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Sediment lithology and chronology of the HK19 core from the

eastern part of the Izumo Plain, Shimane Prefecture, Japan

Koji Seto', Kota Katsuki'', Toshimichi Nakanishi’, Toshiaki Irizuki’,
Tori Miura®, Akira Hayashida®, Yoshiki Saito"*

Abstract: Detailed lithology and tephra records in core sediment (Core HK19) from the eastern
end of the Izumo Plain near the mouth of the Hii River in Shimane Prefecture revealed the
formation history of the Izumo Plain and paleo-events of volcanic eruptions and great floods.
Accelerator mass spectrometry (AMS) “C dating indicates that sediment accumulation began about
10.1 cal. kyr BP under the low-salinity brackish condition. Once this site was under an open bay
called Paleo-Shinji Bay, the bay had shifted to the semi-closed condition by sand bar development
around 7.5 cal. kyr BP. After that, the laminated sediment started to be deposited in core HK19.
Three tephra layers (K-Ah, S3-fa, and SOh) and a remarkable reworking of the K-Ah tephra layer
were deposited in this laminated layer. The Sanbe (or Sambe) tephra units (S3-fa and SOh) occur
as crypt-tephra layers, which were identified by soft X-ray and extremely high Sr content. The
reworked K-Ah tephra was deposited around 6.86 cal. kyr BP. A correlative reworked layer was also
found in the sediment layer of Paleo-Shinji Bay beneath the Shimane University campus east of
Lake Shinji. This suggests that there was a huge flood in the Hii River basin at that time. The site of
core HK19 was rapidly buried after 150 cal. yr BP under the progradation of the Hii River delta by

the “kanna-nagashi” iron manufacturing activity.
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59 (HB2 77 ik« flife], 1996, HS02, JZ01 377 1 [l « &%Z, 2006, SB1 177!
IKEFIEN, 1972, HkSAElA, 1996). FIIREUSHIZE TS (Bim 20m LK) Z27R9.
Fig. 1 Map of the studied area with core locations of HK19 and previous studies
(HB2 core: Nakamura and Tokuoka, 1996; HS2 and JZOlcores: Yamada and
Takayasu, 2006, SB1 core: Mizuno et al., 1972, Nakamura and Tokuoka, 1996) .

Solid circle indicates the coring site of HK19. Open circles indicate the coring sites

in the previous papers. Light gray area shows the Izumo Plain (under 20m altitude).
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Fig.2 Photos of the core HK19. The numbers under the photo show the composite depth
of cores (m). Yellow and Blue triangles indicate tephra layers and Corbicula japonica,
respectively. Core 50 was obtained from sub-hole, its depth overlaps between the lower

part of core 15 and upper part of core 16.
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#1 HKI19 a7 OHEREHEAR. @@ “C HAX, (b) 77 T 4K Main 2 Sigma (ZFHEL7ZBRICE-> & E

Probability H¥ A -7z 2 sigma OEACHIFAZ 71T

Table 1 Dating results and tephra layers of core HK19, (a) *C dating results, (b) tephra layers. Main 2 Sigma

indicates the interval of the highest probability age.

