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Geology and Eruptive History of Hakone Volcano, Central Japan:
Reviewing Two Decades of Progress
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Abstract. Hakone volcano is the only active volcano in Kanagawa prefecture. This volcano has been studied
by many researchers over long years. The fundamental view of the eruptive history of Hakone volcano was
established by Professor Kuno in the middle of the 20th century. However, since the end of the 20th century,
owing to newly held geological investigations and a number of K-Ar datings, the classical view has been
revised. The classical view assumed a single large stratovolcano before the caldera formation but recent
studies showed a complex of multiple medium to small sized stratovolcanoes formed the pre-caldera edifice.
Until decades ago, K-Ar dating was not available for Hakone volcano due to its low-K rock chemistry;
however, recent studies compiled the edifice forming history obtained by the improved K-Ar datings. The
caldera of Hakone volcano is considered to have been formed by coalescence of several small sized calderas
by the recent studies rather than collapse of entire topographical caldera of the present caused by a series of
large eruptions as assumed in the classical studies. Based on these recent revisions, the eruptive history of
Hakone volcano was subdivided into the following five stages. Stage-1: Several stratovolcanoes combined
to create an edifice, which formed present caldera rim of Hakone volcano (0.4 to 0.24 Ma). Stage-2: Several
small sized calderas (< 3 km in diameter) were formed by repeated large-scale pyroclastic flows and pumice
fall eruption and coalescence of the calderas formed large topographic caldera (~11 km) (0.23 to 0.13 Ma).
Stage-3: Older central cones, consisting of thick lava flows, and lava domes of andesitic to dacitic composition
formed inside the caldera (0.13 to 0.08 Ma). Stage-4: Repeated explosive eruptions caused pumice falls and
flows and formed a caldera complex again (0.08 to 0.05 Ma). Stage-5: Younger central cones consisting of
small stratovolcanoes and lava domes were formed in the caldera. (0.05 Ma>). Collapse of Mt. Kamiyama,
which is one of the Younger central cones, created Owakudani, which is known for fumarole and hot springs,
and Lake Ashi around 3,500 years ago. Soon after the collapse, the newest edifice Mt. Kanmutrigatake
was formed inside the amphitheater formed by the collapse. Here we listed all the edifice-forming eruptive
products identified by the recent studies. We also take a brief look at the deposits formed by the latest phreatic
eruptions (< 3 ka), which is critically important for disaster mitigation measures of the volcano.
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1992) Fic@EDND CKEED , 1996)
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Geology and Eruptive History of Hakone Volcano 149

; y N » e X 7 % & 21 ) " \ \

8. bl LI DFETE . A: )1 EIROFITEE 7 IV — T OFEE MR . B BUREIFIAFEE LI MEHE S 7 IV — T D%
U (FARARTIDNER) . C: R 7 A RO FEEE CRIRITES /IR . D: UBMSE M FEE S 2 IR0 7 I LTS CRRIT =00 . E:
HRAIRETHANFEE U TARKS [VAS 70V — 7 OFEE NI | F BVES 70— 7 OE (EEITE) . G ARETEDE L
FIAE 7 )V — T O CHEBNTHES) . H: HERTAS 7))L — T ORI GIVIMACERCI0 | ST )



150

T. Yamaguchi et al.

®iii ) Tlitk (I - ik , 2008)

EFE] W/ PR 70— T L RRERE T IV—Th 5%,
082 (Kuno, 1938a) D, 01 XU 014 D—EB, 013 ICHI (&
£1T Kuno, 1938b), FIRIRIAT 70— 7 &g/ AR ud
B - 5%, 2011) ICHY

(0] i/ o KBl oM, Rl (50

[EHH] CRED) EPEiyBtsicsslE (B xEE
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SRS R Uy RS 7 V—T e e s 2 (B -
kG , 2008)

[FER] EFPBRE D027 Ma (ESF - &4 | 2008)
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[(RT7—22] HILT 58 & OIS B AR LB B

(#3123 F~#5 13 F4EHT : X 5B)
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20km BN 72 KE% L8 Tl C DR O KRG R 77 5
DR NRHEREI RS 5 NS (ITH , 1971; NTHIZ
M, 1974; BAZ,1976),

MmOt B K UEEE T, KREEN 5T 1
F 0 NE O N R BRSO L R B L T2, T
DORFEICTEE) L 7z pokncid, KIgliss 7 v—>7"-
BIRHETIV—T « ARSIV —"T « AITES T )V —
7 BIBRE TV — 7 - WA - BRINA S I Vv—T -
FRAE 7V — 7 - BILTAS - iilidESEh b %, Kz,
VT T NI & 2 BOA B RO AL DAL A A LA 72 1 i
L7z,
© i L T —T (B - 5K, 2008)

