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Origin of the Early Modern Event Gravel Beds on the Holocene Wave-cut Bench around
Koseda Coast, Northeastern Yakushima Island, South Kyushu: Preliminary Report
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Abstract

Two event gravel beds, ECgl, ECg2 in the Holocene talus deposits on the
wave-cut bench were described in the Koseda coast, northeast Yakushima
Island. These gravels were derived from modern beach and the beds are
believed to be formed by the turbulent flow from seaward. In addition, the
possibility of the run-up of large-scale tsunami is suggested because the 28
cm of boulders are carried up to an altitude at 6.5 m and the gravel beds are
formed in substantially horizontal layers of 200 m or more on the outcrop.
Moreover, its showing being matrix supported gravel bed and consisting
of beach gravels, they were formed by the turbulent flow from the sea side.
In this case, one of its causes is the possibility of a large-scale tsunami run-
up. In addition, these tsunamis are considered to be historical events in the
early modern era because of obtained AMS ages and the pottery fragments.
If they were correlated with the historical tsunamis struck Kagoshima area,
we can find two tsunamis such as the 1605 Keicho earthquake tsunami and
the 1707 Hoei earthquake tsunami as possible candidates.

Key Words: Early modern event, historical tsunami, event gravel beds, Holocene
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Fig. 1. Wide-area topographic map around the northeastern Ryukyu Trench, Kagoshima Prefecture, southern
Kyushu (a) modified after Nakajima and Hasegawa (2007). And detail topographic map showing location of
the Koseda coast in the northeastern Yakushima Island (b) .
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Fig. 2. Division map of marine terraces around Koseda coast. Modified from a digital topographic map
(scale 1:25 000) published by the Geospatial Information Authority of Japan. Classification of
marine terraces refer from Koike and Machida (2001). mT1 : Holocene marine terrace, mT5c :
The marine terrace during MIS5¢c, mT5e : The marine terrace during MIS5e. Showing locations of
sedimentary column of X, Y and Z in Fig. 7.
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Fig. 3. Two cross-sections taken along two survey lines (Lines A and B) around the Koseda coast.



BARACHER, INEHTER O AE Ry F RIZRO bn it <> FEORIE : T ()i -fl)  —19—

2. MtOBSEOER EARICL L

ZINUEE FEL ¥ VB 1 I R BB 12T 3 6 0 (Fig.
1b), WIRIEFEKFFELLOBEHFEOEELZ TG &
EZ2oND, BEOBEOMO K S SiZh~KigEsE
HEL, TE»55~10miE EREANER 2 ~4
miEEDN—LFEK LTS (Figs. 3 and 4). Hif
N—LIZHP~KELL LD, HAFEOm 22 55
BLEEST 2., IR FREOE TIIBREYS, #
REFIZBWTOARIECTIRE L CBEIT 2 Z & 2R
LTW3, 2 ZITIEMARRIFE T IEILHEAD L1,
Bl 2 o 72 RIRREOM BRI E 35 2 5.
MIRZBR T 2R ICBOEBETH L HE=R
HiE#toE, EERETHD, Ay 7 =z VRS
20%, Abfixa, AW, BRI & v o 7o kKE
PA%EEEEND (Fig.5). Z® 55, /NEHWER
WEEE LCBEHT 20 HABEHOATH S Z & H
b, "NV 7 = VA EKEAEDOHIL, IMFERIZE 5T
DRI LIz D T b ST LIRS 3,

Pettijohn et al. (1972) ¥R L I:FED 27 J 24301
SIS S EIT OFE R, BEOI1Z L A LI
(5~6) 5% 3. Zingg (1935) ORI -
THET 2L, MR (oblate) OMEDI31% &%
Wb DD, /MR (bladed) D 24%, BR (prolate)
D 28%, BKIR (equiant) DE17% T, 4 DD X A
THIEWHRTE T AT Wz, FERE /NEPR O TF
EUMESEERD 55% % Hd D Z LI, WHEEEO R
(i z %, Hil, 1965) ZEAMEIZRLCTWwW3 (Fig. 5).

