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Abstract: To investigate the provenance of outer-shelf mud patch in the East China Sea, the geochemical compositions
were analyzed and compared with those of Chinese rivers sediments. The mud sedimentary facies are distributed in the
central region and sandy mud facies are also widely distributed around the study area. The major elements (Fe, Mg, K,
Ti, and Mn) show strong positive correlation with Al, and trace elements also indicate the same characteristics; hence,
clay minerals are likely to be the promising host for those elements. The high concentration of Fe, Ti, and Mn elements
are found in the westem middle part near the Changjiang estuary, indicating that it seems to result from the influence of
the Changjiang River. Elemental ratios including Sc/Al, Ti/Nb, Th/Sc, Cr/Th, Nb/Co, and Th/U were thus used as
provenance indicators to identify the sediment origins of the East China Sea. The discrimination diagrams clearly show
that most of the sediment in the northern part are originated from the Huanghe River, while the muddy sediments in the
western part near the Changjiang estuary might come from the Changjiang River, suggesting that the outer-shelf muddy
sediments of Fast China Sea are originated from diverse sources.
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Fig. 1. Sampling sites and bathymetry in the northwestern
East China Sea. Contours are given in mefers.
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Fig. 2. Map showing surface sediment distribution in the
outer-shelf of the East China Sea.
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Table 1. Sediment type, textural parameters and organic material content

Sediment composition

Textural parameters Organic matter

Region St S ; Classi- : ;
g and Silt Clay fication Mean Sorting  Skewness Kurtosis  Org. C CaCOs
(%) (%) (%) () (O] (O] )] (%) (%)
1 504 329 167 2 413 356 0.56 036 030 39
2 228 37.1 40.1 sM 5.50 330 -0.02 065 043 9.1
3 358 262 380 sM 535 317 007 052 0.56 73
4 2.1 311 458 sM 6.00 322 -0.24 061 0.50 45
5 2.7 39.3 580 M 6.99 264 -0.36 048 058 8.7
Outer-Shelf ¢ 179 292 529 sM 632 318 -0.36 0.62 044 6.0
Sel‘gj“mdgts 7 47 253 400 M 563 324 -010 048 042 56
(OSMS) 8 18 385 59.7 M 757 207 -0.12 0.73 0.61 90
9 50 395 555 M 7.00 246 -0.29 0.63 064 115
10 284 29.4 423 sM 5.80 337 -0.12 053 055 107
1 343 282 375 sM 5.55 328 0.02 051 0.54 6.7
12 27.1 26 402 M 5.85 325 -0.11 052 043 83
Average 237 311 452 593 3.06 -0.10 0.57 050 761

NOTE; sZ: silty sand, sM: sandy mud, M: mud, Org.C: organic carbon.
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Zow gl wl M} fashe AL Holed
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Table 2. Major and trace elements data for the outer-shelf muddy sediment samples in the East China Sea

