF - fh, 2019). 1 A 17 AOMK
TKRERPIER LA ENE 2 5 b (Fig. 15, 17-
®).

-0.004 1,000
Br-AUR— M108F) g
-0.006 4
T 1,000 4 ;
E -0.008 - & -2,000 1 |
A = H
& £ 3,000 - |
e ¢ 5
% -0.010 ﬁ -4,000 §
X |
% -5,000 | ;
-0.012 ; -
| = 1.0x10°m?3
-6,000 - @@E------------ 211, I M - 1.5x105m?3
- 2.0x105m3
-0.014 T T T T T T T T T T T -71000 T T T T
E ES E_): Er: E{J_’: ﬂé I”}; UDJ.; %]\: ﬂé ﬂé E&: 0.000 0.002 0.004 0.006 0.008 0.010
A O O O T BEREZ( (FE-AUK—I) [m]
5 23383258533 %% &
NN NN NN NN D =
NN N
Fig. 14 Change in baseline length and pressure source elevation.
(Left: Change in baseline length (2018/01/01-2018/12/31)
Right: Pressure source volume and elevation estimated based on baseline length)
3.0E+08
| 201912/31
L 20181218
—~ 2.0E+08 |
2
~ - [2018/10/21 "R
4 , e
e \ 2019/0117
: ﬁ \[zvierris]
5
5 1.0E+08 ¢
=
g _201?ﬁ1f01
' -
L 2018/04/15
0.0E+00 . L P R SR
0.0E+00 2.0E-02 4.0E-02 6.0E-02
RAIRIEFAE (M/S)

Fig. 15 Amount of SO2 emissions and amplitude integration.
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Fig. 16 Maximum amplitude ratio (UD) for high-frequency events (peak/foot).
(Red triangle: Eruption, Red line: Continuous eruption, Blue arrow: Decrease in amplitude ratio).

2018410821 H~11 A4 | (@ 201941817 BT

<L T OBREMN2:ERHx4E>
CREARENS + ZEREFRE R & (X200ton/day AR

» ZESIEBRE M 212500~1000ton/day IR EIRIE /N & U %
+ BEHRENRIEIZ AN & - B DB S R RO

- BRI A S HhR LS ) SRR TE B (K ER AMEBE, ERMEANSR

@20185 115 ~12A138 | ® 201941729 BE AT |

AR LN E © CEMERRS A R (£200~500t0n/day % &)
- ZELREE R (2100~ 400ton/ day - BEHRIHEIR LT |
- BEIRBREIEAS R LXK (1A1TBEOE Xk THEF A IES)
- EXERICESREMENREE - HhERIEEN KR

|®2018% 123 18 AR A AT

<LITORZ A B RG>

« ZEEBRE R H & (%200ton/day AR

- BEIREMRIBIE D E LY

- DBORELSEKENS R
FAMBHE, BERHIENSRE

Fig. 17 Schematic diagram of the shallow portion of the Shindake crater.
( 3w : High-frequency earthquake (3 : Harmonic earthquake, type T earthquake
: Pressure boost due to blockage of the volcanic vent)

_16_



4 FEB

2018 H-~2019 & 17K BB & HHE OV KI5 )

Ak BEEEH & TiE, 2018 4£ 10 A 2v 5 2019 4 2 H

T TRRIE B 3 kR L, ORI TR %
ot 72 R K 70 B

L.

TR 7 T
i, WEBICHRE 2D,

KkEBYKRLS-. 1 H 17 H
KMSFEAE L, KRGS HT TG KO D 5K 2km £ TH|

[el=P = F2 W
WaE o 7215 E)
TEENAR IR FE ) D IR I
m%@%%¢%kﬁﬁ@%

7oy, mwﬁsﬂz9awﬂk&%&#é&%%ﬁ&
I E ot

JRFE ) D IRNECK S FE AT DAL, KEFZENR
ﬁ&%ﬁéﬂékM%@@%k#ﬁ%ht.%@$f

BIZBHE CTH 7200, "B EKHEOR D &

)(D&*B’S:

KA

W~ TER M
L E R R OB AR DA,

SR LT A EAREOMMTSHS. £,
BB ORI & 2N 5 RTBRBLSR OB,
WGBS A vz 1 A 17 A OWEKH]
WD b A A R O e
e TR I R oD A S K

FPH, WM
WVl o

&<, BAEERL LVR#HETHD LHEE ST,

1 H 17 B O KT, IWAE % 0

W Bk SN T A

L, % A OMREITIWV TRIRI FBTY AR Z T

W72 Z EVHIBA L 7=

LinL, SERD S HIRZ THRAL

2019 £ 2 H 3 HOWEKEZEEZICH~
L, ZO®%RIEFHLIKRERFNTW23, 10 A 18 HIZ
FEAAFEMOLRENE ZAXBIE L T HHE
ﬁv%ib,nﬂuthKMEmmgismmmw
EHZAHL o7, 20204E 1 A 11 BIZIZHOWE
KBFEA L, B\ WRe i e IS B B L=, 2
DL, AXKBEHBFEICE T EAIEHOHS %
BB &, AR LOREE N L EITICN D
~ 7R EOBEB B RBIND Z ERLEL. Ll
RN BE A2 OMEKIZONWTHD &, BIEI O S 1T
HETIIRES T, KEERBOREAREIEEL
TWa EEZLND. kKOS EEMIEE TOHEEERN
HR AN T2 8D, A REHCHEBE I B D 2 1B R I DR S
EHET D LIIMKS LEETH S,

ISR T

L7eDiE—#5 T, BMENAEARL TRV DA%L
%5&5“(1/‘7”:. DT, KRR R B SRR
KT DB IRE L TH B, BRI & Bk L
DIHIREE LT EHEE STz,

Table 1 Observations for each eruption during the 2018-2019 period of eruptive activity.

20184 20194

WEEE (m) - #500~1, 000 - 1, 500—500F | - 4,500 - 1,000 - 6,000 - 4,000
KIRETRWIERE (m) — — - 700 - 500 - 1,800 - KORED
KFHFTIERE (m) — — - #1, 000 — - #32, 000 - #1500
fﬁﬂjﬁﬁmﬂﬁ - #500~1, 500 - #1500~1, 000 - #9500—5005:% | - BARTIS200UTF | :%(',k,ﬂ& - BEKHIIZ20051F %ﬁg&
KB -10A198~ - ~11/178 — - — — -
R Camaw . woseser wxcesw® | ZiBe.. | phems: | amsesen | &0
GNSSEBE 7 ™~ .

_17_



BRI 85 &

E ik

ARG E OB KRBT, £E (BR) 1XRKR
B KB SOEAS EB T E Th o 72, HEoHA
BERFTRICIZZ K5 THEEZ WL EW2, £z, #)
BISEDOTDEERXLEEN LXK THANLAEL
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EOBRERFOMBEHN T — 2 E2FHIE TV
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B THERONAFICHET 57 RS 2502720
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ELTWEEEHEERIEREZWLZ W, Nk RE
BRI KESHICEDLLZL DEEEWNEEN
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