KIHER 21 GEOLOGICAL MAP OF VOLCANOES 21

LKL B X

S
E GEOLOGICAL MAP OF
ESAN VOLCANO
A
1:20,000 N
o SRREY IR
E MIURA Daisuke, FURUKAWA Ryuta and ARAI Ken’ichi
=
E

o ER WERERG VY — ay

GEOLOGICAL SURVEY OF JAPAN, AIST
2022

ESAN VOLCANO

B
VR 5 R EInh[EEE F—o () EAACRIES F—4 ().

Esan-summit Lava Dome (left) and Sukaizawa-yama Lava Dome (right) viewed from west.
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1. XLC®HIZ

Ak, FErdeRE, S ORI E T S E A KK T
HO, BEBERBELEHNRSNDIEKILTH S (KLRTF, 2013 ;
1). Miura ez al.(2013) 1& & 1112k 1117 Esan Volcanic Complex & IFETX, i 75
50,0004EfNTS DD 7 W KIEB A O, IR S OV BRI A1 5
%5 < GORINEROTA YA b OUE R— I & KIEHEREY THE
INDZEEHSMI L EILKLIIZBNT, RbEHEEEEAS
NDEKHERNT, KRB 7 KT <, INEBIRE K D HER]
WTHD., KOEEDKIME LTI, SE8 D /INE RS KRR D5
Z<ERINTND, PUE18464F N STA4FEI T/ NHB /2K AV E L, B
KM >7= &IN5, 1846 DMK TIZ T /N—)L CKILTERR) IZ& D A
HE HIME SN TND, £721764, 1845, 1857, 1876, 19624F ITIEME S,
DIEFACRHE DR HRE SN TS (BHiE2, 1983 5 LT
M=, 2007). 20104ELIRRIE, FILOINTEGE 20 5% & LT, [T
DHIFE K O AT S OB i S Nz £z, HWERRED S,
INSUSTRE K HERER 7Y, BIE D SRR AR E TR L 22 & oL
TV, AHIRIZZ < ORITESLBILENHNSBEMTH 5 2 &
5, ZORSEE EH KA OERIZEB TH o/, I T,
MK QR EET 5720, SEHttOIEEZT TR<, “fEH
1t D IS 7 AR R LA DM K& B S & RS 5.

2. BlXLo#BE

2.1 g

L, ILTERS & 5 (41°48'17"N,  141°9'58"E, FE&i618 m) & &
FOEEOE — 7 TRESNZILFETHER S N (K1), ZOHIBHYE
FIEE R — L (REMHL), ke, KSR BEETo
% (BEFF1E2, 1983). WS B — L, dLpaflz» 5REEHE D 12 g,
AeshRIL, IS, RULILTE, AR, RS, EQUJT%D [
TNOMHERES R—AMIEZ2/RT. #gal, il oL O
IV, Fesiyise & nixEilitE 269 545, BinllE, dcsbming
ERDZLNWREIBREZ R L, XA RN AN BV 72 K & 7 1R
S, KiEHEHIE, WHW A KO EIHINS, HE R— Aﬁi
H&Dlﬁ]ihttﬁﬂ%@ﬁﬂﬁ BULILTE AL OSBRI, T

~ R I AT T, H K — L BRI O SR 178 ?7)'92"15.

B (1983) 1, WEmILK DR IL o P/ D B 1 %> fih &[RRI
Pt SIEAER, Z OHURIZMO KR a i & Bz, Eﬁﬁﬁ
Wi R OHIT DI KD FARDBIBDBMFEE L, MERAE L W
2D, KILBERRHNE, LR O LA R LA AE O R H 2SR ©
5. Befrld, FEMICHR AL (I, 1961) EIRREHEHATE
FET B, KILRIE, & I CIE R AR L TR 0 Rk R
BT RN TS (1X2).

