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Abstract

This study concerns on the studies of distribution pattern and geochemical
characteristics of surface sediments, and sedimentation rate for defining
sedimentary environment on the Central Yellow Sea. In the studied area, the
sediments were subdivided into seven textural classes, namely sand, muddy
sand, clayey sand, sandy mud, mud, sandy clay, and so on. The sand facies are
distributed in the northeastern tip region, whereas the sandy mud and sandy
clay which is the fine sediments are distributed in the central area. The coarse
sediments that is the muddy sand and clayey sand are north to south zonal
distribution in the eastern part near the Korean peninsula side. The content of
organic carbon which ranges from 0.30% to 1.30% in the sediment increased
with the decrease of grain size, and that is the dominantly high concentration in
the western part of mud patch region. The content calcium carbonate contents
show ranges from 2.8% to 105%, and also commonly high concentration in
western central part near the China side.

The total concentration of Al, Zn, Cu, Ni, and Cr increase western and
northwestern part near toward the Shandong Peninsula and decrease eastern and
southeastern part far away from the Haunghe River. This distribution pattern
are well coincidence with grain size distribution. However, the patterns of Co,
Pb, Mn do not follow such on overall distribution. For example, the high
concentration of Co region is southern part of study area which area dominants
coarse and fine-grained mixed sediments.

The use of Pb-210 geochronologies estimate to sedimentation rate shows
range from 0.21 to 0.68cm/yr in the studied region. This suggests a maximum
accumulation rate in the study region which given ignoring the mixing effect.
The sedimentation rate in core CY96010 situated the eastern part of near the
Shandong peninsula shows 0.68cm/yr, indicating that the terrigenous materials
from the Huanghe river were supplied to this environment, However, the
sedimentation rate for the core CY96008 and CY96001 which are situated in the
central Yellow Sea mud patch region shows range from 0.21 to 0.23cm/yr, its



indicating that the decreased gradually sediment accumulation rates with the

increase of distance from the source area.
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I.A4&

el Wele Wy FHO g iy YT 9o dNE FVA
o] o 400,000km’e] H@yAol ¢ 38mQ(chen, 1983) NEHQA AHY ¥t
(epicontinental sea)Z H%&o|) B 3}9|(Bohai)%® AZAEH g3 4de] SAo 9
3 EHMA Qo @1 FF REvte] 93l FF T AAdHY Utk

FH 9 HAHEL RE T34 #BaAH A 281 FH9 22 FL ZE
€ B3 FYH FHE SHAL Jd= FHY A4 29L& F2 AH(Niino,
1961; Chough, 1981; Lee and Chough, 1989; Alexander et al, 1991). Milliman and
Meade(1983) €43t ¢F 16984 AHHEF HAEC] #HHP2 {FUHL de Aoz
B33, 39 F8 FEERH FYE HAEY FEL 39 AR F
Gl HAHY Fa FSEE AHHLE F& HYL @utxe] am A F
7 HES B Atz FA HY9e EX HAHE Aoz BIFYUHChough
and Kim, 1981; Klein et al, 1982). 28|\t #it=e 24& £ HAEL 39 &
ot FAZ vlE AHoE FHa2ge] FHE FYHT AT F T
e =& HAHLS AT W 2] AFPE HAEZe YL BHAY Ao
2 ¥ 35 % (Shepard, 1932; Emergy, 1961).

B3 HHES) AATY S e M3 FRHY Q58 HHYEe BFEs)
HAAE, FEAET HAEY AAYH, BHAH EA9 A7 ¥ @ge
e AFol gtk 53] F3 TR g dFF A YA g ¥
HEY ZYAZA M3 Fo7 et FAZ W FH9 Ax e FEY A4H
HEe AFYETL olEL AEY & Je N}y dF7) 2o o] ¥Ry @
W3 A7Ho frhAE, 1995 HF, 1995 2T, 1994 UF, 1994; Lee and
Chough, 1989; Alexander et al, 1991; Chen et al, 1983; Li et al, 1981; Yang and
Milliman, 1983; Milliman et al, 1983).

BHEHEN AT Aty AFZHE 3 FEAY BSHHE 2 &9
28 PEEAA AF AT(0]9], 1992), T FHNY T2 HHEY C, N 2 &
B4 ¥F(Yang et al, 1998), @3 5% EFEHAEF FTS 929 EIEHN
(£9], 1993), LT JITLE A B HHEY 24 Q@ AT 3H3a 54 AF(M9),
199), 5737 HAE] A7 AF(Lee, 1989)5 9 7383 A7 ¢
AU 23 $3) 33T HY EFHFE L FYNRE 23F o7 Ao



FAA 38 ATE T 29 HAEY 2IxAF AHF HAEY FEA R H
A4 g Yriste A7 WEFS dAog. vty £ A7 F3 T4F d99
A ARE F 1390 HAE AR dig J=EY, BEEN, SAEEY, fU1EQ
TE Bt o] Y 8% HAES EEEATN FIAE Hdstn FAANFA o
3 Pb-2103% Cs-1379] ¥4 478 B¢ HAYLEE Weled $HE T

o Ay 7Ax

e S Hu, INEe ZE=REH RHEALS FFPol s
ke GG AY HAES LA TZ glon, @tk FRUSE o=
B A F HAFpYger BZozge v ddHY, $xF 7P I
AA AFxel ol2y AAWELE wg FERoe FFIMG A AHZhao,
1983). F3 HFo A} FFWErt vitE o E5%e Wl I 5F £
Fo] wj¢ Fov(¢f 21lkm) ol FHE GRLE FHAY. wtA, FAHH o
400,000km’] o2 HEE BEZOZE vl FL YHE Holn Y WY, ¥4&
o2 v$ He AL Bt (park and Han, 1985; Chen, 1983). 3|t & AH%E
BEe FZ,ge get 2L HolW, YA £ BF fgd 728 B
. Fae] FF AAE 17 217 ofn HAAYL WYY MRS FAE F
TR o2 FEo| 33y, F4& AUAFAA FARZ AFE FAASY F
FRAM FElP NEYNE A Yg RANHFFA Mm, E259 38m, $E ¢
46m)(Fig. 1). AMAAH &{L HUAH X PF 2 FA A H(tide sand
ridges)7t ¥ 7ot #HFR Ale], el FEZH UG Ale] oo E A
o, & A& Zoj7} 200kmeol o]&t}. o]E =4 AElE &7t 2okd) ol &3
9 HARYL wj$ BRse, FAEs w28 vl ac(Fetr)EA, 199%6). FH2
FUHE dHeRE FIAFS vgss Fad 2 Wz ¢S7, I3,
T4 2 JA7e) dE Aot} (Zhao, 1983). Fal} Fmo] Lulale A4 X HH
HEe F2 A 1698 AASH TutFe) B%E A 30, vty FIie
AANA 7t3 e 49 HAEL FIFTE AHF7Ao|th(Milliman and Meade,
1983).
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Fig. 1. Bathymetry of the Yellow Sea (Water depth in meters; After
Khim, 1988)



gazny FTIFHE R{EIEY Fe ddHo e AAdA F HAZ B
L Azt ¢ 1198z F AAe] EAFFd gle] 7h3] AU %L i
(Yang, 1997). $8l2 %&d #3173 HHEZF waurg 2oy &9 dFL 3
qo g oEHE & AA TFF 9~15%° AFHE o 97007 ~1%6,200%HE
AERE Qs Yon, o Fie FFoE fYste ik W FIFF &
300 @&-v}(Alexander et al, 1991). o]E HHES o|FL& FE dast= #3
AQa ol HA o] FARH, AFE FEH G oj27|7AA L o]Fo] AFHH
A FHFE R ES YEL o2 A3 FH9 HAd = Far|des &4
g @4 UZ 533F0] g3 FHALAH AFE GEAGAA FAA 2E€H
Q2™ (Hu, 1984)(Fig. 2), §3] °o|& U@ HAFL deidirt 848e AqH A
gAoz e YA glo] FHALHF BB ol HdFre 4T FF
A2 RuHI YrHZhu et al, 1990)

B AFAYGL 3B5~37°N, 123°30° ~125°00" Eo $IA 5t 3 FIF AFe
2 Y32 §HEAS FHIE & Fo2e Y e A, [Nz A,
74 R 4A3%l Avk (Lee, 1989). ©1 & 749 #& 3 utste FHEHY &
€ Table 17} 2t}
Table 1. Annual water and suspended sediment discharge for river on the

Yellow sea(From Schubel 1984)

River Water(ma3) Suspended sediment(tons)
Huanghe 443x10" 1.12x10°
Changjiang 9.24x 10" 4.86 % 10°
Amnok 3.47x10% 2.04x10°
Han 2.50% 10" -
Keum 5.00 % 10 112X 10°

8, A7A G| HAE o]F3 FAle] Jag uE RAog GAHE AF
ZME Figds® o] BFx #FdAN ¢4¥ 1, 199 FZ(kurushio)olil °]
2RH BIE FAdFSE AFE HAWE A9 FH2 /UdHA, 2o
(Bohai)Tro.2 RE AlZE Hs AYFE 40~50me SAML uwa} sAE 3
2° N7HA], SAel+ 30° N, 126°E74A] ¢& 3} (Milliman et al. 1983; Butenko et
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Fig. 2. Mud patches and upwelling area(Hu, 1984)
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Fig. 3. Schematic representation of coastal current (Wells and Huh,

1984)



al, 1983). E% ST U5 AL Fdo Sstd ¥ AL, AFY F=UHF
oot AL NFERA 93 AYHE FHAAFEF, GRE Aol FAdE
Agaigr Aot BE 7ol 4FE mAE FLE FHAEOITHE, 1989 FH
4, 1989).