Median  Core Depth in core Lab. Code ¢ age 3c Calibration Calibrated “C age
Depth (m) Num. (cm) Material (BP) std (%o0) std data set (cal. yr BP) Main 2 sigma
5 6 15 plant KGM-Owd200004 196 26 -29.6 0.6 IntCal 20 183 141 -222
10.36 14 32 coal KGM-0wd200005 155 25 -22.7 1.1 IntCal 20 152 167 - 230
11.385 50 10.5 wood Beta-647442 640 30 -27.62 IntCal 20 599 554 -614
11.42 50 64 wood Beta-647703 820 30 -26.37 - IntCal 20 717 677 - 7175
13.19 18 52 plant KGM-Owd210081 2428 44 -34.8 0.98 IntCal 20 2480 2,351-2,543
16.5 22 38 leaf KGM-Owd210082 3853 38 -32.85 0.57 IntCal 20 4275 4,221 - 4,408
18.5 24 62 leaf KGM-0Owd200006 4725 32 -30.6 0.7 IntCal 20 5463 5,325-5,409
20.63 27 21 plant KGM-0wd200007 5807 36 -30.69 0.48 IntCal 20 6610 6,496 - 6,676
22.4875 29 29.75 plant KGM-Owd200008 6497 34 -11.39 1.19 IntCal 20 7377 7,322 - 7,433
22.74 29 59 leaf KGM-Owd200009 7001 48 -36.51 1.48 IntCal 20 7834 7,709 - 7,934
23.1775 30 21.75 leaf KGM-Owd210084 6635 39 -29.01 0.6 IntCal 20 7517 7,461 -17,575
25.16 32 41 leaf KGM-0Owd200010 7189 35 -13.1 0.6 IntCal 20 7993 7,934 - 8,039
254175 32 66.75 plant KGM-Owd200011 8549 39 -25.77 2.01 IntCal 20 9525 9,479 - 9,549
26.995 34 48.5 leaf KGM-Owd210085 7826 76 -33.25 1.73 IntCal 20 8625 6,839 -6,474
27.97 36 47 plant KGM-Owd210086 8146 75 -32.89 2.02 IntCal 20 9102 7,369 - 7,026
32.555 41 13.75 wood KGM-0Owd200012 8867 43 -28.9 0.9 IntCal 20 10001 8,975-9,318
32.8975 41 48 plant KGM-0Owd200013 9017 39 -29.5 1 IntCal 20 10205 10,144 - 10,246
33.8 42 21 wood KGM-0Owd200014 8956 38 -30.5 1.7 IntCal 20 10119 10,113 -10,225
(b) tepha layers
Bottom  Core Depth in core Calibrated '*C age
Depth (m) Num. (cm) Material Deposit (Symbol) (cal. yr BP) std Reference
Sanbe Taiheizan pyroclastic deposit : Albert et al. (2018), Maruyama et al.
16.245 2 125 Ash Sanbe-Oohirayama fall deposit (Th-Pd, SOR) 4036 £ 32 (2021)
. . Fukuoka & Matsui (2002), Albert et al.
18.635 24 75 Ash Tsunoi-Ash fall deposit (S3-fa) 5501 + 20 (2018), Maruyama et al. (2020, 2021)
21.36 28 4 Rework Ash
2251 29 1 Ash Kikai-Akahoya (K-Ah) 7253 46 Machida and Arai (2003), Maruyama et al.
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Fig. 3 Lithology and age of HK19 core. (a) Depth plot of the core lithology. Horizon axis

show the grain size (med, silt, very fine sand, fine sand, middle sand, coarse sand, very

coarse sand, granule, and pebble). (b) The depositional age of HK19 core based on *C

and tephra layers.
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Fig. 4 Typical sedimentary structures of HK19 core by Soft X-ray radiographs. From

the core bottom, (e) dark gray massive mud deposit with clear white layers, (d) dark gray

massive mud deposit, (c) dark gray laminated mud deposit, (d) dark gray massive mud

deposit, and (a) interbedded mud and sand.
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Fig. S Photo (left), soft x-ray radiograph (center), and major mineral components (right)
around (a) K-Ah tephra and (b) K-Ah reworked deposits. The number on images suggests

the core number and depth in core of the soft-X images.
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Fig. 6 Photo (left), soft x-ray radiograph (center), and major mineral components (right)
around (a) Shigaku-Ash fall deposit layer and (b) Sanbe-Taiheizan pd layer. The number

on images suggests the core number and depth in core of the soft-X images.
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Fig. 7 K-Ah tephra and K-Ah reworked deposits
obtained from the open pit in Shimane University

by Russian peat sampler.

HK19 2713 2 7 % 23.03 m THURHEREYI D 5
I B D RIRIEEHERE N\ E HEREHADE D S (X
3). MRRVEEHEREY 3R X B omm FRE O S L
CARBEEMMEO R UM LZERMETH D (X3,
4), TOXSEMMEHEMEEREIN TS L
&, EPEELZZ ZICK DR R MEEINE
Mol ERRLTWA. TS AMERREEIZK
JEED RS NV EEL, KRR VT
BIKIEENOIELEMHANZ U < EE OB
DIROHIE TR E NS0T W (FEIR, 1995). fRiIk
T EHEREY) DO HEREBHAAAEAIEAY 7,460 cal. yr BP TH
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D, HK19 a7 OEREL T 5 HEFE iR,
C ORFEIICIIR GEE) MAEMESUKICED N
TEERLTWVA. #98,000 fERTOHEKYEEE —6.5 m
Thb, ZziKED EFICEy, HREE &M
N2 NE R E LM & B ERICERE N T
7= (&2, 2019). HKI19 O 713 O 70EEOh
R H 25, HKI9 A7ICHB VT EH KL 23.03 m
THIRALENDE NI 50 (BRHIZ D, 2022),
#47,500 £EH{H 5 7,400 RIS AN T T HZEFEEF PSS
D7 TEFIHA LRI 2L, SEiLTEbhd
MCIAT 5. @i (2019) 1ZTh b DZ b2 sk
BEOBINCH T 5 THEREWINDFEGEL,

FEVE OISR DB E o Tefz b2 EHERIL T
WA A, HKI19 a7 OF5R & BABE/KIEL 2 =T %
EDTH%5. K-Ah T 77 BXCZOHMRE, —
A HERE R ALK & SRR ILEE R KL D 4 8
X, TORIREEHREENICEENTED (K3),
PEASERBEO N FEE FTHER L TV 5.

