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Abstract: The Yellow and East China seas received a vast amount of sediment (>109 tonfyr), which comes mainly from
the Changjiang and Huanghe rivers of China and the Korean rivers. However, there are still no direct sedimentological-
geochemical indicators, which can distinguish these two end-members (Korean and Chinese river sources) in these seas.
The purpose of this study is to provide the potential geochemical-tracers enabling these river materials to be identified
within the sediment load of the Yellow and East China seas. The compositions of major elements (Al, Fe, Mg, K, Ca,
Na, and Ti) of Chinese and Korean river sediments were analyzed. To minimize the grain-size effect, furthermore, bulk
sediments were separated into two groups, silt (60-20 um) and clay (<20 um) fractions, and samples of each fraction were
analyzed for major and strontium isotope (*'St/*°Sr) compositions. In this study, Fe/Al and Mg/Al ratios in bulk sediment
samples, using a new Al-normalization procedure, are suggested as an excellent tool for distinguishing the source of
sediments in the Yellow and East China scas. This result is clearly supported by the concentrations of these elements in
silt and clay fraction samples. In silt fraction samples, Korean river sediments have much higher *'St/*St ratio
(0.7229~0.7253) than Chinese river sediments (0.7169~0.7189), which suggeststhe distribution pattern of *'St/*Sr ratios as
a new tracer to discriminate the provenance of shelf sediments in the Yellow and East China seas. On the basis of these
geochemical tracers, clay fractions of southeastern Yellow Sea mud (SEYSM) patch may be a mixture of two sediments
originated fromKorea and China. In contrast, the geochemical compositions of silt fractions are very close to that of
Korea river sediments, which indicatesthat the silty sediments of SEYSM are mainly originated from Korean rivers.
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Fig. 1. Mean grain size (phi) distribution of surface sediments in the Yellow and East China Seas (After Lim et al., 2007). Note
the three different mud patches (shading area). CYSM: central Yellow Sea mud, SEYSM: southeastern Yellow Sea mud,
SWCIM: southwestern Cheju Island mud. Contour interval is 0.5 phi.
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Table 1. Analyses of standard reference material (MAG-1)
for the major element concentrations

Recom-  Measured
Elements onded  (m=17) 2 o
Si0; (%) 5040 5045 029 1
ALO; (%) 1640 1612 0.08 2
Fe.Os (%) 680 6.99 0.08 3
MeO (%)  3.00 3.07 0,06 2
Ca0 (%) 137 137 0.03 1
NaO (%) 383 385 0.18 i
KO (%) 355 368 0.16 4
TiO, %) 075 0.69 0.06 8

o is the standard deviation of measured values; o is accu-
racy estimated as accuracy =1 — (Elementpeswes in standard/
Elementrecommended for standard) X 100.
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Table 2. Comparison of elemental concentrations between the Chinese and Korean river sediments

Rivers Sample Si0: ALO; FeO; MgO CaO NaO KO TiO, Rives Sample  Si02  ALO; Fe:0s MgO CaO NaO K0 TiO,
no. (%) no. %)
HH1 6697 1035 333 182 517 275 230 055 CIRIO 5845 1219 572 269 468 119 314 078
HH2 6539 1092 358 196 560 250 241 056 CIRI1 6025 1272 596 267 484 127 25 095
HH3 6325 11.15 375 206 581 245 235 0353 CJR12 5751 1477 606 277 418 122 38 075
HH4 4918 1373 557 3.03 882 223 289 0356 CJRI3 6244 1273 510 238 446 151 259 081
HH5 6820 967 307 158 477 262 229 06l CJR14 5056 1694 760 318 415 088 1318 084

HH6 6216 1137 405 213 622 231 238 055 CMESeCR)s 5665 1377 657 287 490 103 258 103
HH7 4449 1471 623 323 849 261 289 054 o CJRI6 6509 1176 495 222 417 154 226 078

HH8 5985 1178 458 230 569 304 255 056 rf;ilts CIR17 6007 1280 562 252 441 133 284 092