. As ¢ %94y
1. A a3

A zALE AFUED AFAQ o1t E o] &3] 19963 8U2TAURH 9¥U6Y
A B9 35 ~377, T3 123° 30° ~125° 00" o AT HFAHFLE HFAA
A X & e (Fig. 4). 254 E& Van Veen Grab Samplerg Al83l9 F 137 A
Ao A NBE AHABAL, Gravity corer2 3719) FHAM FAIANEE AF SR
t}.

2. d=gH

EHE AE 2L Ingram(1971) 3 Galehouse(1971)9] o) wet Alw
40-50g8 F 3t Aol 9] &34 A& AAsA ARE 6% H:O,2
N8& AAFEE. /7180 AAY AR 10% HCIZ #ALHE AAF Fof
0.0625mm(230mech)9] A& AL&3te FAAAFT F 2YPHEe APLEE U 2
Y¥E 10 FH o E Ro-tap sieve shakerd AMg3te] 4] A * Y= 53
NELL Tt AEEE A Calgon(sodium hexametaphosphate) 2g& 3
7tete) AEE FAAZ F APl 9 10WNHoE FAW F A= FF
NE &L 73t o] 232 Folk and Ward(1957)2] £4 ¥ ot g7, £,
Jd=, A= 5o ZAFFAE AANSEL Folk(1968)2] A o3 HHE &
¥ EFH49.

3 33 x &4
F98 T2 TP FEHL o8l &2AE Y e (Kitano and Hujiyoshi,
1980), Z Evld A& < 2¢8 A% 3l HEE%¥ (Teflon bomb)d] w3, g 2
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AHHNOs), #94AHHCIO), HAHHF)S 22z 3, 1, Imd AZtsjA] A58 A=
b d9)oll 200CE FASAAM <k 6213 B wHE AR g, FAE NEEd
Ag FAANZG o] BAEL F A WESA FAFES M3 LAY F, FLE
Az 1M HNO3& 7-8g AR FAF 20-30%3F ¢ 50CE 7149 Fo 20ml=Z
e 1008 AMEHY) F845 T 2L F49 1370 ¥5 (AL, Mg, Na, Mn,
Cu, Cr, K, Co, Pb, Ca, Fe, Ni, Zn)°ll e EZ-42FFE4 7 (flame-AAS)E 9|
43929, Cu, Ni, Cr, Pbx 1008 34, Al Co ,Ca, Mn, Zn< 10008] 34}
Fe, K, Mg, Na& 10000¥} 2 #X3lo A om Ale olHEd otz A L8R
< olgon g F&4£L oMEd air flamed AHE3d B4 3gh

ASEE ¥°|7] #38] 30 FAslo PYEgtoes vAgPon ¥E Fo] & i s
A AEstd FAsRG.

4. H34&x %4

B T sMGAM AR 34 FAA B digtd HILE 2HL 94
Pb-2103%4 Cs-137¢] @5 k(activities)E 389, EHE9 % (Water
content)< 2cm FAE £28 ARE 60~70CAAN AZAAH 2393, Pb-210,
Cs~137 5% 9 supported Pb-210 855 & ¢7] 9% Ra-226 =4 Nittrour
et al(1979)8] WA FUA 243E A8 lkgd EF2E vragld Y1 do
2 498 A23X WA Ge(l) Detector® Gamma ray Spectrometer® o] £-3}
of 2412 F¢F counts 3 o]E FHULES VEFEE ZA39H(Lucas, 1975;
Benninger, 1978; Salmon and Creery, 1971).

IV. 43 ¢ 23

1. ¥352E9 ¥ ¥x54

A7AY W EXde FFHAEY $8% 2 YEE5AHL appendix 13}
Fig5q Yaudt. d7AY9 3 =349 §3L sand(Z ), muddy sand(V]2
Ah), clayey sand(AEZFA}), sandy mud(AAY E), mud(W E), sandy clay(*}3 A
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Fig. 5. Distribution of surface sediment type classification
Notes: mS: muddy sand, ¢S5: clayey sand
sM: sandy mud, sC: sandy clay
M: mud, C: clay
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E), clay(FE)% 719 f¥o2 UFoxz, A EHEEXY, UARH FEA
o, MAUERINY TJ2ju JER F¥X Yoz ERdr 2 FIAGL 47
AY EFERY AFEZ BX¥an 9loy o) AL 2 90.36%, HE 542%,
HE 4.22%0°]3 PAYEE 26702 A 3Bsiy £F5e 173022 tha
BT Woltk(Fig. 6). VAR AR FIXAYL d7A4AY &3 555
T o FEYFOE YAREE Hojn o]9 HFZRAPL B 75.28%, HE
11.19%, M E 1353%°)1 HAYEE 36802 FHAYE Alel si3ein EF=E 205
gz vj§ EFE Holvh AHAUE EXAYL ALY AIAAEY EFHAHFO
2 dFA Y EAZAN FEHE AX GE0Z oojA & we] YyuH=E EXdn
At o] THHANY HHEAHL B 26.21%, HE 3317%, FE 4057%°| 2 3
TUEE 65002 AEd H4E4 H3e E35s 27002 A B¢ Aot
UES AEY HAYE 717 HAREXNYL AT7RAY MFQA FF320) EX g
ole] BT AL R 1.83%, HE 3292%, HE 65.27%°|1 HAYEE 85002
AE 3 RI=E 102024 thi £33 ol

B8, FatdozNyg UL HIYESE Kol(Boha) e AX AFHULE X
e SFE WA d@sgdes Bi HAZEL eutEE AoE waHn v
(Milliman and Meade, 1983; Zhao, 1983). A7 A¥ BAZY Z AFuE UZ ¥
HEES FEXE XY AF 8% 994 & XY Hgtd F2 JE(mud) HAE
Y X8 B F U2 o] YoM FFoz AF-E MY 298 = AL B
Aok o} Zo] HA 8 9ol A9 o}F MPF HYEBEL Fig. 504 R &
Y HEN E£¥(mud path)X ol siFHct o] H5$ %% 9 YEd(mud patch)
EXA oL Hu(1984)9} Alexander et al (191)o] W= #s] NRE == H3}
Z, BHGRT R ALA A SAAET A8 AXFE HHEE HAAT
= 9 (upwelling)7} ZA s Add Xdoezy HAE 2de B¢ Y2
TAHY JE BusHd o] UED EIXAQoM FEZ2Q Ik dotoz g
ol W& HHE FPol 293 =Y HABY LYFgo) Frisied ol YT
Yo FExAM &A35 Jehdoh(Fig. 7). ol AL Bol: AL Fa77)
Y HA o] MEA2HE WolAWA AT ¢ 22N dojQ Foj
e el nuay] fEQ Re2 BReJAt( Yang and Milliman, 1983 ).

€ d7H9M 9] S39(Fig. % #7184 (Fig. 99 £ F A¥nd gaqg

_11_
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Fig. 6. Areal distribution of the sorting of surface sediments on the
Central Yellow Sea.
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Fig. 7. Areal distribution of the mean grain size in surface sediments on
the Central Yellow Sea.
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Fig. 8. Areal distribution of the CaCO; in surface sediments on the
Central Yellow Sea.
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Fig. 9. Areal distribution of the organic carbon in surface sediments on
the Central Yellow Sea.
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& 28%~105%(HF 6.39%)0l1 HrleiE 0.30%~1.30%(H T 0.72%)% FFW
g nt dATAY HAEZY @AI(CaCOnd#H AH9H ¥Ex Fig 8%
appendix 2914 B ulgtzo] HAHE JE ¥ FAY] AEtxet 2HY 24
A MZE(st. 1, 8 99 UED EEA9e %R S Holw 7lEkAI g9
098%R.Th < 18v) H& FHFEIE Rolx FFAAN MNFOZ g wet I §
#FA 71 A F4adE AFS RA ol Far)d HHEYE & Ca, Na &%
A& Role 7|9 d7AFgex dX 3 (Yang et al, 1983), #3171¥ HAE
THAZRE HojPo wet Ao % 1 FFo] vnFy] HEQD AoE R
A, 8 A7AY Frled §F9 X934 B X Fig. 99 appendix 29]4 B&
niolzto]l BHE QEo] FEFL ol UERI} EXde A7AY ME(Gst. 1, 8, 9)
oA 120%= 71etx| Qe 058%K.th < 218 Axe) & FHFL R, &
£ dT7sgeNe 53589 Add 3] 283 K39 HAF Bd /712 &
ZAgo] ESE gurt EF AEtEg I ZAAY FE(st. 10094 AF L.
2 e wet H3E Jxrt 2 A1 4o Frhtle $F R FEd mE
F71 @4 §Fe) #adle AFE RolH, ol ZHd AFWNE FHAY =
A gte] el wWE ztFE FAEol X gel BE ZHF I &) A
Qd Aoz HHHr,

2. A%y a4

HFoZ FYUEHE 4719 BEAL S04 T3 A4 o7 ABEZ F
2 3HE B FRFE 2 v Yo Hu) 53 vF 5949 olF
3 HAHE o HAE FEAY A¥ o8 o]Fojx| 7] fEd] olFwjAst 7
o sl w§3te AFFAd wetA ol Y6 FutHEE WEI tdEA e
@ oHGibbs, 1977). 3], #lY¢ HAHEW 45449 $FS HHPF L9 F, H§F
T 4%, HAEY FEZY, 293 AEE o3 FgF) oA 2 F
#£¥7} @2tA A fcH(Forstner and Salomons, 1980; Katz and Kaplan, 1981).