2. 2 Eﬁ HpE
UKL FICEHT 50, PG RIEoms, &
KB B RIS, AT 2L B LR LS

(L27%, 1974 5 BHHF 0, 1983), Eﬁiﬁi&@‘«b&‘()‘ﬁﬁf;thiﬁé%
W REE AR ()11, 1961), RO R LI 77 5 (L7, 1989 ;
HTHH - ik, 2003) TH . ALdEENICEF O LSO H 473
SEHEL T AT % (R - @ik, 1967 5 BRI - EFEZY, 1969).

WAL R ORI PERE O T i) (B 13y, 1983) 13, #id <D
EOEBRENHEREN 5725, (AR BOEEA SO FAIE,
ICRMER L - HERE I 2 F5 D Hd R 0 ROVE B/ 2N Y (T oy o
) AT %, BRI E T O R P AL B EHERE UL, eIV B
@iz e £ N b PR & T OBHERHNTD 5N 5, falEA
RHATH%.

Elulking, Blkilodt Gz sE—0kITH D, #
BOEAEREKIUEYN 5725 (A - &6, 1967 5 I - EFA,
1969). LUK ILOHEAES 1B % K-Ar 403, BEZ 2054
AiTh 2 GERMHNERER G >4 —, 2013). ZOEFHHOKILO
FHZIE, EILAKILOEPEEEICHERE L Tnd 2y, BILKILOESE R—
LFEEITHIRIIC, BESEATNSD Z &, HBIICHE SN B HEH
FUMIBEEORILFLLAMHETH 5 2 &, IEHRISISTTEIZ ERE S
ZEMNS, Bk &M L akilEEZ NS,

SE-LINT 7 71, BENEROSEE VT TITHRT DT
KWHEFEY T, 4)75T~SHEMDINEHE T 7 T2 (TH - #HiH,
2003). LKL R KILKIZ, WINbEBE-ZH)IT T F D kAL
ZH 0, BT T F1E, ElkLoIRZE > ThiRnI &
Mo, EKILOIESZ, SB-ZHIT7IX0HLnwEEZ SN
% (Miura et al., 2013).

B2 LKL E D O ECHE, SRR (FR) 1310 ke, SRR
TEELL ) (i LR 22T, 1981) Z{df] (Miura er al., 2013 7% 0A).

Fig.2 Bathymetry of Esan Volcano and surrounding area by 1:50,000 bathymetric chart
6372-5“Esan-Misaki”(Japan Coast Guard, 1981) modified from Miura et al. (2013).

1 : R Lo .
(A) El T H BT PR SR I M 4 2 4% 5. 37 S IReaHE1 0 12 Mic ik, Ed: fEILILTE, Sk: A A1 3R, Ss: pasb 1L, Td: AL, Ka: i, Ns: st
(B) F VY HIHERE A S OBES (Miura et al., 20132 8425).

Fig.1 Topography of Esan Volcano.

(A) Vertical view of shaded-relief map outputted from the Geospatial Information Authority of Japan, MLIT, Japan. Topographically peaked edifices are abbreviated as
Mi:Misaki, Ed:Esan Summit, Sk:Sukaizawa-yama, Ss:Minami-gairinzan, Td:Todoyama, Ka:Kaiko-zan, and Ns:Kita-gairinzan.

(B) Horizontal view from the southwestern shore (modified from Miura ez al., 2013).
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2.3 HEILKLOHMESDHE

Rk L OV 285t U 72 Miura et al. (2013) 13, J8F & “CHEAUE
I, TOFBHMZESDITKY Lz, GETF (2013) 13, HAODKL
CGE3f) GERUHhEFHER G > —, 2013) 23z, Elkilo
SEFHIE KA N> R 2B L TWS, UL, ZEfitosHyicon
T, B R—L & KRR 2R E, INEBIRE KR 23T
HBHENS, TRREERNPESNTWEN> /2. Miura et al. (2019)
1%, R OFHEETY, SO YE R &S KENRZ T
5T U7z.

