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Radiocarbon Dates of Charcoal Fragments Collected from Tephra Layers Exposed at
Sea Cliffs Surrounding Kaimondake Volcano, Southern Kyushu, Japan

>k . Skk
Kaname KATAHIRA™ and Mitsuru OKUNO

Kaimondake volcano, located in southwest Japan, first erupted ca. 4.4 cal kBP and produced 12 eruptive episodes
(Kml to Kml2, in ascending order) until AD 885. As radiocarbon dating is a useful tool for establishing a
chronostratigraphic framework, this study determined five radiocarbon dates of charcoal fragments to check the
stratigraphy of tephra layers exposed at sea cliffs surrounding the volcano. Km12 a pyroclastic flow deposits (AD 874)
are distributed at the western foot of the volcano (Hanasezaki to Tanosaki). Three dates (131040 BP, 1235£40BP,
and 1045=%40BP) obtained from the deposits are nearly consistent with ancient documents pertaining to Km12. The
remaining part of the sea cliff (Tanosaki to Kawajiri) consists of tephra layers and lavas of the Km10 (3rd Century) and
Kml1 (7th Century) eruptions. Two dates (1690+35BP and 1705£45 BP) obtained from an ash fall deposit distri-

buted from Kurose to Kaimonzaki suggest that this deposit was a product of the Km10 eruption.
Key words: Kaimondake volcano, radiocarbon dates, tephra stratigraphy

1. 130 & I

BIBAELE, JRESE R 4.5km, 15 924m T (Fig.
1), BI% V7 F (Matumoto,1943) OV -4 % 7 34818
KIS TR LI LW KILTH D (MR, 1966; 75,
1967). BHEHGEKILA S DT 7 T8 (tephra group) (LT,
BT 7 I LIPS E, ik 2R3 T2 A L
T Kml~12 ®F 7 7 kg (tephra formation) |2 [X 7 S5
(Fig. 2: BEEF - /PR, 1997). A Km1 (137 4.4 cal kBP
ThHY (HE, 2002), wHOKmI2 X, HE 16 F (AD
874: Kml12a) & - H1IC4E (AD885: Kml2b) O M K ik &
LT THARZMAES] it nTnd (iR, 1986;
W -, 1997). AFRCTOT 7 I EOLFNE, AR
JEEF - /AR (1997) 2 BEHE S 2. B, BTFOH LD [a,

b,c) &L\Vio 72 KXo, B R AR R OPAE )
RO B LA T 7 T HLE (tephra sub-formation) T&H V),
(1,0, 3] B L@, FEOEIIZD & DOWTH
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77 5@, Kml2a & b®D X )12 10 4EFLE ORI
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Fig. 1.

Topographic map of Kaimondake volcano. Localities of stratigraphic columns and geological sketches in

Figs. 3 and 4 are shown. Countour interval is 50 m. KSC: Kurose scoria cone, HTR : Hirabae tuff ring. Closed

circles with numbers indicate observation points.

BT AT, S OKIKBORH A B (Loc.
4) 1272 LT Km10 B# ALK (Km10-Ks) & eifid 2
(Fig. 5). 2@ X9 ZEFORELE, efiETr 7 7kE
WZHeFE 2 TR OFENZ L, BBl TIET 7
FIBDOR DAt 5370 7200 U ENREHAEE D LFED
HDHZEERT. AT BERBCENTLT 7 I
POFRP L 22 RALAR O HCHEREIE L, TOEELE
WY A, B, FERELICOVTTEE - il (2013) 12
BED .

2. K EFFROBIRE

BRI T 7 7 OB EMIFEIE, 18 (1966, 1967)

WZHEE D, WA (1967) RBE (1986) 72 & & #ET, HEE -

AR 997 12X D IFITE SN L F R A, RFTHK
@ Kmi12 OBEKAERITERFELOFE L bhr>TED
ZOMIEH I TORBMMBIr OO NS N TS
(BCJ, 1986; 2 - M, 1997). FEEF - /NFK (1997) 12,
W ORORIHED HC EM (FI - A, 1969; I -
fi, 1979 %2 &) LMA T, 77 F@IcHhEN b LERED
JE L DIBIFR 0 HAERZ S L7z, AR TIE e 4R
xJEAEROE L CHRHE L2 ER (BEF, 2002) 23T
% (Fig. 2).

