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ABSTRACT : In this study, we tried to determine the origin of fine-grained sediments in Southeastern
Yellow Sea Mud patch (SEYSM) using principal component analysis coupled with semi-quantitative
X-ray diffraction analysis for 4 major clay minerals. We used 51 marine surface sediments from
SEYSM and 33 surface sediments of rivers flowing into the Yellow Sea. We made bioplot diagram
using R program with principal component 1 and component 2 because the two components might
contain about 98% of all data. The content of each clay mineral in the south and north regions of
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SEYSM are almost similar. In the biplot, SEYSM sediments distribute close to Korean rivers sediments
than Huanghe and Changjiang sediments. Based on these results, we suggest that SEYSM is originated
from the Korean rivers sediments. The higher accumulation rate in the SEYSM compared to the
sediment discharge from neighboring Korean rivers can be explained by erosion and reworking of
surface sediments in this area. The principal component analysis can be used for the provenance
research of marine sediments around the Korean Peninsula.

Key words : Southeastern Yellow Sea Mud, principal component analysis, semi-quantitative X-ray
diffraction analysis, surface sediment, clay mineral composition, provenance
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Fig. 1. Location map of grap samples around Southeast
Yellow Sea Mud.
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Table 1. Summary of principal components analysis for Southeast Yellow Sea Mud

component 1

component 2 component 3

North of Southeast Yellow Sea Mud

Standard deviation 0.068 0.016 0.008
Proportion of Variance (%) 5.1 1.2
Cumulative Proportion (%) 98.8 100.0

South of Southeast Yellow Sea Mud

Standard deviation 0.069 0.019 0.009
Proportion of Variance (%) 7.2 1.5
Cumulative Proportion (%) 98.5 100.0
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Fig. 2. Biplot of Principal Component Analysis for Southeast Yellow Sea Mud (SEYSM), compared with the
sediments of Korean rivers, Hwanghe, and Changjiang. (A) North of SEYSM (B) South of SEYSM.

olo] FHAL FAEEA
A o BEgsiAl =2 dth(Fig. 2). Table 1S 2
4 oldd] gREA ) FRAHe EAMZ4
ANFREFE ABFHEA 2 FAAEE
2o} EAh)g 2 FHEES FAE YR Ao
th. & 5 o)Al VYA E EAsk=T Al
FHET ARFAHERS ARgsl] FARENS
T3 HFig. 24, 1B). B FHES 288
2 Ao ARE §9H0Z wYgE 4 ATt
370 ode] FARE AR He A 23k
JPoze FET ¢ gl7] el Alztssl=d]
ogo] mEch Egh ol FARENNME o
] 7k akE aEEides AT AT
JEo] o] ARE oF 99%7kA] Wkt

AEE

o

Eg

hul

=]

fd dot o
fu % 2

3L 2%
xFH

——hm

_‘

W5 7142 BA) 9] i ¥ 7o) FAE
fo Zha B AR 4T 5 AT

Fig. 2A+ 33l @& oldd 5599 FAA
7] A= 4219 AdPAFE 2adow Fofd)
of UJehd Zlolth 3R E FAE AL A 4
7 Mgatdoln, 1 A dEolE, s,
7HEEUolE, ~HElo]E Zp7be] dAho] gkl
FrARE 38 7 e P ol =3 kel 2
ol W4 WEAHEFEHAHES Uehd Fe
2HElo|E9] WFAo] 7 E A&

o|A& 2HElO|E9] 3F
S ouigith skl weke

u =2

BN
o

H

of WAE Ask=, detolEst FHEeuolE,
U4, 53] 7H&EE|ue Bl UKo fARE 4
A& eI o]s} 2] 2HEto| Bt uriA] W
FEE AR SHAQ P BT JEEE
oAl 4o} &et Ame 2Ase] s, B
YaSol| viste] 53] 2uEfo|ES ghifo] 7
Uehdth 27 3719 AR 7p7tke] f1Ashd,
= @, G, 57l AelE 247 v
A Zxste] Exdnt =9 A= FEd et
Hla) ZHEfo| B ghiFo] vrom, Jejo]Es} =
Y4, 7hEeluelEe] o] ¥& e HIt:
ol 2& ANE/EE AR fARE 43S 7

3 WS RS Balth
Fa W5 oAt} YA 5 Hel ANE

B SfFEHEY AAZQ Fx ol FHAY
I oS- AR B 4 Aok B3 el 3 o
A FRAY ] HYEHES FHAGHG vzt
A2 g3, F2Agel vla) = 3 o 52 34
d& HAFHFig. 2B).