HK19 I 7 OFPIRMGEIERE 12.69 m £ THERE L,
BEZRE 12 m IS TSR RD,
INCHLRME & 7% (K3). bbb, HEE 12.69
m OHERAFAR, #7 2,100 cal. yr BP X TIEJENE MR
b9 2 BABHNTUKERBE M MkRE L, Z DR IEBICE
JEOABZ LN TN TS, BUIRHEREYE &
REE 1036 m, $J 150 cal. yr BP & CHERET 575, IF
14T mbH 5 1137m DR (K2, Core 15 & 16
O BN THERYI OOV HEZRETE S, C
DR % S FUCHERE Y h ORI L3R 36 X U IR R
BALR P2 L TH O, MR~ x2 A b
OFABRMNAE LI LRI NS FRHIED,
2022). 9L BEMNDTHEFEHZEHRL T\
PRI, HANRNZEZ, REMCZTZXD
Iz T2 2B A N> b (BERIE D, 1990,
ZEh, 2000; JEIE A, 20065 FAF 2006; (L ¢ 5
2, 2006) M ORiciEZEEZS5NS. HIfL
@ HK19-50 2177 ()5 10.92-11.78 m) O REBTHE
{EROEELRZEDHZEINTED, ZoE | (%
JE 1142 m) O 14C FEFEFEAA 1,175 - 1,273 cal.
AD (775 - 677 yr BP) £ 75> TCW5C &b, T
1200 FERIC K E RIRBEEE DD > T T E R E
N%. HK19 a7 EFOGE 1036 m LUK TLE, 7
VA HERRY) & b2 kb 200 B E D HE
FMLTWaBD, TOEUER 150 cal. yr BP DIRRICR
HICHERE LT3 (X 2,3). PHIE 1700 FERBED
5 1800 FEUCHMIT T, ZER)INRETEMAZIRL
WEATL, ZTORSREIRNFEZ ZGER MR TR

'%
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72U UK FEL TS (K, 2010). HKI9
a7OEEEMAGRLUCK DML 22RO TR
WERNTIV R EFHES S SiIc K O HERE L 728
WThHiHEFA5.

KUK B DERRLE

HK19 a7 OFIRIEEHEREYIN D 3 DD XILIIKE,
VRS 22512249 m O K-Ah 7 7 5, )& 18.635-
18.63 m O = Jffiff HRFE NP, PR 16.245-16.23
m O =R LR SALIRE, KA CHEREES N
ML PR JE (Albert et al., 2018; Maruyama et al., 2019,
2020, 2021) & DFERXEZ{T o 7. HK19 a771iC
BlF % K-Ah 77 T DA |- 22488 m THRILE iz K
Frix K-Ah 77 5 DR (7,253 cal. yr BP) & [Lig
LTHEEXZ 100 FHWERE (7,377 cal. yr BP) 7%
AUz RO, —h4T, KAMO =l E
DOEMRIE HK19 a7 DAL D R ZFEARIXF
EF—E L7z &1, ®3). KAMOHERYIHIC RS
Nz =LK LR E DA FRIE, Albert et al. (2018) &
Maruyama et al. (2019, 2020) [ CIEGLD A 515 D3,
ARG Tl Maruyama et al. (2021) O BFRICHEV, FEB
D =R PR 22 R Tk, o =L
T 7 2R SR E Uiz, AR AL
KD S AER] - M (2002) ToRrENTZE D (S3-
fa) ZfH L, KRFELFENALRKIE NS DM T
RENTZE D& LI GRD. KAMICET S
fHRE R ALK OHEREFEARIE 5,501 cal. yr BP, K
LLFE RALR DA 4,036 cal. yr BP T % (Albert
etal., 2018; Maruyama et al., 2019, 2020, 2021). HK19
a7 CEAHREENALPOE EEE D 13 em FESTER
U E NTZBEDFEICH 5,463 cal yr BP, K FLfE Rk
K&K D 25em TEBCERELE N7 ED (LD 4,275
calyrBP Tho/z (FE1). TDiz¥, HKI9 a7 T
Renie=bkedEo g LUpgEd/k Al cEREEE
kRE EFE—DEDTH D, AR ALK
KORFELEE NKILRIEIR T 7 5 TH % T & hMil
AB.