¥ A7HY EFHHYE 137 AR st 13F 9 A3 ¥(Cy, Cr, Nj,
Pb, Co, Mn, Zn, Ca, Fe, Mg, Na, K, A9 ¥%#& £33 A3} Appendix 28} #
3 olE Y€ #FA 3T EXE Yy 2o

_16_



2-1. Al, Zn, Cu, Ni, Cr

ATA Y BEEEHEAAMY v&d A REXFYE Roje F5Y4E KW
Al, Ni, Cu, Zn, Cro] glth(Fig. 10, 11, 12). ©o] ¥4 T3 HJAZE 24A ¢
<3 ok AlL 525~950% (8T 7.47%), Ni< 20.90~54.00ppm(¥ 7 34.25ppm),
Cux 3.78~1650ppm(E# 9.63ppm), Zn< 31.77~68.16ppm(H & 50.61ppm), Cre
20~72.69ppm(HE 7 41.24ppm)e] FFEFXE HQItL ol U4F AlF Nigdie §
FFS At Fa WFESHdT A7 € F4M 2ud gk =5
& o 3e gg RYov(Z9, 1994), F3 A HY HAZC FHAA: FF v
g o B A gL Aty ez 2 L HAHERT, 1993).

ol FTHNALY HAEY HWIT U= AuFAE AWHRY Alr=0.73),
Ni(r=0.68), Cu(r=0.96), Zn(r=0.83), Cr(r=0.85)2 w9 453 A2 M A@BAAE
Holg, dntx o HAE Yurst MY o met HHE 4] F45U49 §
frgel S7hstE #EAE RAEH(Fig. 13).

Al2 AZEAFN /M4 Z4A EXde 948 71 Uz $3 =& oF
Fol Ao g Wyt glon FIAEN FEFEY F pAHAYLE g A
% A9 N2 RY o|FHE Al AAlTHY 99% olAe] mAe] ¥E=
o]Fo| A, oite] o]FFHo] ule HL HPHQ Ao EFri(Martin and
Meybeck, 1979). Al94:9] 3332 BX= Fig 1094 2= upe} o] 1
EXE & &3 ilFT Yl st AFBVE FEE J7tolol A 90%el 4] B
#& Holxn FF o o wiet HA Fade AL RAF3 Y. E=F H
AE FYd BE Al $3S UEY HYEANA 864%, AFAUE B A A
866%, UARY EH M4 625%, %W HHPNA 525%2 AlfiA e HHB9)
=7l ol F4 442 ¥§FE 24 F2 9902 4L AAS) 21 gy
(appendix 2, fig. 10). ¥¥, Zn9] A GA EX = Fig. 105 Zo] Al 243
FAFSLSL TR Y MFA L e Holn $Zo2 #go wal 12 g&Fol
ity AEE Rt HAZ #¥ ©E Znd FFFS AZ YEgA
66.27ppm, AHAYE = H Aol A 52.83ppm, YA R A Ao A 3695ppm, 2
g 330ppmoE o] ¥Al ZnYiE HAEY JIE7} ol F&dA: @§¥L
Z43e 72 Y9Ao8 FEEe AAS Fu AtHappendix 2, fig. 10).

Cut 299 T8 4424 TAY F& 7ked 24, 84, 444, 3=

_17_
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Fig. 10. Areal distribution of Al and Zn in surface sediments on the
Central Yellow Sea.
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Fig. 11. Areal distribution of Cu and Ni in surface sediments on the
Central Yellow Sea.
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Fig. 13. Relationships between the metal content and mean size.(units in phi)
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Fig. 13. continued




So| A &gl & Aoz A o) sHezRE FFHE Cur AA °1FF
9] 50~90%7F nAe.zA APHAES BX Gy sy o] dive ¥ Uk
&AL #= Ao BRI Hi th(Martin and Meybeck, 1979). Cut &9 F3t
2 BE¥E Fig. 11914 BE uie} Zo| AFAY AFE F AFis FHA QM
130ppm ©l4¢] =& L Rolm ¥F¢Q FWNE Foz e we JAF e
' AL RdFa gt £3 HAE 3o B Cuddd §FL TIF UE
Y EHEeA 1559ppm, AHAYUE HAAdelA 1159ppm, UAEH HH A
552ppm, 2 HAANA 435ppmo® Cutld: 9A HAEY =7t o€ #5654
A B9e yIE FL dUez2 FAFHE AAH F1 3 il(appendix 2, fig.
11), Ni9) A9AQ £ ¥+ Fig. 113 2o} Cud EEZAEH FAMstL A7AH A
ZoA L g Holn $ZFoz #{d wat 1 F§RFol FAe F¥ES B
th HAE §¥d @& Ni9 FHFe A% YEUA 4758ppm, AHZHE H
HArol| A 355ppm, VAR EAHAAAM 2792ppm, e HAgeA 209ppmlE
o] 94X Nigd4E EHEY Jr7} olg F444 FE 2dde F8 dde=
2482 AAE F JtHappendix 2, fig. 11).

Cr2 iron group®l &3t Heo] FHAALRA, HHE FT§ o i ojF L
AA 9 90%¢14o] 149 FelE o] Fo] X Z(Martin and Meybeck, 1979), °] ¥4
F o494 vj¢ 9Hg Yiolti(Martin and Meybeck, 1979). Cri49 F33Q
EXE Fig 12914 2E& ule} o] AFAY GAE & AFHE GHAF £
A 72.69ppm2 EL F&E Boln AwHoZ NFM FEoz g w2t HA}
ZaseE A%E 2933 vk HIE 43 e Criie €3FE& UEW HA
EolA 6321ppm, AHAHE HZAdoA 50.09ppm, VA RH HHAde|A 25.23ppm,
2 EAgM 200ppme= Cridtx HAESY QJE7l olg 5494 €% =
Adle F8 9022 F8E AAF F31 3L(appendix 2, fig. 12),

oAy AFAYUW HAENA Al Cu, Ni, Zn, Cr2 #H 3 AxE & 3
WIE BUET ob AFHE FH AQAe Jxe) vng BAE Ry A
AHAA w1 FZF dlgoz o wet o FHFel HA pide AHRE H
AENE FE A¢gge T4 AdEC] FUME ©E g TFHaM TAse o9
49 98 R fFddad 7IAHE JAF99 AFF ZIdHE AR AlREyY
(Zhang et al, 1988). =&, o2 RE¥H YL F3F o2y FEHE HYEF



B3 o] (Bohai) THE AAM ATWUEE AV Hide AFE wHA FHHGez
Ff ¥udHe Aoz Ry /&9 AT EAYG ol 9459 FTUFHA RERY
< dx3lx ¢lvi(Milliman and Meade, 1983; Zhao and Yu, 1983). §3], @+A1Y
F9F UEd(mud patch)X do] 47 4945 #§Fol 7I8A9ng & 3t
£ Eola o] X Yo] Hu(1984)¢] ATl RE &574 2 A ZEd 93 &
HE H1 HHAEEY HHo| JyYH= 9F(upwelling)7t A= AAY sHge
24 E3714Y AEd H3ge JAHE AW dAstn 2 H(Zhao, 1990).

2-2 Mg, Fe, Ca
Mg, Fe, Ca®] 33 H#@e 29 o3 Prh(appendix 2). Car 0.40~
1.48%(8 7 0.62%), = 0.03%~0.32%(8F 0.15%), Feir 0.89~1.94%(H T

12929 ¥FEEE B o] 4AEY THFL Fi usEHgdy 231y
a8z g3 A Y 52 F4542 §E vnyg o 2 97 9L Ay
o2 e g BYG(EE, 1993, £9), 1994),

o]l ULEH HIHEY HF Y=g AUUAE AWRY Ca(r=-0.02),
Mg(r=0.52), Fe(r=054)Z4 Cag® A&stues 4 43§ A AFFAS B
(Fig. 13).

o] ¥ ¥4 FRAQY BEXE HWRY ©eF} ok MgE Fig. 12914 BE
uie} Zo] AFRtE FF5F oo A 032%E & #E BHoln dAFAY J&)
st. 1, 2, 390 M 2+ 0.143%, 0.140%, 0.125%2] HL g Ro)n £§ EXoz
ol weh a3 APl Ak HHE FY) BE Mge4se T3 YEY §
HEANA 050%, AHAUE YN 008%, ALY HHAPNA 0.117%, 2.5
Aol 018%E MgHat HHEY Axsl o] A g3 YR zHsE ¢
ALE AAE £ dvh(appendix 2, fig, 12). &, Mga: Y HYE9 =g
HEZEY 29elolEdA vz £ FFL Hol: FHRJLZA HHAESI
Mg #3e HAEY A9F J¥3 dd4L Bl 29 UX)Prh(Krauskopf,
1956). ¥4, Fed] Aq3 X AFTUE I5F(st. 9, 10) 7M7olol A 194%= =
< #&E Holm Mgs FAIA QFAY B2 A4E Fadrle ) 47X
S FEAYQA st. 390A 1.36%9] Ftol Bl HAZ $Yo] n}E Feddo 3
2 UED HHEAA 151%, AAAYUE HH44o|A 149%, JAR e 524N
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1.07%, 23 &AM 095% L 2A Fedats HAZY Ar7t o] 345949 &

& ZHI}E FLY9YE AAH F22 ArHappendix 2, fig. 14). o]AH Fe €
&7} AEwEe} Jt7E A GoM wL FHFE Hole A& HT AFHEFW
At el FAF =AY FAF wE 4F AEIRrTY FYd A HHEY
Fe &##Fol S718te dAA4Y HoZ Mg

