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Rare earth elements (REEs) in transgressive shelf core sediments were analysed to identify constraints of REE
distribution patterns and sediment provenances in the northern East China Sea (ECS). Sediments of Chinese and
Korean rivers, such as Huanghe and Yangtz rivers, Keum and Yeongsan rivers that supply sediments to the north-
ern ECS, were also analysed to figure out their typical REE distribution patterns. The distribution patterns of Chi-
nese and Korean river sediments, which are normalized with upper continental crust (UCC) REE values, appear to
be enriched in middle rare earth elements (MREEs) in Chinese river sediments, whereas in light rare earth
elements (LREEs) in Korean river sediments. We assign the MREE-enriched convex-type distribution pattern in
Chinese river sediments as “C-type”, and the LREE-enriched linearly decreasing pattern in Korean river sediments
as “D-type”. A major constraint of the REE concentration in northern ECS core sediments is interpreted to be
LREE-enriched monazite ((Ce, La)PO,) that is ubiquitous in and around the study area. Meanwhile, the distribution
pattern of northern ECS sediments appears to be between the C-type and the D-type. We suggest that the nothern
ECS sediments are the mixture of China and Korea riverine sediments that have been accumulated in paleo-river
mouth, paleo-coast, and present-day shelf environment as well.

Key words : transgressive shelf sediments, rare earth elements, monazite
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% REE @3] 32992 C-typed} D-ypee] 7+ HelE HQTh oleidh 27+ Helo]l 2AT W, EAls 58 $70)
Ak AANE 2 SR EEs=e HAEe I A 5 QoM A Heee] SR SdEn.
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LM B

-G wiEH] A5 (Economic Exclu-
sive Zone, EEZ)°] 435 Faide 55339 28X
9 (northern East China Sea, 3+=9] &), o]3} «&
ST AT 2] SUYYE B 2 $ARA
< 93 YA SFo] Bs) o] oA Y
oith, Al FRAIQIt sEE BESIEEE gt
(Changjiang river)ollA 28 o3t ko] E3} ¥4
0] FYER, dF s J)99) Fex jEE B
A= HE 7 Sivk(Yang e al., 2002). e} 27
sEo] Wekg A7l BeFaele o] v o
Fo &30 AR iR $X2 ZEy e, o
2A] o] AHog JFAHAY 1 3F4 (paleo-river)=t
E/do] dAigks A3 23 Aotk o
Azt o] Aol 4] vl FAZ 4o e HAE
(Yoo and Park, 2000; Yoo ef al., 2002; Park et
al., 2003)9] 7192 EHE Fo} Zo] & Aol wa}

S o vk 3, E55=6 HAEe 719 B9
At obg] 27] o]H@I(Yang et al., 2003), thiF Q)
1 Faje] HAE 7)ol 93 AT 4R wuy
vl Slthlee et al., 1992; Park and Khim, 1992;
Park et al., 2000; Lee and Chu, 2001). t}3§s], &
FANG AHT AFE A HAHE 7)Yl B
A7t Ao K Lim, 2003; Yang et al., 2004), F
Aol ARg-E Alge} A7t Tl Bl 4
£2 M= ¥dE20. £ Lim 2003)2 AF% At A
HAE5 NbI Rb dgo] =719 HHE3 58t
A 22 v g3 @gel] 2AT W ol% AY g
Ao YA AR 7193003 Fsk vk,
Yang ef al. (2004)2 Rb, Ti, Nb, REE, 4EZE 3
FEA BollA ols MY HAEo) xilell 7198l
the $77F 298] gria B ook

Eejsiets B0 kg Elo] HHE 79 Ao @
g 4= JEF 94 (Rare Earth Element, REE)
7h H2 gaeh YAelr FFE HEH B BAH
o] £ 7} ¥&HE & REE o] B YXH(distn-
bution pattern)®] = =Z5UTH(Yang et al., 2002;
Lim, 2003; Yang ¢t al., 2004). &= 714 gHE =
REE 22434 vlad 4 Sle ke 719 53
o] REE £¥4E 52 4 o, d7A19¢)
&3] §4E F REE EX4 sz 7}
#Z & REE #Xde] M2 vu-Adxsel &5
=3 HHE] 719g "ol 79 5 de AR