TeRZE AL ZHRILEIRO XK FEE

HK19 27 TR N ZHUT 7 5 OREDO—>
ELUTC, RAIETORENH LN ENBITFENS (K
2, 6). TNUIHBZ S < HETE RO HERY)IC L
WUTZRMTH O, HEFIHEN 5 IGEW - dhifg
KT, K-Ah 77 5 DOMERNIEZ VD (B2,
HoRS « B, 1996 5 —HRIZ A, 1996 5 1L - /&7,
2006 ; HRf, 2006), =JRILT 7 T OIS IERE R
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TH3 (IR, 1972 ; =i - ¥, 1991). HKI19 O
7 THROHNZ2 BO=LZREE T 5T 7 T8
St & EABEEIC E . HKI9 I 7 Ok HEfS g
TR T 7 I EUND St DT > M
M 1,000 HiE TZELTED, AR ALK
JE D 10,000 DL I & =HRAFE LIRS R LPE D 4,000
DED St Aoy MUIHR R TH S (K6).
—75TC, K-AhF 75D St A M LKA
DEHEX DITEWVDY, Z DMEIX 2,000 55T =JHFLE
DT 7 L RTHEMIEY (K5). =L
DIRE R—LIE 7 ZHA MBI NS S0 TR
TN, EVSYY LLEBRWY BEZFE>TWS X
BFiZh, 2018). CHIEHEEEIRIREDTL— )
EoRlfR LT < 2L TWa =Ly XA
TR THS. TDIzs, ZHLDT X H
ARSI EOEH LT 7@ Stz S
DEEZONS. HEVFEICHERTT % LD
T 7 I IIHERYIH O St BEENSARBICHITT B
TEMNAREIZEE A 5.

T hHRVYEMBEROHBRER L DT

HK19 7 ? 21362134 m THENB K-Ah 77
T OFHERIE, HER AR ORI 7RG D
Rl chHs (K2,5. HKI9 a7 THHNS
K-Ah 7 7 Z 3 SR O FU-> i H R 0K AT
ERONBIEMT 75 THSH (IgEh, 1998 ;
Albert et al., 2018; Maruyama et al., 2019, 2020, 2021),
K-Ah 7 7 5 O FEHEREE 13 fihis h 5 O H E 0
TS HMEMGORMNEAN NETH S EH
ZHBN%. HKI9 a7 OfEY) “CHER X D #EH X N
% K-Ah 77 5 FHHEREE O HEREFRIZ Y 6,860 cal. yr
BP THh5 (F£1, X3). K-Ah 77 5 FHERE I
LR (K1) OMANEBFO BB IC B W
TEMEINTVE (KT, BEREORENED
KA B Al > 2—/T) TlE, 5 -25m
I K-Ah 7 7 SOHERE L TEB O, ZD Bikss
23 mICK-Ah T 7 T HHERED R SN TS (]
JFIE A, 2022). K-Ah 7 7 5 HHERSE W HERS L 7=
WX, BIEHZEEE DD 2 it Yy o &
IS HARHHC W2 TH - 7 (TR IE
7, 1990 ; Hikf, 2006 ; w2, 2019). HOREA
EBICIEZEBH I & A DT D 575 % 7 )V 2 hVFEE
L TWz. HKI19 I 7 HVERELE N7zl b 7REs
OHRYFRICH 20, BARRAE HEEE O BnEhIC
H1-b. K-Ah 7 7 F EHERERE Tl o LK E &
Bz, BEETETHLTIORY Y N ENT
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LEEETHE (K5, 6), 6,860 cal. yr BP |CH!
[ Lt DR & 1| —FF I HERE L T U7z K-Ah
KLY, BZ 5 IFSEN -« kic X - THREDE
WKIRA L, BNREICHERE T 2 R VA
L7zDOTREVWhEEZENS. K-Ah T 7 5 Hilff
i, THENEIOREEETHIEEO2K
& LTHE THAEGHERYIZ R S Ny (K5, 7).
AU G RFDZEFH [0 1| DR A B A
HK19 7 HMRELVE N7zl K 0 sz < MR A HEREY)
B> T2OMNERNTZ EHEIITE 5.

