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Fig.1 The REE distribution curves of river sediments
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Table 1 The similarity of curves in REE distribution
of sediments among different rivers

AL WM MSARL DL HRLL

IR

KT 1.0 06674 00768 0.1095 0.1313 0.1368
HH 06674 1.0 00602 00906 0.1313 0.1160
FS4RYE 0.076 8 0.060 2 1.0
BT 01095 0.0906 0.1014 1.0
BT 01313 01162 0.1742  0.5241 1.0 06115
LT 0.1368 0.1160 0.1545 04759 06115 1.0

0.1014 0.1742 0.1545
05241 04759

F2 FBRNRYH L TREENRXES
Table 2 The Euclidean distance of REE data
of sediments among different rivers

AT BRI UL B SRV

KiT 0 0.9375 1.1760 20016 1.1581 0.8980
B 09375 0
POERT. 11760 2.0443 0 15430 14769 1.769 5
DL 20016 26820 15430 0 12013 20321
YL 11581
FIWIT 0.8980 07975 1.7695 20321 0.8829 0

2.0443 26820 1592 0.7975

1.5902 1.7695 1.2013 0 0.8829
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Fig.2 Hierarchical clustering results of REE distribution curves of clay particles in the surface sediments from the South Yellow Sea
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Fig.3 The REE distribution curves of clay particles in the surface sediments from the South Yellow Sea
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Fig.4 Hierarchical clustering results of REE distribution curves of total fraction of surface bulk sediments from the Yellow Sea
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Fig.5 Hierarchical clustering results of REE distribution curves of residual fraction

of surface bulk sediments from the Yellow Sea
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Fig.6 Hierarchical clustering results of REE distribution curves of the leached fraction

of surface bulk sediments from the Yellow Sea

4 4t

(DARSCHE N T —Fh i LR 3 th 2 AR
JER M, IR TS B B T M A OnR B 2L
R SRR (255, SEGER IR AR 1L,
S 51 DA s v A A o0 3 B SR 2 B A
LU (B R BTk

(2)_LBhFepr i oo R B REEUR R,
T R R TR BRSOk F BT R YT A o, s e
2 B T YA T T Y ) T TR T T

TR AR AU, BT Py e 1 Pl e K o

() VLR ZE TR 5T (<2 pm) XF T A2
A SRR, A5 X ] ol B v I i 226 3 A v
SR B o BRAREE T 2 b 2 5 AT LA PR VR T
1z Z R 33°N Ab, K VLFE 1R G0 BT ok e T 2 Ik
oAb L B ik 2 B 36°N fiiT .

(4) 7R B BT UE BT OISR 1 e e i A
VTR A A 5, R AR A0 T v YR I P ) AR
Y,

(5)UURRY IR AR oy 32 B BRAL - 5 AR Ah 1Y)
FER, 2 TP IR 08T, (H 2 B w2 R



398 12 ZENE, S5 5 1T AR BC 3 2 AR BMPR FE HB03k MOHCAE B e (U D5 531 o 4 1o 95

OITEARTR I B B, XTI T R T o
R SE A BR, 180 MR AR RSy b Rl hr e A
T ICER AR RAELE A 2Rl 7 L2 BN

Sk

(1] 3RETE, Ryl dhERfeAIMY. dbat: s AR, 2012: 130.

[2] LIM D, JUNG H S, CHOIJ Y. REE partitioning in riverine sedi-
ments around the Yellow Sea and its importance in shelf sedi-
ment provenance[J]. Marine Geology, 2014, 357: 12-24.

[3] JUNGHS,LIM D, CHOIJ Y, et al. Rare earth element composi-
tions of core sediments from the shelf of the South Sea, Korea:
their controls and origins[J]. Continental Shelf Research, 2012,
48: 75-86.

[4] LIM D, CHOIJY, SHIN H H, et al. Multielement geochemistry
of offshore sediments in the southeastern Yellow Sea and implica-
tions for sediment origin and dispersal[J]. Quaternary Interna-
tional, 2013, 298: 196-206.