(] 082 (Kuno, 1938a) D—f
U] SRR, EREIT O RIS PO R SR ST
LA T LA~ 22 L B OTA S & IS - AL ies

OHE, KEE~ZIEERE. IO RE NI HK

Kl B2 KB (B« %ik6 , 2008)

VBB TL2MsE 7V —7 %85 (B - w56, 2008)
FEAR] EFBIfRE 059 023 Ma (B« 56 , 2008)

®in NV —T (BJF - i, 2008) (I 8P)

[E#] 0S2 (Kuno, 1938a) D—, 018 (Kuno, 1938b) #EHELh
BB KER Y BaEE w I - 35,2011 1Y

(i) AR, SR S AR ¢

LA RS Z IS~ T A YA NEDOT JIVF 3—h, A3
U7 ENAME, BRAIVUTE, A2V T7ENSES
BRI LREZTER. (B - @il , 2008)

[BFR] REASE 7 IV—T%85 (EH - @k, 2008),
AR I O BRI A IC D NS (I - 75, 2011)
[77Z oxt] f#Hu—LJE (Tm-15 (TB-5),Tm-17 (TB-6)

%) e PHE CRERZ D, 1980; EFHE D, 2006)
ER] 77 T O E 0 #) 022 ~0.18 Ma (EFF « FikE , 2008)

Lsung

OHKIAH T IV—T (B - &k, 2008) (X 8G)

[E#] 052 (Kuno, 19382) O—iiB, 017 KU 018 (Kuno, 1938b)
D—B, FAEEIST (KN « 35,2011 ITHY

(] EEHT o (R B 2 o 1le i T

CEM] B EERE LA ) 7 - LfaES, 77 VF
F—bh, BFRIVT, BIKAES (B - &6, 2008)

VsG] SAE TN —"77Zm> (B - &G, 2008) EESIH
BalicEbNS I - A5, 2011)

(ER] BFERE DY 0.18 ~ 0.15Ma (EH: - @ik, 2008)

@K IS T —T (B - 54 ,2008)

[E#%] 082 (Kuno,1938a) D—, 018 2T 020 (Kuno,1938b)
D—ffe A/NMESFI HK QI+ 56,2011 1Y

[ EEEE S 52 7 1123 T DR

LA 74 Y4 h~HEEEDEWAS, 77 IVF%—b, [[
BoANk (EH - @i, 2008)

[EFR%] OS2 IV—T7%285 (EH - &G, 2008, &
WEERES (I Ak, 2011)

(775 orit] CEIEE—LE (Tm4l, Tm-44(TAl-2),
Tm-45 AFERE) GRIREIARIZE 7V —7,1992) iIcEbh
% (EH - &k§ ., 2008)

(48] 0.20 £ 0.01 Ma (BEFHIZA, 2005), T 7 T DOREEL OHY
0.18 ~0.15Ma (EJ| « ik, 2008)

@ i L —F (K - il ,2008) (I 1)

[EF#] 082 (Kuno,1938a) D—B, 017 (Kuno,1938b) D —if,
HEEIMAS Mm (ReJ1] - 435, 20110 1CHEY

[ fii] B

CAaH] ZiaEas F— L, KRR (HARME 20T
NEHEY —7 Ly MEERBS, 2007, HECK LRz E
B (EH - kG, 2008), BLEBIIASIZE D —ROZIEE
WEM 57520, 60 - MBS U7k SRR
WHUTEIASE R—LROREZ LT\ 5 IR AR 7
V—"7",1992), LA LRI« 435 (2011) 3 EESIHTASIC
DV THEBOFREBHAICK 7 TE S RDOD > Tz
WeLTW3

UBFBR] ANRIAE T V—T7%85 (EfF - 56, 2008),
BNAE, AaEEeES (I A%, 2011)

[77Foxtlt] LlEu—LEO Tu-18(TAu-4) FZ2EBU, Tu-
29, SB-O(TAu-12) Fic@Ebns (ITHIED , 1974; KEIZH
1980; FEARMIARIZE 7L — 7", 1992; £ « &k , 2008)

[4E1R] 0.15 £ 0.01 Ma (FHIZH, 2005), 77 T DHREE, K-Ar
FEREDF0.15~0.14 Ma (ESF - H=k6 , 2008)

@l (I - k. 2008) (K 9A)

L] 083 (Kuno,1938a; 1938b) 1<AHY

(] il

[HEH] 7194 MEE & BCE B0 MR 2 1E 5 74
A R—L, WMEERIEOEMBICED (B - &6,
2008)

[77 F L OXLt] HRCEERD D, LEo— L Lo 7
T IO {REFLIT S EH - FilE , 2008)

[4E£X] 0.14 £ 0.01 Ma (BEIEH, 2005), T 7 T DXfLE. K-Ar
HERI DK 015~ 0.14 Ma (EF: - &kG , 2008)
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@l 1RSI - Fl5, 2011)