—7i T, TNFE THEFEHLREMOHERY) Z
W T2 ATHZRICBWT, K-Ah 7 7 5 FHEREE D
WEINEHEMIFEELEZY. L LENS, FoE
W« g O IEHEREY) 72 > TKERIZ A (1972) 13,
SSEMIPEE TR S NzRR SBLIC BT, a7
5103 m,98m,93mC 3@DT 75 CAILIIREHE)
HEFEND EHE Uiz, KEFEH, (1972) Fhs
DT 7 Z %2 =l 5 oY) Tldmnmn EHE L
7eh, FO%IATEHEE 103 m OT 7 FIEHK - fl
i (1996) IC K DMFEN, KAhT 7T THsC
EOERE NIz, R R T ISR - BER (1996)
IC K BOHIHCIZ 98 m & 93 m DT 7 Fidkbh
TED, INEDTTINEATHEDNRHTH
DM, ATHENHEZ B L K-Ah 7 7 Z HHERE
ATV BHRENIE T0IcdH 5. iz, Hkf - 8
i (1996) Tl& SB1 a7IcHlF % K-Ah 77 1k
DIERRD, ZNE THaEl - difgis ek Tl
SNTEAEN R ER > TED, [HUREMAND
KB OLHABELNTZBPI T EEEE>TWY
BT EEHASMLTVS. [ CHIEAICINTIE
CT 792 3CEMaENREs LI3ETH 0GR
Wes, R - iR (1996) 1ZAERTTBET O FERRE T
MRAEETE LE LT3, HKI19 a7 R B AY:
THROLNTz K-Ah 7 7 Z HHERE I3 EHE S FEN
BT H 2 =DM TH o, K-Ah 775 EIC
LT VW EEEZ B E (K2,7), BP1 a7 %z
BUIRATHE ORI DWW DML K-Ah 77 51
HEREE 72 K-Ah 7 7 L 3B L CO T2 aTREME D E 2
5Z%.

HISESEEF SO SGE M Tl & N A HERIRTZEIC B
TK-Ah 775 ThsLHEINBZFEDN, 20D
HifHT1EHETH SR E LT, A e S HE-
FOE IR ORI ZEDIE & A E D —D D7 THEH
FEBEIESTWAizd, a7 54 T RIOHEREY)/RE
MR S NN EMBRTENDZDTIF R0 &
Z6bN5b. RENCTEHH R Z I L T 2 HRHE
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BRI BV TE K-Ah 7 7 I EDOh > T
WHIB B SN TS BIAE, HB2 77 Hikt.
PR, 1996 5> HS02 177 5 (L « &%, 2006).
EHFIC BT B IEREGHERRGS - MO LE 2 R
T B 72HI1iE, #EENRR— 2 TR ORI AR
AIRTH O, [A—HIcBOTEROR— > 74
IC K BAIRHEREYI DL E & 75 % b5,

T & B

ZFNA 5 < OHMEFEH RGHRICB NV TEE
3471 m OFERMERY AR HK19 a7 % 2019 4 1 A
ICERELL, HEREEF &7 7 J OERETT- Tz, HERE
JE R B K U X B EE WV CHERR L,
HEREEARIE M A o C HERB X T kikz T
POE Uiz, R—1  FHli S0 I s O 58T
FAHERTYIE 49 10,100 FFEFTICTUKIREE T THER 2 5
U7z, 7,560 4ERTH B 2,100 4ERGIC AT TEASHMY
TRVUKERERE T CHIE GBI IIESMIRSENRZE L,
TRARHEREINIC I HEREE 1 DZ B3T3 EOT 75
E1EDOT 77 OHMEREN RS Nz, 7,250
ERTIC K-Ah 77 I HERE L, 9 6,860 4FRiTIC Kt
KICK % K-Ah R EDNHERI L7z B2 5N 5.
Fiz, Lz E 9% A R AL E &
SRR R LR A3 5,500 4T & 4,063 4
MEFNFNHER L. ChSo= izt e 3
Z KK AR TR LI < vy, St 2% <
BETBD, StICKXBBRNAHETHS. iz,
HINITH 578, X G ETIEMLIKEZ iR
THENTES.

E

ARWZETIE, a7 nENcH iz BRKAREET
EA AR B O E BICB Wiz T2 vz, EEH
HEFEMIGE TOFEMRAETIERY T 2o &—
EICBMERCAR L £ L. AIRICE, BIERA®ET
AFaT7)—WEty2—07ay sV N8RS
TSR PAR AR BB E G A, BFZEAR
K£E e, FEE S 21H045221C ; KA C,
WEZEARERE - FHILK, &S ¢ 19K039951A ;
B, WFAMERE A, HERS:
18H01310) O—FZfH I TV iEWik. £k,
TCEAWE @SRRI T et 2 —0%
EEF A BIRE S 21A041) & LTiIrbhZE
U7z, JeESITIE @R ORI LBERICE Al 20
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iRz, iz, WIGEANIRE, MBI
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