BU AN (WB-0) #E#E S B8 o J& B 1350
IZEoTRESELED, 1 mUEDOES 2RO
HWEARTE 2, ZOREMNITAE T BN — M IZRED
BIzBE L CZ2oELEs 2 Z s Tnsd, LT
T OEEIE 2 ~4m T, WEHAR2>TTELH
1T L, WB-3 OWREORT (FEEil4m T
ELTW3 (Fig.3).

EED P INE TIT - BB X 20E, 2014
FETHOHBRRASS, sHOHAR 1%, 100 H5H

Fig. 4. Occurrence of the gravel beach and wave cut bench around the two survey lines (Lines
A and B) (a) and outcrop photograph of X (b) in the Koseda coast.
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Fig. 5. Shape and rock species of the modern berm gravel in the Koseda coast.
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Fig. 6. A general stratigraphy of Holocene talus deposit with three gravel beds on WCB-3
around X, Y and Z in Fig. 2.
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Fig. 7. A broad correlation of the sedimentary columns between X, Y and Z in Fig. 2.
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Fig. 8. Description of two small trench walls along the Line B.
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Fig. 10. Rock species and shape analysis results of the gravel beds. SS: sandstone, MS: mudstone,

HEF: hornfels, IR: igneous rocks.

DZEENDZDDOUIIEFEEL TV, 7O ILER
DNTVABBMN—LDHDITEEHMLTED, 4 X
v NSRRI T H B Z L TR XRT % (Fig.
10).

5. ARV MORFTsFYVI T -3

A4 RY NEETH B ECgl DIED aBiliHALIX, b
Pi—FRERE, ZHITERT 2RI -VEEEOD 2
FHHHBEE L, FIFEOLFIMERETH - 7z (Fig. 11).
ECg2 OMEDEM AL, W —FEHEE, ZHITER
T2 -—FED 2 gL, §iFE s »MESET
Hotz. —F, BCg IBWTIHEMT 2 HhinZ <,
FIELHMITIEL DV T WS,

Mot Vv yr—yavik, Boalli»xin
R LETT2HELPTEBELE01HE T L
BELMLATWS, FIFZEHIZL), BE
FELHREOEMIC L 2 v DL s s (FH,

2009). A ¥ MEITEBT ZERT 5 2 HAkkE, (1)
alihzihicEM iR s 285 L, () EHRED
BT 2212 X 2D F D a FOHER, D5 35
NTWaEEZLNG, £TZ0WKAIL, 2 HHON
TERELZS>THMITESTFShTwE EEZLR, db
A6V — R R & AL — RIS EAT 9 2 AT, L
YEEORFE WU TH 2 Z & » 6, HAHEK FILE
»o EHEES NS (Fig. 11). —7%, [H¥ERETH 3
BCg TR ) o TGk, MENZA Y =V
F—YavVERBELTOLWED EEZLND.

BoxV=zvy—vavOREED 79Iz, HitN—
LIBWTH ORI ZITo 72, Z OFEE, AL
~HRH &AL~ TR WER R b vt 2
WEM EOBIZANTEIICKEWE+cm 7 720
EME4CMELIZLIZE2DDIRAL, B%F5
CHAEEFNICER LB RO RBRITE > THE LT
B o Hpiiii s w2 /EeMEsd 5 (Fig. 11).
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E72, WHEL—HHOEDPIZRO LB D5, A XV b
BOXIRINIERT WA BRDOENT NI &1
HETH 2.
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N34°W
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6. 1RV MEBOREER
ZOBHOEMHERYF» S, EROENERT
Bkl osfg o iz, £ 9, ECgl ~ ECg2 [ 0 2 $f
M5 b BRELL 72 KR 2 6 13 AMS"C 4R A58 i 3
BEL T, 28R (Kse 1, Kse2) OEIEELE (20)
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Fig. 11. Diagrams showing gravel orientation and estimated flow directions for ECgl and ECg2.