Cat FEFEAA 1 #Fo] ¥ 7oz gaa UrhHGoldberg, et. al. 1958).
Cad] ¥Xo| 9 vz B9 EIL A9 djifo] ALY #HFoz 7
48 vHChoi, 1989). Caol F7H3Q X & Fig. 1494 B A Zo] d+4AY
HEXME Y & g7 gt stk AgRt: FE&E srtolel 9= st 10,
11614 1.3%°1’39 £ @& RT3 Ji £} AFAY GAF 29 st 1eA
0.89%9<] Hlid & g Holx gt F AFAY MFRA FxEo] FHAH
UPEE By} ¥& §FAE RAF2 Yt HAE F30 & Catldd] FF2
UEY HAHENA 0595%, ALAUE EHAJA 0.746%, UAEH EHAH A
0581%, S EHJolA 525%0.2 velhto EHHES Hidwete AduArt
r=—0.022A4 2o 4A{AE R HAEL YR X FHo A&, YAHAAY
BHo} AR HA B A gAHE 5& FFHE LoFa Ut

#3719 HAHEY FoEA EAL 1 29RF 3 BR9 9 - Azstn
B A28 (leaching)o] U HE(loess)7t ¥ EHE ZolnE Ca i3l =
I FEy I Aol FRIE A tHQin et al, 1983; Yang et al, 1983;
Milliman et al, 1983). W&t HAE Q1=e] ¥ fAQl T3 45 UL 772
ATAY MFD FHF E XYM Ca #F%F0 51 FFo2 3o ot A
2 Zaste A #ag 71Y BAEAE] B Q7 42X Y7A flux Ha Y-S

€ AAE] F3 Qv &, #3719 BEREHES o] %7 R (mechanism).EAE B
&) 9H(Bohai) & 2 7§ Alah'ﬂ Ba AYFE 40~50me TFAME wel dAel
E 32°N7HA, EA4 e 30°N, 126°E 714 @3tst 2 (Milliman et al. 1983; Butenko
et al, 1983), AL&E ZFF 7T FaA QoA ARFE AEA HAHZo) Zf
ALFe 22 E5T £8 Add g8 3 BF HABo| AFAGAR o
% - §3o] st5dvts Aolti(Milliman et al., 1983).
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Fig. 14. Areal distribution of Fe and Ca in surface sediments on the
Central Yellow Sea.



2-3 Co, Pb, Mn

Co, Pb, Mn® #%3 ###-g 29 tf# Zohappendix 2). Co 643~
1.30ppm(H ¥ 859ppm), Pb¥ 2440~421ppm(B & 3243ppm), Mn2 450~
631.04ppm(B & 51571ppm)S Relth o€ W4 F Pbe A7 R} A9 ¥R
§ e nen g A9 ) AXGe JEgH FATY gRGE e
e BRI Mne ZHAAY PYFRRTE AL e 2l FATY A7
A9 FRoE e g Hola YUen CoBdtt 9 ANYdA roh @
& Bola JUATHEGF, 1993; 9], 1994),

ol% YAEH xoe ABAAE BYU Pb(r=0.15), Mn(r=0.30), Co(r=-0.08)2
22X A ¥ AHFAE Rolx Uvk(fig. 13).

Cox iron group®l &&= Ho| FHYARA, 3HE FF o 949 olFL
A 90%oldol nAe Helg o]FolAck(Martin and Meybeck, 1979). 19
Fig. 15914 B¥E A3 Zo] o] ¢4 FNAHA E£¥Xe d7AY $5F A4
st. 3014 11.30ppme 2 HAZtL Rolr F9¢ H(core)o] FFANM EZOZ 3
Aotz e NFog o wet Aa FAide AFE Rl U EE H
HE 80 B2 Codad #Fe JEY HAHAAA 7.50ppm, AAEUE HA 4
A 956ppm, AR = A FA 860ppm, ZHHHgNA 76822 Co UaE H
HE9 x7} o] P49 #FE RAHI}E Hsle] obdE & 4 vi(appendix 2,
fig. 15).

Pbxe F1HQ X Fig. 1594 RE ukel o] A MFAYe] RAP
FAYQA st. 13914 42.1ppmo.g Ao §F & Heolx ATAY YHMEBLE &F
F BEZEHAEANANG §Fol HoAe Regg XA HAE FY4 wE Phir
9 §%E UEY FHAEA 332ppm, AHAUE HAGA 31.32ppm, HIARH
534 A 3092ppm, 2 EHFHYNA 421ppmoE Pb Uie HAEFY YE7}
o] 949 §FE 2EEYsL Bt thE &Fo] Pb 949 FFE 2FIHE A
o2 woAHappendix 2, fig. 15).

Mne 47199 9429E A#HATEANA AA €7l 13L(Zhang et al. 1988)
£ Mn9 A5 AF@AANAN Fed AFHo2M @Y EFU AgHoR
%34" 4 dvk(Kitano et al, 1980; Pedersen and Proce, 1982, Zhang et al, 1988).
o] 949 FAHY EXE Fig. 16914 BT vlie} o] AFAY HF F AHgu
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Fig. 15. Areal distribution of Co and Pb in surface sediments on the
Central Yellow Sea.
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Fig. 16. Areal distribution of Mn and Na in surface sediments on the
Central Yellow Sea.



T gz oA s7tolol A 631.04ppmY] ¥ FE ROl FHRLE agtol uwhet
Az #AsE AL BAFI gtk HAE §Y0 wE Mndie #3FE HE
W E BN 52213ppm, AAYE EFAelA 538.39ppm, YARH HHFAA
506.85ppm, 2 =AM 450.00ppmeE MndE HAEY 4=7t ol B
A2 FF L A FL ez Fgsr)d vha Rt Ak

Z olglzgro] AFA el Pbot Cofael F&-Fol e Aaoe E HAE
zote) #AI vk Bt oy Fag FFAS v FMFRG IPE H4
2 0 gEZd & 292 3 Pbe A HAEY HUwel oiv W
9] $<deo] 9 Yx(Nriagu, 1978; o5, 1992)2A 9 AFHE F¥ A¢Y
Z4 AAdESo] Z745 1 old wE hr)|2e LPEA W&o Eojdd WE Y
& o} Fig. 168 2€ T EXE 29 Aoz ABEY. Cost Mno| R
Fe AFAGMe EBNY E¥E HAE Y59 FRY BEHE RBo|A @&
t} o] Y45 B 449 Af{AGoA HEd B4 Asig AW EAEA
o] Aol7l F& X AL v T8F 29L& B F AA(RTF, 1999), 3
gAML Mn ¥ Cor Ca®t NEFLZA #Ad EFAY AgHoz FHE
% 9o M (Kitano et al, 1980; Pedersen and Price, 1982, Zhang et al., 1980) ©]%
AR o 59 AFL HAEY FAY 49 EA wa A% ¥ &
Jotm & & ok, mE@A o]lE FFo] A7 YoM e AHEHEC] EEAHH
Bad ol 2 ZYTE HAE o] BEXQ FRY NGH xo|E YA &
2 AL A= JgH ol&Y HA o Wiz @IY AE E uE AFyHA
EAo] g Ao HAHHY Mno F¢e HFAo2HE J|UdE RRHEHES
B flux®] ¥ EEHo 49 Ao welrh

2-4. Na, K

Nat 0.05~1.13%(Hd 0.65%), K& 0.01~021%(HT 0.13%)8] ¥FEL¥XE &2
Atk o]E W49 FHFH Fl , 73 A HY HYEA FS9L &FI vang
W B AFAYANMY FFL A el i (Martin and Whitfield, 1983).

ol FHYAs HAEZY HT U=9e AFIAF 2P Na(r=-062),
Kr=-06524 &9 4@#AE 2oz Uch(Fig. 13).

Na9) ¥4 E¥E d7AY E5&Fo A% A9A 9A HEZBA YA
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Fig. 17. Areal distribution of K in surface sediments on the Central Yellow Sea.
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1.13%9] =2 3¢S Molx o MFZow g wr ol Tadte AFS
Ro|x 9t EFH HAE F8e WE Nafso FFe UED HHGAM 0.11%,
AAUE HEAAN 070%, AR EHFM 086%, ZHFHAZAAN 101%2
HHE9 Yxrt YA matr] o] Q29 FFo] FIRIT EFE Roln 3
t}. o] Gibbs(1973)$} Bohen(1979)%°] A A% Naflat vy 2dd HHE
AN EEG 942 g8 A7AA) & X2 Joh E£F AFHE FF st 10
ol A Nadt@ol 1.0%c]d9 %<& #& RArHfig. 16).

Ko 339 X dA7AY H5FZE ANgd AXF A st 139X
021%9 =& F&& Bolm glov NZo2 ¥yl wpatr gro] HojA& FXHAY
EXE Bolx ¢k EFE 30 ©E K49 %2 UED HA4ANA 0.1%,
ARAUE EHGAA 010%, JAZH EHAddM 018%, ZHEHFAM 021%=
HAE9 9=/t 2P et o] Y49 ¥Fo] Frlse F¥E RUdh
ol 1¥ Fig. 133 o] EAE dxd m& K49 Alolde &9 A4aaA
(R=-065)8 RAFH YoM o] T3 WA HAERY ALE HFHENA7 AR
L #$HFE AT S & 5 Avkfig. 17).

