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Changes in Provenance and Transport Process of Fine Sediments in
Central South Sea Mud
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Ao dEEo] Sle dlsdUdts SAHEEES
102 4HA vk 22y YA HAAE FA 8]
RO O B &Y 850 FaHoksty] widl, 3714
t sttt B dFolA e FasdUAd HA=Y 7194 2 HAE 7Y
913, 16PCT-GCO1 3 16PCT-GC03 ojol s HEZE 2 FHEAL
g Ee sujcho|E9| ghgpo] E1, s} meg Azjo| E9| FeFo] Tom
& FhgeifolEst mUyHe] Go| B} @ B 4 HHABLS AL Fe, K7b B354,
1282 Co Mp Na 50] F43ich. miobs FRIEs) FYRULE 0|83 HA82 1UAE 2
Atk AT A3 FelESUdn e Fo] A2 & 3719 H3 d9(sediment unit) £ TE
o} sfjHol 74k %8 A4 7) (lowstand stage)oll NBEE= HA &9 38 g3l RE TF
o] AdF F2 24 AR i AFAYGeE FHE ASE HMH, g QO]WEN
+ 313 7I(transgressive stage)ell AT = HA @9 2= 33t Jo| LA Y=g
9 Yol AfA= 4°EdWQqWWW¥ﬂ°ﬂ W3 s 7o 3ol FAE AT
stand stage)oll 3BE = HH ©9 12 27} S ZFo2REH HAE] sFE B3l A+A
IEH ZoE sMdH.

2
ple
=

X
™
ol
P,ﬂ

r1r -
>,\I :lo
i
X
it
il
A
X

-
e
i
X

im do o
gl‘_"
R
Ir

é_lﬁn

J

"

o}-,]r
fE ol de
e 2 2 e
Lo oy

Yo o
i

tio
4
O:(’){:‘A‘
ol
o
ui

i
rlr
kot

O
10
_E, _LL,
Lo
Hi

N o

It H gy
Moo,

ok mlrlP,L‘i—LJn:Ll

o w4

185 U oo i gk ¢ o ok [ @ o 0 O

lo@
Hﬂ

F20] A=, FAELL, dlTIUE, HH= 7194, s W

ABSTRACT : The Central South Sea Mud (CSSM), developed in the Seomjin River estuary, is known
to be supplied with sediments from Heuksan Mud Belt (HMB) and Seomjin River. However, in order
to form a mud belt, more sediments must be supplied than supplied in the above areas. Therefore,
research on additional sources should be conducted. In this study, clay minerals, major elements
analyzes were performed on cores 16PCT-GCO1 and 16PCT-GCO03 in order to investigate the transition
in the provenance and transport pathway of sediments in CSSM. The Huanghe sediments are
characterized by higher smectite and the Changjiang sediments are characterized by higher illite.
Korean river sediments contain more kaolinite and chlorite than those of chinese rivers. Korean river
sediments have higher Al, Fe, K concentraion than Chinese river sediments and Chinese rivers have
higher Ca, Mg, Na than those of Korean rivers. Therefore, clay minerals and major elements can be a

*Corresponding author: +82-55-772-1474, E-mail: hgcho@gnu.ac.kr

— 235 —



oJFF - Y - FEA - AAY - YT - 28T

useful indicator for provenance. Based on our results, CSSM can be divided into three sediment units.
Unit 3, which corresponds to the lowstand stage, is interpreted that sediments from Huanghe were
supplied to the study area by coastal or tidal currents. Unit 2, which corresponds to the transgressive
stage, is interpreted to have a weaker Huanghe effect and a stronger Changjiang and Korean rivers
effect. Unit 1, which corresponds to the highstand stage when the sea level is the same as present and
current circulation system is formed, is interpreted that sediments from Changjiang and Korean rivers

are supplied to the research area through the current.

Key words : clay mineral, major elements, Central South Sea Mud, sediment provenance, sea-level change
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A

3ll(South Sea)= IS FAFS] SIS 3
o] tuls, GEoE AFEE ddste s
& sjofoz, MAe o 75000 km’E %A 9
Walle Aol ulg- BehA dgEo gl
o} djete 2 4 70~80 mE AAE W
553 JUEESE FEAKPark e al, 1990;
Park et al., 1996). T3, FH 3|7l Ht= <
¢Hs wel B2 S AHKCC, Korea Coastal
Current)$} 2l ZHEH FY=HE hepdR(TWC,
Tsushima Warm Current)”} $AtHFig. 1).

e FHollE As] EEY SAEEE
(HMB, Heuksan Mud Belt) T+ #3d-5u12)
(SEYSM, Southeast Yellow Sea Mud), &3l &%
Fol Jal5YIA(CSSM, Central South Sea
Mud) ¥ 3 FF9 digFUAHEKSSM,
Korea Strait Shelf Mud) 5 3712 £4%< Y&
HAA 7L 243 tHFig 1). 24 U2 §HA5L &
7, AR, GE7 sk F2oll 91XIsh, E2A
(Holocene) &< FAE Ao=Z BUEATHPark et
al., 1996; Kwak et al., 2016; Kim et al., 2018).
=3 RS AEERE EHe e &=
aHsHE, U EAA Y] Aol 7MY EHE
Tado] a3t AR AAEo] YHPark et al.,
1996; Lim et al., 2007a; Um et al., 2015).

