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The Owakidani Tephra Group: A Newly Discovered Post-magmatic
Eruption Product of Hakone Volcano, Japan

Makoto KoBayasar*, Kazutaka MANNEN**, Mitsuru OKUNO™®**,

Toshio NAKAMURA™* and Kazuo HAKAMATA¥F¥#*

We discovered a set of phreatic explosion deposits, herein referred to as the Owakidani tephra group, on the
northern slope of Mt. Kamiyama and in the Owakidani fumarolic area of the Hakone Volcano. The tephra group
is the product of the volcanic activities since the latest magmatic eruption of Hakone Volcano at around 2.9 ka.
It comprises five units named Hk-Ow1 to Hk-OwS5 in the ascending order. Both Hk-Ow1 and Hk-Ow2 comprise
tephra fall deposits and secondary debris flow deposits. In addition to these deposits, Hk-Ow?2 is also associated
Hk-Ow3, Hk-Ow4 and Hk-OwS5 consist of tephra fall deposits. The ash of these tephra fall

deposits and the matrix of the secondary debris flows are principally composed of clay, altered lithics and

with surge deposits.

secondary minerals supposed to be of fumarolic area origin.

It is possible that Hk-Ow1 and Hk-Ow2 erupted from a fissure on the northeastern ridge of Mt. Kamiyama,
while Hk-Ow3, Hk-Ow4 and Hk-Ow5 erupted at Owakidani.

No juvenile material was found within the deposits of these eruptions except for Hk-Ow2, while the surge
Although it is considered that the
principal nature of the eruptions of the Owakidani tephra group is phreatic, the deformation of the edifice around

deposit of Hk-Ow2 contained trace amounts of volcanic glass fragment.

the source area implies the possibility of magma intrusion to shallow levels.

Based on the calendar ages of the Owakidani tephra group and the stratigraphic position of the Kozushima-
Tenjosan tephra, we estimated that Hk-Ow3, Hk-Ow4 and Hk-Ow5 erupted in relatively short intervals between
the latter half of the 12th and 13th centuries. On the other hand, Hk-Ow1 and Hk-Ow2 erupted at around 3 kyr
BP and 2 kyr BP, respectively.

The eruption ages of the Owakidani tephra group generally correspond to the seismic events that occurred in
It is suggested that the activity of the Hakone
Volcano may be closely related to the tectonic events in this region.

the Kozu-Matsuda Faults and the Tanna-Hirayama tectonic line.

Key words: Hakone volcano, Owakidani tephras, phreatic eruption, Kozushima-Tenjosan tephra, radiometric
carbon age
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Fig. 1.
Komagatake in the Hakone Volcano.

Location of outcrops and sampling points around central volcanic cones of Mt. Kamiyama and Mt.
Contour interval is 100 m.
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Fig. 2. Columnar sections around Owakidani and Mt. Kamiyama.



248 IIVBR

IZSARN LN
a). Hk-Ow1
N

[e}}

/‘*\/‘\

Gl ¢
: \/ ﬁ,é%g‘%kas ¢
S/
f{?ﬂ\ 't

outcrops (thickness in cm)
o air-fall deposit
e debris flow deposit
O surge deposit
# slope failure deposit?
+; - ; absent
+ scattered within paleosol

). . .
- isopach of air-fall deposit

inferred distribution of
‘ surge deposit

4

* inferred source vent

’ inferred flow direction

Fig. 3. Distribution of eruption deposits and secon-
dary deposits of Hk-Ow1 (a) and Hk-Ow2 (b).

DR KILIKE 723 AFEE o2 o L &

5N 5.

22 BRKBLET 7352 (Hk-Ow2; HFR)

Hk-Owl & [EREOHIPFAT, B KLEFEOREFZ 3 Y
TIETH % S18 (EHlL, 1988) O AL em~%+ cm D
JEAL KK g %A TEBKIKENZD 5 b, 0
EEKINIKE I, (R EKE, B4R C 0 kK LK E,
3 F OFGE L IAIRLKILKED 3 DD H 5. T
N5 3>DEMIBERHIC RS N 2 KA W F R
BOARHTH 20, RUEKAI XY bObDTHDELEH

e B - BB FE - hRMER « SEHRIR

Z, FRNBST 7 5 2 (Hk-Ow2) D&% 5.2 5
Hk-Ow?2 D HIRLK LK E K O IR U 0 SRz K LK
13, Hk-Owl ®Z LML TH D, kAbREE, =
NN N KIKHEREY), ki AR Th 5
EEZoND (M 208, HiA 210 K OHIAS 215 75 &),
7 3 > OFGE L fcflh K LK 1E, i 216 B X O
217 TEH SN B, M 216 T, S18 EEZ b AHE
B2 3y 7oL cEfbKILKE S, 2hAEE S R
Hmm~2ecm FBED 5 3 F THEKR SN2 EE 45 cm OHE
FMYIMTERTE 2. 73+ 133 &AEDETER TR
% N5 AE (LiEARD IR 18530, —HR
R IFbivonsd. ULOBENLS, FEEHELIEIIO
HERE % K — PICpED oo SHIlr L /e,