JeIAHE O 600 m IS if$/uﬂiﬁ1%®
HHY, Fhxdis L CAUEIZILTET O RIek TR &
THEBOBE KN X 5 25 (Fig. 1: B - /MK, 1997
24X, 1966, 1967; WA, 1967). SKFEKCIEEIL, Pk

IZHFE ST 275, BUFET 240l o #IE 5 5 HEsE
SN D EAEIER 800~900m & HbE MK & v ¢H

(1967, 1971) &, $KEEKIO% BB KILRD LK fEE L
LEEIRA VTS &L, WA mﬁ?éﬁﬁ%%f“
ARG (kmy) & & 272 —H, HE - MK (1997) &, #

W@AD@#Lﬁfg DWERAT & Km12 O KT AR
DA —F T A & LT, Kml2 O KFEFEXKIZ
;ofkuﬂﬂﬁ#kttt%zt.%¥-@%Qmm
1, B o L9 iR EICE LT AR o KE S %
Kml0 & Kmll OB TH B L L7z
BEIZOWTH, INLDT 75 & DORBEBRIHS
T2 (Fig. 2: HEYF - /MBK, 1997; X, 1966, 1967; H
K, 1967,1971). Km10 DT, mmo%kfk%ﬁ%
a@)Kmu%Afmﬁéﬁma)ﬂAM@Eady
ﬁ@ﬁﬁ(mm mmzﬁkfﬁ@hﬁ@(mg%mﬁ
OEEH =L Z2BEELTWS. INHOEEIL, (1F
tAEﬁﬂEE%%:Eﬁ#ﬁ%hEﬁﬁﬁE%ﬁﬁE
ZRETH L25, IWHDES F— LR 2 D854
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Fig. 2. Summarized columnar section for Kaimondake Tephra Group (after Fujino and Kobayashi,

1997). *: Okuno et al. (1998), *: Kawanabe and Sakaguchi (2005), **: Katahira and Okuno
(2010), ™: Furukawa and Nakamura (1969), *: Ishikawa ef al. (1979), *®: Okuno (2002).

BHina, FOTHEA EAHE R 2L T Si0, A R
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3. BREOHERH

BRI PR 20 O B I 1 CoM I, FIC
Kml0 75 Kml2 $THOF 75, aB L5 /— Vi
R 2s Tt LT\ 5 (Figs. 3and4) (3 - BEF, 2010).
N5 OEMRIL, Kmlo 283 i T A (1.7cal kBP),

Kmll %% 7 A2, Kmi2 A% AD874~885 T 5 (Fig.

2). Kml2 OKIEFEB £ VT N — VHEREW L, ;*E@ﬁw%
SHDIFIZNT TORGED HILAE. Hld Km0 ORI
e (Igl), Kmll OB S (KsL), THES (Jeb), i
HRVAE (YsL), Km12 OHOIEES (TsL) 5 % (FEY -
IR, 1997 RS - BLEF, 20105 2548, 1966, 1967). LLF

& HAE TOMEETE 2T 5.

3-1 fEREERE

AW TlX, Kml2a ORI EL L, 20 L%
Kmi2b O[T AKIIKE (Kml2b) RBETA Y 788
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Fig. 3. Geologic sketches of the sea cliff along the western to southern foot of Kaimondake volcano (modified
from Katahira and Okuno, 2010). Locality is shown in Fig. 1. (A) Hanase Coast, (B) Hirabae. YsL: Yokose
lava; JcL: Juccho lava; IgL: Ingei lava; HTr: Hirabae tuff ring; Sp: segregation pipe; Ck: clinker; TI:
Talus; Sv: Surface vegetation; afa: ash fall deposit; sfa: scoria fall deposit; pfl: pyroclastic flow deposit;

Km 10-Ks: Kaimondake 10-Kurose ash.