ARG FlFIUAUE YEE(Naro-do)
9} &3 =(Namhae-do) A+e] o5l 443}
o, A% s fAskL e R F&
FPoz AZd= o] AUtkFig. la). ez
£ °F 20~50 m FAS] 2N HHER 4,
27t TR HHESEE EXsL th(Park e
al., 1996). ‘Fallsddhe] P43 oF 5 kaoll Al
g Ao By vl 9lOm(Park ef al, 1996),

of J

°

rr

HF HAES o83 7]& ATl 9td 5%
(Geumo-do)E& 7ZAAE AR s Ed
(W-CSSM)¢} &5 el TG AH(E-CSSM) 7
TYo8 FEE 4 thBae ef al, 2014; Um et
al., 2018). Falsddde] FHE 7de O
YZE} vusie] 2 Fals dolgiA|nl &
el 4Z(paleo-channel) A7} FHSF U
B AFES0] Y ATKBae et al,, 2014; KIGAM,
2016; Um et al., 2018). Bae et al. (2014)2 B &
Eo Ux, g, TIE 5 BN BHS 5 5
F sl Eduddie A7 FUo2RE, AR @
qFPdUdt = SAHERE A HAEN Fo
74 frecERE fH BHEY SAgT B
aatth 28y SAEEENA Al3EE HF
2 FASIAES B AFE] A= ANEHA &
UTHKIGAM, 2016). Um et al. (2018)2 3| EFR
dAro] BE BEAS vigo® TR Jaeduyd
e A FHoZRE 7]ggh Wi, A% d3)
FTYUAY e S ERES AFd HHEC] F
H8 Aoz syt 28y o] AT A= g
ER 94 st AETE o] 8ate dAEa,
FH A THE FHE| Ui AFEC] 34
HEHES] = F2E 3= A BHE 719, s
© S A% S5 7 HAEY 5 71deE iy
3}l QOB Z(Lim ef al., 2007a; Cho et al., 2015;
Kwak et al., 2016), 3Agt B AE 71947} o] 54 =
of sl F7H41 A7 28 Zlow ddd:

B ATl dallsdudedA g5 271
o] 310] EAEo tste, HEZE 9 FAHAEAL
T 7S ARE o] &3t EAE 7UAE W
o, dalFdUAg e H48E 9 545 1Y A
29| WslE golR iz} ST
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38°N
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34°
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35°N

128° 129°

CSSM : Central South Sea Mud
HMB : Heuksan Mud Belt
KSSM : Korea Strait Shelf Mud
KCC : Korea Coastal Current
TWC : Tsushima Warm Current

125° 127° 129°E

YSWC : Yellow Sea Warm Current

Fig. 1. Map showing (a) the surface circulation in the South Sea and rivers around the study area as well as
the (b) locations of core 16PCT-GCO1 and 16PCT-GCO03.

NE U o7

Falsdudd HHE] 7|dA] HslE golE
7] 3l A DAL AT HKIGAM) oA B3}
Il 9JE 16PCT-GCO1 (34°34"44.520" N, 128°08"
16.620" E), 16PCT-GC03 (34°32"40.200" N, 128°
09"39.120" E) 271¢] H2~E Fo|E o] 83yt
(Fig. 1b). Z°] 8.4 m2| 16PCT-GCOl o= &
Al 40 mollAl, Zo] 8.6 me 16PCT-GCO3 Foj=
T4 49 mollA 5H AT 16PCT FojEL o|F
HA4, A 534, old us HIJoR FE
Hh GCo1 Zo= 540~550 cm)9} 354740
~840 cm)oll A F- F29] WA o]d EHFS B
olm, 3(550~740 cm)oll AHE A4S 747
GC03 ol #43 o2 EAAH0~480 cm), A
2 F24(480~590 cm), & wT EH(590~860
cm) .2 LERdT

HEGE 9 FAEAL BAS 93 BASE
30 em FHAOE 7} FojollA 29704 F- S87HE A
A & HEFE BAE 93 o] FET 487
o] RARE o]&3dth AMHAE FAEES HE
FE S fdE IS AH0,)E ol 85t
71585 AAT & Stoke’s lawE ©|- g3l HE
£ E2I3lY smear on glass slide WS ©]&3}

sl Ao ARET ALk AR A
S A Aol HASL Qe TES X-
A 3] E-417](Siemens D5005, Bruker)E ©]-83}
of T SAslE 9K CuKa = 1.5406 A)S A&
st EAEGoH, FE 5L Y3l U AR
o thste] o allZe]Z(ethylene glycol)Z E3}HA|
2 3 OA XA SHEA S AASHATE detolE
(illite), =Y (chlorite), 7+&2]L}0]E(kaolinite), 2~
HElo] E(smectite) 5 Ul 7HA 8 HEFE2] 4
)2l kS Biscaye (1965)94 AAlE whg
RS ol&st] ALtE A