¥, mnldbsAEIC 1E, S18 @ kAfic, ®EamAE S
BEBH LIV NEKUKEREE LT, BEMORE
B DR 30 cm~1 m T2 O iR 0 2| L5 il %2 M4
WEUHEREIID M4 5 (BA IFHIE 245). ZAlraiins
SRICAIRE RS2 &, MM IcRBIRE RSN
LT EENMS, NGO, KBS, SHETIC
DI THMT 5 AR &S ERo b0 LA SN 5.
R AT %55, Hk-Ow2 OIEKA X MMTBIRL
FeRHmAEOHEREY) A & L s,
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Table 1. Summary of microscopic observation and XRD analysis of samples from the Owakidani group.

no locality unit deposit sample code
1 210 Hk-Owl debris flow (fine volcanic ash) 210-a
2 210 Hk-Ow2 debris flow (fine volcanic ash) 210-b
3 216 Hk-Ow2 pyroclastic surge (fine volcanic ash) 216-a
4 216 Hk-Ow2 pyroclastic surge (coarse volcanic ash) 216-b
5 228 Hk-Owl air-fall (fine volcanic ash) 228-a
6 202 Hk-Ow3 air-fall (fine volcanic ash) 202-a
7 202 Hk-Ow4 air-fall (fine volcanic ash) 202-b
8 202 Hk-Ow5 air-fall (fine volcanic ash) 202-c
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0.1% Fiif) Tdbs. oKLUAT S =L, BHHEDOD S
HBEEET 5130, KEMELNT, PPEAEETS
NTNY x —VOIEREERT. —7F, FifFIER I,
Hk-Ow2 O K+ — VHEREYI T O Hk-Ow3 D v )V M E D
kK LIKBIc 2 2N 1% 1R, 05% REESEh
5. INHOERE, SfcKAatE2L, KRaEZE
DLEBRECRFEAET2bDEEL 5N,
Hk-Ow2 O K+ — HERYNC I3, ks ks o =
ML EPBNOEEZNE T LMD, Hk-Ow2 KD
&, v/ enEHEc AL, BKICEERS L b
AN S (RN

32 XREFSHT

KFnT 7 S8 AR T 2WED 5 b, k) OfF
EZIT D DI XTI 24T - 7. lticd 72 -
T, BRI O PR R et 8 Miniflex %

L. ot EEES L OSBRSS ZThE N 30
KV, 15mA, 2 U » b3 DS % 0 Bip#EEAIZE 2 ) » , SS
7142°, RSH03mm TH 5.

FTRTCoOEEHE VT, BHEA, AT HEAAKRY
kitoimo v — o nBont. A, WIFAGMRT—E
OREAQREBICL->-TELLbDEZEZ LN, b
DEHFHITKRERZILEED SN\, —J, k8
DOFFH & BRI RHEREYIR TR E R 2.

KimaT 7 sEchiancitimo b0 L Ron
LIEADOE =713, 15A, 9.0AMVT2A06DTH 5
(Fig. 4). 15ANU 120 E—7 3ZhEFhEVEY O
FA L, AAYFA MICENT S, 9.0ADE— 7 13455
TRHEM, 1407 154 FOAREHD S 5. AT
HEREYITlR, EYE) B+ 4 P OERD TERTH 57,
NABT 454 MR A)FA L BEL. ERTF7 5
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Fig. 4. XRD patterns of Owakidani tephra group.
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FAMERONBE=IEEGLDIE, INOBEKEZED
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W IREITS (30~49%0) 12 LA /RT A, Hk-Ow3 O LK
g cE— 2 (E T 42%, E.E49%) 2mn~L, T0
TR TEHITHE L TV A (11%).
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St EiT - 2 oRET T, EEFORKIE
Hk-Ow3 OE_E2E T, FEHO FRIE Hk-Ow2 & 3 O
EHBOLNDG, JE-T, fEER EILEAKOEEIZ Hk-Ow
310K, Hk-Ow2 &0 & Effich 2 b EHEESN S
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Fig. 5.
shima-Tenjosan tephra.