(5] F&t. WEERZTURYM LuRBRMLE ] Bk,
1990, 19(1): 44-53.

[6] GUO Y L, YANG SY, SU N, et al. Revisiting the effects of hy-
drodynamic sorting and sedimentary recycling on chemical
weathering indices [J]. Geochimica et Cosmochimica Acta, 2018,
227: 48-63.

[7] XU Z K, LI T G, CHANG F M, et al. Clay-sized sediment
provenance change in the northern Okinawa Trough since 22 kyr
BP and its paleoenvironmental implication[J]. Palacogeography,
Palaeoclimatology, Palacoecology, 2014, 399: 236-245.

[8] HU B Q, YANG Z S, QIAO 8 Q, et al. Holocene shifts in river-
ine fine-grained sediment supply to the East China Sea Distal
Mud in response to climate change[J]. The Holocene, 2014,
24(10): 1253-1268.

[9] YANG S Y,JUNG H S, CHOI M S, et al. The rare earth element
compositions of the Changjiang (Yangtze) and Huanghe (Yellow)
River sediments[J]. Earth and Planetary Science Letters, 2002,
201(2): 407-419.

[10] SONG Y, CHOIM S. REE geochemistry of fine-grained sedi-
ments from major rivers around the Yellow Sea[J]. Chemical
Geology, 2009, 266(3/4): 328-342.

[11] JUNG H, KIM J, LIM D, et al. REE fractionation and quantific-
ation of sediment source in the Yellow Sea mud deposits, East
Asian marginal sea[J]. Continental Shelf Research, 2021, 217:
104374.

[12]  ZHU Y T, BAO R, ZHU L H, et al. Investigating the proven-
ances and transport mechanisms of surface sediments in the off-
shore muddy area of Shandong Peninsula: insights from REE
analyses[J]. Journal of Marine Systems, 2022, 226: 103671.

[13] LIUY, CHENG Y, LIU J W, et al. Provenance discrimination
of surface sediments using rare earth elements in the Yalu River
estuary, China[J]. Environmental Earth Sciences, 2015, 74(4):
3507-3517.

(141 skWei, k5, FLAFUE, 45, (AR R 00 T 3R )2 AR

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

Y 10 R M IREE R (7). WV BT 5 5 DU 20 L T, 2014,
34(3): 57-66.

TEAS, AR, 2R, SF . RS ERYII O AN R T RS
TER AT RAE S R 7R (1], MV R, 2013, 32(6): 601-
609.

AI L N, HAN Z Z, WU X, et al. Geochemical and grain-sized
implications for provenance variations of the central Yellow Sea
muddy area since the Middle Holocene[J]. Journal of Ocean
University of China, 2020, 19(3): 577-588.

SONG S, FENG X L, LI G G, et al. Change in sediment proven-
ance near the current estuary of Yellow River since the Holo-
cene transgression[J]. Journal of Ocean University of China,
2018, 17(3): 535-544.

XUFJ,LIAC,LIT G, et al. Rare earth element geochemistry
in the inner shelf of the East China Sea and its implication to
sediment provenances[J]. Journal of Rare Earths( English Edi-
tion), 2011, 29(7): 702-709.

ZEep, XUPEVE, SRk, B TR R BAE B o B 1 P 5 A B 32
AL AN T A 58T, 2016, 37(3): 679-683.

K, W e, A EAE. R e R RIS A IR B T
7B RE T [V 3L 7 AR AR A2 24 (A AR B2, 2017,
36(1): 28-31.

KT, BRI, AR, 5 LT R AR AR I R AR
RIZVURY o345 B IR 2052 L] b R L4l
2009, 27(2): 282-288.

T, B/ R, BRRR A, 45 BE TR RE B 2 A I ] 51 A B
B[], T 515 R, 2011, 33(1): 122-128.