FAELLE B4 ABETF 2T 28719 FA]
FE olg3ldoem, 63 umAES o|&3t AHEA
FES Bosta, &9 AEE 10 12 £
% 3|8}7)7|(Katanax, K2 Prime)E ©]-83l &
oA E8AA Glass-BeadZ AZH=HATE A|ZHH
Glass-Beadv X-A #3447](S8 TIGER, Bruker)
£ ARgste] F 11719 AF8HE(Na,O, MgO, ALOs,
SiOz, P205, SO3, KQO, CaO, TiOQ, MHO, F6203)
= A T8

HAEY Y59 HHAtE= KIGAM (2016)°14]
ANZE AAE o] &ttt HAES Y= =
AAAAATAS 7 AEAYAEE T2t A
g 3 golA 3H Y=E47] Microtrac S3500S
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Fig. 2. Vertical variations of grain size, clay minerals and major elements compositions of core 16PCT-GC01
and 16PCT-GC03. Mean grain size data and age data (yr BP) of cores were obtained from KIGAM (2016).

o]-gata] EXFJATHKIGAM, 2016). EZH A=
WA BA B994(C-AMS), OSL (optically
stimulated luminescence) ITHE4]S o] &35te] 4

A= om, Fig. 20 AABATHKIGAM, 2016).
= i

A ool HEFEN FAEDAE L Ta-
bles 13} 20 AU v 714 F8 HEFELS
T 3ol B4 deEtolE, 544, FheEUolE,
2HELO|ES] =02 FHSITHTable 1). YEto|E
= 54.1~68.6 % (BT 649 %), ZUHLS 14.7~
20.7 % (B¢ 17.7 %9 ¥ 7Kt O A=
7+ U ET} 8.6~17.5 % (H 12.0 %)) &
= Bojn, ~HElo]EQ ke 3.0~9.9 % (B
55 W= 7HE bt FATALY BERFS

2 3 4 5 6 7
Fez0s (%)

11 12 13 14 15 16
ALOs (%)

ALO; 12.1~15.9 % (BT 14.2 %), Fe,0; 3.1~6.2
% (B 5.2 %), K,0 2.7~3.4 % (B 3.1 %),
MgO 1.2-2.5 % (B 2.0 %), CaO 0.6~3.3 % (F
T 1.6 %) SO9& YERtTHTable 2).

A, dd 2 J=Es A9E EUE, 79
£ 3719 H3 ©¥(sediment unit)E T2 F
Aom, HEJEI} FHARAL 47 =3 72
HA a9 E AAZ T AolE HRIt(Fig. 2).

B @9 1 (< 76 ka) 6~8 phie HHUEE
7Rl AT o]d EAGCoE 39| 16PCT-GCO1
9] Z5(0~550 cm)<} FH3HH(740~840 cm), ZO
16PCT-GC032] “3(0~480 cm)oll 3NFSch(Fig.
2). 16PCT-GCO019] 3} o]d EHZE 7}
AeE B2 AE 71A7] Wil 54 99 1
2 7)1A8ItHFig. 2). B4 &9 1S tiAZ 43
& HERE FFS 7HAY 3o ARE TP &
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Table 1. Comparisons between clay mineral characteristics (%) of 16PCT cores and those of the potential
provenances

Samples Unit Smectite Tllite Kaolinite + chlorite  S/I ratio (x 100) Reference
GC01-01 3.0 66.3 30.7 4.6
GC01-02 4.0 64.3 31.7 6.2
GC01-03 4.0 65.4 30.7 6.1
GC01-04 49 66.1 29.0 7.4
GC01-05 5.6 65.1 29.4 8.5
GC01-07 49 66.9 28.2 7.3
GC01-08 6.2 65.2 28.6 9.5
GC01-09 5.0 66.9 28.1 7.5
GCo1-10 8.5 62.3 29.3 13.6
GCO01-11 ! 7.2 63.4 29.4 11.3
GCO01-12 4.5 68.6 26.9 6.6
GC01-13 5.4 65.1 29.6 83
GCo01-14 4.4 65.1 30.6 6.7
GCO01-15 53 66.3 28.4 8.0
GCo01-16 5.4 64.9 29.7 8.4
GCO01-17 6.6 65.5 279 10.1
GCO01-18 59 65.8 28.4 8.9
GCO01-19 4.4 66.3 29.3 6.7
GC01-20 5.6 64.1 303 8.8
GC01-21 6.9 65.1 28.1 10.6 This study
GCo01-22 49 61.9 332 7.8
GC01-23 2 42 62.7 332 6.6
GC01-24 9.3 60.3 304 15.5
GCO01-25 4.5 66.3 29.2 6.7
GCo01-26 4.8 66.9 28.3 7.1
GCO01-27 v 59 64.6 29.6 9.1
GC01-28 39 66.0 30.1 59
GCO01-29 49 65.9 293 7.4
GC03-01 33 66.1 30.6 5.0
GC03-02 3.0 66.0 31.0 4.5
GC03-03 4.8 66.3 289 7.3
GC03-04 3.8 65.5 30.6 59
GC03-05 42 65.7 30.1 6.4
GC03-06 1 39 66.8 29.3 5.9
GC03-07 4.8 65.4 29.8 7.4
GC03-08 49 67.3 27.8 7.3
GC03-09 42 67.6 28.2 6.2
GC03-10 6.0 65.8 28.2 9.1
GC03-11 5.1 66.6 28.3 7.7