Contents of volcanic glass shards from Kozu-

H o3 BB EA LK K L2 5 & LT
FIME 2 FEN L 72, FRE 32 HTEREERNERE
W+ 4 —D HVEE (L&D ¥ v 7 h o v s E &
it (Nakamura et al., 2000) Z{#H L7, 758 4CHE
RO E I EEBRINCH W 5T W 5 Libby O iRl
5568 fEE W, Bl BC T & - TRIGHA BN R % i
IE U7 (ks 200D, HPERZEG 1 BEERZECRT. &
7z, JEAEESIEIC (3 Intcal04.14C (Reimer ef al., 2004) O

— & N —2(cHS < Calib5.04 (Stuiver and Reimer,
1993; Stuiver et al., 2005) Z{HH L7z, LITFOFL#HK T
2 FEHE(R 2 OB EJEAE 2 H ) 72 HC ARl M O BETB AR
% Table 2 IZ/RT.

Hk-Ow3 B [ OREHEER LK ILIK + D “C 4RI 1,420
+30yrBP (NUTA2-7757), Hk-Ow2 IZ& £ 5 RALK
Fr 7% 830 25 yr BP (NUTA2-7751) J U 795 + 25 yBP
(NUTA2-4458) Tdh 5. ThHlE, TNHZE1 581~660
cal AD, 1,166~1,260 cal AD 2 T¥ 1,209~1,276 cal AD D
BOEBARICHRY T 3. £7, Hk-Owd ICEENBRILA
Fr > “C 4FAC 13 89025 yr BP (NUTA2-7752) [ OF 810+
30yr BP (NUTA2-7758) TH 5. TN 513, HEa 1,044~
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Table 2. Results of AMS *C data.
; Sample . 8°C  Conventional "*C age Calender age
Unit No. Lab No. Method Material %) (y7BP; £10 ) (£20)
Loam 1045 AD - 1094 AD
below Hk-Ow5 sp.4 NUTA2-7759 AMS soil -23.4 880+25 1120 AD - 1141 AD
clow Hk-Ow 1147 AD - 1219 AD
Hk-Ow4 sp.3.2 NUTA2-7758 AMS soil -23.8 810+£30 1175 AD - 1271 AD
1044 AD - 1103 AD
Hk-Ow4 sp.3.1 NUTA2-7752 AMS charcoal -28.3 890+25 1118 AD - 1143 AD
1146 AD - 1215 AD
Hk-Ow3 sp.2.2 NUTA2-4458 AMS charcoal -23.8 795425 1209 AD - 1276 AD
Hk-Ow3 sp.2.1 NUTA2-7751 AMS charcoal -26.7 830+25 1166 AD - 1260 AD
Loam below .
Hk-Ow3 sp.1 NUTA2-7757 AMS soil -26.2 1420+30 581 AD - 660 AD
. calAD
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Legend
range of Calender age (14
(20)
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Fig. 6. Eruptive ages of Hk-Ow3, Hk-Ow4 and Hk-OwS5 estimated from the layer of Kozushima-Tenjosan tephra

and calendar ages of "C.

1,215 cal AD }TF 1,175~1,271 cal AD D IFEFITHEY
9%, —7, Hk-OwS H F OEEE R LA LK Lo “C 4
13 880£25yr BP (NUTA2-7759) TH 1, Hf4a 1,045~
1,219 cal AD DB IESEFICHHY T 5.

BOEBFICAHT 5 &, Hk-Ow3 E N & Hk-Ow3 JgHe
1249 500 FE OB EIEIBR A3 5 5 —75, Hk-Ow3 7> 5 Hk-Ow
5T TCOERMEDO KO NERDE>TVWDE I EMN
birb.

5-3 EHERORE

HiR U 7o it SR Bl 7 5 ORI HE N O IEf AR
BERCESE, KEAT 7 sHOoEEBFERERTT 2
(Fig. 6).