[E#] KBLZREFDO T A H 1+ Bad (Kuno, 1938a; 1938b)
O—IcHY, RIFUTAS 7 IV—7 (EFF - EkE , 2008) D
i EEE

(i) Brvl T Ea RALTE, FE LR OB 1A 240 m A8
M5 280 m ICHF T

CER] IR RRCETA S, 2 mm DUFOARIGHETDEED 5
Nz KJI - A5, 2011,

UdFBafR] S AL ORI REIc EAT B (a5 -
)11, 2011)

[EAR] 0.2 £ 0.1 Ma (JINEA,2010), 0.15 + 0.05Ma (K)I]+
G5, 201D, BERHERME X D 0.15 ~ 0.05 Ma, Hrl& )10
DFEILTAS L EREH (LI A5, 2011
FI T GFR) (9B, 9C, 9D, 9E)

[iE#5%] Kuno (1938b) O 012 D—i, FIRINTAS 7 I —TD—
B, B IO EEBRIC DA, ERITES 7 L—
T ERIU L ARIERIH TR DI hIv 7 7V ) SR
BT BH Siox EHEMNEY (IR - 5%/, 2015), FIta
ORE I RO OO DR T RIEMAED X I/
A%, TORS, ATHA., ElEAA. HNAEDTFAE
MHEND AR & UTRIEE e ORI S IR Bt R e |
1921) 0 EAHSRHIBR L Z IR R I ITAS 7V — T & s
%1z, ShFIXSE Uiz
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LA WG« BRWEL T A Y4 RO B IRRE TR
BTHZH, BT S EAMUCES (LR - AR, 2015)

U BIER] S LM Y 2 8 5 (HARHIE 22 N AN
HEY) —7 L MEEZREZ,2007)

[ER] TAB OHIERILZAINREDY,. FILTAS O T 1 1 B
RANMMAE LT BT &, FROALMOTINT &
MH. BRINASE T IV—T0O—HTid%L, IIVTIEK
HOEHYITH 5 LHEEINTWS (LU - 51/, 2015)

@ s —F (B - ik, 2008)

[E#] 082 (Kuno, 1938a) D—iil, 0S5 (Kuno, 1938a) D—i

(o] ZELETRMEH T OV T T8, EPETD AT
7Rkl (F5H, 1991 SIS LIRS O LA E T
TIWF x—k (M, 1990), 574m FZE 5 1094m = £ 5
DA R—1L (Kuno, 1938a: 0S5 D—)

CEH] R E IS ~REE DT 7V F 32—, Rav 7
BOLAMEA, BRRAaY 7, AE. BRAaiEs. FED
V=113

U e Bafe] umkilihkzE 5> (BH - @ik, 2008)

(775 DN TB-9 (Tm-21) ZHds (¥, 1991)

[4£1%] 0.26 = 0.01 Ma (FEMZ A, 2005: ALFEHA Y 7 ),
JEfH, AE. 77700t E 0022 ~0.18 Ma (B« &
& , 2008)

@A I —T (EHE - ik , 2008)

[EF] 02 (Kuno, 19382) ®O—i, 0S5 (Kuno, 1938a) D—iif

(] HILOFA O KA B AR, 558m ILDTES B — L
(Kuno, 1938a: OS5 D—f)

[EH] KA MO I BB LA E OTAS AL Z & T
23V 7EALA S, BRURERIER (BT - @66,
2008)

[BIPBIR] —8h, WERAE Y IV— %85 (EH - k6, 2008)
[HEAQ] JEFRIR & DY 0.18 ~ 0.13 Ma (EFf « kG, 2008)

@ 1L (I - G 2008)

[E#] 0S2 (Kuno, 1938a) D—f

(o] LG

[EH] BV iEEs s
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2008)
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[E#] 085 (Kuno, 19382) DO—ii, 0S2 (Kuno, 1938a) D—iff
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[EHH] MO ICE BT S L LA DR S B — L. LI
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®liT Ltk CEH - ik , 2008)

[E#] 082 (Kuno, 1938a) D—iff

(o] AR O A1)V T 5 BE

LA 2V T 5 AR 2 O ZIETAS & RIS - A
A SO RE, NNEEGBELZERERK (B - @i,
2008)
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2008)
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B &1 wiF RO R ZTER LTz,

AAFR IO T OGN, IRCE E OISR Mo &
EBEOEIICIRE 2, TORO~ 7~ OPERIIHIHIA
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@ i 7 - M ACHAHERY) (P - 55, 2008)
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CAHH] B E T A AN A T ) 1 b Ovas (BIR

100m) = B S ELTRACE DAIRHER) (FikGIE D, 2006)
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[FER] #90.13 Ma (B - @il , 2008)