To be continued.
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Table 1. Continued
Samples Unit Smectite Illite Kaolinite + chlorite ~ S/I ratio (x 100) Reference
GC03-12 6.3 68.5 252 9.2
GC03-13 | 7.1 66.6 26.3 10.7
GC03-14 4.1 66.7 29.2 6.2
GC03-15 7.8 66.7 254 11.7
GC03-18 5 49 66.6 285 74 This study
GC03-20 7.3 61.2 315 11.9
GC03-22 9.4 55.1 355 17.0
GC03-26 3 8.3 54.1 37.6 15.4
GC03-29 9.9 572 32.9 17.3
Samples Unit n Smectite Illite Kaolinite + chlorite ~ S/I ratio (x 100) Reference
16PCT-GCO01 1 18 53 65.5 29.2 8.1
16PCT-GCO1 2 5.9 63.4 30.7 9.3
16PCT-GCO01 I 4 4.8 65.8 29.3 7.4 .
16PCT-GCO03 1 15 4.9 66.5 28.6 7.3 This study
16PCT-GC03 2 2 6.1 63.9 30.0 9.7
16PCT-GC03 3 3 9.2 55.5 353 16.6
13 8.9 62.2 289 14.5 Koo et al. (2018)
Huangehe
4 11 56.5 325 19.8 Cho et al. (2015)
13 1.6 68.1 30.5 2.1 Koo et al. (2018)
Changjiang
3 3.2 61 35.9 5.2 Cho et al. (2015)
Korean rivers 26 1.6 59.3 39 2.7 Cho et al. (2015)
21 4 52 44 7.7 Lim et al. 2015)
Heuksan Mud Belt 78 6.7 64.2 29.1 10.5 Cho et al. (2015)
ATlEs} D GO ¢+ SHAGL T A B} L G F Yl o Folen
7¥el= Zgo] oFstAl UehdtiFig. 2). E3, & A o9 3 (> 713 ka)© 4~5 phi®] AT} o]
B wolsh vlwsle] B Fe, Al ¥ K BFL A HHE

7AW, o] dAEe| e HA @9 29 k=
= Gl tFig. 2).

52 &9 2 (713~76 ka)= 2~4 phi2] AHE EZ
A0 =2 16PCT-GC019] 550~740 cm®} 16PCT-GCO3
9] 480~590 cmell 3NFETHFig. 2). EA &9 2
o] it AEFJE T2 HE 9 17 FAREA
THTable 1), 0] GC03oIA AR= 7l dlo|E
7} 7V, 2~HELO| Eg) RS T U E + FU A
o] 71—/\ }‘— “EE:]E]— ﬁako] ?_]5]1:} §]z4 1:]—_14 2
o] FAEUA F =3 A E HF 9] 13
A, A5 53 @92 71 Fe,0s, K0, ALO;s
o] Z7P7} 1" t(Fig. 2). =] GC012] 4%, =
A &9 2 oHFo HA o] 13 ] B3 o
H 1 AlolollA HEZE FAAELL o] dA

o E_E?‘S}— A52l(lamination)7} st

2, 3] 16PCT-GC03°] H3H{(590~
860 cm)oll At SelEn) B2 o] 3= Jrhzo
252 debolE Pt w2 2EelE, 7k
WolE + 5uy s 7HAH, w429 dE
FEEA drhFig. 2). FAEEAL T o
AZ s, o =57 @9t vluste] 38
w2 Al Fe, Mg 9 K o & EXETHTable 2).