1%, 1304 ~ 1422 cal AD O HF TIEIEEHE L TV 5
(Table 1). L2 b, ZOikO—>2 DAL ECg2 ©
BH¥ETHoT. Lo TECRIF 4L dLIIZER
DIRRIZHE LT L EZ2005%LTHS S,

—7, ECgl @ &% H & 13 3 SEHERE Wy T 1 M i 2
Ao itz (Fig. 12). BRI B g S LA
Rl O KB RICEEZ KB LI L 25, Z
N EFEOHRR (6 HEAL A3~ 17 0 al 2,
1550 £~ 1630 4F) 1T/E b 7 HFL (Pefh) ofEss
mEMES NI, & oT, ECgl DEFHKEMIT 16 ~
17HACH LB ZNBBEL L5, BARBITEWT/H
T FE A <o /N AR V8 VD P R I I 13 3 T
FELTWzZ L2, 183 FicHivni: [ZEABK
=] »OMERTE 5. SRR S iR, /D

W7 O o 0T 72 PR 2% 23 /0N FE A g 12 e
SN, 2ok, BEHEHEEMIGRELLFEZONS,

INLEREPRTERBEH C 2 CHREEYE
TEEKRETZEMMEENTOLOTH-T, ZOHD
EMERERZRT EBEZITLW. REL, 20X
LMEEZATOT D, EHEREREYHIERET 235
MT5ZErD, ECgl, ECg2 & HIT 14~ 16 HHH
LB ZADBRICHRAELIBHANY M EELZ2Z
EIZERERTFEI T WTH S, S5z, LFRR
PBEORBAEIEEEINRD TE D, TLF R,
ZOMITK S THIBHBEHESMOA TV W &
X, HMEEOHLETH > [ZEABRKE] 50 %0
SR (FEAR-FBH, 1843511 1982) 2 LHiETH 5.

Table 1. Results of AMS "“C dating on wood fragments from talus deposits in Koseda coast.

* Depth from 13 Conventional age Calibrated age (20)
Sample no. surface (cm) 8 °C (%o) (BP) (cal AD) Lab code
1304 - 1365 (73.6%),
Ksc 1 45 -23.83 + 2 IAAA-140279
s° 8 O 1383- 1409 (26.4%)
- 0,
Ksc 2 110 -23.79 + 25 1314 - 1357 (50.7%), IAAA-140280

1388- 1422 (49.3%)

* : Sample locations showing in Fig. 7.

1.cm

L L] e
tem d

Fig. 12. Occurrence of typical outcrop (a, b) and discovered the early modern pottery fragments and

reworked pumices (c, d).
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1. ARV IMEEAEH/-5 LI-DIEBEREIBERERL?
EFHODFL L 724~y MR, (1) PR/
HR O L EE OB o 5 2 L, (2) B
il b BAEDULIIFIE T DREFELISL D b D IFFEL LW
2 &, (3) BREHO/NMEREMAATT I 3B i E
PEELEWZ &5, Wl biliisnicE25
Ns, FLT2BDA Y B DO IGHI A3 14 ~
17 AT EARGE L 7235A, 2R W & B <0 i 7 1
1%, BEEIZIERC L RTIRIFE L 2 13, 7272
L, WB-1 QBRI Z DA <> M & R &
HL725E100%, AN T RE L 2SI E X 5,

IKERZEA I BT, K 4 X IRE) & BT L
DPEIEITE v (FE, 2009). L2d A Xy igE
IR Z AV Yy F— v a vy RO LNS Z LIFH
BTHD., TNOIIHHEME AL S N TELRIREE & &
D, KRV FERE S TOTEMHEY 2EREL, 2
NE N TN T LHEFICEB LI LEZ D
DVHEBTHH).