FREENE B8l 8l e olddle 3 A

=
o} BB Ao HHEo| Ao TREA gom,
g3l Yz HAEuG fo) FHEHEY o
FAR AL 24 o

— 111 —



£

==

L

oot

5 oAl 7l disiA ZA F 7F
Sk 3kd 719 S S sk
719 E Ak Zlo] EAg d=d F
F &% 719 Azshe ATAES 34l
olAto] ul-¢- B HAE FudFH £

= UHS ¢ HES HAE FFHoI
A 7] Wil T shoERE Y

SaE AT T3 Alexander er al.,
1991; Lim et al., 2007b). 39} FF=allA
= 100d ¢ tiEE old HAZ 54 £
el G olAUE ALt tAHoRE Fo
2RY dojfof we} hAagith e s oldd
ol BH & 7 S5 At 2-5 mmEA
EAEL A7F 4~15 x 107 tonsol] fF3A 5L 3
= O RRE FEHFE A7 6~20 x 10° tons
Hhell =7 7] wliol S =RE EAE Fg
ol a3t AR oAXITKAlexander et dl,
1991; Lim ef al., 2007b). 52 B opozn
B sF=8l t5e = sliQt Alolol Algid g
&9 o5 ndo] AT 7Msdol H2d|, &
3| ALd ¢ Fldte] B HHES TR
HE 3] 2d(Yellow Sea Warm Current)©]]
o FwE 7Fsdel wl¢- =THLim er dl,
2007).

Tl gef s ol A ES] dEIT T
Ao 2RY Siohd o] HHEL tiFiE g3 EE
olduie] 7 e #d 7FsAol Wi Erh
olo] we} 3l F5 oA EF AH i
A Atolol BZEAES o] Gt of itk
a8y 7)1E ATelA B A3 FE A AL
o] AEFE E4o] t2rta Bid 212 A9 ¢l
I(Wei et al., 2000), tH2 HEZ= A Ao
7} @thPark and Khim, 1992; Cheng, 2000;
Moon et al., 2009). ©|H A7) A3} JA| JE
FE S Bx B4 39 dE oldd] A
A A 2 S HolnE I JFE oA
HARE dHI7t =4l sty FEEHATE
FA = "

g G odhE du JEe EHE 7]
(plume)el]l thate] EHA A5 9 Q1FH
A dde AT (hydrographic) 4
A5E vgoZ A Ade ojE0] Tl A
st 2 HE 7]dg As FAstA RoFH, F

g rﬁl
=?L_l’
Y

of

{0

bt

r;'LLJJzinF%J-urMﬁ
[e]

)
o2 oi A

ol =]

L
3T s

ox, off

o

e 7152 =7kl AFEE ALFe] e
vl (winter monsoon winds)dll 2Jste] ZslHETH
(Lee and Chu, 2001). %3+ tj -2 2] HEJE, |
3}s} S X AT Ax 94 &) EE o]
O ElZEo] sh=re] AM3ligt 53], o Z2HE #
et Y-S A AFtHLee and Chu, 2001;
Chough et al., 2004). ©]9} 22 Asl= Falie} &
SEI89] old HAE e 7|1¥A Aol
B3t AR At A58 YAhE o83l
e G ol VYA E FAT ATolA, A
A HHE T AE HHEL 3= 7]H9o] A
Ao 7 FAF AK(Lim e al., 2007b)e] Az}
T R2gEE AeE AR, B AF A=
3 5 o] HZEo] A2 A g Adljete
2 FYse o2 RE fHg Aoz Ayt
B2 A7 29} g Aty dE

shits o] 3|9 BEea=sle] old g4
E 7194 MES dubgo = ofFslr] {lsiA=
o] sYelA doju= HES slFed A"l
& F9 FFAR BHHE I3 o
7 BA = g 54255 A5 E AHE o
sl okt 7153 Lim ef al., 2007a, 2007; Moon
et al., 2009; Cho et al., 2012). 133 A9}
2AL A5t HHE AR g ATE Sl 3
3 BE olAudRAde] AA] FHAEEE A
0ol 7, HHA Ao HAHELS <7 3.0 x 10
tons O ZH] k= FOZHE FEE HAEY &
Hr} 108] o) Bria we ok GREAYe] 5
£57} 00l 77 HoE BFeta FAE HE
Eo] #AQle olffe HHEAY EAg= HF
9 2o gt FHE o)F3 WEo R 4
stk SEA Y S48 HHE9 Yol g G
S ZRE FU=E FHE JHT} 108)] o B
2 olffE= EHAY #HA%e= FALE HAH Tl
3ol oJsted A F(reworking)= o] = FOoZH
H §949 H¥EY A gEoZ Mgt
(Park et al., 2000). ©]& ULl oJste] F3f s
oldtel EAd EHHES EAL EEAYH ¢
HEA A Z Ao)7t §le Ao AdEY, s
FE 5 AHoAe] 2/ AYZQI F 5430
olte] WYt A o2 IFFHTHPark et al., 2000;
Chough et al., 2004).