AFEL A371L Zto] AARE A47]d) o2 FULY FHAFF
g5 HAR FAdezM F2 GvtE] §4F SAHHEFTOl EXIH, o€
3k R FEZAdE Al Bx 1 9 A% AHY, AJYd, FLE, o]
FAlo|E, AAA FoltHY 1976). AFE A HHEF Na-Ca F49 #3F&
9-18%, K-A4 1-4%R2o £ HYelvyd AFT AgedA A7t ojAFE o]9}
£ AvtE $FAE BT, 1986).

Kt Na$t gEo] vlu3 Aye] R YA HAENA 2dHE 9424
(Gibbs, 1977; Bowen, 1979) Na 94+ F2 33 53 dyoz K44
o] o]F=HE %ol AL 50~90%=i & H(Martin and Meybeck, 1979). ¢]¥
Ko Nafi4de #39 3¢ dfF7F9 g #adisd 9%E 23 Nada
£ ATFAQAM Y FRAEQ REFLGL FBAMY 2L flux ez F 9447
Fig, 165} 172< T3 £X 43 E Hol= Aoz Alggd,



3. 435

g FFRAA AHE OIAEF 37/ A=) thdte Pb-2109] €Fk ¥F
248 23 79 HHES HALEE9 Pb-210 flux 4& HrMEtAx, £ o
714 #HAHNA AHE AF PAA HFQA Cs-1378 o) &3t9 o]E HFIHA
}.

ety AAFAEL dUEFA € o DAY FHRZA YALF T
A2E A gtk o 2 C-14(Rz7], 5730%d)oly Th-230(§7t7], 75,440'd)
2 FyhdoA FATHAEQ AFrlY HAZEE 4HFo 1 HYEE AT
g oA HoQdE S AT 2, 204719 o)A JH&stE FHHEEE
7|8 FF% 299 9AE €7 A E D 50-100d T HAKEE o
ook &t} Pb-210(+7 7], 22.3¥)3 Cs-137(8tzH7], 30.2d) &L vn3 &L v
#A71E Ze FHYEE AZEZE 1008 AFEQ ANEHHES HALEE ZFAd
%07 o]l&5 5 gth(Nittrouer et al. 1979; Benninger, 1978).

3-1. Pb-210 59494 A+

g3 FGFEANM AHE 3709 oA Re] FE Pb-210 5= HIFSAHE §
3 A7HY HHE HALTE golrEsgitt. Pb-2108 BAE uW HAde
Pb-2109] 23 F< Po-2100] W& o-UdAE 2AQoY, 1 ey AN
HAQo] BAstn Azte] delng, B dFdMe 38E AAY FA4o) WA §lo)
Pb-210°] W&3dt= y-4& A3 HALEE T H(Carpenter et al, 1981).
#F HAZAA Pb-210& 2¥YF Ra-2269A4 FAHA o Jur o @&
Pb-210& 7} 3 Qlon o] &I Pb-210(excess Pb-210)0]2} ¥t} o] § 23}
Pb-210¢8] FEYLRE UV|Z2REY TF, ZEd 9T 49, A5 WA &&=
Pb-2109) ¥ #EQAZ9 FF F HAF & HAE Y2 A9 Aoz gaA
AtH(Carpenter et al, 1981; Benninger, 1978). o]&] % &3} Pb-210& FAA| 2 ulel
A A7l me}t Aoz 7AEA @rh(Carpenter et al, 1985). t7)de] &
Adte Pb-2108 ATl osted yHez dasis, Wr)dd Pb-2109
AFshz AL vy o] WEE WA T B FY ALEZ HAZUYY
Pb-2109] 3L ¥4 HAEY Addd Fzd LA og"Hn Ao
(Kirshnaswamy et al. 1971; Koide et al. 1973). 3 &YW = Pb-210& 9 &



At A, d71Fel Bae A R FozRH #98 AT TEAW, HALE
g AA}Y) 98 HABN HJFHExcess Pb-210)& Lolof ok Y
Pb-210 5% % Pb-210 $#EE22E PRa-suppoerted Pb-210 5= 4& 7 3
B 24 AA P} (Benninger, 1978).

ZAA Y9 3] core EANA FAE F Pb-210 €5 = 2 AH CYI9010
oA 3725 dpm/gd BEEE, FAHE CY60010A4 1.118dpm/ge EA. FJHF
Pb-2109) #$%Fx e AA CYW001oA 2.48dpm/gR HAWAE R AH
CY96008¢1 4 0503dpm/g= HAXE Bt} Fig.18, Fig.199 Fig.202 A7-A 9
A AHT Y FAAEANAN IL Pb-2109) FFTE RoFEL A71A Y F
a#mE Pb-2109) 5% folx, AAA Fadve #JF Pb-2108 FFEE
Yehdt, §445E golo wal #9YF Pb-210 $EEE 52 FAAT Fho] 3
A AAge AAXNZEE A4 ZARY 10 8H A= o] 2lem 1]
2 AR 108 AME ol 4dlemyt Adel] wal Pb-2109] EF % Ftol Ao 443
A vgo] BAH o] REL HHLELE AMAA ALH Ut

3 Pb-2109] ¥ AIZET ojvzt B AU EFH HEY FEd 93
G %S & X vk A AddEs MRS olBd 8QE& 1EEE v
3 & A €& 7 U

aC _ . 9*°C _ , 9C_ -0
2 =D pye A-52-3C =0 (1)

of 4¢ EW g o,

Cz=C" exp(A— —%_%4&)3 —————— (2)

Cz : ZHo] zal A9 23 Pb-210 &% X (dpm/g),

-C": EFAY E3 Pb-210 ¥5=(dpm/g)

-t : AIZHyr), z2 Hol(cm), D: EFA E(cm’yr)
- A 8342 (cm/fyn), A 8451 /yr)
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Fig. 18. A profile of Pb-210 activity from core CY96001 in the study area
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Fig. 19. A profile of Pb-210 activity from core CY96008 in the study area
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Fig. 20. A profile of Pb-210 activity from core CY96010 in the study area
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Aol Mg} ol Bl Ao HALES =Y 4% (A << AD), A FEE FA
3ol

D=2 ( mzc—" 2 (3)

Cz
2 ERASE 78 4 A 2§, HASE0) wED o] g g B (A
>> AD), D 22 RAsq

A=—R— @
In-&

2 HIALSEE 78 F Utk @, EYH AEFH 1@ 7 EF] ASdxE E
T EFIEDE FARE dol= 73y 97 g Ao HHEx7)
LA "t

Fig 18, 19 ¥ 202 ZAMAY 37 FAANEEL] ol W& Pb-210 §5 =&
HEld FHolo) o] AROA FRELE FRILH, & ETFH L AEAS A
ZH-go) £ Pb-210 EF X gto] A AdE e Rol EWE TS RE,
Zolo] wel Ph-210 5= @l U FFHoz Rade Zol 9~21lcm ¥ 17~
33cme] FAFE, AY dASA 2 Pb-210 ¥FEE Holx FJiAYgez 8
Aot w2t HAE&ETE BYHF Pb-2109 @F % gto] Aold wat g FrFHe
2 #Aade FAREAA FHDE o839 ATl Pb-210& o]4¥ Q-+
AQe HAELEEE 021~068cm/yr2 X Yo utgl 24 verwd. & #5773
T3 ¥uy J7tE RAAY HAMF 2 AENE FFX(CY%010) 14 =
HAEEE 068cmE Hd9 HALEE By, #57 &gy Hojxe & F
&3 9(CY96008) 7 HZE(CYW01) .2 o] wal EALEEE 0.21~0.23cm/yr
2 9e HALFE BAFAY, ol Fig2ldA Ri=uis} go] R3}o)(Bohai) Tt
SERY AzHN f& FEE 207 AFHNE RN GF P GAMZo R
WEE vol 4 40~50mE wel JEAdE 32°N 7kA ALHe 30°N, 126°E
7HA datsts B3 dAFd A EE Aty FsUiY addF: HH3o g
oAl A o] 4mo)e] Zue 2knot ©1 49 2HF 2L ALH ZTF$ 7AFL HY, AR
fr¥ E£9F(turbidity plume)7t @5& R T2o29 38, FIdHF59 AFE
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AurE FHEte gy 44 2 Futx FEd 93 AFgezRH Eud
REEHEES] EFFen thie ANY xGeldd o|g BFH) FRHHEES
o] AT e AYdE ovri(Alexandr et al, 1991; Zhao yiang et al,
1992).