(Kml2bg) 7% &5 9 (BEEF - /MK, 1997, Fig. 3A). 72
B, HAOECNERE A T 7 O Kmi2by 7 (EFIZHF
WA LCB Y (FEEF - /bR, 1997), AL+ ClErERR
T&RWw, ZZTOKml2ald, Fr~rb1=v h1~5
WM s s (F3F - BB, 2010). 2=v b2 & 51,
SZROHEEENE G, TIFOIENIBDOONDL 2k
mH, IN=VHEY ThHLEEZ NS, =Y b,
3, 40, KRR LT KIKEDE Y FTH Y,
Z21=y POBIEIZE m~10m TH 5. KRk Y
AR AP E T block-and-ash flow HEREW TH 1), 4k
&L CEIRBREIC X DR DY, KK 1m OEES
WrEd, WHCERT 2=y b1, EiICEA
TR LREAR S Y, Kml2ay (2RI S 1A B
FADECET A2 TEIZEDNLS (Fig. 3A).

3-2 HOB

H OB D Loc. 3 Tl, Kml2a 25 HVES (JeL) %
BoTBY, ZOBMUTHOIEES (TsL; BE=%) 4m)
WINS%E>TW5D (Fig. 4). HOBEEIL, Kmi2b
FENCRINZIE RO 55t LCEB Y, Kmi2by DFFET
A3 TRICEDN L (Y - /MK, 1997). HOW 5
B, sociilizcr, L LCKmo B
Kmll OWEHEA5A LT b, Loc. 4 Tk, FAELDY
Kml10 ORIFHES (gL), wH R EXLKE (Kmlo

B IR MUK ; Km10-Kz), KKK (Km10-Ks), Kmll
DAY TREKFHEREY) (Km11 pfl), T /N— VHEREY
(Lhy), WS (JeL) 28R HE 3 5 (Fig. 4). A TIE,
Km10-Kz O % BRI (Loc. 6) I2F%E T 5 (Fig. 5).
2 ZTOKmI0-Kz (F FRORIGEETEEE->TEBY,
JEIE# 10ecm T Smm BEOKINEH % Z8E&A T
%. Kml0-Ks (354 1m <, HkmEE L MELD
MR EOHEY»S % 5. MAMEL, EE 5~20cm
TEBOIORIKEE 2. MAMEIE, &KBIE 40
em CHEIKER 2L, BALKA % &t

3-3 Bl

Loc. 5 CTlE, EXH 2m DBEEDN3IMELR>TEY,
HWEOLETHIIZESH ImDy ) ¥ —3EL T
% (Fig. 4). THHIIRIGAES (IgL) IS L, 20 167
2 KINKE (Km10-Ks), HiES (KsL), 77— VHERE
W (Lhy) 2\, Kml0-Ks [ZIZpAbAR23& En 5. B
WCIE, A 100m, B 10m DAT) 7 EOWIH A
SNA. BASIEIOATY) 7 ERBEE LTINS
TL, ML L2BEEAER L TnE. ZOA
) 7 EOFEEE, B0 TN — VHEREY A Loc. 2
THI%EE JcL) ICBEDLNAZ &5, Kmll WA
ZNLRICTHDLEEZEND.
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Fig. 4. Columnar sections of representative sites at the southern foot of the volcano. TsL: Tanosaki lava; YsL:
Yokose lava; JcL: Juccho lava; IgL: Ingei lava; Lh: Lahar deposit; Km 10-Kz: Kaimondake 10-Kaimonzaki

ash; Km 10-Ks: Kaimondake 10-Kurose ash.

3-4 FFZ

FALZ AT, Kml0 ORIFES (IgL) & KILIKRE
(Km10-Ks), Kmll O-FHVES (JeL), & 7Y v 7Y
(BEHT - /B, 1992), HEMEA S (YsL) RET S (Flg
3B). #7077 OEIEH30MT, T35 b5E
B, wio»rn1=vy MIMHTZE. F7
LA, FICHEWE TH D, FEEESIE, Kmll g
KOBPAZHB L 720 O T (BE - /M, 1997), ¥ 71)
YT OREMMIZHE-> TR TL, FIXZEMFEND T T A
ZIEH LT 5

3-5 BEEEL SR

FIEIE VY O Loc. 6 Tld, FAL & ) RIGHEE (Igl) & #
e okl 12 KL K = (KmlO Kz), KIJKE (Km10-Ks),
BT A2 7R (Kmlla, b), 7/N— VHEREY) (Lhy) 253
FiLCw5 (Fig.4). Kmlla, bOBET AT TREIL, &
DIFBORWERBAT ) 7hokR ), REEMLIZL-
TV OPOL=y MIXGEND (BE - /M, 1997).