Sample

No 1 2 3 4 5 6 7 8 9 10 11 12
Major Oxides (Wt.%)
ALO; 10.02 1323 10.59 12.29 16.64 15.51 13.61 16.82 14.39 13.23 13.80 1323
Fe;05 3.00 443 3.58 4.15 6.01 572 6.43 6.15 5.29 4.58 5.00 4.86
Ca0 5.46 9.79 13.01 10.77 727 6.43 5.87 7.27 9.51 8.81 7.69 6.71
KO 2.53 277 2.29 2.53 337 3.13 2.77 3.13 2.89 2.77 2.77 2.53
Na,O 2.16 243 243 2.56 2.70 243 2.56 243 3.10 2.70 2.70 243
MgO 1.49 2.16 1.99 2.16 2.99 2.82 2.49 315 2.82 249 249 249
TiO;, 0.62 0.38 047 0.52 0.69 0.63 0.69 0.67 0.62 0.55 0.62 0.60
Trace Elements (ppm)
Mn 340 600 500 430 650 560 700 670 770 500 620 570
Sr 190 310 380 330 200 175 190 210 280 270 200 219
Y 163 235 19.8 21.5 29.0 21.1 24.4 29.5 24.1 21.1 219 21.0
Zr 110.0 135.0 122.0 129.0 142.1 130.0 126.1 161.1 154.0 138.1 150.1 141.0
v 57.0 81.0 66.0 77.0 112.1 104.0 96.1 112.1 98.0 84.1 90.1 88.0
Cr 44.0 63.0 50.0 64.0 85.1 76.0 81.1 85.1 83.0 65.1 70.0 68.0
Ni 15.2 233 18.8 217 30.6 27.8 21.6 275 228 18.5 26.6 26.6
Co 6.8 9.9 84 9.2 12.7 11.6 10.7 123 103 89 11.6 11.5
Cu 9.8 16.5 99 11.5 20.2 18.7 153 194 16.6 115 16.3 16.1
Zn 89.5 91.5 74.0 85.5 98.6 106.5 103.1 113.6 1185 98.1 116.1 99.6
Rb 76.7 884 79.5 86.4 103.8 95.9 785 90.3 85.6 81.8 972 89.9
Nb 6.8 10.1 9.2 9.1 122 11.3 11.8 12.9 11.3 84 11.3 11.4
Pb 30.1 34.8 28.2 322 38.5 36.9 337 36.5 345 29.7 312 30.3
Th 11.2 12.7 10.2 133 154 139 13.0 14.7 13.2 8.7 119 12.8
Cs 6.0 89 7.1 84 134. 1.3 8.2 119 10.0 8.7 83 83
U 1.5 22 2.0 2.6 3.1 27 24 2.9 2.5 24 22 24
Ba 430 414 320 383 429 422 426 428 398 393 399 386
Li 50.0 70.0 59.0 68.0 93.1 2.0 70.1 93.1 84.0 74.0 74.0 69.0
Sc 7.0 10.0 8.0 10.0 13.0 13.0 12.0 14.0 12.0 11.0 11.0 11.0
La 264 371 317 37.6 42.0 38.8 425 39.0 372 315 339 35.0
ThU 467 577 5.10 512 497 5.15 542 507 5.28 580 541 533
Zt/Th 12.6 10.6 12.0 9.7 9.2 94 9.7 11.0 11.7 123 12.6 11.0
Zy/Ti 2973 586.9 4357 416.1 346.6 342.1 307.6 402.8 4162 418.5 405.7 391.7
A4 A9F EXEE Fig 3-DoM B nje} o] 7h- MEF FHEAG0] 04% olFe] =& T
Feste BEs} fAe £ A7Ad A% SU%0] & Holx BEZoz el wjl 03% g 7
A 600ppm ol TEE BEUl FAMFoR  adke RS Holed, o wE FiY B
IEEE noled, o Bd PIY RREAE AT YL 90 324 @t HIE
o] & 9 FYHIMA olFHIL A& FALE Alg€ FRol wWe Tiddao] FFE UE HE44M 0.39%,

ot} BFHE {3 gE Mngl9 e UE HAF
JolA 697 ppm, AFIUE EV”MH 560 ppme] &
¥l AYd HAZN & Mn FBAE B
AR
Tl%.m: R N5 iy B2 94
EA wy HEA HHEd4 FFo] e He
Mol ol F(anatase) T FFE o) W i
2 4#A IthBowen, 1979). Ti¥4e] 94 BE
= Fig. 3-FollA He upel 7ho] dapsltaw 7}
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7z o1 (Turekian and Wedepohl, 1961), HEFE =
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Table 3. Correlation coefficients among the mean grain size (Mz) and elemental composition