3-2. Cs—137 $9494 47

W) 94g Fol 93 19523ARE AdPAeE 2AHT e AFTA
FF<Q Cs-137% 100 AFE ANUFRE e HAHEY HAL:S E-3aF
ARAQE Bt F& JRE AT F A2 €22 (Ritch et all, 1973).
PR EA3E Cs-137% ZHA T A3 HIFR o2 JAHA Hpue
EREAot oAl F4=H HAFWE AP} wakA Cs-1378 ]8T A
AQNE Az oA HAEWY Cs-137 5= #o] Ay ag vegde
BEo] tir)AAA HARE I35 1963~1964d 71tE HAE HHEAE 7}
sl oF Frh(Demaster et al, 1985). RALAY 3709 FAA RN EHE Cs-137
5= F< Fig229) 2o og goA Cs-137 8527t g HAE Jehde
HE2-2 CY%0011A v 8~10cm Zo]elA 0.352dpm/g, CYI60084) A= 8~10cm
olo| A 0.511dpm/g, CY96010< 18~20cm ZolellA 0.386dpm/gel #*< Rt &
o 379 FAANBEHE FAHE Cs-137 5= ol Al 932 g Yeghiles o
ZEEY A" H345EE CY%001H CY%0089 A= 0.25~0.3lcm/yr M E B
olii CY96010°1 A= 056~16cm/yr2 FAA&NA Pb-2100] <& g
CY96001: 0.23cm/yr, CY96008: 0.2lcm/yr, CY96010: 0.68cm/yr&#= ¢7ke) zol&
Bojed ol ABAHA BEEFHEE 2AHJAY, HAS Hx FEA BT
3 £42-8 Tl 9% 37 ERFE, ol F WA HFo] tiZjHNA S
Aoz JAZATR HrdAd HIABNE FF - JAs= 443 709 Ho], &
FAY4: BYA FutEE 245 (Koide et al, 1973; Robbins et al, 1975)22
AARG 4 AFE £2Y9L& vl j,
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V.48

1. 9729 2% 534 4382 sand(® ), muddy sand(HAA}), clayey sand
(HEAAD, sandy mudAHEYE), mud(VE), sandy clayAHEHE), clay(FE)F
A FEo2 WYrolAx, 2A RHEEAY, HARY BEZAY, AHEUEREE
AY a3 FEY FEXYQeg EFEAY B FEXNYLE Ad7AY REEF
ATTEE B¥san glow olg AL e 90.36%, HE 542%, E 4.22%°|1
HHEYEE 26702 A AN sldsd E35s 173002 vha BFF Holr
HARH HA4e £XXY9L A7AY F&H} F5EQ e o FEUNFe
2 QAEEE Holn ol HAZAL B 6742%, AE 998%, BE 10.02%°] 12
A== 38702 FAY Al sFsty EFEw 22102 % EFF Holo.
AMAYUE EEAYLE AHAUS AHFAHES] EFEHAG LR 7RG BEAZAA F
GHE A R oojxe W FuE £Xe U o] EFHAHAL HA
ZAL B 2238%, AE 2420%, AE 40.22%0]|1 HFAYEE 66702 AHA
AEJ #HFee EFTE 26502 A EFE Held UES AES HARS
7 JAREEA G dFAY MEY FT3F FESY o9 P =4S 2y
2.10%, A4 E 3265%, AE 6510%°j3l HWdYET 8502 HEJ I3y 5=
= 191024 ti EFF Helot

2. A7 GAMY A3 Frgre] R¥XE AMRY @AA9L 2.80%~10.50%
(B 639%)°1 F7leLE 030%~1.30%(3 7 0.72%)9 FFAsE HAct A
TAY HAEY @UAFCaCONEFY Agd £XE HAE 99 & #BA
AERESG 2T ZAAY HEFe UEGD 2XAde 8%EY 48 Roly 7
A B} oF 18v] ¥ HFEEE RHoln FZoM MEoZ &jtd it 1
FX 7t A Fiees A¥dS 2AY. 38 A7AY fr1eEL FFe AY9H B
EE HAE 950 9L @ol YEYI X3 AFAY AFBAMI}L FEAY
ot o 21v) AEY & FHFE B,

3. FAFTYE EEFEHENAMY H4Ee] FFL AlS 525~950%(HT 7.47%),
Ni€ 20.90~54.00ppm(3 & 34.25ppm), Cu¥x 3.78~16.50ppm (B T 9.63ppm), Zn<
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31.77~68.16ppm(# 7 50.61ppm), Cre 20~72.69ppm(H ¥ 41.24ppm), Cat 0.40~
1.48%(H T 0.62%), Mgt 0.03%~0.32%(BTd 0.15%), Fexr 0.89~194%(F#
1.29%), Co¥ 6.43~1.30ppm(F 7 859ppm), Pbt 24.40~42.1ppm(%B # 32.43ppm),
Mn< 450~631.04ppm(® & 515.71ppm), Naz 0.05~1.13%(F& 0.656%), K& 00
1~0.21%(3 T 0.13%)°] F2+4Q FHFEEXE Rolx gt o F Al Ni, Cu, Zn,
Cre UAEHAZC] BX¥3E d7AY HEAGNAM L 73S Rojn YJE9
&2 gPasiel A5 A, oFdHde 9FE Wi, Ca, Fe, Mg, Mn, Na, Co,
Pb, Na, K52 B3 J3& v EXd4g Hola Yrh

4. QTFA R FHULE o] & HALTE RY Pb-2102 o]-&% A7AY
9] HASEE 021~068cm/yr2 Mo wet vh2A veinth. F, 387 &1y
7 uuA 7k BAAY BEAZ ZQ AHFUE 3¥E X 9(CY%6010)d4A ¥
%2 068cmZzZ HUlY HALS AR, B} wEA G dolA &= Fd T4
239 (CY%008)7 FZH(CYWH001) o2 3o wal HHE&EEE 021 ~023cm/yrE
Re HAEGE EAFEUATY Cs-1378 o4 HALEE BY CYI60013}
CY9600841 4= 0.25~03lcm/yr WHE Holi CY0I0IME 056~1.6cm/yrE
TLAAIRAAM Y Pb-2109] g el CY%001: 0.23cm/yr, CY96008: 0.21cm/yr,
CY96010: 0.68cm/yrat+= ¢Fzhe] ztolg ngth



Fa53d

2714, 1986, AFEEsd FEHAEY 54 92 HAZA, AR =E,

p.49-50

Fe7)EH, 1996 &9 HUAY AR A7, A 3AAE HFHDA, AF7L
st et

274, 1994, Aa)et Faw 23 2RUEA3e NTH4E SAQAT. 4
=1, 14-17.

whgel ol BN, 297, AUE, AR, 1994 BT FANSS A4 HHE BEE
A dAx7)9 s @54 47183%), 31-15.

ot Aehal, 1989 FAUE AP XY AR Hg5e@, AFUGE =F
A, 28, p.61~73.

AukA vt A 71 1995 A TE A dMHAZe] =37 @ AT IEH
EAo ##dA+. 5A 7333 A, vol. 16, No. 5, p.398-407

HF 2 1976, AFxe FARAY AgEd #g AT AFAGE wALEY =
i

LA, AYA 1993, AFE FE dFE HAEY g gxg A7, FFAFH
83 7], 14(1), p. 10-24.

&3¢, AAE, 714, 1989. AFE AMFalge AAHHE 54, S FeE A,
24(3), p. 132-147.

o|FE, AaF, A, 1992, F3 FEH Y XFEHAEF FF F5ELLY
Aol &% A7 B FeHH A, 27(1), 55-65

Z94, o|AE, 9-g¢h A, ZFAA, 1993, H3] FTHRUSEG R A &
ZEHHES AT73H 54, d3A4718 3 A, 70 69-92.

Z94d, o|FE, HA, 194, 33 dER EFEHAE F FT55 449 BESA.
) 53] 4], Vol. 29, No. 4, p.338-356

HA, o|F &, 294, 19%, % ¥HEFT ¥ 559 ¥FY olF, I g
3]A], vol. 30, No. 5, p.371-381

Alexander, C.R., C.A. Nitteruer, D.]. DeMaster, 1991. Sediment accumulation in a
mordern epicontinental-shelf setting: The Yellow Sea. Mar. Geol.
98:51-72,

Benninger, L. K., 1978. Pb-210 balance in Long ' Island Sound. Geochim.
Cosmochim. Acta, v. 42, pp. 1165-1174.

Bloemendal, J., Oldfield, F. and Thomson, R., 1979, Magnetic measurements used
to asses sediment influx at Llyn Goddiondvon, Nature, 28, 50-53.

Bowen, H.J.M,, 1979. Environmental Chemistry of the Elements. Academic Press,

London, 333pp.

EE

e



Butenko, J., Y.-C. Ye and J. D. Milliman(1983) Morphology, sediments and late
Quaternary history of the East China Sea. In! Proceedings of the
International Symposium on the Sedimentation on the Continental Shelf,
with Special Reference to the East China Sea, Vol. 2, L. Yurn, editor,
China Ocean Press, pp. 725-751.

Calvert, S.E., 1976, The mineralogy and geochemistry of near-shore sediments.
In: Chemical Oceanography edited by Riley, jP. and R, Chester,
Academic Press, London, 6:187-280.

Carpenter, R., J. T. Bennett and M.L. Peterson, 1981. Pb-210 activities in and
flues to sediments of the Washington continental Slope and Shelf.
Geochim. Cosmochim. Acta, v.45, p. 1155-1172

Carpenter, R., ]J. T. Bennett and ], T. Bennett, 1985, Pb-210 derived sediment
accumulation and mixing ration for the greater Puget Sound region .
Marine Geology, v.64, p. 291-312

Camplin, W.C., Mitchell, N.T. Leonard, DR., and Jeefries, D.F., 1986.
Radioactivity in surface and coastal waters of the British Isles,
Monitoering of fallout from Chernobly Reaactor Accident. Lowestoft,
United Kingdom No, 15, p.1-49.

Chester, R., Hughes, M. J. 1969. The trace element geochemistry of a North
Pacific pelagic clay core; Deep Sea Research, 16; 619-654.

Chen Yijian, Peng Gui, and Jiao Wengiang, 1983. Radiocarbon dates from the
East China Sea and their geological implications, Quaternary Research
24, p.197-203.

Chough, S.K., Kim, D.C. 1981. The geochemistry of deep-sea sediments In:
JP. Riley and R. Chester ( editors), Chemical Oceanography, Vol. 6.
Academic Press, pp. 281-390.

Choi, J.Y., 1982. Origin and distribution of the bottom sediments in the Keum

Estuary and adjacent continental shelf, Korea. S.N.U. M.S. Thesis.