E ol
HEZES O|2¢ EEE 7|9X AH
S UEHEANA 71 FEe FE R = R
A WEREE B3, £, HA5Y Fol A A
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Table 2. Average compositions of major elements (%) in each unit of 16PCT cores

Samples Unit SiO, ALO; TiO, Fe,0; MnO MgO CaO Na,0O K,O Py0Os SO; L.O.LL
GC01-02 594 159 0.8 6.2 0.2 2.5 1.1 1.7 34 0.3 0.1 8.2
GC01-05 588 150 0.8 5.9 0.2 2.1 1.0 3.7 34 0.3 0.0 8.2
GC01-09 . 59.0 155 0.8 6.1 0.2 2.5 1.4 1.7 34 0.3 0.0 9.0
GCO01-13 614 147 08 5.5 0.2 23 2.0 1.7 32 0.3 0.0 8.0
GCO01-16 578 151 0.8 5.9 0.2 24 2.0 1.8 33 0.3 0.0 9.1
GC01-19 588 142 0.8 5.4 0.1 2.3 2.8 1.7 3.1 0.2 0.2 8.1
GC01-21 616 138 0.8 52 0.1 2.1 33 1.9 3.1 0.3 0.3 7.5
GCO01-25 2 59.6 143 0.8 5.5 0.1 22 2.8 1.9 3.1 0.3 0.3 8.1
GC01-27 v 585 146 0.8 5.6 0.2 24 3.0 1.7 32 0.3 0.2 8.7
GC01-29 574 151 0.7 5.8 0.2 2.5 24 1.7 32 0.2 0.1 9.9
GC03-02 605 149 0.8 5.8 0.2 22 1.0 1.7 34 0.3 0.0 7.3
GC03-05 593 156 0.8 6.2 0.2 24 1.2 1.6 34 0.3 0.1 8.6
GC03-09 : 584 155 0.8 6.2 0.2 24 1.2 1.7 34 0.3 0.1 8.7

GC03-13 63.1 14.6 0.8 54

0.2 22 0.9 1.8 32 0.3 0.0 6.7

GC03-17 2 603  14.0 0.8 5.5

0.1 2.2 3.0 1.8 3.1 0.3 0.1 8.1

GC03-21 66.5 122 0.7 39
GC03-22 68.1 12.2 0.6 3.7

0.1 1.2 1.0 2.0 2.7 0.4 0.0 5.1
0.1 1.2 0.9 22 2.7 0.4 0.0 5.4

GC03-24 649 137 07 4.7 0.1 1.6 0.6 2.1 2.8 0.6 0.0 7.0
GC03-25 : 69.1  12.1 0.7 3.1 0.1 1.2 0.9 22 2.7 0.3 0.0 5.0
GC03-28 686 132 07 3.8 0.1 1.5 0.7 2.1 2.8 0.3 0.0 5.8
GC03-29 705 126 0.7 3.6 0.1 1.3 0.9 2.1 2.7 0.4 0.0 5.1
16PCT-GCO1 Unit 1 6 592 151 0.8 5.9 0.2 24 1.7 2.0 33 0.3 0.0 8.4
16PCT-GCO1 Unit 2 2 606 140 0.8 5.4 0.1 22 3.0 1.9 3.1 0.3 0.3 7.8
16PCT-GCO1 Unit I 2 580 149 0.8 5.7 0.2 24 2.7 1.7 32 0.2 0.1 9.3
4

16PCT-GCO03 Unit 1 603 152 0.8 59

0.2 2.3 1.1 1.7 33 0.3 0.1 7.8

16PCT-GCO03 Unit 2 1 603  14.0 0.8 54

0.1 22 3.0 1.9 3.1 0.3 0.2 8.1

16PCT-GCO03 Unit 3 6 68.0 12.7 0.7 3.8

0.1 1.3 0.8 2.1 2.7 0.4 0 5.6

st k3 719A g BAE FAISAL 7]
o, HHE 719A AT f83tA ol 8E
ATHChoi et al., 2010; Li et al., 2014a; Koo et
al, 2018). Fel & HAES 35T T U= A
A 7194l S5 59| PdHHuanghe), 227
(Changjiang) ¥} $HFE9| -7} (Hangang River), &
ZH(Keum River), G4H4(Yeongsan River), 4317
(Seomjin River) 59 3HE7 IREE ‘Ao
A7 SAHEEE FAEY] Awol o3 FHo]
1eE F Aok Y o FEERYH 399
A2 HAZ AR JEZE 248 7,
gstel F27; HAEH Hlaste 7HEEUolE +
=UA o] & EAS 71XITHTable 1). ¥,

F=9 oA FFEe HHEL ~HE|ET}
FHaH, ¥ FHEE HEAES dEolE
gtefo] UK Table 1)(Yang et al, 2003; Cho et
al., 2015; Koo et al., 2018). o|&3t HEZE g}
zkole d= 3t T 7 HAEY 7]9A Tl
Aol T8I AANAR AHEE o, e
H S HollA] e g2 7R ATl 835
o] &% UtKLi et al, 2014a; Cho et al., 2015;
Lim et al., 2015; Kwak et al., 2016; Koo et al.,
2018).

HAES 71¥AE FE37] S8 (FREElyelE
+ FUAM)-GEo| E-AHER|E A ERE o] 85}
Ak(Fig. 3). ¥t HHES 2 HAE, 9 7
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Fig. 3. Ternary diagram of major clay mineral groups,
illite, smectite, and kaolinite + chlorite of 16PCT
cores and river sediments from potential provenance
of the study area. Data on potential sources, including
Changjiang and Huanghe (Cho et al., 2015; Koo et
al., 2018) and Korean rivers and HMB data (Cho et
al., 2015) are drawn for comparison.

