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Eruption History of Shinmoedake of Kirishima Volcanoes in Edo Period,
Based on the Historical Documents

*

Teruki OikAwA™, Masaaki Tsutsur ', Yasuhiro DAIGAKU and Jun’ichi ITon

Shinmoedake (Kyushu, Japan), which is one of the Kirishima Volcanoes, experienced several small eruptions in
2010, finally culminating in a sub-plinian eruption on January 26-27, 2011. After this sub-plinian phase, the eruption
style shifts to the phase of vulcanian eruption or ash emission. This volcanic activity is still occurring. We here summarize
the eruption history of Shinmoedake during the Edo period on the basis of historical records. The eruptions of
Shinmoedake during the Edo period occurred in AD 1716-1717 (Kyoho eruption) and AD 1822 (the 4th year of Bunsei
eruption) . The Kyoho eruption, which was a large-scale (total amount of tephra: 2 X 10" kg) eruption, is divided into
the following seven stages. Stage 1 (Apr. 10, 1716 to May 7, 1716): small eruptions occurred over two months; Stage 2
(Sep. 26, 1716): falling ash first observed at the foot of Shinmoedake; Stage 3 (Nov. 9 to 10, 1716): the first large
eruption was observed, with pumice falling over a wide area; Stage 4 (Dec. 4 to 6, 1716): small eruptions; Stage 5
(Feb. 9 to 20, 1717): the second pumice fall eruption, with an intermittent ash fall eruption thereafter; Stage 6 (Mar. 3,
Mar. 8, Mar 13, Apr. 8, 1717): ash fall eruptions; Stage 7 (Sep. 9, 1717): the last ash fall eruption. These eruptions,
which continued intermittently over 17 months, were characterized by multiple repetitions of a large eruption. Based on
the results of a comparison between the Kyoho eruption and the 2011 eruption, the eruptions from March 30, 2010 to
January 26, 2011, were similar to Stages 1 to 3 of the Kyoho eruption; the eruptions after January 26, 2011, were similar
to Stages 5 to 6 of the Kyoho eruption. In addition, the relatively large eruption events of Stages 3 and 5 of the Kyoho
eruption and the January 26-27, 2011, eruption began without any noticeable precursors. The eruption in the 4th year of
Bunsei (AD 1822) was a small eruption that lasted less than a day. The recent eruption sequences, which were also
similar to the Edo period eruptions, are divided into a small-scale eruption (the 1959 eruption) and a large-scale eruption
(the 2011 eruption) . The eruption duration time of the small-scale (total amount of tephra: < 10~ kg) eruption was less
than a day. The eruption duration time of the large-scale (total amount of tephra: > 10 = kg) eruption could be a few
months or years. Both eruption sequences began with a small eruption. A large-scale eruption can occur a few months
after the start of the eruption sequence. This is an important turning point in the eruption sequence of Shinmoedake.
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Locality map of the Shinmoedake of Kirishima Volcano.

L UNIIE- o VATA R

DL T 52 Eh s, HIFEDOB K OB S
nrzeEz7-. LaL, #ilo X5 IZHA/NEOR AT
THERDOWEN T & - 72728, 2011 AEMEA LLRT O Fr - K
JECEIE S N7 KONE S IR A OB L2 b
DEEZLNS.

WEALIZ LT b, il 300 AE O F B BT,
IWETT 7 I 0BT E 2 REORBEORKIL, HikE
DHETLDPFEEL TR, DF 0, FREIZBI 51T
FHIOB KD S &, BALHREW AL T E 2 DL E R
KOKT, MIZIIHEFEY AR S T 22 WITEIUAE D
BRI SINTN 5.

2-2 EFEDEE

LRI DI, BTk O GE B L 1959 £ Thdo
72 (RARJT, 2006). IAEOEXEENE, 1959 4F (HAF1 34
) OWEAKE 2011 4 1 A7 5 QWK U7 O R ERAY 72
WEE (UF, 2011 £ E X 8) OZDICkELFT5
NAB. =B, 20104E251E 0 F 5 2011 EMRKOHTERAY
HIEE ORI, 1 4FEL OB ORI % 35T 2008 4
8 H 22 HIZHWXIEEI D H - 72 (KBRST, 2008; TH] -
fi, 2010). LIE5 < OWRIEHIF 2SS %728, 2 OREKD