BAETIE, FEIHEH O 2382 O 2 Wi 3m
FROWRIRWITTFHOE2 5 60 4F1F EHEA TV 87
MOFRICHEMIZLIEZS, ZhETHREL
BEORERIZIZHE L LSBT 7 ) W 2o TS
B THRD Z LD oD, BROMEN ED - TR
TER Lo EDZETHoT. HIIHFOFEET
b, BFE 40 EFPEIE 2 BEEERIZE VT, /D
TR S & 2 T L 72ER I TS EiF b
LHBIT T o EEITT V., W2, mAFE28 cm
DOEMZEE 65 mMis £ CEM L, LFEREIC T
HERE % 7 S ELTRIR oAU, 2k 100 £ Z DRI
HRLIERM EOBED D D, b L IZEXRER
BHFH LTV,

HWT & o TREE BRI AR S ufz &
i, ZTAETTIZHL LN TWDS (Moore,
2000 ; Nanayama et al., 2000 ; /\ K T, 2000, 2001 ;
HiliE 2, 2003 5 $£BE, 2009, 2012). il z21E, ¥EE
BRLEToiTs LB oERE & LT, CRHiIE2
(2013) B X ORI (2014) BT 5N 5, HiFEL,
2011 4EBACHE G A HEPPHBEE 12 & 2 R s sk L 72
SERERRITB VW TEECHIEO BT R EFE L, WHEh
e D I & ok CRE T 182 m o EEMERE B CRER L
22RO, HERLIMD 70> T FT CHEE
R ZRO Tz, $hED, 2011 ERWPEOITH LT
DOFER %, FHE, FHE S L R Ic o TR L,
R OMEEEHEREY OREIT OV THERL TV 5,
{ZFhE 2 (2013) %2R T 2% 61F, /INEHEZEO A
Ny NI, PEENT3EZA TDILOBEX A

TINS5, BERA A 7 TIEKEE (64 ~ 256 mm)
DA LIREE 2590 mTH o DIz L, ZDOHIM
DEPIR KGR (Z O R T D EIKER) 13 55/IME 7.5 m,
HAME154m THhoTzEfE S TVD, FER
256 mm <) R 1HlOHET=2BIDLVDOD, &
17 LRSI 3.0 m ISR L, ERAKRE 71 m TH -
TEfESATVS, CRHE, (2013) O F & DT
BIK%ER2E, ADZ T 7 TIHEEEELBNOW EEIC
WSRO 550, B DY T 7 TR L B
R & OAEBIBIRIE 2 R CIE 2w (Fig. 13).
Z OHIFIRVERR I B 72 B 7 — 2 3R s T s
D, A LOHEOERL L INTIEWEL WS, il
IR D DR KR R HEE TS 2 BRI S T
WEWZ EHHETH S,

AR TEETIZ, Z OHBIKIZE 4 2345 72 N
HigFEDOARY MO T — 2 2 /YL CHEmT 2
(Fig. 13). K% & ¢ ECgl DEE 70 m I IR
REED H/NME TS m B CIie KB 154 m ZINHE 3 5
E, W E RN 145 m, K 24m EME S
N, REEMUCEBEE 0 EC2 ITHEH T 2 % 61,
ECg2 D 6.5m 12 KB B 1) 2 FHEHIRKED IR/
B75m R CRAMIS4m ZMET 2L, HEEHE
BN 140 m, K219 m &% 5, BEICE) 5HE
WARKIE T m ZINE T 2 & HIEWH &I 136m & 7%
% (Fig.13). X > 7T, ECgl #AE U S %2722
145 ~224 m OEWEFE DY, BECQR ZAEL IV 27D
1£13.6 ~219m OHEE BB L % 5,

BL. ZoffidHiig =& o EMFICK S { Khds
NBETHL L, ik L7z WB-1 OB b Bl
TS RBLOT, AFTRT 14 ~ 22 m OHEEH:
Wmix, FHENETOSFHEIBE LW L L
kL.