S

ol i dz mu of

|o

2 7|}, 2y gt oA wiEEe 5480
EEE3d §48 £ REE ¥l #s nas=
ol 7R 2] o},

2 AFME D) T3 35 72l vigEe g
HE9] F REE ¥¥XP4S AL, 2) REE 3%
B4 ¥sle] 0 27998 &by, 3) BEE

F UIST dhisolN el BEEaEE 49

T HHEY 245 welspy] st 7 s
(bank) HH=S AHNAT. F7 UlFAM fU=EE
HHEE diT & AES 2 et 2 2 e}
(paleo-Huanghe river)e] o8] z|Holx £ 287 A8
£ AFsl%r). &, Baguazhou, Nanchangmen, Zheng-
jlang, Sanjiagang, Gaodong, Chaoyang Farm, Luchao
gang, Nantong, Wusongkou, Jiangyin, Baozheng, Nan-

o

mengang, Beigang, Changxindao £ <J=27ke] vjelkst
AGeM 1) AE, 3 FalollM 2H Alg, e 3
sl 1270 A8 E AFET Tz ke 3191
BENH GHENINE F Fhel A8E AR}
o] FojA|Ee}F FUd whie g BT

EFasaslede 7 7] (Last Glacial Maximum,
LGM) |- sllHo| A5aPir] 52l Eo] &) AF
el 813 o) F% 37 (transgressive shelf environ-
ment)2 2 (Yoo ef al.,, 2002; Yang ef al., 2003) EA)
FEANLI A 52T Y= 74 45~130m HY
ojtiFig 1. = YR Alo]o) Pl FL Fa
(East sea)o} 5Z=9E A5l 2 sl9goe F2
Rejo} AR 9o, A 3 g A=
Ud HxEo] BE3HChough ef al., 1991; Chough
et al., 2000; KORDI, 2002). Zop} A 52+
e LGM B9 o A2 =2y iy, 2=
g slzolAr 719e v Felel G5y 5o 1
T2 (paleo-channel)7} #¥38}(Fig. 1; Park and
Gong, 2001; Yoo et al., 2003).

FolAE(core sample)}= 126~129.5°E, 31.5~35°N
&, = thekel g (Korea Strait)e 28kt shibe
F AdElY TEla AFE BEH 9R3 ¥
slollA] AN =ACKEE 2). S SATd A%l R/
V 2789} olojz o) ABatE 9aE2 Fojr g A
#7](piston corer, PC) Z18]X ¥4 ZojAE A
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Fig. 1. Two maps showing a) bathymetry and major currents in the northern East China and Yellow seas, and b) paleo-river
channels and paleo-shorelines therein during the LGM (after Park and Gong, 2001). Dotted circles in the figures represent
the sampling sites of 5 rivers and a shelf (mouth of paleo-rivers). JCC; Jiangsu coastal current, KCC; Korea coastal
current, YSWC; Yellow sea warm current (intermittent flow), JWC; Jeju warm current.
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Fig. 2. A map showing the study area and sediment coring sites
in the northern East China Sea. One group of the sampling
sites (dashed circle) is close from the Korea Peninsula, while

the other in the outer shelf environment (dotted circle).

'E
37

7\(gravity corer, GO o83 z+z+ 20023 3~4€
ZE]3 20024 590 o7t AA=HALFg. 2), A3
B A E 7ked Thel Zojrp B =k Table 1). X
FE FoNEE S APHE RN ENT, HA
el HHE AE Pz Fo| AAE BE)A
HG A& e A4S Adsly]) Y8l Foj
A B A7l ThHeA B A (slabyS A3 E = Softex
M-1005 =9 XA #9712 24319 B8] o
%, Aglet 2 g AR B8 g8 Yoz YA 8
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FABE 80°C o)z
mortar)ellA] E4519 )
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HESAIZTE 57o] & 23] wexE 120~150°C)
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HAHHF)E FEAAHCIONE 242 1ml 4 ¥ o
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E(standard raw material)¢] MAG-1 (USGS)S A&
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25| 8 AR F

S A0 BAHHCDS =
A AAE ¥ 63 um FEA (standard sieve)S ol
st YA AYd BHAEZ Fsivt. g4+
Agd H8=S 7t A A E ™| (standard  dry
sieving method)® 3 (pipetting method)S AR

Ol==
H-F

Table 1. Location, water depth, core length and corer type in each sampling stations in the study area (northern East China

Sea). PC : piston corer, GC : gravity corer.