Mz Al Fe Ca Mg K Na Ti Mn St Zr V Cr Ni Co Cu Zn Rb Nb Pb Th Cs U Ba La Sc
Mz 1.00
Al 0.72 1.00
Fe 0.61 0.88 1.00
Ca -0.33 1.00
Mg 0.76 0.96 0.88 1.00
K 0.59 092 0.77-0.450.81 1.00
Na 0.77 043 0.52 1.00
Ti 0.53 0.63-0.76 0.53 0.56 1.00
Mn 0.56 0.70 0.78 0.71 0.57 0.62 1.00
Sr -0.49-0.520.97 -0.55 -0.81 1.00
Zr 0.36 0.76 0.60 0.81 0.54 0.60 0.68 1.00
VvV 0.72 0.98 0.94 0.97 0.88 0.45 0.59 0.74-0.480.73 1.00
Cr 0.75 0.94 0.96 0.94 0.80 0.58 0.60 0.82 0.73 0.96 1.00
Ni 0.64 0.85 0.73 0.80 0.73 0.53 0.65 0.85 0.75 1.00
Co 0.63 0.89 0.86 0.88 0.74 0.50 0.66 -0.47 0.72 0.92 0.86 0.96 1.00
Cu 061 0.93 0.83 0.85 0.86 0.46 0.73 -0.52 0.68 0.92 0.85 0.92 0.93 1.00
Zn 0.72 0.68-0.540.71 0.62 0.53 0.62 0.74-0.58 0.75 0.72 0.75 0.53 0.64 0.68 1.00

Rb 0.60 0.73 0.50 0.65 0.71 0.55 0.69 0.56 0.92 0.82 0.79 1.00

Nb 0.61 0.85 0.90 0.87 0.65 0.49 0.81 0.72 0.90 0.89 0.87 0.95 0.89 0.65 0.63 1.00

Pb 0.59 0.85 0.74 0.71 091 0.57 0.82 0.77 0.72 0.70 0.86 0.48 0.64 0.68 1.00

Th 0.77 0.90 0.83 0.86 0.77 0.59 0.63 0.90 0.89 0.86 0.87 0.86 0.48 0.71 0.84 0.85 1.00

Cs 0.74 0.93 0.75 0.89 0.93 0.53 0.62 0.91 0.82 0.82 0.80 0.86 0.47 0.77 0.73 0.88 0.89 1.00

U 0.81 0.89 0.79 0.90 0.76 047 0.63 0.89 0.86 0.79 0.81 0.75 0.68 0.76 0.75 0.95 0.91 1.00

Ba 0.52 0.50-0.82 0.70 0.55 -0.78 0.48 0.47 0.56 0.54 0.67 1.00

La 0.69 0.76 0.87 0.73 0.64 0.65 0.81 0.85 0.70 0.77 0.75 0.82 0.79 0.91 0.72 0.82 1.00

Sc 0.69 0.92 0.97 0.97 0.84 0.57 0.69-0.46 0.74 0.99 0.96 0.80 0.89 0.87 0.73 0.62 0.87 0.77 0.89 0.86 0.89 0.47 0.94 1.00
A% BolI YAZOR G| w A4 fade 4709 B2 Bol 29l o) 2Agne gEld
A% wold, ol 297 9] turdiae] of Al guel Arhew Wbl Hrh med oE
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Fig. 3. Areal distribution of Al, Fe, Mn, Ba, Ti, Na, Ca, CaCO; on the outer-shelf muddy sediments of the East China Sea.

o] UHEHHEL 71UAEA Y ojx BT Ao
HWE) HoFR] dokon A F &

th & Ao & E¥she HHEA St.
234y 37 HAHEAR F9o dyE Ty, bl
Holl FAeH 7rte] HREE wAIE A)ge
EHEAES 6,7,8,10,11,120 97t HABAR
FHol 4 FE= ALE Ho] F52d) duis
9o UEH RFEAGE galel dAde] B
HAEo] JAHL AL ud}. gy =3

w
1%

(<}
1128958 1855 7]3F B<tolle 2 {27t 4t
B JEo] A(Jianghsu) Aol X8kl o
q gz &8 Szttt e f2b 18559
AN B oz olFdt o]F Aed
FAT siokzlalo] dolu} 1,400 km™e]
go] AT, AFHF 44x10° ton &
Lo HAEo] AEes Aoz HIHITHSaito,
1998). ol& ()19 AzE HAEe o

[o]