Choi, J.Y., 1989. Depositional environments of the coarse—grained sediments on
the continental shelf of Korean Seas. Ph.D. Thesis, S.N.U., p.331

Davis, J. J,, 1963. Caesium and its relation to potassium in ecology, p. 539-559,
In V. Schultz and A.W. Klenents, Jrleds], radioecology Reinhold.

Demaster, Mckee, B.A., Nittrourer, C.A., Qian, J.C. and Chen, G.D., 1985. Rates
of sediment accumulation and particle reworking based on radiochemical
measurment from continental shelf deposit in the East China Sea. Cont.
Shelf Res., 4, p.143-158

Duane, D. B,, 1964. Significance of skewness in recent sediments. Western

_45_



Pamlico Sound, North Carolina. Jour, Sed. Pet. 34:864-874.

Durgaprasada Rao, N.V.N. , Poornachandra Rao, M. 1973. Trace element
distribution in the continental shelf sediments off the east coast of India.
Mar. geol.,, 15, M43-M48

Emery, K. O. Hayashi, Y., Hilde, T. W. C., Kobayshi, K., J. H, Meng, C. Y.,
Niion, H.,, Wegemen, J. H, Wang, C. S, and Yang, S. ], 196l
Geological structure and some water characteristics of the East China
Sea and Yellow Sea. UN. ECHF-CCOP. Tech. Bull, V.2, p. 3~34.

Folk, R. L. and Ward, W. C., 1957. Brazor river bar : A study in the
significance of grain size parameters. Jour. Sed. Pet. 27:3 ~ 26.

Folk, R. L., 1968, Petrology of sedimentary rocks. Hamphill" s, Austin, Texas,

170.
Folk, R. L., 1968, Petrology of sedimentary rocks. Hamphill, Austin, Tex. 182p.
Forstner, U. and W. Salmons, 1980. Trace metal analysis on polluted sediments.
Part I: Assessment of sources and intensities, Environ. Sci. Technol.
Lett., 1: 494-517.

Galehouse, J. S., 1971. Sedimentation analysis. in carver, RE. ed., Procedures in
sedimentary petrology: 69-94.

Gibbs, R. J., 1977. Transport phase of trace metal transport in rivers. Science,
180:71-73.

Goldberg, ED and G.O.S. Arrhenius, 1958. Chemistry of Pacific pelagic
sediments Geochemica et Cosmochemica Acta, 13.153-143( in Japanese).

Holeman, A.J. and Elrick, 1968. The sediment surface area, grin size and
composition in the Yellow Sea. Appi. Geochem, 2: 437-451.

Horowitz, A.J., 1991. A primer on sediment-trace element chemistry. Lewis
Publishers, 2nd ed., 136 pp.

Hu, D. 1984 Upwelling and sedimentation 1. The role pf upwelling in
sedimentation in the Yellow Sea and East Sea. Chinese journal of
oceanology adn limnology, 2(1), 12-9

Ingram, R. L., 1971. Sieve analysis. 49-67, in Carver, R. E, ed., Procedure in
sedimentary petrology: New York Wiley interscience Pub. 653pp.

Jenne, E.A,, 1968. Controls on Mn, Fe, Co, Ni, Cu, and Zn concentrations in
soils and water: The significance role of hydrous Mn and Fe oxids. In:
Gould, RF. ed., Trace Inorganics in Water, Advances in Chemistry
Series, pp. 337-387.

Johns, W. D, and R. E. Grim, 1973 Clay mineral composition of recent
sediments from the Mississippi delta, Journ. of Sedimentary Petrology,



vol. 28, pp. 186-199. Seaward change of montmorillonite to illite and
chlorite in delta sediments.

Katz, A. and LR. Kaplan, 1981, Heavy metals behavior in coastal sediments of
southern Califormia: A critical review and synthesis. Mar. Chem.,
10:281-299.

Kitano, Y., M. Sakata and E. Matsumoto, 1980. Partitioning of heavy metals into
mineral and organic fractions in a sediment core from Tokyo Bay.
Geochim Cosmochim. Acta, 44: 1279-1285.

Klein, S., Calvert, S.E., 1982. The mineralogy and geochemistry of near-shore

sediments. In: Chemical Oceanography edited by Riley, j.P. and R,
Chester, Academic Press, London, 6:187-280.

Krauskopf, K.B., 1956. Factors controlling the concentrations of thirteen rare
metals in sea water. Geochim. Cosmochim. Acta, 9:1.

Krishnaswamy, S., Lal, D., Martin, J M, 1971. Geochronology of lake sediments.

Earth Planet. Sci. Lett., 11, p. 407-141.

Koide, M., Bruland, KW. and Goldberg, E.D., 1973. Th-228/Th-232 and Pb-210
geoch ronologies in marine and lake sediments. Geochim. Cosmochima
Act, 37, p. 1171-1187.

Lee, D.5., Chough, S.K,, 1989. The geochemistry of deep-sea sediments In:

JP. Riley and R. Chester ( editors), Chemical Oceanography, Vol. 6.
Academic Press, pp. 281-390.

Li, D.S,, 1981. Geologic evolution of petroliferous basins on the continental shelf
of China. AAPG Bull,, 68, pp. 993-1003.

Lucas, HF,, 1975 Improved low level alpha scintillation counter form radon, Rev.

Sic. Inster., 28, p680-683
Martin, JM. and M. Meybeck, 1979. Elemental mass balance of material carred
by major world rivers. Mar. Chem., 7:173-206

Milliman, and Meade, R.H., 1983. World-wind delivery of river sediment to the
ocean. J. Geol, 91, p.1~21.

Milliman, ].D., and M. Meybeck, 1983. Modern Huanghe-derived muds on the
outer shelf of the East China sea: identification and potential transport
mechanisms Cont. Shelf Res., 4:175-188.

Niino, H.,, Emery, K.O., 1961. Sediments of shallow portion of East China Sea
and South China Sea. Geol. Soc. Am. Bull,, 72; 731-762

Nittrouer, C.A,. Sternberg, R.W., Carpenter, R., and Bennett, J.T., 1979. The use
of Pb-210 geochronilogy as a sedimentological tool : applicarion to the
Washington Continental Shelf, Marine Geology., 31, p. 279~316.

...47_



Nriagu, J.0., 1978. The biogeochemistry of lead in the environment. Elsevier,
Amsterdam.

Park, B. K. and S. J. Han. 1985. The distribution of clay minerals in the recent
sediments of the Korea Strait. Sed. Geol. 41, 173-184.

Park, Y.A. and Khim, B.K., 1990. Clay minerals of the recent fine-grained
sediments on the Korean continental shelves. Conti. Shelf Res., 10
1179-1191.

Park, Y. A, and Kim, S. C. ,1992. Origin and dispersal of recent clay mineral in
the Yellow Sea Korea. Marine geology, 104(1992) 205-210

Passega, R., 1957, Texture as characteristic of clastic deposition. Am. Assoc.
Pet. Geol. Bull.,, 41:1952-1984

Qin, Y.M,, and Li, J.D. 1983 Modern Huanghe-derived muds on the outer shelf
of the East China sea: identification and potential transport
mechanisms Cont. Shelf Res., 4:175-188.

Radhakrishnamurty, C., Liktite, S. D. Amin, B. S. and Simayajoluy, B. K. K, 1968,

Magnetic susceptibility stratigraph in ocean sediment core, Earth Planet,
Sic. Lett., 4, 464-468.

Ritchie, J.C., McHenry, J.R. and Gill. A.C. 1973. Dating recent reservoir
sediments, Limnol. Oceanogr., 18, p.254-263.

Robbins, J.A. and Edgington, D.N., 1975. Determination fo recent sedimentation
rates in Lake Michigan using Pb-210 and Cs-137. Geochimica
Cosmoch. Acta, 39, p.285-304

Salmon, L. and Creery, M.G., 1971. Nuclear techiques in environmental
chractoristic sedomentation precesses of estuaties the Yellow Sea, In:
proceeding of Korea-U.S. Seminar and Workshop on Marine Geo;ogy
and Physical Prosessed of the Yellow Sea, Seoul Korea, p.286-308

Salomons, W. and U. Férstner, 1984. Metals in the Hydrocycle. Springer Verlag,
Berlin, 34Spp.

Schubel, J.R., Shen, H.T., Park, M.]., 1984. A comparisom of some characteristic
sedimenttation precess of estuaries entering the Wellow Sea. In
Preceedings of Koreea-U.S. seminar and Workshop, Marine geology
and physical processes of the Yellow sea, p.286-308

Shepard, J., 1932. Conitinental shelf sedimentation. In: Burke, C.A. and CL.E.

Drake ads., The geology of continental margin. Berlin and N.Y.:
Springer-Verlag, pp. 117-113.
Thompson, R. and Morton, D. J., 1979, Magnetic susceptibility and particle-size



distribution in recent sediments of the Loch Lomond drainage basic,
Scotland, J.Sediment, Petro., 49, 801-812.

Thompson, R., Bloemondal, J., Dearing, J. A. Oldfield, F., Rummery, T. A,
Stober, J. C. and Turner, G. M., 1980, Environmental applications of
magnetic measurements. Science, 207, 481-486.

Torgerson T. and M. E. Longmore, 1984, Cs-137 Diffusion in the Highly
Arganic Sediment of Hidden Lake, Freser Island, Queensland.
Australian J. Mar. Fresh water Res., v.35, p. 537-548

Thompson, Oldfeild, F. 1987. Environmental magnetic ALLEN & UNWIN,
London, p 124~152.