HAEYN JEFE o o3l FHsHA 7
, A Yo Wl TAEE = HAHES
27 HAEY dF SHEY SAHEHE
ES8 A 71YA] Hutol] 2A YA E3E5hH,
gato} F27re] dYol FHAE(Fig. 3). =
S Fo HHEES HER A 2
g 3 (>713.0 kay= T= F3t 71
ot 54 ©9 2 ((13~6 ka) HAE
to} 27t Atolol A|eHH, S
T ok A e 2 HE
IH3AFig. 2), ©] A71E
b g2t 5 e
Ao g AdtEth I §
AHEHME JHoE &alEE, of
ZHE FFWL ohyg} 34k
o] Azl o3 FFE AHHoF
CHZ 99 1 (> 6 ka) HFREES HF &
o Hlgl| FiiHor F2AF g FoE A
A LA HsEH, B o] 29 AR
SotMEdES] oHox x3E 4 9ok

wekA, HEZES o] &3 719A 2PHdA
Ty BHESL HE @9 3 B3t 312
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REH T2 FFHACH, o|F B3} HHBe 4
& oA 2 du HAE EE A5
A EME EZHEo IFo] A Aoz At

Atk $48 WSS v, B3 99l 2 Fo
satdon, 52wl

Lol o]28 BlaA AT g0 o] Fof Aoz
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o
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N
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N
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FYEAL BYS 018 HNS AN MY

FHAELAE FEFEY RIVAZ 7]d9ge]
E4E Wgsh] wiEol, 719A 2Es o &
3] o]&F o] SYTHLim et al, 2007b; Ha et al.,
2013, Koo et al., 2018). 3= 7+ HHE-& Uutz]
O F Al Fe, K 5°] 353 WA, o= 7 §4E&
L BT B E(loess)FT o2 HEH FgE7] o
ol Mg, Ca, Na o] 353 AoZ &&A 9l
THLim et al., 2007b; Ha et al., 2013, Koo et al.,
2018). 12U} Na9l Catx 383 zhgol ofFstal,
HHE oHt F sy dEF e, d AE
9 oA Q%o o) A7 wEo] 7YX
AR o] &3] FAA3ITH Cho et al., 1999;
Yang et al., 2003, Lim et al, 2007b, Ha et al.,
2013). T3 4 EAENA FEEURY T
Ao EHFo] Y&(grain size)ol 23] =4
7] W&Eol(Lim et al, 2007b; Ha et al., 2013),
PEFI| 7t BZoln, B AFAE 4=
'35 Haske] 93] 63 um o)k PATS
o]t

FAELA Sfol| W2 YA AES 98, &
slsddiet A 71hAEY Fe, K, Al §F
S Tgzol| =AEITKFig. 4). 33t HHES
w2 Fe o= Q3 o VYA EH T
TEHH, F247 = ) HHEES MgH Al
ghego] zpo|2 FHo] 7hssith dhE, SAke =
E FHES2 AR 23 a1 A HHEE
Atolol| $IX|gHTh(Fig. 4).

AubA o7 FAHEIAE o] &3 7|YA] AHL
AEJES] A} FYslth FHELAE o] &3t
T 2HE BRoA, B @9 3 HHEES st
71902 EIHtkFig. 4). B3 &9 13} 29| F
HAESL F24% = 74 HHES Aold 91|
s, T 719A BREY] B3 35S JEhdth
Jey AEZE ARe RVHAE 7 7]19A Y
EAE BT 7T e SAHSHE T3 YA
3l7] wjiol, A THE EAE AFo] o3k
a2 3] Tk gt} EA T 2= H
2 @] 13} vt gstel 77k A BA
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< Unit1 _— fZMB

o Unit 2 Korean /‘ivcyfﬁ‘/s/’”

@ unit3
/Clmng/'iung

//r;:llzanghe (a)

20 25 3.0 35 4.0 4.5 5.0

Fe (%)

< Unit1 N

1.8 4 o Unit 2 Changjiang

@ unit3

Huanghe
b N

Koreanrivers

0.8 1 ® %0 (b)

0.6

20 2;5 3?0 3?5 4?0 4?5 5.0
Fe (%)

Fig. 4. Discrimination plot between Fe and (a) Al
and (b) Mg of 16PCT cores and river sediments
from potential provenance of the study area. Data on
potential sources, including Changjiang, Huanghe,
Korean rivers (Lim et al., 2007b), and HMB data
(Ha et al., 2013), are drawn for comparison.