3. BIXLORAE

BRESTERPARIC A U AIEB T, a R—2L4, B AWLK
HEREY, KERRHEREY), ROZN 5 OFEERYAERD 515 (Miura
etal,2013). FREAKILSLHIVT FHOIEM LD KA ZEDT, &
R — L EBIET B KPR HERI S, EEAREE S TH/T 5. 7D
DYEH B — AIESIO,R’ST~67 wi% DLIEN ST HA M T, ThH
DYEEIMNIRINEEL T R—=0%4 U, £/, S R—LOTEH
LSRRI, KEEHEREI D 00T 2. T R— L S RIBHER D
B RO A O RN S, SEOEKIEEICK S iz
(Miura et al., 2013). WEMERFZE & DIRELZ T 5720, HIEHOE
B 2 1 W I SR TS B4 5 1 () 4375 4ER0, #9 3.8774ER1, 933
JIEREE, K 37D, SERTit ONEE) & e H S ] () 8.5 T 4R LA
M) 95,

3.1 RERF—LEXFBHERED

A R—o03, dEml (Ka), JbAMR L (Ns), moER L (Ss), 4l (Td),
Z F7A IRl (Sk), FILILTE (Ed), ##lg (Mi) &I S (K1), s o
TEIRIZ T L — PSS R — A (Blake, 1990) IZ/3METE % ([43).

KEEHEREYNZ, WIS KEHERSY) 4, 3, 2, 1 (EsHD4, EsHD3,
EsHD2, EsHD1), MUVGEHTHD AT KFEHEREY) (EsMP ; %%, 1974;
JB5 A, 1983 1 EULKILBG S faksx, 2001) & WD, SJEHE D K HEfS
MDA SMERS TS, T 5 OKRHERMIE, BE R—LA0ILE
12, ¥RER—LZEEE> THML TS, ROMEEOHER A
BEINTNDS (D) KIS LK T HEFREY (Block and ash flow deposit),
(2) Kt — DHER, (3) B FKILIIR, (4) 5§38 i S OV R A
(RFEAEL), (5) BB IRZNHERED, (6) T /N\—IVHEREY. B T kLR HE
L, BILKILOED TR ML TS ([5). 5DODOEERRET
TI7IENDHO, SOOEKIEBM S, EEHIE, el
HOMIC, THMITRAL BB, ThEFhTs77BELTRD
M5, LUF, WKIEEIEIC, BE R—LA & ki 2 k3 5.

3.2 FEHEEEH4
BAELEE F—L4  (Ka)
aELEE B — 2B kIO LFERIcH O, deshiEl (Ns) RO
tr (Td) #E R — AICBERET 2. MimLva s R— A, HERcHE s »
RERBIRZRBEREMBICZ LY. ANASH B AE AR

I |

--A-- &A% F—A (low lava dome) Vi
-@— XL —EI R—A (Peléean dome) /
B 75 JREi#E& (Upheaved plug) /
—O— EIL KA A K — L4 (Esan Volcano) 7/
1000
IS
<
2
(0]
<
W
i
100

100 1000

#1% (radius, m)

X3« BULKILOES R — AR (Miura ef al., 2013 % 84 Z).
Hef B, BPUAsidBlake (1990)12 & 5.

Fig.3 Plot of height versus radius for lava domes modified from Miura e al. (2013).
Open circle shows the lava domes of Esan Volcano. Solid-triangle, -circle and
-square plots are taken from Blake (1990).

A TH S (Si0,559~61 wt% : [M4). HRILIAE K — L DKM
2.9 % 108 m® (S G 2R, LUFDREENSY) SHEstE NS (R).
KEHEFE A (EsHDA)

KIRHERE) 4 (LR, EsHD4) 1, #EIAILVAS R — A0 L kel
ORI AT 5. EsHDAZ T KA HER (KILE B LR
iR & At — DHER) LB N AKX THRERR S 1%, EsHD4D AR
B, ARAEEEAEAEAEAZLE TH S (Si0,®59~
60 wt% : [X4). Th o OFEIE, mlEE F—A RS —EL, 4
DR S B, EsHDADAILE S R — AITHRT 2 Z EAVRR S
N%. EsHD4OM FKILKDHARIFRERNT, #rloOEEETES
BKR4emTH D, KILKOHREINE, KILHT T 2 (K4 %) B O i
(K51 %) T, SSREMGEIL, B A>> RN A A DIz %
<EENS. EsHDARE FKILIRDKILA 5 2 R4 2 O il 3491.500
TH5. EsHDADREIZ, 5.4 x 10°m® (DRE) EHEGH SN 5 ().