202 T NHERS - IR - RERFEZ: - GHigIH—
Table 1. Summary of the sequence of 2011 Eruption at Sept., 2011 (Japan Meteorological Agency,
2010a, b, ¢, d, e, 2011a, b, ¢, d, e, f, g; Furukawa et al., 2011; Oikawa et al., 2011).
1 2011 FEEAKOHERED F 2 od (2011 4F 9 AEEST) . &ARIT (2010a, b, ¢, d, e, 2011a, b, c,
d, e, g, - Ml o11), I - Al 2011) (25 <
Amount of
Stage Substage Year Date Eruption style tephra weight
(kg)
2008 8. 22 Phreatic eruption 2%x10°%
2010 3.30 Phreatic eruption
2010 4.17 Phreatic eruption
) 2010 5. 27 Phreatic eruption
Pre main 2010 6. 27 Phreatic eruption
eruptions
2010 6. 28 Phreatic eruption
2010 7.5 Phreatic eruption
2010 7.10 Phreatic eruption
2011 1.19 Phreatomagmatic eruption 6 x 10’
Subplinan 2011 1.26-1. 27 Subplinian eruption
The level of lava lake
Lava grows in the crater 2011 1.28-1.30 ascen(:{s n t.he crater,.
Main Vulcanian with explosion,
. 10
eruptions Ash fall eruption 3x10
Vulcanian with explosion 2011 2.1-3.1 Vulcanian with explosion,

Vulcanian with no explosion 2011

Ash fall eruption

Vulcanian with no
explosion, Ash fall
eruption

2011 AEMLK O FIEY 2 G B) T do 5 A HIWrs 2 D138 L
WS, R CIIEE E 2011 A ED THHET 5.
T2, IO O EIEBIC 1991 4 11 H~1992 4£ 5 H
AT TR K OIS B A - 72 (FFAS, 1991).
1959 SEOMEXIGENE 2 A 17 H 14 B30 701205 D 17
W 50 43U F CHEBE L, € OREKENIILE 2 S 8T, B
40km FEEE D H I OWpR E TRIK L2 (FEFH - 24
K, 1959; EREEXARE - M, 1959; BREX ARG
1965). T OMLKIE, FAEE L2 KIER - KILKA &
HBT7IRBE LIz e, KRIERKEK KSR
T (R - /R, 1991). LA L, P ici3 s
THEETEBRRFOL 0D Y, ZORAEDL KLGEIR
THEETH D Z L O REW % & AT ST HEME L 6T
ENTWAE (FETH - A, 1959). ZOBEAKICELT 7
TR IXH 90X 107 kg LHEE SN TV D (EIEXA
7 - A, 1959)

2011 4EBEXIE, BIFES $25HkGET TH 298, ARITTE

O NIHENETER (KSR, 2008, 2010a-¢,2011a-g)
WCHEDOWTHEEMIZE L OB E Table 1 DX HI27% 5.
DR, JRICIE D A3 WIGA KL B 2508 R & R 12
KHERE OWEE %2 7R3, 2011 4ETE K 0 | BKAY 7 B KA
2008 4E 8 H 22 HIZEA L TWD. ZOWKIT 16 K 34
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ML 2X 108 kg T, BEE AW OB ORD 5
N VKELEAKTH -7 (FHE] - B, 2010). ZOtk
1 AR O RIEE K DI 1L % 2o 7275, 2010 4E 3 H 30
H, 4H17H, 5H27H, 6 H27H, 6J128H, 7H5
H, 7010 HIZ/NE AR ATE L, IITED &I
K10km BEOHPHICT 77 2B T 8872 2011 4 1
A 19 HIZIZILE ISR AR LA T 7 7 2 BT &
1o 7 KIREIENR DS A L, BRE 2 S B AN
60km HENL7- HET F TRIKDSK AT, ZOBKIZLS
T 7 IR, 6X10 kg EHEIN TS (K-,
2011).
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Table 2. Summary of the sequence of Kyoho Eruption.
2. EREKOWERDOFE L.
Fall material at Yamanokuchi
Stage Year Date Document (30 km away from Shinmoedake)
1 1716 4.10 small eruption -
5.7 small eruption -
2 1716 9. 26 medium eruption sand sized ash and fine ash (F}JK)
3 11.9-10 z:z;t'f‘gff eruption  (pumice fall __ 1 i 7ed ash and lapilli (B )
4 1716 12. 4-6 small eruptions -
_ second eruption 1 (pumice fall  fine ash and fine sand sized ash
5 1717 2.9-10 eruption) (B, 1NRD)
2.13 :econd Ia.rge eruption 2 (pumice fine ash and sand sized ash (JRE))
all eruption)
2 17 second large eruption 3 (pumice big lapilli and small lapilli (KA, /b
) fall eruption) )
2.18-22 medium eruptions 2.19: sand sized ash (f}), 2.21: red

lapilli (FRF), 2.22: fine ash (JK)