SR, AR5 KT AR A RS A4 ) S0 AR B 1 R
U1 AP, 2011, 37(15): 37-39.

H 3, X1 FE A T S A e TR 50 AR B S e LR S
FE 1] I EEHUN ST, 2014, 31(9): 2600-2605.

TR, WA, MG, S5 TR RIRIR B 8] 5 S AR LR
7k (00 BRI 5 T A B, 2007, 20(2): 271-274.
A, SR, M, A ST AR S 11 B ) A R
LRI 1), T STAL FAESE, 2010, 27(1): 54-55.
LR, JURZE, £ IERR. T IB A5 W I Ta] J5 50 AR B B2 S
T, B 515 B4R, 2007, 29(5): 1228-1231.

T3, DGR SR AR A e ) 7 SRR (U B Ak (0]
AL -S54, 2017, 34(9): 253-256.

1A, TR, Zerh. BT TR (B0 B A I [ P 5 AR (Rl
BRI I MEALT AR S N, 2015, 51(4): 120-122.

FAE, T Tk AR A I ) S AR B H RIS (0]
PIRHLI FIRSE, 2017, 34(3): 697-701.

TG, 22, AN, S )81 i e R RS AR UL
R BECHI S AT ARGE, 2008, 21(6): 763-767.

3K, SN B A ABERE RS (1], SRR (TR,
2004, 38(7): 2-5.

ki, AR, PVAE, A BB ) F SRR (U B i vk (0]
FHEHLT RSP, 2014, 35(4): 1279-1284.

YANG S, L1 C, LEE C B, etal. REE geochemistry of suspen-
ded sediments from the rivers around the Yellow Sea and

provenance indicators[J]. Chinese Science Bulletin, 2003,


https://doi.org/10.1016/j.margeo.2014.07.002
https://doi.org/10.1016/j.csr.2012.08.008
https://doi.org/10.1016/j.quaint.2013.01.004
https://doi.org/10.1016/j.quaint.2013.01.004
https://doi.org/10.1016/j.quaint.2013.01.004
https://doi.org/10.3321/j.issn:0379-1726.1990.01.005
https://doi.org/10.1016/j.gca.2018.02.015
https://doi.org/10.1177/0959683614540963
https://doi.org/10.1016/S0012-821X(02)00715-X
https://doi.org/10.1016/j.csr.2021.104374
https://doi.org/10.1016/j.jmarsys.2021.103671
https://doi.org/10.1007/s12665-015-4391-x
https://doi.org/10.11840/j.issn.1001-6392.2013.06.001
https://doi.org/10.1007/s11802-020-4211-0
https://doi.org/10.1007/s11802-020-4211-0
https://doi.org/10.1007/s11802-018-3377-1
https://doi.org/10.1016/S1002-0721(10)60526-1
https://doi.org/10.1016/S1002-0721(10)60526-1
https://doi.org/10.1016/S1002-0721(10)60526-1
https://doi.org/10.1016/S1002-0721(10)60526-1
https://doi.org/10.1016/S1002-0721(10)60526-1
https://doi.org/10.1016/S1002-0721(10)60526-1
https://doi.org/10.16208/j.issn1000-7024.2016.03.0023
https://doi.org/10.3321/j.issn:1000-4343.2009.02.023
https://doi.org/10.3969/j.issn.1000-3428.2011.15.010
https://doi.org/10.3969/j.issn.1001-3695.2014.09.009
https://doi.org/10.3969/j.issn.1003-6059.2007.02.022
https://doi.org/10.3969/j.issn.1001-3695.2010.01.015
https://doi.org/10.3969/j.issn.1000-386x.2017.09.049
https://doi.org/10.3778/j.issn.1002-8331.1312-0107
https://doi.org/10.3969/j.issn.1001-3695.2017.03.013
https://doi.org/10.3969/j.issn.1003-6059.2008.06.008
https://doi.org/10.3969/j.issn.1000-7024.2014.04.031
https://doi.org/10.1007/BF03185768

96

Marine Geology Frontiers

TR LTI T

2023 4E 12 H

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

48(11): 1135-1139.