2. ARy FMEEE H -5 LT-FE R OIRME

NG 2HEDA XY MREESERERICL o TH T
LaNT: LARELIZGE, ZoRIEE LIRS
SLEHE N 7 7 TRAET SWHERERMERN, b L<
ZRF D VT T EKITHE D KILPEEIE A2 DR & L
THIToND., BEIZOWTIL, BEERIER D v
FIDOBKITHMONTOWEWZ Lo biRans,
BABITIIERER E 25 CELHIENT A
EnL, ERENIIET B MO ATV, B
REEIZ B 2 BAE COMETRIL, 1960 47 U Hi
B (Mw95) HIIZEoT, BABILEIIZH 24
JNEEFITB W TBEMEHEL Do T 2 E LT W
L2D0ATHL (WIEHEOER, IME). LrL, B
BEFE I Ha R0 O REICEERI RO T ), 20
BRI OAATW, 72 TFEESEEL (2013) 25
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Fig. 13. Relationships between upper limit of well —rounded gravel transported by the 2011 tsunami
and tsunami run — up or inundation heights (A), and between the upper limit and inundation depth
(B) in each size and classification modified after Nishina et al. (2013). Dotted line and dashed line
indicate the altitude of the gravel tossed up by storm events.

BT 24513, 14~ 17 HATITHE L I BEREE TR
NBITEELRIZLT LS 2 D%, IF520
B E L THIT NS,
<1361 4£7 A 26 HIEFHE (M80 ~ 85) & H
FREOEE N I VEARMBLEZLATVS,
<1498 4£9 A 11 HHH)IEHIE (M83 ~ 8.6) & K

FEOMWE N I VERMELEFZ LN TV,

< 160542 A 3 HEEME (M7.9) @ #EBEIZK
UCRS R/ B L 3230 5 2.
ik, FEiEN 7 7 OMEBCELTVE T2 AED H
SRnTWD (I, 2014).

1662 4 10 A 31 H Ha# (4h) HIEEEE (M7.6)
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Aol LcE s S, N ZEN %
o7z,
<1707 £ 10 A 28 H ® & 1 B (M84 ~ 87,
Mw9?) : F¥E k7 7 TFA L 7o) R E oA
BLEZONTEY, RELHKRIFEEEH
LM E TORFFNEL» LW AMIcE T, &
LIZRIFLIEEZ TRATZES NS,
< 17714E 4 B 24 HAFE UME (M74) @ J\EILF
55 5 5 A S 12 20 Tk 30m 5 ol s o
B DM LT, BB E TR ) 2
JHET 2D 5.

1662 4E H [ #HEE (M7.6) 1%, HIECcHRAELT:
BRDCRR KB OME & S s, IR LN OIE
i) 2 & KIEE SRz B, & XERTALE T4
~5m, EMHEMTET3~4m, FEHREBMLET2~
3mEFEESNTWDS (P, 1985). 1771 -4 H 24
H\E LB T AE SR CHRAE L, AEHE T

L DA DBRDOENEDHDOD, BABSLHETET
OHWEIIHLNTOVRW, ZhLDOHT, EEHIZE
WCEARN 2 OB ELIR 2D 2 D%, 1605 4B
FEHEEN & 1707 ERAKHEBRBED 2 O2DATH 5.
HIZ IToWT, BEEEIHRCHMER X, [E+NH, HE
X OPHHZUHERR, BZEERKH, Ab%x5b
Hufee, A EERZ Kl =1 ] L OB H 2 Z L2 b
KFE s 2 & BEEE 55 12 20 1 CHEIc B b Tz & IR
ahd (PR, 1976). BEFIZOVWTIE, HEFHRE
AT EEIT [HERAKR =R E R ASR T
R LOFLBADH Y, BFEBIZEVTS~6mD
HNESD o EHEES R TWE (PB, 1985).

WEFIZERE ST (Mt~ 7 7 OERMIEE TV
MEtas] A320134E3 A 18 HITHRFE LB 7 712
B2 WEBEGEERHE (Mwo.1) ZBIF & RE
L7cEETlIc L 2, BRERNTORKKSIZE
ABERTH Y, BEFEIZ 13 m, HIFE IR
DEEMEETHY, 17m &S Twd [URL3]. Z
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DER/METH 5 Z L IZRBROTEEIBETH L. 1272
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HddHY, Z0HE, 1605 EERHEER & 1707 48
DF MBI B F DRI H T oL D,

TLED
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2205, 2L QRN LA & DB S
NEFE2LN5, SLIZEFE28m bOEMEE
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AMS"C £ B &k CHREER 0 bkt o 4 XY R TH
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