99l 2 5 HH2 A9}
750 ByrIeR W

H, ol HA
stz BE o7t 3k
slalal S-S Yepdth =3 HE ©e 2 A7)
z7)e F3l2HE ] AYd HHES] A7A
do= fE F AMSTE YU 5 UtkFig. 2).
HEZEI FAEALY 2945 Fdstd, 54
o9 3 Bt 54 B T2 FotrEE o]F
ojFom, HA & 12 JE tat 55’% ”Ei?
g HAEes 3awAdY, St
Y50 FH Aoz wodd 57 w P
H4% 71947} WesE Az, dER T
HEdse] HIPEe A =4 w9l 19} §
Ak, gpate] lgkol YR SRIET) ek
Azl Aud BaEse gl g en
RE] s a2 o] B 7|9l m Fakv)

o i

36°N

129°E

125° 127°
Fig. 5. Schematic map summarizing the sediment
transport patterns in the study area in (a) Unit 1 (<
6 ka) and (b) Unit 3 (> 13 ka) (Modified after Lim
et al., 2007a). The coastline of the Unit 3 is repre-
sented by the current isochore line (60 m). Interpre-
tation for figures is given in the text.

EHEM AFE EA=] 350 HHoisith

Flledudde] + 3o HHEL 9 15 ka &
5 BESL lon, EAE 7|¢A
st} B3 Wl«l s+ Wsto] gk ol E 5
g, W75 71(LGM, Last Glacial Maximum)
o]F Tl WiFE2o29 HAE FY A=} A
e 7L+ Aok
7 &) 32 713 ka o)A FAH Fo= A
1o} sl4Ho] 100~60 m $& A9 7] (lowstand
stage)oll SF3TKSaito, 1998; Li et al., 2014b).
AT ol AEHES wE 9 T FAG WHEke &
iz 7] &<t WLZ—A FAZE GefAlE 24
%‘EE 3]]/&43 ou:] o:]:rL;(]O:lo] 7]—6‘]— z)«l
& Zﬂ d Ao E HIEJHKIGAM, 2016).
7t 2 EdH Fsjo] 14

gl

N

BN
ru o’pon{n

131
v AsE
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2 AR A, F3te] FEE AFE EES Av o
PO R ojojAH, 2o FEE FAY 9
204 & oz YA Wolrl Zo= HuEt
(Yoo et al., 2016)(Fig. 5). ©] Al7] Fs|2HE ¥
FE AHA FHEEL gAY A%F Ee 24
2-gol o3 AFAHOE FFEIUE F Atk F
23 BExo] 9x]8 I PC-19M= A3
A Al71el &ske] gaFo] YERH(Xu ef al, 2014),
ol st HHEo] e FHE BRI FF
3o W MR FFHAeS 94U F Utk
ATFAHE A ngERet AFE| orn=E
(KIGAM, 2016), 4717 HAHE =3 FYHAS
ZoF AAE ARl St RE FEE B AEE

AEEE Q3 Az HEFE 9 F4Ed
29 EAo] YA &2 A0 R AR HETH(Figs.
3 and 4). =3 HZ o] 3 A7t Setet o
TAY Aol A7t AXZEG EdE AL 1
#3PH(Yoo et al, 2015; KIGAM, 2016), E4
9 39 =94 HAEEL FtHu= A=
HE FUEHAE o2 Btk

B2 &9 2& "13~6 ka B¢ FAH ALE E
HFo 2 AR} §|4H0] 60~0 m S 3371
(transgressive stage)oll 333tk Saito, 1998; Li et
al., 2014b). B3 @9 29] AH HHF dH7 o
7} B Eo] #EE e, 5 oHER I AlF
= Zlo|t(KIGAM, 2016). F3l 552 ¢vksh
AAE 7HA I Q7] wlell, s A ot
27 sftie] FEGon, W Fekde] FE«=
HAE 53 Fhol 43 279 77} vxA &
o2H, ZHHHE] A A FHo] o]F
A& AC|tHKIGAM, 2016). °]& 3+ sfj3]ol 9|3t
Al HAE 22 ke T8 58 Ao 24
QA Bxsin, dutd o g 3 m o|ste] gk HA
=2 A3k Atk(Saito, 1998; Berne et al., 2002;
Yoo and Park, 2000; Shinn et al., 2007; Lee et
al., 2013). 3-8, dTH o2 I3l st o
T G TYCE o]FHUCH (Yoo et al,
2016), ATFAH O R Fato] FF =g HAF 7+
25 AlEd 585 719 54 @9 2 §
Qb mEA ¥slela, HEHOE HH &9 19 H
A& 7193 FY A ThFig. 2).

57 &) 12 76 ka ©]F9] o] HAF
Ao} vls=gt s s degte] FAEL
FUALZE FAE Al7]olt delEdy A
A7} v A7kl Aakd deEdd

o
5

1

o
o ofN et

= 0
N

<

HAE| 3t 77 wlwz 2 §3F
stod, 4717} o]9]e) T HAE Fgol
02 FZHJTHUm et al, 2018). o GC

xo o
< oy
2N

Au Jehb= 54 99 12 g3 &9 134 A,
A J= 59 EAo] FUF HJEFE] F
AEYAS] B4 A 9A vlsb] g 2%
oJHIEe] ofgt HAF9] Gro] Yok o= 3
cE