3.3 EHHIFEH
EstEmLiEE F—L (Ns)

SR ILAE A B — 03, BKIIOILREICH 0, s 8 —
LTHHEL TV, JWMRILES 8 —L0 LR, #Romxohs
720, FOA AN OE A RO E G R ILE~T 1 1 R T
B % (Si0,R57~64 wt% : [X4). AHL2.4 x 10°m’® (DRE) EHERF S 41
% (1)

5 T T T T
LA B
1471 Phonolite
9 12} Foidite Tephri 4 < B i
E Phonolite Trachyte _ ¥ 'n<v s
o 01 Trachydacite 2 v VA N
X gt Rhyolite — 3t v a % v .
+ " o} ¥ e & 4}-59 & o,
Qe =S &% -,
© 4t ; ngos
Zz 2t v EsHD2 2
st O sk-Td
g o
-Mi
0 | o EUJWUJ Esan Volcano O EsMp .
: . . . . - : - - 1 : . . ;
35 40 45 50 55 60 65 70 75 55 57.5 60 62.5 65 67.5

SiO2 (wt%)
B4 ¢ BULKULIREHI O 2 L LA (Miura e al,, 2013 % 8045),

SiO2 (wt%)

(A) SiO,—Na,0 + K,0[X. Le Bas er al. (1986)DIX5; & EILIKIND G ZFIR. (B) Si0,—~ MgOM. BOD FLHITIEAES R — L &k 2 K57 LTz,
Fig.4 Geochemical characteristics of the eruptive products from Esan Volcano after Miura et al. (2013).
(A) Total alkali-silica classification plot (Le Bas et al., 1986). Symbol indicates the data of the Esan. (B) Plot of SiO, versus MgO. Symbols indicate each juvenile rocks from the

lava domes and pyroclastic deposits.
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NEHEREM 3 (ESHD3)

KWEHEREY) 3 (AR, EsHD3) 13, FEiTALsMmilias R —ALEE Lo
JESAN D IR HZ 5347 D KRR HERTY) (LRSI LR HEAS A e
DRI — DHEREY)) & RKILK 2 5725, EsHD3IOAE M
AANaEESEREGE A ARILE RT3 b TH2 (S0,
BST~65wt% © [X4). /A EEA ORI MM S, EsHD3E AL m I Lvas
R—AICHNRT D 2 EAURM I N5, (KFEIE, 3.0 x 10° m’ (DRE) &
Fhans (.

EsHD3 DR FKILIKIE, KIEDEWN S & FEIchls S h,
N5 OENCIAR AR 28 9 EELIEERD S s, B, &k
JEI45 cmDFEEHITE DR AKILIK TH 5. RiFREE, KL<
AZEKRS %, HEOBE GO & ANa, &U/)$0)$?Hﬁ6%‘:m+
RR30 B REZD. T, BAREI10emT, FEHEERKRA
ERKILKTH D, KILHT T X Z2/H%K20 %, B, ﬁﬂ?@ﬁ&zﬂ
MEOMNGEGEHRARSS %28, FHOKILA Z 2@ #iE1.510
~1.520C, EsHD2IZM19 % (Miura et al., 2013). EsHD3DF% R k1l
JR D& e JEAR AL AR LA N — AR ITICR S % (K5D).