151



152

1. Yamaguchi et al.

OB (B - ik 2008)

[E#] YS (Kuno, 1938a) ®O—, YS1 (Kuno, 1938b) D—if

(53 4r] HfE 7 S FERL LA

[EAH] B, O BRIRIE G & A ARG 71 U1 b O
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Ugreiafe] wilvaszE > (B - @i, 2008)

OB (B - kG 2008)
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U Bfe] EvaSZ2E S (B - @ik, 2008)
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70m (FEREIED, 2006)
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U FBIfR] FRILTAAZE S

(D] HTE 0 & BB LG 5 & iR LA D 2 DL E O,
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[RF— 4] BEMENE (K98 5 ~%95 F4EHT : K 5D)
T OO HINTIRFE I X BB TR A B K
URGIHOHRBYIMNE E AL TH S, HRITFTRBCAE D
SZEET, NRET 7T (Hk-0P), Zet7 75 (Hk-
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FERRFEENTBD, £E. FRALORE (KD
[ 5 =B TOmMBIEMIE) 1L 01T 5
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2B Fh, PEEEILMIEE LoMELZ LB E L
JIMHEIC £ THET 2 AHIARE D TH -7z I (Ll
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T IO FERE NIz EEZ TV 5,
ORISR E Nz ILARE R E N TORWVD, )
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FRMERY (K, 1999; Kuno, 1950) & # Z 7z, HJIEH
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IR E NI SV, &5 LIRS, io#k
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HEIE e A EHD I DRV (B4E | 2014a),
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1) ®#ichR kO E#HOHE R UEA S

5 TEERTLAE, AR A LTEEh AR 0K L,
ek O Z2 B U e, BRI OO R, Jeh
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B SRR E NS MU TEREENR ("CBP) & k3 14
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[E#] CC3 (Kuno, 1938a) 1HHY
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IEh, 2006)
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[E#] CC4 (Kuno, 1938a) 1THHY
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IEh, 2006)
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@ Ll (B - i, 2008)
[E#] cC5 (Kuno, 1938a; Kuno, 1938b) D—
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13, 2006)

[0 A~

@ I LsE T IL—T (B3 - ik 2008)
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INFRTAS (L BICHEREIED , 2006) 1T,

[ fi] 2L

CEH] BEIRAD A D A B T 5 R & LS OVA SR
e R— Lz (FkGEED , 2006)

[AEAR] %Y 49 cal ka BP LARIC TGS

@5 i —T (I - 5K , 2008)

(78] CC7 (Kuno, 1938a; Kuno, 1938b) D—if, . ZiTAMA R—
LA O, 2008) 1Y, HSAS. 5/ TEAS. B2
TBE F—L. EERRTAS. WITAS. 597 BIES R —L.
TCRINRIARS. FRMIAS. B EILTEAS F—L. B
Emftan (& BICEREIED, 2006) (CHHY

(o] B2 &, Bz, ToRifREd

CatH] BRRE GG A A2 LS (—ShADAAHD) D
TSR, RS R—LZIER (ERGEIED, 2006)

[4EAR] % 31cal ka BP 0 H#Y 22 cal ka BP (Y 18 ka: M (1971)
ZE LITHEE) 1T T

[#E}yé;:%m%ﬁlll

@1l LAH 7V —T (B - &k, 2008) (X 9H)

[E#] CCs (Kuno, 1938a) D—B, CCe (Kuno, 1938a) 1CHH,
HHAR L KK, 2008) O—ERICHY, BEARREAL. B iR
B, lmETas F— L, BsEILvAS. WIRES. sl
T R— L w RS R — L, FItRETAS. T aE R—
L (EBICEREED, 2006) 1Y

(Aa] il BEAS LA

CatH] BERE GG A A2 LS (—ShABAADD) O
AT, 185 F—LEEK (EREEh , 2006)

[4E1R] 9 49 cal ka BP (Hk-Km1) 5% 8 cal ka BP (Hk-Km5)
I THEE)

® il (I i, 2008)

[{Z#] CC8 (Kuno, 1938a; 1938b) I #H24, CC7 (Kuno, 1938a;
1938b) D—

[ FR] —FIEsn

CAH] BERE GG A G2 LS OTRS R—LEEK, K
FHEREY) (ERGIEA, 2006 ; HIAMNE 222 EIN AN R ) —
7L MEEEES, 2007)

[4F4R] #9 5.5 cal ka BP (K 5 ka: WTHH , 1971; AR AVPEHZEHT
1974; #5H « Bk , 1996 %)

#9725 cal ka BP(#J 20 ka: (Ll et GFRIE A, 2010);

#J 18 ka: T , 1971; #5H - #2111, 1994)

@ i L2 TR (B - 75K L 2008)
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