71 AFEL FIAUFE HHE ke F
8 AZZ ARKIEoH, AR delEdydds
HMBY] AlsE BEHERZ A5, 55 Gl
YAdies JAT A3 d3s ve oz B
1389 THBae ef al., 2014; Um et al., 2018). 0]
GCO13 GCO32 A7 7o 2 Rud 5 ¢

G dol A5k "HBae et al., 2014; Um
et al., 2018), AEZE P FHEAL A= 4
2733 = 7 HHEY 53 1Y e Alsd
S EEE 7)1 S JERATHFigs. 3 and 4). ™
2 FZo] GCo1F GC039 A= =dddis
nEhA FEE SAHEHE EHHE B A
HHESC] T4 dallsdUdAnziA olsd 5 3
= Zo2 AgHY, 25 FHAHE Ui F71H<
ATE B8l BEysil <12 o= Z|gidch
SHE, Bl FYUAUE FFERS A= A%t
S EEES EAE0] 7 s B =
[e]

A 719 = Ao BAFUTHWei et al.,
2003; Lim et al., 2007a; Cho et al., 2015; Kwak
et al., 2016). @5 SAHCHE= 85} B2 E9]
FaFo] AIBHH 6 ka ©|F E|Fo] o]Fo|AA] &
I 9oy, BE SAEHES St 3 2t
A& Eo] A8 2~5 mmiyre & HAES
7HXItLim et al., 2007a; Cho et al., 2015; Kim
et al., 2018). & EAES 7= EF 54
THEE WA riPIAR &= 7 o]
Qo] HAHE FFol ojof & Ao AHIHSA
I(Lim et al, 2007a), S5 SAHEHE EHE
o] AFso FllFdUdUZ FFHE AL o
H BRItk A EAHEC] 002 - Atz

Ex AAEo AFAHoE FHE F Us e
2 ROJAWKLim et al., 2007a), 2 &9 1 HF
oA Fste] EAo]l A UehA] gore o
i S EMERRE Y IS Y RHE A
o g Aottt wetA B2 @9 1 HHESS &
273 =7t BV HoE AREY, =7 E
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A

AEL FE AHT A =R FEEHAU
ojt}.

Lee er al. (1998) Adol whe} dhtze}l F=
Aoke]l EE(turbid water mass)’} ¥MEE L, S
Aol T FA AZES BT Lim e al. (2007a)
& AZH A= o] TEE I2Y HHES
o] M= FUE F e ol FAEER A,
SAEEES) Wagdudnie] FAgel 7o
T Utk BustHtFig. 5). 1H8E g2} g
2]4%(Changjiang Diluted Water)E 53 3z
AT ¥ AEE HAES ALH 94
T BEE Bl AT7AHCE FFHUE A
o7 JAetEm, o] FaFe HF we 27 HA F
7kste] B2 @] 19 ol28 dAsA A

tlo

o it )

| E
dallsdudaieA  AFHT  16PCT-GCO1,

16PCT-GC03 FolE o]&ato] F0ie] HEZE
2 FARALE B3l HAEY 19A¢ wg o
TE T3

1) 16PCT-GCO1, 16PCT-GCO3 o= A ¢
A=EA ZARE nlgoz 379 g3 99z F
B 5= otk H7 @] 32 713 ka 0|9 Fog,
A3} o] dE A Eo] M2 nEshH Uehdth F

2 &9 2 713~6 ka Al7|9] Fo2 A EAHF
o] Uehdth H4 w9 12 76 ka 0] %9 o] ¥
Z|Z-o]t},

2) ESE B FAR J4E o)gs] 24 5§48 o
AE 7GR E BYE A3 HF T 32 )
HAE 7|4, 84 &Y 2= FslolA 27t 2 3
= 7 BHE E3r|dog 79U} Hakshe 3
A, 54 @9 12 24 9 3= 4 5HEY 5
7Y 58 S sHE FHAHE AFH e
2 dgEn

3) 7194 A Al B J=EY AE
THE A, HA o9 32 FEEFEH 3HE H
Hzo] AT F2 24 Aol s dTAHL
2 3ad AR ddnt. H3 &9 2= s
o] At FAEY =& iAHY] SHo=
e =Y Hazo] HAHIL Fste| st
TAGT M oA A ZhdAE 54
9 19 719AZ WEkshs dyom ddHEn.
B2 a9 12 24 Aoty EzEol
dFe T8 ATAGR FHE o= d4H

, 35 FABe S40] UehiA 7] MEo] 3
AEHE HA2) AT e Y A0 B

o] EEL 201795 AMEEH)] Yo F=A
TAEe] AYE ol F3E 7] 2ATFARI YU THNo.
2017R1D1A1B03027818, HFHW7ST)7] o]F FhlT
FH w8 HE AT FESHE QA W), T3 o] =&
oAl 33k KIGAMS] #5E v gz sl oA Ale
g el AR 152 AR ALZAF A A9
AU BE3 Q12 ALsHA AAsle] BAHS
AAFFA L 53 AGS ST AALNLGEA 2

A=y,
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