Station Location Water Core Corer
number Latitude (°N) Longitude (°E) depth (m) length (cm) type
4 34° 26' 128° 30 77 561 PC
15 32° 40’ 127° 08 130 460 PC
19 32° 16 126° 30' 107 495 PC
20 31° 5% 126° 42! 107 560 PC
24 34° 40 129° 03 109 260 GC
25 34° 50 129° 13" 133 350 GC
27 35° 00' 129° 00 45 390 GC
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Fig. 3. Pair diagrams showing UCC-normalized REE distribution patterns in Chinese and Korean river sediments. Chinese
river sediments are sampled from Changjiang river estuary (14samples), Old Huanghe (2), Huanghe Estuaries (12), and
Korean sediments are from Keum (5) and Yeongsan (4) rivers. Note the enriched MREEs in Chinese sediments (C-type, see

text), while enriched LREEs in Korean rivers (D-type).
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3.1. =0 8t 4 E[XE & REE §SY

AF5th & =) zZHUpper Continental Crust, UCC)<]
REE $}#(Taylor and McLennan, 1985)°.2 33}
(normalize)d 7+ HAE9] REE EXWS 18 39
ZAEITE Ao 7 = 7F Al F REE @
UCC ghun} ek7b =) 81423l (UCC normalized
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ments, MREEs)o] 7M& 3EHF HAAE(light rare
earth elements, LREEs)?} FAHL JEF d4E
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Fig. 4. Upper continental crust (UCC)-normalized rare earth elements (REE) distribution patterns in the core sediments from
the northern East China Sea. Light REE (LREE) appear to be enriched than the heavy REE (HREE) in the distribution patterns.
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Fig. 5. Pair diagrams showing relationships between Al and (Fe, Cu, P, La) and between P and (La, Lu) in sediments from the
northern East China Sea. Althoughre are many scattered data points in the diagrams, especially for La, linear relationships
between the elements are obvious.

REE &8 UCCHET 953 %3, Ad 25 38 B A7zl Al Fe, Alft Cu, AlZ B Al
o= ot von, A 24 HAENHE dAS) ¥ Lazt AudEAr) Aaog JehdohFig 5). 8, Pt
thFig. 4). 2dd F3 24 HHE F CaCO; T La, P8} Lutol= AaaA]7) Holx, B4 ote 1
20~40%= 2 FA9] T (<10%)el s A4 = sl JEPdTh 23 S EF 947 AASr B
THKORDI, 2002). W&t A3 24 EZEoX] REE 5 0.8 o422 ul$ ZtHTuble 2). ol= JEF ¢

o] W #Ae REE @] mi-$- vhe ghilgdol a7F EE)EiEE EAo] vl fAR] it Yehd
o T 7PHeE AzhEr) A7 =53tk 2y AleF Lazk AdA A B

B4 209 ¢ FElslA= @A MREEs7} o7t A&7} By (Fig. 5), A} S|EF A7 Al
nalEl Aow yehtn, Ad 15 ARoAE 9= 3 05~06 AEZ IR Z2H|(Table 2), ol ¥
MREEs7} #3218 3] Belch(Fig 3). 44 19 H T o|9je] REE e sk thE aslo] &8
HEqM= Aukd o2 LREEs7F HREEsel vlaf <F AAFRECE,

7k F3hE AES BRIt 53] shw QI a]delA
AHE AW 279) 4% HREEsl vls) LREEs & 4, £ =]
o] Fglo} & veht d= 7 BAEA Roxe

HEoda fAlslch 8, =& REE 3k 2oy 4.1 REE &Egsle| F2 THR9
NA Cedt Eu®l o= FalskA] rkFig. 4). 3= 7F ¥x 89 REE £X%yo], £ 7t HAE
3} ckZ2A, LREE7} #3818 D-typee & vehh= ¢
3.3. REE ¥A7F H33H =M e 1) 4 gatel oF=Z <) LRREse] vls)

1
9 o HREEs7} #4370 A, 2) shite 719 H4E
S AeA R, 2 A Y=E Ndshe Al g % LREEs/} 3553 32| gol T&Ho] Id& 7t
I} g A7 AEEATE B4 Aoz vEeRd 4 Tol Aok 2¥w F= A, 3= A, 28y &
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Table 2. A matrix map of correlation coefficients (R%) between elements in sediments from the northern East China Sea.
Note the very high values between REEs, while not between Al and REEs.