<

3.4 EHEFEHH2
BsMmILRSE F—L4 (Ss)

BRI S R— A0, 21 RIES R — AOTEAICE#EZT 22
DOERTHZ ([, MRS R —L0 LHE, AL RLES

R—=A EHARTERT, MEZRAEZ~RY. MRS 8 — A1,

AHANAGABERAE A RIS ~T A Y b 5785 (Si0,
BS58~67 wt% : [X4). KFEIZ1.5 x 108 m® (DRE) &HfEZFE N5 (1),
KEHEFEm 2 (EsHD2)

KIHERE) 2 (LUF, EsHD2) 13, FESMRILITEE K — AL R O]
DORHRHIZ TS (K1), EsHD2IE, KFRAHEREY (KILE Bk LR
HEREY) & ket — DHEREY), BIEIRIEN AR, KO T KILIK
THRE NS, EsHD2OAFEIL, 2.4x10° m® (DRE) & HEGH X 15 (1),

s
’

N

$

EsMP B

EsHD2DAEWEE, A1 056 PG & AN A E A A RIS O
11 FTH5 (S0, R57~64 wt% : [¥4). KW DEMH, HAiKkO
FAFREYIE, EsHD2A R MR LTS R—AICHRT 2 2 & 2Rk
T5.

EsHD2DRE FKILKIE, RABEE3S emD#&5IE D8k ILK T
HD. H~TPRIY A ZOFFICED B, SR~ MRk e v LD
KK T AT 2 FEIciir S, EEORKI L, Kilh
T X (K24 %), fEfh (RK60 %) MEKRTH D, EEREHE S O EIE
B, EAMO>>HEMEG Th 5. EsHD2OKIIF 5 A RiL, &
BEEA1.510~1.520 D #iPH T db % (Miura et al, 2013). FEBlE, JEE10 cm
PUF DKL T 2B D HRBEKIKTH 205, HBIZRENTH 5.
EE DK T ZAMBRIE,  ACHEES o 5L D e SRR DRI <
ACHmE S 7 EifE R KEEREY) (Ko-i) 1Tk LS N D WREIEA B 5. T/
DB, EILK L O G B2 & ki o F KL D Ko-i Mk DR
FEIFEIBR I3 M BT AV Fid CRE I C b % Wl REMEAS B % (IKI50).

FIEIR NSRS (EsHD2DB) 1%, FSMaILIEE K — A DfEEE %
HEL, ToBITRNILHIEZES Thb,

3.5 EHHEFBHH
BILEE F—L4 (Td)

RILTEE R — 203, FAMRILTEE R—AQdLEIZH D, LS
R—LAQSICHET 2. BIlES R— A3, FEAE QKSR
BERENTGRD 6N D, BAI, AREHANEEH ARG I
HRILETH D (Si0,F60~61 wt% : [44). {KFH135.0 x 10" m’ (DRE)
EHERFE NS (R,

ANARWEE F—L (Sk)

AHAPRINFES B —20F, BILILEGS B — L ORI EET 5.
198 DA A AR AT 1 AT LA 0 5 735 (Si0, 560~ 62 wtf%
D [44). fRFEIZ4.7 < 107 m* (DRE) EHEGHE N2 (). ML, ik
i R—AERRIC, BERBAREEZRES, MUCHMmd 2amzre

EsHD1.

[25 @ FERpE TP Y O%JE R, (A) EsMP. (B) EsHD1. (C) EsHD2 (Ko-i). (D) EsHD3 (Miura et al,, 2013 % k%)
Fig.5 Isopach maps for the ash-fall deposits from Esan Volcano. (A) EsMP. (B) EsHDI. (C) EsHD2 (Ko-i). (D) EsHD3, modified from Miura e al. (2013).