— 112 —



FAREANE $89 390

N
T

=

(
==

G oldy dUESEHAE AlE 5179
, $27) SHHEAE AE T, F=HF
P2 SEAE AR 26719 HEF
A FHEREAY 2 AnE nigo
& AN, 38l i oldule] F
Aol tigk A¥= o 2k

(1) 33l 5 oldue] F3 Adx 55 Ao F
HEo| HEFE g EAo] A9 Aoz} YA &
=,

(2) YHFY] HRE 98% o) wgsl= Al1FA
B3} ARFYEE o83ty PHEEE 43,
AEEHS AT A e ds o)dd 54
Eo] = AMlite® FEE oz HE &
S A AIFH

3) 3 FE oldue A HFHE&Tol ulsio
FAL HHE] ZoE olf= 7ol 2sh
AsH g ZozHE f9lE HHEL FA
A groz sia=E

(4) T8 HEFE] FqFS ngo R UEHE
o] 71hAE FHsh=t Ao FHEEAL 4714
o] ARE wR ukgsts thd Al B
Moo= & 1 gt AHs EEshs & e
sl gt o z® FARENL EHFHE 7Y
Ae FFshed 71Ey EAUHED -85
89 & 9 Zo= Asdr

A
2§

i
N

<

o,
o ML o

24 b oy oly
i)
>
ol

> e

"y
N

AbA

TATY] YL wo} Y J2ATFAYFHANS
2011-0021964)3% F=afjdAstr|ad 7AAFANG o
oz «FUdBAwsl HeUd wES g Y
geoframework(A| A FE|T2) 7|9 AXA Y 218} A5~
(PE99276) AU o2 FYHIUTE A7HE st &
FFATAGH G| edd A=A, HE
EE A FEN BE TS F AUstn JEAY
o] AR, &3], BA G, 012 SAYAAE TAE
Tdnh 255 918 AAIEHA 93 2 A S 5y
T4 28 Wt o] AXAAE FA=-T

L

il
MO
r

Alexander, C.R., DeMaster, D.J. & Nittrouer, C.A.
(1991) Sediment accumulation in a modern epi-

T o)A HA & 7| 9A AT

continental-shelf setting: the Yellow Sea. Marine
Geology, 98, 51-72.

Borozan, A.B., Bordean, D.M., Boldura, O.B., Sasu,
L., Cojocariu, L., Horablaga, M., and Cojocariu, A.
(2013) Actinobacteria- Source of information on soil
quality. 13th International Multidisciplinary Scientic
Geoconference SGEM 2013, Albena, Bulgaria,
16-22 June, 2013, Water Resources, Forest, Marine
and Ocean Ecosystems, 489-496.

Cheng, P. (2000) Characteristics and transport mecha-
nism of fine-grained sediments in the North Yellow
Sea. PhD thesis, Institute of Oceanography, Chinese
Academy of Science (in Chinese).

Cho, H.G., Kim, S.0,, Yi, H.Y., and Shin, K.-H.
(2011) Mineral Distribution in the Southeastern
Yellow Sea Surface Sediments; KORDI Cruise
Samples in 2010. Journal of Mineralogical Society
of Korea, 24(3), 205-216 (Korean with English ab-
stract).

Cho, H.G., Kim, S.0O., and Yi, H.I. (2012) Clay miner-
al distribution and characteristics in the Southeastern
Yellow Sea Mud Deposits. Journal of Mineralogical
Society of Korea, 25(3), 163-173 (in Korean with
English abstract).

Chough, S.K. and Kim, D.C. (1981) Dispersal of
fine-grained sediments in the southeastern Yellow
Sea: a steady-state model. Journal of Sedimentary
Petrology, 51, 721-728.

Chough, S.K., Kim, J.W., Lee, S.H., Shinn, Y.J., Jin,
JH., Suh, M.C., and Lee, J.S. (2002) High-reso-
lution acoustic characteristics of epicontinental epi-
continental sea deposits, central-eastern Yellow Sea.
Marine Geology, 188, 317-331.