6 1717 3.3

small or medium eruptions —

3.9 small or medium eruptions -

3.13 medium eruptions

4. 87 medium eruptions

fine ash (JR)

7 1717 9.6 medium eruptions

fine ash (JR)

3-2 EFREROREEHD

3-2-1 FEROEEE

TR R BB O &, K OB FE I
OME % OWE KRR 2 CREMAIBfRICER L, UTD L9
27 WIS LTl % (Table2). 45 14 (1716 4E 4 A
10H, s 7H) RO, 428 (1716 429 1 26
H) :lWE~owmo ColIk, 38 (1716 4£ 11 A
9~10 H) : 1 HHOKE MK, 48] (17164 12 A
4~6 H) : /NS HmR, FsH (171742 H9~22H) -
MR LS LR & R E EDORBO T/ S 70
KOs, el (171743 A3 H, 3A8H, 311
H, 4 H8 (?) H) : A/ S K OBHEE 2SI
BT (17174E 9 H 6 H) : mIEORK, 209 HEFIZHL
BORE2o725 03B 38 (17164 11 H), &5
(171742 A) TH5H. IhHBEEORETVEAE, R
BERFAH ORISR SN T LT END, HIRORNE

WA Lo~ 7K Tho7zeEzbND. F72,
BKOBIZKINE A L2 L2 EN TS, %
Tr7 7, A 2 [ERE] ISk L, BUEO G
RN (L), AMRTETT (B, il
oS (S8, s R T [ 04 1), 0 ok W (T
Wl), FLZmy (Mbz ) (2FEICkED, Wz oz
BOTHEAA 18~21em 12 b %A A ([A-LFMZ )
MR-z EAEERSNTBY, KB TH -7
LEZBND (Fig.2a). T/, [H4 ] 12E (IR H
TEREE] L\ RLERDSD B [ AT EARIIC & 2 ROR
T OHIET %  EHADREIK P O FEAIIH 5 2Tl
v, Ll [l AESRoR G ETH L ET D
BTSSR (1918) KUV (1922) 1251 &
NTW L REEL DR, FEICEIT 2 /LS TORK
IKDOFEFREFREKIZE B L0, LIEFFEF V. &5
W2, T N—= VS IR % AL B =1 20 & KpE NS 2
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[ AR 11 P R 87 N RN 7 3
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BHolzZ ENFERENT VD, 171644 H 10 H (IEfE
NEMTATAR) CEADSBH-/-Z LD WA RO
[AEAREE ) ISR &N TV D, SRS PR —EOHEE O
ROOWKFETH D, F72, 171645 H 7 H (EMES
FEZHRHE) IO D> 722 LA, [H4 RO T
B IZRENTWS,. IS0k, £ 2 HUED
K OFEERE R ), BIKRWELR LORFES TV &
A0, INEIZHEE B IR R OB ED WS I AT
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Fig. 2. Sequence of Kyoho Eruption.
Abbreviation S: Shinmoedake, Kb: Kobayashi, No: Nojiri, Ta: Takaharu, Tk: Takasaki, Tj: Takajo,
Ya: Ymanokuchi, Mi: Miyakonojo, Kk: Kokubu, Ka: Kakuto.

B 2. LR DIER.
S: HE, Kb: /MK, No: BB, Ta: mil, Tk: @l Tj: &dk Ya: ILZ 1, Mi: #3%, Kk:
55, Ka: INATE.
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B, 2011) 26, BB TS o 7z LT s
DB, KITHIL T N— V5 L2 2 LD CH 5.
T/, BWARLEEROMEE KO R KT R EORERO
AEWPRTRERDRO SNV Ehs, ZomKIE
INHUBE 72 K FE R IE N T d o 72T FEVEATE .