_4_



NHEFEY) (EsHDIDB) O{AFE134.0 x 10°m® (DRE) TH 5. T OHEREY)
IZEsHD I KRMFRHEREMNC DI D 2 &5, E R— L ORERITH
ENRID, TOtk, KBRSHELIZBDEEZSND.
KEEHETE® 1 (EsHD1)

KEHEREY) 1 (LA, EsHDD U, #HLBOZ A A RIS R— A0
IS E M ORI 207595 (1), EsHDE, KIfHEREY (Kl
BRI HERR ) & ket — DHERRY), AR iR, T N—
IVHEREY), ROV R KUK THERR S 415, EsHDIOARFGE, 7.9 x 10°m?
LHERIE NS (R1). EsHDIOAEMEE, AESHANAGESHER
BEOTE SR 2 A T A 1 b TH 2 (Si0,HS9~62 wt% : [X4).
G3AT &AL N DML AR DR A 5, EsHD 1 DGR R L K OF
ZHARINER R—LI2kD 5N 5, A#iEs » FEhid B KRR
(Ko-h ; #J20 ka 5 A, 2008) HEsHD1 D KWLifi HaFE 275 2 &
NS, EsHDI1DWE K320 kallfii Td 5.

EsHD1BE FAILKIZ, fKREIE10 cm O & I S Ok tak LIk
THd. MK T, KIS 2122 U< (K10 %), SROEHIE
G EARA, ROHREA % ARHS3 % & T, EsHDIOKILA T 2@
RORMHEIZ1.500TH 2. EsHDIRE R ALK O JEERRIZ, Z ORTR
MR Z A A RIES R—AR0TH 5 2 & %R (K5B).

3.6 STHHEEH
BILLTERS F— L4 (Ed)

MK R m R E L & T 298 R— Az EILIITERES R—
LEMER, BRI - EFA (1969) OREILEIAS, 2k (1974), B
7 (1983) ORI EEIREICHN T 205, kil EEET D20 H
&9 5. KRR F7 A RLES R — AORICALE S 2. EilnlilE
WA R—AOdEHMNG, 2k (1974) OKEREZ G, O, A%
G HANEATE AT A Y BT (Si0,R63~64 wi% : [44), fHlE
A R— LD S TR <EMT 5. EILNITEESE R — L OFFE
134.0 x 10° m* (DRE) &HEGH S (GR1), EILKILTHRARTHS. il
INTERSE B — L 0HENE, FlLEE Tt o2 IIERE SV M
MOTE%HAEZ R D ONHER TE 5.

HEESE F—L0 M)

MRS R—20%, HEMICEILILTERS R—A4K0 B#5<, KF
V&R T U 72 BRI ATIE T S, A s R — a0, R
(1974) OFEIIAE S Z . A, AEEEEMEAE AT
HA M 578% (Si0,763~64 wt% : [X4). {£F1d7.7 x 107 m’ (DRE)
EHERT NS (D

HOBHIGE T, V& K — ATEERIC RN & O BEAIEREN R 5N D
ZENS, A R—LABRHICHESRID, NVA Y MIOES R
— AN, TORAEEEEMIEL 2 Z LA RN S, MEHIEE (-
227, 1981) ThE, MRS R — L1200 U 7z MR 0 2) i1 —kk

THD I ENS, Pk LA IR 5, IRBT S 2 nlhetkaiE .

TR KB HTEY (EsNP)

TR KBRS (LUR, EsMP) 1, BEILKILTRBIELS 0T 5,
SEFER 7 EK O KHEFEM TH 5. FITHEINUTEAE S R—L4 01t
WM SHEE TR ML, OB KR HERIIZARE L T
WS, FEAZ KRR CRILE S IR HERE ), & STk
HEAESLAK IR HEREY), B IR HEREY) S OV it — D HEREYD), B R
KILIKHERE, TN— VR EISR S NS, EsMPIE, 2k (1974)
DI K RHEREY), R K PRHERT) R O b R G IR MR & &
DEEHOITHYT S (BHIEA, 1983). EEMPOAKREIE, 5.0 x 106 m?
(DRE) THh % (£1). EsMPOAEMEIL, AHEEHHAEAE A
ZIERDT A YA FTHS (Si0,562~64 wt% : [M4). /3 &
ORI S, EsMPIEEEILILTE B OB R 78 8 N — A I HIR S %k
PR T 5.