Chough, S.K., Lee, HJ., Chun, S.S., and Shinn Y.J.
(2004) Depositional processes of late Quaternary
sediments in the Yellow Sea: a review. Geosciences
Journal, 8(2), 211-264.

Gabriel, K. R. (1971) The Biplot Graphical Display of
Matrices with Applications to Principal Component
Analysis. Biometrika, 58(3), 453-467.

Jin, JH. and Chough, S.K. (1998) Partitioning of
transgressive deposits in the southeastern Yellow
Sea: a sequence stratigraphic interpretation. Marine
Geology, 149, 79-92.

Jolliffe, I.T. (2002) Principal Component Analysis (2nd
Ed.) Springer Series in Statistics. New York,
Springer, 478p.

Ktalikova, I.R., Andrejiova, M., and Badia, I.M. (2013)
Analtsis of soil contamination with heavy metals in
Slovak republic by using multideminesional stat-

— 113 —



istical method. 13th International Multidisciplinary
Scientic  Geoconference SGEM 2013, Albena,
Bulgaria, 16-22 June, 2013, Water Resources,
Forest, Marine and Ocean Ecosystems, 497-504.

Lee, HJ. and Chough, S.K. (1989) Sediment dis-
tribution, dispersal and budget in the Yellow Sea.
Marine Geology, 87, 195-205.

Lee, H.J. and Chu, Y.S. (2001) Origin of inner-shelf
mud deposit in the southeastern Yellow Sea:
Huksan Mud Belt. Journal of Sedimentary Research,
71, 144-154.

Lee, J.R. (2003) Early and Middle Pleistocene lithos-
tratigraphy and palaeoenvironments in northern East
Anglia, UK. Unpublished PhD Thesis, University of
London.

Lim, D.I.,, Choi, J.Y., Jang, H.S., Rho, K.C. and Ahn,
K.S. (2007a) Recent sediment accumulation and ori-
gin of shelf mud deposits in the Yellow Sea and
East China Seas. Progress in Oceanography, 73,
145-159.

Lim, D.., Shin, I.LH., and Jung, H.S. (2007b) Major
Elemental Compositions of Korean and Chinese
River Sediments: Potential Tracers for the
Discrimination of Sediment Provenance in the
Yellow Sea. Jour. Korean Earth Science Society,
28(3), 311-323 (Korean with English abstract).

Moon, D.H., Yi, H.Y., Shin, K.H. Do, J.Y., and Cho,
H.G. (2009) Mineral distribution of southeastern
Yellow Sea and South Sea of Korea using quantita-
tive XRD analysis. J. Miner. Soc. Korea, 23(1),
49-61 (Korean with English abstract).

Niino, H. and Emery, K.O. (1961) Sediments of the
shallow portions of East China Sea and South China

Sea. Geolological Society of American Bulletin, 72,
731-762.

Park, Y.A. and Khim, B.K. (1992) Origin and dis-
persal of recent clay minerals in the Yellow Sea.
Marine Geology, 104, 205-213.

Ren, M.E. and Shi, Y.L. (1986) Sediment discharge of
the Yellow River (China) and its effect on the sed-
imentation of the Bohai and the Yellow Sea.
Continental Shelf Research, 6, 785-810.

Scheib, A.J., Breward, N., Le, J.R. and Lister T.R.
(2009) A preliminary geochemical investigation of
glacigenic till deposits in England using principal
component analysis of G-BASE soil data. British
Geological Survey, BGS Internal Report Series,
1R/08/027.

Schubel, J.R., Shen, H T., and Park, M J. (1984) A
comparison of some characteristic sedimentation
processes of estuaries entering the Yellow Sea. In:
Park, Y.A., Pilkey, O.H., Kim, S.W. (Eds.), Marine
Geology and Physical Processes of the Yellow Sea,
286-308.

Wei, JW., Shi, X.F., Xin, C.Y., and Chen, Z.H.
(2000) Distribution patterns of clay minerals in the
Yellow Sea and their significance. Yellow Sea: epi-
continent shelf in Asia. Proceedings of First Korea-
China Symposium on Sedimentary Processes and
Depositional Environments, Ansan, Korea, April 6-
9, 2000. Seoul, Korea, 179-186.

AELo149 62 279), 8L : 2014 8€ 239),
AL 201413 99 39), AYBHNALY - A

— 114 —