[ATRM]  TEIUAEE+ A +HLHt Y ok & ) #i#k

ZAHTICR, RICEADLTH DT E L, R

SHh EAD XBHIHRBENELOE Y, HAl

F S A 42
[ B+ HS BRG] - &0 THYSE

IHEAE 2 BB OMTE X ) KBTI T £

AHAL A B A B S S g D) B o Hbie b 3R

B A2 D) (BT & AR S AR RS

FWEG X D) MFe 2 W R I 437 ) T~ e e

7€ b IREAIAN FUFR AR T 1 o 1 H & oo s

T &M GBS EA 2R & O AHGTH

B XD K ECHIRE CIIRMEREFER KD &5

XRALI T 2 M5
[HFFFEA] - —FEH SR TR 53k~ 7 BB~

IAZEB G 7 PRI R )& s oAbt g5 B

WHRIBBEII DY It A 2 At R eI S i | DA 22

PUIAM F AR L AT AL S —HTFE-D D & AHEE 1) i

W TCIE B O HIETE T ) OWEIZ THRRER L) O

R 233t LA & R ~NRA R & 0 T ) B4R

IR & 0 5% B O AR Y AR AN AT 2 b R

JRFER BE T ) B A (A A i i = BT F 4R

PRI X0 AR N AR R O BEBR G AF DLt 12 AH

J S Fee 5 B AP EE R I B I A DL AR ) B 35

NI L IKEA 228 ) i R O TR IR AR

fB (FPRg)

I H ORCEEE X PRI L RIS A
FHN 2 AT S AR a2 2 Z - Z HiRo ThHittk
AR CHB H 13 4 AR R IR — - PU H 12133 4 A1
TLEE LD 4 FEHOAC ) HA - UIREARAS 15 o f
b RIGHIE

4. EREADOE EDHE 2011 FEE A ED LB
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QN

THNCK A LRk o9 &, BB R E o AIoM
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BRI DI N= VIS L 72 &) ThH D, ek, 258
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9 H 26 HOMEKFLEICH LT 2 MR EEZE 2 b5,
ZIE Y LI oREsk, IO RIKRLEDTE ST
iz, INETOHEREY & L Cilik T & % Sm-KP1 &
OXFHIETE R, HBORE 2B, 53, 5 it
SNBHUERRIL, MR 2B TEAECH S Sm-KP2 KT
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b &, ZOBO/NS RIERDFEA L7255 4 WX Sm-KP2
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This study

Imura and Kobayashi

I
A Stage7 Sept 6, 1717(?)  [ESires]  Sm-MP 1771-72
Stage 6 Mar. 3-Apr. 8, 1717 :
A
Sm-KP7 Sept. 19, 1717
or Stage 5 Feb. 9-22, 1717 Sm-KP6 Feb. 17-21, 1717
Sm—KP5 Feb. 13, 1717
e e et —
Yy 33538 Sm-KP4 Feb. 7,1717
Stage 4 Dec. 4-6, 1716 : Sm-KP3
Stage 3 Nov. 9-10, 1716 Sm-KP2 Nov.9, 1716
Stage 2 Sept. 26, 1716 Sm-KP1 Mar. 11, 1716

soil . .
pumice lapilli or
volcainc ash volcainc blocks

Fig. 3.

Correspondence between the type columnar section of Shinmoedake-Kyoho Pumice (Imura

and Kobayashi, 1991) and the eruption days based on the historical documents.

X 3.

D6, THIOBIWIIHERY & L TRES LTV AW
EEZLIELTEL, Y50 EDIE LWL R
1235 ETh, SRETES N R OHER © k7%
Ao, BREZITOHEEYOL =y FROOER E T
HIEDPMETHDL, UbETEdbEFig3DL)IC
0, HAT - R (1991) OFEFR - KA O F Lo bR E
CH% 5.

4-3 2011 FHER EZREADEALIS - HES

2011 4EME K & SRR DHERS % W A5 123 - THEE R
LIb#3 % & (Fig. 4), ZBA - HHETIZRO L9 12% 5.
2011 FFREA L OBEWLTIE, WAL &, B TIRA % K
R L2 R E K TH D T EDhIT oA,

SERHZ D ORGSO OBRARIR. GFF - AVFk, 1991) EWUKAEH H & Oxf .