HHO 6126 1188 429 244 588 245 272 060 CIRIS 6153 1340 545 260 452 131 25 091
HHIO 6011 1189 425 243 658 217 227 054 CIR19 6066 1359 535 258 473 143 251 079
HHIL 6601 1039 375 18 504 238 254 076 Avg 6216 1187 445 224 549 210 250 067
HHI2 5548 1256 476 257 758 241 283 06l SD 58 172 116 049 118 052 030 014
HHI3 6713 1055 339 185 534 259 236 056 Min, 4449 948 283 133 353 088 198 046
HHI4 6985 996 326 163 48 251 236 06l Max, 7147 1694 760 323 882 304 319 103
HHIS 6115 1166 400 235 624 240 273 058 HR1 7308 1278 359 131 115 216 289 056
HHI6 6704 1052 323 192 528 267 259 054 HR2 7477 1220 331 117 118 235 300 056
HHI7 7026 1022 318 163 508 215 220 056 HR3 7180 1319 388 143 110 230 297 054
HHI8 6949 1008 362 164 532 206 202 071 HR4 7310 1289 364 136 113 232 28 053
HHI9 5672 1257 482 247 78 158 246 061 HRS 6646 1464 479 172 103 226 284 068
HH20 6481 1107 374 203 626 198 219 057 HR6 5843 1770 611 195 150 161 314 077
HH2I 6606 1016 322 18 520 302 213 050 HR7 5932 1723 551 194 145 170 311 062
HH22 60.63 1165 421 224 656 205 225 053 GR1 6399 1649 516 175 093 147 200 067
HH23 5820 1123 399 238 78 231 217 051 GR2 6341 1709 523 173 08 168 33 07

_ HH24 6948 1034 329 171 537 204 206 057 GR3 6740 1527 463 153 099 186 336 068
Chinese s 7147 1007 303 153 488 208 212 054 GR4 6634 1556 499 159 092 175 317 065
o HHD6 ST41 1256 475 254 691 253 238 0.6 GRS 6106 1724 594 192 075 143 308 070
mens HH27 6788 1028 331 175 58 257 226 060 GR6 6229 1730 523 179 081 174 318 068
HH28 6428 1089 374 200 59 260 242 059 GR7T 6412 1541 527 174 085 204 321 069
HH29 6532 1091 358 201 576 270 234 055 GRS 6538 1490 462 170 094 249 290 (64
HH30 7052 948 307 133 454 254 237 046 GRO 6831 1483 453 147 100 177 208 064
HH31 5575 1202 458 266 829 160 247 059 GRIO 6547 1624 479 165 086 L72 306 070

HH32 7060 963 283 134 439 230 234 054 K<?rean GRIl 648 1603 503 161 08 152 273 078
HH33 6726 1074 334 189 530 235 239 049 ™ GRI2 6322 1649 503 178 082 143 276 074

HH34 6522 1000 323 183 625 212 267 059 I;Z(:llt-s GRI3 6364 1695 497 161 072 146 273 078
HH35 67.18 1019 335 174 527 251 233 067 YSRI 6279 1668 561 191 075 14 319 o072
HH36 6900 960 353 149 467 254 307 080 YSR2 6159 1738 569 197 072 157 311 071
HH37 6523 1045 342 182 545 219 221 059 YSR3 6361 1622 600 160 036 187 309 069
HH38 70.17 1001 316 151 476 240 234 064 YSR4 6031 1801 598 194 064 131 313 075
HH39 64.19 1093 409 207 612 191 198 086 YSR5 5648 1965 705 207 049 099 310 077
HHO40 6329 1170 413 221 646 185 223 073 YSR6 5787 19.08 655 185 065 101 303 076
HH41 61.81 1207 433 235 634 182 234 069 YSR7 5882 1870 640 204 061 112 299 076
HO42 6129 1194 422 232 677 173 216 065 YSR8 63.05 1627 568 196 101 165 327 088
CIR1 5775 1359 614 281 451 131 274 101 YSR9 6563 1538 508 201 091 171 321 069
CIR2 5870 1260 593 292 519 128 233 099 YSRI0 6202 1650 575 213 075 140 318 069
CIR3 6216 1270 513 239 440 154 253 076 YSRI1 5949 1808 630 223 059 122 305 071
CIR4 6149 1331 543 252 416 168 262 081 YSRIZ 6234 1632 550 18 067 135 287 079
CIRS 5499 1483 609 283 423 232 290 080 YSRI3 6326 1652 569 177 073 131 281 095
CIR6 6106 1266 503 247 444 245 252 067 Avg. 6405 1622 526 176 087 167 303 0.70
CIR7 5434 1573 648 307 353 230 311 073 SD 443 175 086 024 025 039 017 0.09
CIR8 5508 1448 580 286 432 25 319 076 Min 5648 1220 331 117 036 099 273 053
CIR9 5201 1557 642 301 438 243 295 070 Max 7477 1965 705 223 150 249 336 095