=520 lisEsY LRENZY| X 2y 205
15
14 } — T
13 F <2‘ 3. . )
A B & » M -
3 —~— e . ¢ This Study
= Lrr P [.] m Huanghe
11 F £ 4 o 0 Changjiang
1o} .
0.0 . ; . A
0.01 0.02 0.03 0.04 0.05 0.06
Ti’ND
13 8
L S
o . : ‘ Slo\t)
e 3 - X F L] »
é 11 //_‘:?\ . g ol - 6 12
4 (IR * -~
10 F L L ] 1& 3 F
(/ . 6‘11 12). |
09 | 10 /S
.J'/ 1}
08 . . . k . 0
098 10 11 12 13 14 15 1.2 1.4 1.6 18 20
Th/Sc Sc/Al

Fig. 4. Discrimination plots Th/Sc vs Ti/Nb, Nb/Co vs Th/Sc and Ct/Th vs Sc/Al. The coposition of the outer-shelf sediment
are originated from the diverse sources, especially from the Huanghe and Changjiang rivers sediment.
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Table 4. Major and trace composition of the outer-shelf
muddy sediment from the East China Sea in comparison to
HURS, CHRS, PAAS, and UCC (Unite of major elements *:
Wt%, trace elements: 107°)

Region

OSMS' HURS® CHRS® PAAS® Ucc!
Element
Al* 72 5.55 7.09 10.0 8.04
Fe* 35 2.52 428 5.1 35
Ca* 59 401 3.18 0.9 3.0
Meg* 1.5 1.15 1.64 13 1.33
K* 23 1.9 2.06 3.1 2.83
Na* 19 1.65 0.91 0.9 2.89
Ti* 0.35 0.36 0.57 0.60 0.41
Mn 570 498 958 853 620
Sr 246 207 146 200 350
Y 228 192 23.8 27.0 22.0
Zr 136.5 143 138 2100 190.0
A% 88.8 58.2 104 150.0 60.0
Cr 69.5 469 73.7 110.0 35.0
Ni 234 216 403 550 20.0
Co 103 929 16.8 - 10.0
Cu 152 17.1 40.3 50.0 25.0
7n 99.6 42 106 85.0 71.0
Rb 87.8 81.7 113 160.0 112.0
Nb 105 112 17.0 19.0 25.0
Pb 33.1 182 39.5 20.0 20.0
Th 126 10.4 134 146 10.7
Cs 92 4.0 73 - 37
U 24 2.1 26 3.1 2.8
Ba 402 453 454 650 550
Li 739 26.1 449 - 200
Sc 11.0 7.77 11.9 - 11.0
La 36.1 31.0 395 38.0 30.0
Sc/Al 1.53 1.40 1.68 - 1.37
Z1/Th 10.83 13.75 10.30 1438 95
Nb/Co 1.02 121 1.01 - 2.50
Cr/Th 3.14 451 5.50 7.53 327
Zt/Ti 390 3972 2421 350 4634
Th/Sc 1.15 134 1.13 - 0.97

'Outer-shelf muddy sediment, “Huanghe and Changjiang riv-
ers sediment (Yang et al., 2004), *Post-Archaean shale aver-
age Australian sedimentary rock (McLennan, 1989), ‘Average
upper continental crust (Taylor and McLennan, 1985).
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Fig. 5. Th/U versus Th diagram. Note; OSMS: Outer-Shelf
Muddy Sediment, HURS: Huanghe River Sediment (Yang,
et al., 2004), CHRS: Changjiang River Sediment (Yang et
al,, 2004). PAAS: Post-Archaen average Australian Sedimen-
tary Rock (McLennan, 1989), UCC: Average Upper Conti-
nental Crust (Taylor and McLennan, 1985).
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Fig. 6. The relationship between La and Th content dia-
gram. Note; CHRS & HURS: Changjiang and Huanghe riv-
ersSediment (Yang et al, 2004), PAAS: Post-Archaen
average Australian Sedimentary rock (McLennan, 1989),
UCC: Average Upper Continental Crust (Taylor and McLen-
nan, 1985), NASC: North American Shale Composition
(Gromet et al., 1984).
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