EsMPRE R ALK, HKRES40 cmDBEBEKILKTH O, FEHH
IR &S - S 8 e OV 13 I H(E S (Miura et al., 2019). H
RKE TR KA T ZADAR3S %, FEEDRK4T % THO, EHHHA
IR A KD 20, KT T Z 84 O fRifiEld1.495~1.505T b 5.
EsMPE LR 0% fE JE 1T, s LTE e OIS R — A fHEic
LT B, SEBIERRR e PRI % DG KR D IS 5
DEFEDIRIB I NS (K5A).

BILLTER U EEES K — LD RBREF

HMILITEEE R — A QKM TIE, HIRHAS R — A0, EsMPA#HT
Hefgw 2 B P, AUIREE o g BN K IHEREY) (Ko-g © 96 T-8F
AERT S BB, 1999 5 HAIED, 2008) ICEHNS. HIZ, EsMPD
KRB DG S R— LD 28> TWs, 25 OB
s, WEEE F—o1F, EILLERE R — Lo SFRHCEH Lz
LEZLGNS.

3.7 EBHHOER

B R— L S KRR Ot b, K IHERE O BT R & HCAEAR
12k T, ElklO< 7 WKL, SODEBHN S22 L&,
TORFZEENA SN ETa o7z GRY). HEBHWITIE, WA F—LA&
K BT S50, TbbBAGEMENBEIT S 2 LA, e
755 T3 (M6). A& DM HIFARIL, “CHERN S EH RS 4
#4774 T ~A)7 3T 400 EHIEEN2 © K93074T ~353 T 4mi : &
PRI ¢ K930 VTR SR S B T O AR RTLARE, & F
EBHHND (FED., NS OFENEIL, BFE/REEGT S HEHH
WEE3 ICDWTIE, #EUEE 2 R TERD > 2 T &M 6 HCHER
WEEEES N TWRWY, 77 MO H T EOHERHEIL, EsHD2&
EsHD1[E13#714,000 year/cm, EsHD4 & EsHD2Df#13#77,000 year/cm &
720, RiiE O % SMFT % EEsHD3D4E1E39,950 cal yBPIZ, %E D
fili 2 NIF 9 % &£36,500 cal yBP, 2D D F-1il1338,230 cal yBP & 725 /=
(Miura et al., 2013). T4 5 AR &R 53R 5 N 7= BB %
R (1K7)

1 R— L &K OHEE R & AERE (Miura er al., 2013 7% 50E).  AEUBZIEIZIntCal04 (Reimer ef al., 2004) % T ntCal09 (Reimer ef al., 2009) % {ii ffl.

Table 1 Summary of the stratigraphic units, eruptive volumes, and ages of Esan Volcano (modified from Miura et al., 2013). Calibration programs of IntCal04 (Reimer et al., 2004) and

IntCal09 (Reimer et al., 2009) were adopted for radiocarbon datings.

16T W R—LF KR M) RS EE (m) MRS OREM ) MCER (1o)

HIEAER (10) i %

Eruptive stage ~ Lava dome*  Pyroclastics Diameter, m  Thickness/height, m  Volume** (DRE***, m’) Libby's age (yBP)  Calibrated age (cal yBP) ~ Remarks

Ko-g (#16,8004 i) IZ DN 5.

T Mi 1,370 270 TIER0T Overlain by Ko-g (6.8 ka)
7 .
Hol . IntCal04iZ & 0 #EIE.
olocene EsMP 10 5.0E+06 7,855+25 8,620+£30 Calibrated by IntCal04
Ed 2,504 538 4.0E+08 -
IntCal091Z & 0 #L1E.
TG B EsHD1 - 5 7.9E+06 26,440+160 31,080+100 Calibrated by IntCal09
Pleistocene 1 Sk 1,267 249 4.7E+07 -
Td 1,221 198 5.0E+07 -
- IntCal09iZ & 0 BZIE.
Ep;fﬁl_!fg ijm;z EsHD2 - 3 2.4E+05 29,130+120 33,740+350 Calibrated by IntCal0o
cistocene Ss 1,744 m 1.5E+08 -
Es}gr?}]] /Jl%sﬁml’aﬂo)l{ﬁtﬁizm
NS PR,
SR B EsHD3 - 10 3.0E+06 - 39,950-36,500 Assumed by deposition rate
Pleistocene 3 between EsHD1 and EsHD4
Ns 2,096 361 2.4E+08 -
- IntCal09Z & V #L1E.
E;afﬁll_tfiz Q}Jl?;zl EsHD4 - 10 5.4E+06 39,140+220 43,290+260 Calibrated by IniCal0o
c1stocene
Ka 1,928 420 2.9E+08 -