HH: Modem Hunaghe River, CJR: Changjiang River, HR: Han River, GR: Geum River, YSR: Yeongsan River, Avg.: Average
value, SD: Standard deviation, Min.: Minimum value, Max.: Maximum value,
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Fig. 2. Average value and standard deviaion of elemental
concentrations in Korean and Chinese river sediments.
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Table 3. Correlation coefficients among the elemental concentrations

a) Chinese river sediments

Al Fe Mg Ca Na K Ti
Al 1
Fe 0.95 1
Mg 0.94 0.94 1
Ca -0.10 -0.16 0.12 1
Na -0.47 -0.60 -0.47 0.19 1
K 0.68 0.69 0.64 -0.21 -0.19 1
Ti 0.50 0.67 048 -0.46 -0.73 0.38 1
b) Korean river sediments
' Al Fe Mg Ca Na K Ti
Al 1
Fe 094 1
Mg 0.81 0.86 1
Ca -0.52 -0.56 -0.37 1
Na -0.87 - -0.83 -0.70 0.56 1
K 024 0.30 034 0.00 -0.08 1
Ti 0.65 0.67 0.55 -043 -0.69 0.00 1
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Fig. 3. Pair diagrams of the concentrations of Al and other elements in Korean and Chinese river sediments. Note that the cor-
relations of Fe and Mg with Al show different trends for two groups of river sediments.
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origin (0,0).
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G 191%), ZEEK:0) 1.79-236%FHTE 2.11%),
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& GRulE(ALOs) 10.85~17.74(FB 7 13.12%), A
(Fe0s) 249-572%(3F 323%), “kdl#(MgO)
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Fig. 5. Correlations between the concentrations of Al and
Fe, Mg in Korean and Chinese river sediments. Fe/Al and
Mg/Al ratios in this study are calculated based on the inter-
section point of the two regression lines. CR: Chinese river
sediments, KR: Korean river sediments.
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FAE A e EFVF(ALOs) 11.79~17.27
(3T 14.63%), H(Fe,05) 4.53~T.11%CHT 6.02%),
a1 (Mg0) 2.36~3.35%(HT 2.92%), Z4(Ca0)
2.51~9.77%(Hd 6.58%), HEF(NaO) 0.90~1.68%
G 121%), ZEEK0) 2.22~3.11%CEd 2.67%),
EJEFE(TiO;) 0.59~0.89%(B 0.75%) *H$ielch. &
= 7199 FE EHEAN FHAE 9429 T
U0 EF(ALO;) 17.48~2025(Fd 18.78%), & (Fe,05)
6.18~7.04%(HF 6.62%), "F1UlEMgO0) 1.88~2.21%
3 2.04%), ZE(Ca0) 0.22~1.30%(FF 0.61%),
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Fig. 6. Comparison of discrimination plots between conven-
tional (a) and new (b) methods for Al-normalizatoion. Note
that the new normalization method provides the advanced
gradient for better understanding of sediment provenance in
the Yellow Sea as well as the rivers.

HEFNaO) 0.84~135%FBd 1.05%), ZE(K.0)
2.57~3.49%(F¢ 2.97%), EIEFEF(Ti0,) 0.70~1.02%
(B 091%) Holt}t. T 719 HHE3} wws)
of 3= 719 HAEY] ¢FvE, E, 2§, g9
FFES 2w, vidlgs 2o ke ur
AEH0ZE £ A7 AN nidigst 249
W e HIYEY A 2719 BAfle] B
= 719 HAEAM EA vERdt webd ge)o)
SeEaslolA rldiey g $323 8= 714
o §HES FRshe 2 Y FHAE ANE
THFig. 7). 53] A3 HE F79 HHEA v}
gl e S F /1Y B ol g
3t 27t BHES TRIEUE oy #8383 &
A2 WAFEh(Fig. 7b). 2 SN BHe =
HAAZ AT A9 o3z FHrkEe AE799)
BAE I & Aoz AEa

=

=3

12k EN:

[ =)

o Ui 5% i 678 oI B 355 319

S

4 ! : !
{a) silt fraction (20-60um)
3 ° =
—_
&L o ®
N , - (] B
% P o
= ° o)
O o
1_ el & L i
o]
@  Chinese river sediments
O Korean river sediments
0 T T T T
8 10 12 14 16 18
40 | ! ; ! !
(b) clay fraction (<20um)
3.5 L.
[ ]
o~ ..
e\e 3.0 o0 OB {fuanghe piver r
5’ 'Y ) sedimgnts
20 ®
S 25 ° i
L ]
83 @]
20 * &
o o0
15 T T T T T
10 12 14 16 18 20 22
ALOL(%)

Fig. 7. Pair diagrams of the concentrations of Al and Mg in
the silt (a) and clay (b) fractions of Chinese and Korean
river sediments.