Al La Ce Pr Nd Sm Eu

Gd Tb Dy Ho Er Tm Yb Lu

0.50

Al 1.00 058 0.58 0.52 049 0.64
La 100 1.00 099 098 096 091
Ce 1.00 099 098 09 091
Pr 1.00 1.00 098 092
Nd 1.00 099 0.93
Sm 1.00 0095
Eu 1.00
Gd
Th
Dy
Ho
Er
Tm
Yb
Lu

055 059 057 057 060 057 060 057
094 092 09 086 087 0.8 082 08I
094 091 08 08 08 083 082 0.81
09 093 091 087 087 083 081 0.81
097 094 092 088 087 084 081 0281
098 09 093 09 088 086 0.82 032
09 096 095 093 092 089 085 085
1.00 099 097 094 093 091 088 0288
1.00 099 097 09 095 092 093

.00 099 098 097 094 094

1.00 099 098 095 096

1.00 098 097 097

1.00 097 098

1.00  0.98

1.00

it e] ¢hMelir] REE= 2 947 obd nm|=
o2 EAElsH, &L T4ske FESS REEY
Z I wet Al e 2F & 1) W% 22 REE
e Holn giREe g P A9, A
59| FEE, 2) 5 oAe $AN ¢ 0.01wt.% ©|
2 wEo s REES #63h= oF 20059 HE &,
3) olulelolg, dihtely, Buzlele 5 REEE &+
L 42 Fpshe oF 7059 FE F 5OoZ vHg
(Henderson, 1984). o]&|gl gtz ol AAH 129
zlolet FEo] FA4E GAY EY - s =4 5
o] 7Rl geolel ofs] 2A¥eH Henderson, 1984).
3Pl & REE 3k A, A4, 388 5 5
8 FE &A= dog gEIAAT BA A
& zjol= REEE3S] LREEY) 558 24, olue}
Eyzlo] E g} 718} 32 (accessory
minera)?] 3ol oj8) F-$-Hc) HELE F REEY
% EFe ghidgely Al § dgRde 2o,
ol= WEAE FHe| REE/} &3-EZgo] qlv] of
ot} e, WAL & 7Mlol= REE(SS| HREE)
7} vl FEH) Ui, HE W) A9 Harke
olE9} ke AFA 7= REE?}F w250] Qo

o|E, A

(Henderson, 1984).

e QoA AkeEw REEE v Xdsh 3
FEEE opEle]E(Cag(POy,F), ehtelE((Ce, Ca,
Y),(Al, FE**, Fe3*)y(Si00);0H), EuiatolE((Ce, La,
Y, ThPOy), AAZ((Zs, Y)Si, POy, 222 U5 =2
A=} (Xenotime, YPO,) 5 & 5 Ut} o] 71&
o ZAxERIE F2 Y 283 Yb, Dy 5 9%
HREEE F4&°o2 gH4-38l7] wlFo) (Mason and
Berry, 1968; Henderson, 1984), ZAlxetde] D-

HEALS AR FHEHL Ve oY
o £ AARER]E I T2 FR AEEE Ao
L gtz T HAEAM B3 &dste FEE
% Bftolx|uk(Lee ef al., 1988; KORDI, 2002), =
AlEtdst PR R F2 HREEE ol dhisim
Z(Mason and Berry, 1968; Henderson, 1984) #io]
£% D-types Auisk=s FER 58l ofgoh
4, olmlElo|E 1E-2 w9 oieFEkAg, s £
258 Cas(POysF o2 49 “fluorapatite”d} &8
“(Mason and Berry, 1968; Henderson, 1984). ©]
5 BEL gEANA AF R FAET, dFE
S4719 FIRERE AR gt o] FEE Ce
¥ HREE AlQe] Hd4E0] =)o} glon}, U7 e
% A8l HAE F AE7IY olulElo]Ed]| La $igo)
SFHo] vehte A= Uck(ung e al., 1998). -1
o) E553] HAEL iR 2Heln, daiy