*OUEE R — AMSFREMI ¢ IR, Ed 0 RUNLTE, Skt AL, Td BRIl Ss @ mSbigEIL, Ns t dRSMELL, Ka i

Lava dome; Mi: Misaki; Ed: Esan-summit; Sk: Sukaizawa-yama; Td: Todoyama; Ss: Minami-gairinzan; Ns: Kita-gairinzan; Ka: Kaikozan
= HRICE PR ORI Z &£ 9. Volume for pyroclastic deposit does not include pyroclastic fall deposit.
kR A R RUIA 2, 600kg/m’, KIEHERIP1,500 kg/m®& U THEL  Dense Rock Equivalent is assumed with density p=2,600 kg/m* for lava and 1,500 kg/m’ for pyroclastic deposit.
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HCAHEIUE (Amma-Miyasaka et al., 2020) 7> & #E5E L 7= i,

Fig.7 Cumulative magma discharge in the past 43,000 years of the Esan volcano (modified from

Miura et al., 2013).The eruption age for Zenigame-Menagawa Tephra (Z-M) was estimated
both from the stratigraphic order for Z-M to Sp-1 tephras (Machida and Arai, 2003) and
1C age of Sp-1 (Amma-Miyasaka et al., 2020).
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Fig.8 Stratigraphic sections at the trench log sites A and B (modified from Miura et al., 2019).

Mdp is an approximate mean diameter. Ex situ volcanic ash layers are shown as: B-Tm
from Baegdusan Volcano (North Korea/China); Ko-g and Ko-h from Hokkaido-Komagatake
Volcano; Ng from Nigorikawa Volcano.
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Geology of Esan Volcano

Esan Volcano is an active polygenetic volcano composed of seven lava
domes with accompanying pyroclastic ejecta. This volcano is located at the
southeastern edge of Oshima Peninsula, Southwest Hokkaido and at the
northern part of the volcanic front in the Northeast Japan Arc. The lava domes
were endogenously grown on the basement rocks without any preceding
eruptive edifices; these are the Kaikozan (Ka), Kita- and Minami-Gairinzan
(Ns and Ss), Todoyama (Td), Sukaizawa-yama (Sk), Esan-summit (Ed) and
Misaki (Mi) lava domes. Each dome was produced by intermediate to silicic
magmas with 57-67 wt% of SiO,. Five pyroclastic units of EsHD4, 3, 2, 1
and EsMP, cover the aprons of these lava domes. The spatial and temporal
relationships of the domes and the pyroclastic units have been determined in
order to constrain the eruptive sequence of Esan Volcano. Long-term discharge
rate of the Esan magma are 4.2-5.3 x 10* m*/year. A dormancy of magma
supply is suggested between 31 ka and 8.6 ka. The eruption of the volcano was
reawaken from a minor phreatic eruption at ca. 11 thousand years before prior
to the major magmatic eruption of EsMP at ca. 86 hundred years before. The
large number of explosion ejecta in Holocene occur around volcanic aprons of
the edifice. At least 15 eruption events are identified by the presence of paleosol
imparted by a certain dormant period. These eruption deposits are named as
Es—m, Ik, j,i,h, g f e, d, c, b,a, 1846, and 1874 in ascending order. These
are composed of units in pyroclastic fall, pyroclastic flow and lahar deposits.
The dispersal area of eruptive deposits varies temporally without migration
of their source crater assumed. The presence of these Holocene ejecta in this
area implies a potential threat owing to its close proximity to inhabited areas.
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