TAYLOR S R, MCLENNAN S M. The continental crust; its
composition and evolution[M]. London: Blackwell Scientific
Publication, 1985.

TR, PR, dhC 22, A5 P EE IR M. LR
Jizkt, 2005: 174-181.

CRONAN D S, HODKINSON R A. Geochemistry of hydro-
thermal sediments from ODP Sites 834 and 835 in the Lau
Basin, southwest Pacific[J]. Marine Geology, 1997, 141(1/4):
237-268.

LIM D I, JUNG H S, CHOI T Y, et al. Geochemical composi-
tions of river and shelf sediments in the Yellow Sea: grain-size
normalization and sediment provenance[J]. Continental Shelf
Research, 2006, 26(1): 15-24.

YANG Z S, LIU J P. A unique Yellow River-derived distal sub-
aqueous delta in the Yellow Sea[J]. Marine Geology, 2007,
240(1/4): 169-176.

LIU J, SAITO Y, KONG X, et al. Sedimentary record of envir-
onmental evolution off the Yangtze River estuary, East China
Sea, during the last ~13, 000 years, with special reference to the
influence of the Yellow River on the Yangtze River delta dur-
ing the last 600 years[J]. Quaternary Science Reviews, 2010,
29(17/18): 2424-2438.

LI J, HU B, WEI H, et al. Provenance variations in the Holo-
cene deposits from the southern Yellow Sea: clay mineralogy
evidence[J]. Continental Shelf Research, 2014, 90: 41-51.
WS, RIS, BTV, 4. R EENT 1ALTUAR Y ook 4
RSP (3], HhEkfb2, 2009, 38(2): 123-132.

LIM D, XU Z, CHOI J, et al. Holocene changes in detrital sedi-
ment supply to the eastern part of the central Yellow Sea and
their forcing mechanisms[J]. Journal of Asian Earth Sciences,
2015, 105: 18-31.

PARK S, LEE H, HAN H, et al. Evolution of late Quaternary
mud deposits and recent sediment budget in the southeastern
Yellow SealJ]. Marine Geology, 2000, 170(3/4): 271-288.
ZEZEI, 2% L. BT AR R VD X i 1A 0BV TR T A s
Wi L] MR ESE T, 1986, 27: 125-135.

Wisit, FLLREE, 2 HO, 45 B i OB R T R 4 A B
YIRS AT [T]. M2, 2007, 14(4): 197-203.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Woeit, sk, XVHhiE, 5. m B R)Z DU L L o)
A B L] e b BT S 55 DU 28 M BT, 2011, 31(3): 11-16.
Wit BB . O AR O AR O R ik b
HEAE (0] WEPEA, 2002, 21(5): 46-53.

TWAEIT, BAETE, IV, 4. ZRIGREAALARICIT. . B i )
SANATE A R A (D). 95 B PR R (A SRR 1),
2002, 32(5): 748-756.

LE M. HERL R VDRI | B AR IER 2 [D]. 3 5
T MR, 2012.

CHOUGH S K, KIM J W, LEE S H, et al. High-resolution
acoustic  characteristics of epicontinental sea deposits,
central-eastern Yellow Sea[J]. Marine geology, 2002, 188(3/4):
317-331.

LEE H J, CHU Y 8. Origin of inner-shelf mud deposit in the
southeastern Yellow Sea: Huksan Mud Belt[J]. Journal of Sedi-
mentary Research, 2001, 71(1): 144-154.

YANG S Y,JUNGH S, LIM D I, et al. A review on the proven-
ance discrimination of sediments in the Yellow Sea[J]. Earth-
Science Reviews, 2003, 63(1/2): 93-120.