F 72, 2011 EMEA, ZLRIEA L b AL O K & 72 [
TR AT A0S, AEECIEE), A
FEOMK A EOWELRTIIBE D o7z abdiFon
L. KRIZ, 2011 4EMEK 201043 H30 H, 5 H 10 H,
4 17H, 6 H27H, 7THSH, 7H 10 HIZBITA/#
ML TS DT, RRBEORKE % 2011451 19 H
DORERAFEA L, 2011 4 1 A 26 H O M my KB 20 5%
AMEKICE o 7odfE s, ZEREKOE 1~2 &5 3 1
OB T D Z LSRR S LD (Fig 4). & 512,
2011 4E 1 A 26~27 HOEA % i3 5 AR & 720
KOFEHER, 2011 4E 1 H 28 HUFEIZ X ) HIED /NS %2
REK HSBRSE L 7= P A SR THI R 25 B W CHREE DS L T
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a:Kyoho Eruption

FONHERS - SRR - RERREE - FHRIA—

Large eruption

___ (tephra fall to the
wide area )
Medium eruption

— (tephra fall only to
the foot of volcano)

——Smal | eruption
(Only record of

1 eruption)

A

1717
Mar. Apr. May June July Aug. Sept.Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
—_— [} o - []

1

b:2011 Eruption

2 3 4 5

5 Stage

Large eruption
— (pumice fall eruption)

Medium eruption
_(vulcanian or ash
emission eruption)

—Small eruption

i A

L1

(tephra fall only to
near the crater)

2011
Mar. Apr. May June July Aug. Sept.Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Fig. 4. The comparison of the eruption sequence of 2011 eruption and Kyoho eruption.

B 4. KX 2011 £ KO K

CRETE, ZREKROE S W68 6 MoiEEh & L
TW5h (Fig. 4). —7J7, 2011 4EEKIE, chEToel
AR HDSERMIZEE L T e, RIEHE D55 O
172w LIRS, KENRGIE 7 N— U 3584 L Cw»
BWEWVIHIHELNHITOENS.

2011 fEME K O BUAE D IRPL % RN & DIFEKIEFR O
FLE SR T L EREIZAP->TnE EbEZ BN
L. LoL, oIS ILERHFEO K X 2B
KSHEEE (G5 3 & 55 s ) 1hico CRELZT L
A5, EATHO 2011 SRR S IEFB2SIE AL L CH LR
AMEKDFET AR DI TENR V. 51, X
DIEEL T2\ 2011 4F 9 A LI D #iikE oIz B
VTR PG SN TV D EE 2 55 MR E
WENTWD (728 21E A&7, 2011h) % 2o
728, KUNEBOHER OERZ +57124T 2 TV S LED
HHH. F2ED LD BGMAEE TR O
ML A B DD, AR KO Y % P B R A0 i
L, TNDEED) SR BN SR BRI S kTl
AT 72OIIILTEE Bbh .

5. JIFH EEFEDERDEL S

LB 2 FE 0 2 B oMK GERE XL O
CEIUAEDRTK) (L, DMEEE A I HREETHKTT S
MK CCEPUEDMEKR) & NI 7 B A R m] 58
A LRHEIEZ: b 018847 Lk H DL B Wie i ke 3 %
£ KBUE I CERRIEAR) o 2 I 1o 5.
ITAE DMK S 1991-1992 £ K 9 e/ NE R & O %

BT, /NBURE 20 B OCC RIS I BGRER CRE T L 72
1959 SEDIEK (BT 7 T8 10%kg +— %) & 2011 4EIE
K GBT798:10%g =%, 20118 AKFET) @
L9 VNI K 30 S L 7 02 KRR 2 B A 12
BAITL, ZO—HEOMKD o A UL LBk 3 %
bOIZKIEND., DF D, JREG CHAT AL,
N (BT 7 98 10%kg 4 — FLT) Tl 1 ORRE
LUFCHERAPRET DD 0L, NS REKEEIN 584
L72BICRERDDITBAT LIy AU Lkt LigT 7 9
BAT10%g A — F LU E O KM b OIEB LS S
(Fig. 5). MK OBIARXTE & & /B 2 T BTG
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AN 2 KB DR BY I b RO~ 7~ DA D -
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AR, 1959), INEIERE K < 7 < 35 LT B ] B
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BTS20, KRB ICRATS 2 D OWKIER 021,
RIYDIFEAEPW T TEIET 27, Zik iR
FLETE AN THEBIENSG. bbb, B REENE
¥R ORESHHFIEETEFITHTANOEAF
THRT Lz b L. Zo%ea, KRB
27 DHED RO TRDL DI, %58 L7 KEDPHER S

-
-
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Eruption
sequence

Activity
duration

Small-scale eruption

End of eruption
(tephra: < 1x1010 kg)

less than a day

More than once
Smal |-scale
eruptions

Large-scale Several mouths
3| eruptions or several
(tephra: > 1x10' kg) | years

Fig. 5. Eruption sequence tree diagram of Shinmoedake, based on eruption document.

B 5. BrRG O B KELER I RO CIpAERS Y ) — X
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