aiﬂ

MHOBIEIZH 1~2m T, FBEARKILIKREZ: &%
WATVD, ZOBETAIY TRISLAHBEIZOm L, W
W2 S NFLCAT CHITE S 2 EHEE S . Mg

W, B Aa) 7B (Kmlla) @ AL ALK TE
(Km11 B3I KI1IK ; Km11-Wz) 3R % (Fig. 5 J#$
B, 2010). AFTlE, Kmll-Wz @Tﬁﬁﬂh%ﬁmm

ET 5 (Fig. 5). ZZTO Kmll-Wz 1, EJE 10~20cm
T, B 1lem FBEDO A2 7TRPEAET 4. Bikom

*: Katahira and Okuno (2012)

Y Kml0-Ks o1 & FALAF @ C 4EM 1L, 1740 £40BP
(JAT-7758) T % (A - BEF, 2012).
Loc. 7 ClZ Kmll O T A2 ’) TREFIZ, TE R

BALL CRtLZETHA3) TH ﬁwﬁiﬁﬁs%ﬁ AT
IZHAEL T 5 (Fig. 4). JIIHAHED Loc. 8 Ti&, Km0
BLOKmll OEHYEZES LHIZKmI2b DAY T

BRI SR E T 5 (Fig. 4).
4. "CHERAIE L ZORR
HE SR D RALAR A 1L, BR-7 V) -Bk (AAA) LB
L7, KRERBILHEIZL2D 7T 774 MU (Kitagawa et

al., 1993) @R KSF LR TV, HAREF 10585 58
FERET I Hh A} % & ~ ¥ — @ NEC 1% 15SDH-2 ! AMS
Y AT L (Xu et al., 2000) T "“C i ZHIE L7z HC ik
JEDRERER & LT NISTOXIL (¥ 2 7[k) %, Nv 275

7 v FIEIZTAEA C1 (REL) w7z, MCHERMHD
FHZIE, Libby @28 5568 4E % Hvy, KD 61°C

IS X0 AR BRI (A, 1995) & #E L7z, J&
EBIEIZIE, 2 ¥ —%—7 025 4 Calib 7.0 (Stuiver
and Reimer, 1993) & 7— % -z v I IntCall3 (Reimer et al.,
2013) ZflEH L7z,

W E S A % Table | (/RS FEMIMGREICEDRT S
Kml2a O KEEmHERE Y o o FALAKR O C 4E481E, Loc.
1 (=v b} 3) 75 1310240 BP (JAT-7759), Loc.2 (L
=v M 1) 225 1235240 BP (JAT-8673) %%, Loc. 3 (.=
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Table 1.

RS YT

Results of AMS radiocarbon dating

Stratigaraphic

position Material

Location

13
5°C (PDB)

1C age (BP)

Calibrated year ranges
(20, cal AD)

Probability (%)

Labo. 1D
(JAT-)

Km12a (Unit4) Loc.3 Charcoal

Km12a (Unit3) Loc. 1 Charcoal

Km12a (Unitl) Loc. 2 Charcoal

-28.0

-28.3

-26.5

1045+40

131040

1235+40

892-1040
1110-1115

651-771

682-884

99.6
04

100

100

8674

7759

8673

Loc. 4 Charcoal

Km10-Ks

Loc. 5 Charcoal

-29.1

-27.9

1690£35

170545

253-304
313-419

235-422

205
79.5

100

7820

8675

Katahira and Okuno (2010)

TsL

Km12b, sfa
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Km12bs sfa

b (AD 885)

Kmi2

a(AD 874)
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(7€)
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I
IgL D
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(1700 cal BP )

Fig. 5. Block diagram showing stratigraphy along the sea
cliff of Kaimondake volcano (modified from Katahira and
Okuno, 2010). Km 10-Kz: Kaimondake 10-Kaimonzaki
ash; Km 10-Ks: Kaimondake 10-Kurose ash; Km11-
Wz: Kaimondake 11-Wakizaki ash.
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