LIMD I, CHOIJ Y, JUNG H S, et al. Recent sediment accumu-
lation and origin of shelf mud deposits in the Yellow and East
China Seas[J]. Progress in Oceanography, 2007, 73(2): 145-
159.

XU Z K, LIM D, CHOI J Y, et al. Rare earth elements in bot-
tom sediments of major rivers around the Yellow Sea: implica-
tions for sediment provenance[J]. Geo-Marine Letters, 2009,
29(5): 291-300.

WAN S M, LI A C, CLIFT P D, et al. Increased contribution of
terrigenous supply from Taiwan to the northern South China Sea
since 3 Mal[J]. Marine Geology, 2010, 278(1/4): 115-121.
WANG J, LT A, XU K, et al. Clay mineral and grain size stud-
ies of sediment provenances and paleoenvironment evolution in
the middle Okinawa Trough since 17 ka[J]. Marine Geology,
2015, 366: 49-61.

ZHAO Y F, ZOU X Q, LIU Q, et al. Clay mineralogy indicates
the muddy sediment provenance in the estuarine-inner shelf of
the East China Sea[J]. Journal of Asian Earth Sciences, 2018,
152: 69-79.


https://doi.org/10.1016/j.csr.2005.10.001
https://doi.org/10.1016/j.csr.2005.10.001
https://doi.org/10.1016/j.csr.2014.05.001
https://doi.org/10.3321/j.issn:0379-1726.2009.02.003
https://doi.org/10.1016/j.jseaes.2015.03.032
https://doi.org/10.3321/j.issn:1005-2321.2007.04.021
https://doi.org/10.3969/j.issn.1001-6392.2002.05.007
https://doi.org/10.1306/040700710144
https://doi.org/10.1306/040700710144
https://doi.org/10.1306/040700710144
https://doi.org/10.1016/j.pocean.2007.02.004
https://doi.org/10.1007/s00367-009-0142-x
https://doi.org/10.1016/j.jseaes.2017.11.036

398 12 ZENE, S5 5 1T AR BC 3 2 AR BMPR FE HB03k MOHCAE B e (U D5 531 o 4 1o 97

Similarity measurement algorithm of REE distribution curve and its application
for provenance discrimination of sediments in the Yellow Sea

.1 1,2% . 1 .1 .1
LI Hui , HAN Zongzhu ~ , YAN Tianhao , ZHAO Kexin , YANG Yepiao
(1 College of Marine Geosciences, Ocean University of China, Qingdao 266100, China;
2 Key Laboratory of Submarine Geosciences and Prospecting Techniques, Ministry of Education, Qingdao 266100, China)

Abstract: Rare earth element (REE) distribution curves are often used to specify sediments provenance. The REE
distribution curves of sediments from the same source are often similar in shape. However, currently, the similar-
ity discrimination of REE distribution curves still relies on visual discrimination by the human eye, which is
highly subjective and cannot achieve quantitative discrimination. Therefore, a unified measurement method is
needed to realize the quantitative calculation of the similarity of REE distribution, based on which statistical ana-
lyses such as clustering and classification were carried out and the information of provenance in REE perspectives
was fully explored. An algorithm for measuring the similarity was proposed, and it is independent of the absolute
abundance of REE and can effectively map the differences in the shape of REE distribution curves. The clustering
results based on this algorithm show that the Yellow River and the Yangtze River are the main provenances of the
muddy area in the central part of the South Yellow Sea. The Yellow River clay fractions can be transported to
33 °N of the Yellow Sea by alongshore current, while the Yangtze River clay fractions be carried northward by the
Yellow Sea Warm Current as far as to 36 °N of the Yellow Sea. The West Korea Coastwise Front limits the influ-
ence of the rivers in the Korean Peninsula to its east. In addition to receiving the supply from the rivers in the
Korean Peninsula, the southeast Yellow Sea mud also receives the supply of fine-grained sediments from Chinese
rivers.

Key words: rare earth element; REE distribution curve; provenance; similarity measurement; clustering
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