ArERE Z9/24¥S®sr) H|: Hools HAE
J B 719 Aol ok FR(d, 2EEE, Y
oOE 59 HEANEA gl olgEL Q)
Douglas et al., 1995; Capo et al., 1998). ¥ ¢
AME Sefel EsF=sl HHEY J|9A d7E
A3 AR ST F= 1Y A §HEL
Wder 2EEF FAULE BH&, FHAEA
o &8 7IsA AF-E AT Dasch(1969)9]
Ao wEw giid Edo] AAE HIBIME
Ysr/fsr v] E3 HAE st 2adel wet F7}
e AEE BT wEA olHd dxEE 24)
o mE JFe HaseP| i B dreMe
60~20 um T7He] AE HHE FETME pigez g
FEE AAT F, 2EEE FHYA BHE s
Atk B4 Aol oJEtH, T 7199 Feel =
7o) AE BB ¥gMer nje AR oz 07169
~0.7189(< 0.7179)¢] ¥} HE& Z=Th(Fig. 8). ¢
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Fig. 8. Discrimination plot SYRb vs. ¥'St/*Sr. The ¥St/*Sr
ratio of Korean river sediments is much higher than that of
Chinese river sediments.

H, 3= 7199 HE HHE9) Tsy¥sr vl 0.7220
~0.7253(F ¢ 0.7236)2] W$lolH, ol 5= /1Y H
g9 Y9 3A sthFig 8). olad Yl
A7 A TS w7} Falek 52 FE )
F5oM d=3 25 719 HHEE RS
T &S Ay AAAR AME F S Al
Algi,

B Myd| LA EXEEEYSM| T

a9t E55ds A AA 7 5389 o
10%°0 @3k= i oF 10° o9 Be %o Ay
& go] dhlwe} FIUFO2RE Y - JF=Hx
Qe A HHEAZH, 588 SHA 2 7|
ZH¥ Y2 FHul(isolated mud patch)e] 47} nj
F SA4Hot(Fig. 1). B/ ©lE YZU(CYSM,
SEYSM, SWCIMyl ulg  3A7]|=k(formation
mechanism)? EZE 7| g 2 A7} A
=o] gt} Hu(1984)9 Shi et al.(2003)0] 34, o]
E AEE U2 g8die Zal-Ss59 SR Als
dol 93] YA L5 (upwelling) ol stz
Je ALE A &S I 3 9, H3 8,
AERE 24, Wl (calcite)e] A Tl 2AT
o, a9 FEH JAY(CYSM} AlFE g&
55339 UZT(SWCIM) EXHEL 9] 3}
S} AN FHE AR HuHy Yo
(Nittrouer et al, 1984; DeMaster et al, 1985;
Alexander et al., 1991; Park and Khim, 1992; Zhao

et al,, 2001; &85 9, 2005; Lim et al, 2007). &

H, = Agsl Qe sl de Y2l
(SEYSM) EFE9] 7|9l tigh a2 433 =&
o] o] HZ Urk(Yang et al, 2003). BE A+
AEL °lF ¢ YUY HHEC] w79 FHeE
FH FFE AR BHIE 21 Lee and Chough,
1989; Park and Khim, 1990; Lee and Chu, 2001),
HZ A7EdME 2 7190 FE3 dFoRiE
TFH0] HE &% HFAR HuH JohPark
et al, 2000; Lim et al., 2007).

£ A7ore HolA AR FAREE o|&-3ld
= Agsfo] wasls Qs SEYSM EFES 7]
4 AHEyh WA, A AAE deEd 3
ol o3t Mg/Alt Fe/Al 3 n] x}3ol| 2pa
(Fig. 9a and b), 3= Adsl] U2 HHE(SEYSM)
o 3= St 7|9e] HAHE oo A5, &
& H5E =4 Bt o)HF A3E 20pum °|
o] AP HE HFEM g& Falo] e
v}, Fig. 9col AANE AAE, FE HH A vl
vigel ol @7 T3 7199 7 HFEE AL
oloflr] ZA FEEO X3, ol Al Y&
HHEo] 323 5 7| HAEY EFAE 74
Hol d&e I HAFEG HSo] A H(buk
sedimentel A= TEEHA P}A(Fig. 92 and b), F
o] st 83 EFHEo] 20 um 0|5k HE F
AEg9] vl FFMe Z FEH VT
a2 20~60 pm 7] HE HHEY AS d=
A U2 EHESEYSM)Y mladlg geko] 3
= 719 HHE 999 A HtHFig 9d). ©12g 2
= 20um ©l3ke] AYEA BHESG gE2A 2¥e
20~60 ume] AE HAELS 3= 7199 HAEYS
AAXF}. TS0l 5YF AE HAHE AZoN By
H 2EEF 994 AR JeiMz olyd A
s} #2jo] HEY HrhFig. 9e). ABHOZ = A
ol FEEA Wt e UZ(SEYSM)S]
HAES YAk 27l met 2 719de] tEA 3B
b, AE HAHEL 3= 7o) A v, Al
Yo AE HAEL 3 S99 &Y V9=
A€t SEYSM HAd7 Bty Sle &= A
el AdelM 53 719 HHEY ) H33E
o] thalX= Lim et al.(2007) <8l AAI3] A E
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