Hk-Owl FiIRE » 7 7 5 (Hk-Kn) &h 7 TFF
75D LMIT, S11 775 EWIRT 7 5 oickkEh
%. Hk-Kn O “CHEMRIIHI 29kyrBP EEZ o T &/

2 CKR « #5H, 1975), LOWIRICE - T, 7 I
77 3 NUWIRF 7 5 O “C FER DR 3.1kyr BP TH
% EnEEsn (EH, 20005 LT -, 2005), Ch
o OERBIGDIERL E FIET 2 C EMHOMITE > TV
5. 5%, FIE BT 7 7 OEHTEA DRSS
7208, A TIE, Hk-Owl OEHERE A 7 I5FF 7
FHELKIEERED 77 58 L O "CEREICEDS &K
3kyrBP &£ % 5. —J7, Hk-Ow2 DIEHIFERIZ, £ F
fLicd % S18 7 7 5 (2440~2520 cal yr BP; [L17¢ « fi,
2005) & Hk-Ow3 & DERIBERE Eh 58 2kyr BP &
EEh s,

Hk-Ow3 OBIFEE L 12 thHid#E e & 13 e
Hfrhd 2. chmERER LT 7 5 ORIKEED
Hk-Ow3 @ FALICHEE SN2 0 EFHfd 5. — A,
Hk-Ow4 % U* Hk-Ow5 OBIEEE & Hk-Ow3 & [AlkE, 12
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HACtED & 13 bbb d 5, ol &id, Ch
5 OBEK A 12 LR 6 13 HEdich 1 T O Ry
W oA U ATREME S S W T & 2R 5.

6. KBRTISEHLAIDTI b=V R

G o fth (1999) &, FIARKILHICK IO O - FiE
A=A ($93kyrBP) MO TS F— 4 (B Skyr
BP; #%5H « ik, 1996) DIZEFEHAS, ERFER—AHET
[BOIEBIAICI3IT—5d 5 Z i L, FRA
PHBE— PR ERR O, 1993) hicEsksnTtns
D, T ORISR EE—AEE SR L Tw b LR
5N5 (R, 1995; H4F « fth, 2005; Fig. 7). &5 « fib
(1999) [FFEIRKILD < 7 < (8 v 2 5 203, FHIBE—F1L
ERR O, 1993) kRicigmk stk Liruigic
HBTINTN— MK SNTWS &EEZ (Fig. 7), <
DWEKIEEYHS, FHIB—FI SR & 2 s 270 5 [EF
EE—VAHWTE & BRICh 5 LB A

Z 2T, KX THOSMITE - 725K IO RITH
3000 DMK A v b3, HAD T 7 b =7 R4~
VR EED LD BN ERN D B DIt oW T
B« 5 %17 - 72 (Fig. 8).

Hk-Owl OWEHKAE, ERFEH—AHETE OiES) 1 ~
Y3 b L34 FARNNE, 2003;2004), FHIWTED
EEA Xy B PHIWESs#EE 7 v — 7, 1983) @
FEERHNIE S 3, £ 72, Hk-Ow2 OREHIRIE, E
JiFE—AHETEOEEN 1 ~ > k2, FHEWBOES) A ~
v b D FHIBWEF R G 70— 77, 1983) OFEHRHY
IEEEd 5. —7, Hk-Ow3, Hk-Ow4 N U8 Hk-Ow5 DI
HRFHEEZ S5 22 % e o BiHdich i
&, Bl S s - fe EIRFE— A T O S B 1
~N v b (12 i ~1350AD; FHIZJIE, 2003; 2004) DI
Wiclcn, MEDOA Ny FAERHENIET IR 5
ZEMSd ot CoXSIT, EINE-AHETE, FHE
Wil o 5B & R KL oGS & o i iE, &G - fth
(1999) D3 L 72 7 7+ = 27 2 WY Btk /s S 10 oD 7K
HEBERTHEYONDS L HITRZ 5.

7. £ & ®

D fkLo KFaEZc BT, mldbRhm ko
KiBBEBIFEE T 2KBET 7 58 (Hk-Owl~5) %%
HL, idfiL. KT 7583 chs cElsnT
WBFIRKINOBRH O~ 7 <KL bHF L.

2) Hk-Owl 3§ MK ILPHERY) & RIS A ise
BV 515 %, Hk-Ow2 0% FKILIKHERSY), —ikpyis
T ORI N A T — YHERSYI A 575 3. Hk-Ow3
M55 IEVTN SR N KIKHERYIO A0 515 5.
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Fig. 7. Tectonic setting around northernmost area
of Izu Peninsula (Koyama,1995; Takahashi et al.,

1999). Contour interval is 200 m.
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OIS~ 7 < D3 £ T FA LT & 2 AREME IR A
ETEB,

5 MEER LT 7 5 ORIKETE - OBIRK OEIE
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5 13 HHTITh 1 T o HiRA R T B H L 2o mTRE
HEASE.
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