Turekian, KK. and K.H. Wedepohl, 1961. Distribution of the elements in some
major units of the earth’ s crust. Bull. Geol. Soc. Am., 72:175-192.

Vonder Haar. S. P. and Johnson, W. H.,, 1973, Mean magnetic susceptibility: A
useful parameter for stratigraphic studies of glacial till, Jour.
Sediment. Petrol., 43, 1148-1151.

Wang, A.LouM., Li, W, 1983. Submarine sediments and depositioinal process fo
west fo south Haunghai Sea. P.686-695 In Acta Oceanologica Sinica.
ed. Sedimentation and sedimentation reate of the continental shelf with
spetial reference to the East China Sea.

Wedepohl, K.H., Rlush, D., 1984. Handbook of Geochemistry. Springer—Verlag,

Berlin,

Yang Z.5., 1998. Sediments distribution of Changjiang and Huangho Rivers and
sdiment sources of the East China Sea. Chin. J.Ocean. Limn., Vol. 6,
L. Yurn, editor, China Ocean Press, pp. 436-446.

Yang Z.5. and ]J.D.Milliman. 1983. Fine-grained sediments of Changjiang and
Huangho Rivers and sdiment sources of the East China Sea. In:
Proceedings of the International Symposium on Sedimentation on the
Continental Shelf, with Special Reference to the East China Sea, Vol
1, L. Yurn, editor, China Ocean Press, pp. 436-446.

Yang, Z.5., Sun, X.G,, and Chen, Z. G., 1997. Sediment Discharge of the Yellow
River to the seas: its past, present and Human Impact on it
proceeding of the intermational sysposium

Zhao, Y., 1983. Geochemistry of some elements in sediments of the East China
Sea. Chin. J.Ocean. Limn., 1(2); 210-222.

Zhao, Y., Qin, Z., Li, F.,, 1990. On the source and genesis of the mud in the
central area of the south yellow sea. Chin. J. Oceanol. Limnol.,, vol. 8
No.l p. 66-73



Zhao, Y.and Yan ming-gai, 1992. Abundance of chemical elements in sediments
from the huanghe river, the changjiang river and the continental shelf
of China. Chinese science bulletin vol. 37 no. 23 ; 210-222.

Zhu, E.,, W, Gao and H. Wang, 1990. Dynamic sedimentary subdivision of the
East China Sea continental shelf. In: Proc. 1st Conf. on Asia Marine

Geology, Shanghi, Sept. 7-10, 1988. China Ocean Press, Beijing,
351-365,



Appendix 1. Weight percentage of sediment composition and textural parameters.

station | SAND % | SILT % | CLAY % |sediment type Mz sorting | skewness | kurtosis
CY96001 3.12 31.65 65.23 c 7.97 2.01 -0.48 0.55
CY96002 | 21.76 23.47 54.77 sC 7.19 2.93 -0.47 Q.64
CY96003 | 44.26 18.75 36.99 sC 6.07 2.88 0.39 0.54
CY96004 | 67.08 14.56 18.36 mS 4.33 2.85 0.75 0.90
CY96005 | 84.39 4.13 11.48 cS 2.85 1.72 0.62 3.60
CY96006 | 85.08 6.78 8.14 mS 2.98 1.57 0.55 3.64
CY96007 | 15.21 31.07 53.72 sM 7.30 2.53 -0.43 0.65
cYoe008 | 0.73 34.58 64.70 M 8.28 1.87 —0.41 0.74
CY96009 | 1.63 32.54 65.89 M 9.25 1.89 0.19 0.85
CY96010 ) 12.75 57.29 29.96 sM 6.25 2.29 0.36 0.56
CY96011] 50.12 25.34 24.54 mS 5.37 2.88 0.67 0.71
CYQ96012 | 89.71 5.14 5.14 mS 2.87 1.256 -0.46 3.44
CcY96013 1 90.36 5.42 4.22 S 2.67 1.73 1.84 11.85
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Appendix 1. Continued

CY96001 | SAND % | SILT % | CLAY % CY96008 )| SAND % | SILT % | CLAY %
0~4 21.76 23.47 54.77 0-4 0.73 34.58 64.70
4~6 21.66 35.17 43.17 8~10 0.11 39.96 59.93
6~10 18.92 36.35 44.73 10~14 0.11 29.85 70.03
10~14 20.74 42.27 36.99 14~18 0.11 45.40 54.48
14-18 26.57 44.80 28.62 18~-22 0.05 35.03 64.91
18~22 26.76 35.21 38.03 22~26 0.17 59.90 39.93
22~26 32.23 33.10 34.67 26~30 7.23 33.02 59.75
26~30 32.24 41.63 26.14 30~34 0.46 36.87 62.67
30~-34 32.37 40.29 27.34 34~38 0.28 24.01 75.72
34~38 39.75 36.54 23.70 38~40 0.11 27.24 72.64
38-42 30.35 49.04 20.61 40~44 0.34 23.71 75.95
42~46 32.44 45.56 22.00 44~48 0.32 25.29 74.39
46-~50 20.96 34.36 44 67 ave. 0.84 34.57 64.59
50~54 14.66 43.44 41.89 min 0.05 23.71 39.93
54~58 16.96 39.22 43.83 |m ax 7.23 59.90 75.95
58~62 29.95 62.80 7.25

62~67 28.21 46.15 25.64

ave. 26.27 40.55 33.18

min, 14.66 23.47 7.25

imax 39.75 62.80 54.77

CY96010 | SAND % | SILT % | CLAY %

0~4 12.75 57.29 29.96
4~6 13.20 61.83 24.97
6~10 18.38 56,62 25.00
10~14 17.53 60.48 21.99
14~18 9.76 59.12 31.12
18-~-22 9.34 67.48 23.18
22~26 6.78 49.31 43.91
26~30 12.48 57.49 30.03
30~-34 11.82 55.49 32.69
34~38 17.79 56.25 25.96
38~42 7.88 63.03 29.09
42--46 8.76 66.62 24.62
ave. 12.21 59.25 28.54
min 6.78 49.31 21.99
[max 18.38 67.48 43.91




Appendix 2. Concentraton of heavy metals, Or.C and CaCO? in sediments

station Mz Or. C(%) CaCO4(%) Cu Cr NI Pb Co Mn Zn Ca Fe Mg Na K Al

{ppm} (%)
cYoeo01 7.97 1.05 870 13,90 7269 36.49 357 6.43 53419 68.16 0.895 1.09 0143 0.05 0.07 7.26
Cyge002 7.19 0.82 6.80 11.05 5055 28.85 3286 7.20 504.86 65.67 0.553 1.25 0.140 0.24 0.01 8.7
CY96003 6.07 0.67 5.60 9.51 52.02 22.87 3068 11.30 511,24 5432 (0536 1.36 0.125 1.04 0.12 7.75
Cyo96004 4.33 0.45 3.70 510 31.67 23.74 272 814 487.86 37.40 0.413 1.01 0.072 0.78 0.15 5.99
CYo6005 2.85 0.44 3.70 5.27 26.72 27.80 317 8.83 48046 46.64 0.408 113 0064 0.48 0.20 6.84
CYgs006 2.98 0.41 3.40 3.78 20,97 2312 24.4 950 474,29 33.32 0.421 0.92 ooMn 0.96 0.17 5.58
cyasoo? 7.30 1.06 8.80 14,40 47.72 48.18 369 10.45 510.91 59.58 0.417 1.42 0220 0.59 0.17 8.90
CYoe008 8.28 1.26 910 1638 5784 5224 319 B14 507.20 64.56 0.440 1.1 0.216 0.17 D.14 9.16
CYe6009 9.25 1.30 10.50 16.50 59.00 54.00 320 8.20 525.00 66.10 0.450 1.75 0 310 012 0.09 9.50
CYse010 6.25 0.81 9.40 11.42 50.09 4210 252 922 62658 61.84 1.480 1.84 0320 0.95 0.11 9.29
Cyge011  5.37 0.47 6.70 905 2584 41.03 299 879 631.04 31.77 1.254 1.41 0222 0.94 0.18 7.46
CYos0i12 2.87 0.34 3.90 4.41 2096 2394 41.4 766 460.60 35.64 0416 ©0.89 0190 1.13 0.18 5.37
CY9s013 2.67 0.30 2.80 435 20.00 20.90 421 768 450.00 33.00 0.405 0.95 0.180 1.01 0.21 5.25

range 2 67~9.25 0 30~1 30 2.8~105 3 78~16.5C 20~72.69 20.30~54 24.4~42.16 43~11.3C 450~631 04 31 77~68 160 405~1 48 0.89~1 94 0 041~0 320 0 05~1.13 0 01~0 21 5.26-3 50
ave 564 0.72 6.39 9.63 41.24 34.25 32.43 8.59 51571 5061 062 1.29 014 065 014 747




Appendix. 3 The average chemical composition of sediments and range of each geographic unit.

Al Mg Na K Ca Fe Mn Cu Cr Co Pb Ni Zn Corg CaCos
(%) (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) (%4)
Yellow Sea' 575 059 077 287 072 217 360 9 37 7 17 40 03 08
South Sea' 524 104 083 204 810 255 420 11 53 12 25 61 05 189
Yangtze River’ 651 133 091 183 28 38 B0 35 82 17 27 33 78
China Shelf Sea’ 348 071 125 149 377 200 798 3817 690 2029 1367 3850

¥ 1. Martin and Whitfield (1983) 2. Zhao Yi-Yang et al., (1992) 3. Yiyang Zhao and Yue Li (1996)
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