Sejety z7io] vlmA 79 B HAHAS A

<
o)
[¢’]
i)
d
J

0.
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fluorapatite”} AFsNFAA g2 FAHUT
HI)= ofgth H%ol, gslel Y27l FFEE H
H g4 REE 32 olufejo|Eo)| 95t 7o) go] 4
g&oz Yoty HYET(Yang et al., 2002), Q7R
1A olglelolE ghafo] Frle= B3 T3 2]
ook A AR HAE F Y2 4F A=
& o oiFElolEx Ao ¥ &=rHKORDI,
2002). Wer ofmtElo] EX D-type HEGHS 24
3 3= 89107 HIlE= olgch

2 Ayl H3E & Al La g8 Alo|e] AkatA
S A NEE gy e A4S 0588 B4 &
(Table 2). 48<°] Al} La o] St ghikgdo] FH
§F 310} 249) B HE-S A3t A8 tlE) AHAAE
g A7, Alla T AARASE 0142 99 2

YePAdtHFig. 6a). ¢l Fe, Cu ¥ th2 Ivrgel &
&3 @], REE #5o] ol o3l 8 249A &
& 9u)gith E=3 Al Th =Rt AT 0.28
2 ¥ Jeh = 2(Fig 6b) Th =8 Jxo} 43w
7F 24 e ¢ 4 Aok I™d], Lad}t Th &8k AL
ol¢] FAASFE 0742 EA JehMFig 6c), That
REEY] & a7t Mz UHS A7) IS A%
o 8, B A dge EE 3, 5SSl o
G ME &3] AEFHE FURo|Ex dukdog
LREE7} F3lslo] lal, 34 =5 apEA A
2EEY, 2 13wt% o2l ThO9t EAlo &85}
= £7e] tiMason and Berry, 1968; Henderson,
1984; Lee e al, 1988; KORDI, 2002; KORDI,

2005). &, TACIES AT B FEEEC] 55
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Fig. 6. Three pair diagrams showing relationships between a) Al and La, b) Al and Th, ¢) La and Th in all sediments from
the northern East China Sea, except CaCO3-enriched Sta.24 sediment samples in order to remove the dilution effect that is
expected to be caused by carbonate materials generally with extremely low Al, La, and Th concentrations. A data point in ¢)
represents the 423cm depth sample of Sta.15, which has very high heavy mineral content (about 6%) compared to other
core-depth samples of Sta.15 (1-3%)(KORDI, 2002). Note poor linear relationships between Al and La (?=0.14) Al and Al
and Th (r?=0.28), while a good linear relationship between La and Th (2=0.74).
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Fig. 7. Comparison of UCC-normalized REE distribution patterns in sediments from two Chinese rivers (Huanghe and
Changjiang rivers) and the northern East China Sea. MREESs appear to be enriched in the Chinese river sediments. Note the
depleted HREEs and enriched LREEs in sediments from this study area, especially Sta. 27 which is close from Nakdong
river originated from the peninsula of Korea, compared to Chinese river sediments.
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Fig. 8. A pair diagram on log-sheet between Mrpgst kEEsjave: 310 HrEEs1 REES)Ave: TOF the sediments from Chinese and
Korean rivers and the northern East China Sea. Mrees1 regs) represents “an averaged value of “UCC-normalized middle
rare earth element (MREE, Sm to Dy) contents” divided by “an averaged value of UCC-normalized light rare earth
clement (LREE, La to Nd) contents”. MrersirERs)Ave Means an averaged value of Moyreryirers) values of many
sediment samples in each coring station, Chinese rivers and Korean rivers. Data of Station 27 are included in Korean
river data set because the Station 27 is very close from the Korean Peninsula and also Nakdong river. Heavy rare earth
elements (HREEs) are Ho to Lu. A solid linear regression line in the figure has a high correlation coefficient
(R?=0.91). Although some error bars (standard deviation) are out of range of the 95% confidence interval, almost all

the data points are included in there.
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Fig. 9. Photographs showing core sediment sections of
station #20. Sediments in the upper part of the core
sample (0-150cm) are mixed with coarse grains and fine
sediments (i.e., poorly sorted), and boulders are inter-
calated in the layer. In lower part of this core sample, there
are numerous sediment layers such as parallel and cross
laminae that can be easily found in the modern tidal flat
environment.
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