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Clay Mineral Distribution and Characteristics in the
Southeastern Yellow Sea Mud Deposits
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of: g8 dE oA 51FHGEE 253 A, FH 25F M)A AFY TFEHAES FE FUH
SHEHE 308 el talA v XAHEAY | sty AEFEY JUREES FatHon
gto]ES] FETH EA HaiAE ZAEAT FERE 2L %_‘1“/}0115_(61~75%), =414~
24%), 7+ U0 E(9~14%), 2HEIE(1~T%) <22 A3t 33 G5 oj Ao B2 20|
A FHEE Ul E o] ozt g1, ~HEOE Fako] ¥ HE A 9EtH, HRel g A YA A
Eds A 5 Aol7} gitk. 2HEo|E g deolE i AR Fof FAAAE
7H7t). deEto] E %%z“* 545 YeholE AAE(0.18~0.24 A°20) FA FHS} Fi Abo]of
Zpol7h glow, g F& WY ol &3t oW AT AFde F3) TF 0124_1’414 Hof ¢ B

5o HEFEEAS YA B4ol A AL ANRE B W o4 HARE Fao
FHHARNY B30 HAHAED AL SAE AAAY, FF Bng HAES TR 24
20y Aoz pudh dEtE 2Ho2te B 9% o4 HABE 47 Adtoz 49
L ooz nE uS B ol 4T Ao BUAY Ba U oA oS B HAE FF
B3 2o 54 SEE 4259 J43 AFl T Ao HFAY. Fa U oldr Fu =
7o A 7 o] Aeje] A} 5§ ARl FaF FJFL M Ao By

Foof t HEFERA, WAT XHHAEA, £F IAE, B9 ¢ o4, dgolE A4, 29

ABSTRACT : In this study, we determined the relative clay mineral composition of 51 surface sediments
from SEYSM (Southeastern Yellow Sea Mud) (northern part 25, southern part 26) and 30 river sedi-
ments inflow to Yellow Sea using the semi-quantitative X-ray diffraction analyses. In addition to we
analyzed illite characteristics of the same samples. The clay-mineral assemblage is composed of illite
(61~75%), chlorite (14~24%), kaolinite (9~14%), and smectite (1~7%), in decreasing order. The average
composition of each clay mineral is not different from northern part to southern part of SEYSM except
a little higher kaolinite and lower smectite content in northern part. Smectite content generally has
reverse relationship with illite content. Mineralogical characteristics of illite such as illite crystallinity
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index also is not different between two areas and show very narrow range (0.18~0.24 A°26). Our results
reveal that clay mineral composition and illite characteristics are nearly the same between northern and
southern part of SEYSM. Characteristics of surface sediments in SEYSM is closer to Korean river
sediments than Chinese Hanghe sediments, however it is necessary to investigate further study including
Yangtze river sediments. This study conclude that most of surface sediments in SEYSM attribute to the
supply of considerable amount of sediments from the nearby Korean rivers. The large sediment budget
and high accumulation rate in the SEYSM can be explained by erosion and reworking of surface
sediments in this area. Tidal and regional current system around SEYSM might contribute these erosional

and depositional regimes.

Key words : clay mineral composition, semi-quantitative X-ray diffraction analysis, surface sediment,
Southeastern Yellow Sea Mud, illite crystallinity, provenance

M B

ol F2HOE sk, W ¢ F 8
TH ol E A M Z dEE T st &
she A3 ARA tE FHsolt. Falle B T4
o] ¢ 55 m Hol & He € W A (sea-
floor)= 7FA3L Qlom, YRtdo g R&HT F&
Ao A Aol 2, A 7]1e7|7h AER
o F%A 7toEY. Fale AT A7) S
dA 137 HIE Ads B
59| gste} 2t 9 I Adaete AE
(4=, s, 34,
AA s E-8E 49 ¢F 10% 43ste 2hogt
o] S471d HHE Yo HAHL Q7]
ol B ATAEY #NE 2 Ue dYo]
t(Milliman and Meade, 1983; Schubel ef al., 1984).
gao] At 10079 A7F A &(sediment ac-
cumulation rate)S H¥ 1~5 mmo] EITHLim
et al., 2007a). =3 Pl & YEIH Y4
ol wj- F& ool FAE JI(Wu er al.,
2001), HZodle T2 Adstd e B o9
EZo| s|Fe A FAA FFE T 37
&l (Ma ef al., 2001) B B2 A4S 7HAA
Fig=

TR R fod g 4o HAE
NEEAELS e 57 3 At
G, 2 AFE EAEY B5F
o HFHoE HAEol 9 Jje EAHZQI o]F
(muddy patch)E A8ty Ql=tl(Td 1), Sl
%% o]ddl(Central Yellow Sea Mud, CYSM), §
= el el @ o] dtl(Southeastern Yellow
Sea Mud patch, SEYSM), 181 AFT EAx &

l

o] A|F o]Aul(Southwestern Cheju Island Mud
patch, SWCIM)7} thE&o|tH(Yang ef al., 2003;
Moon et al., 2009; Choi et al., 2010). HtH 02
HE5e old HAAE Aol AT A A
HE AREol WA, et sE=E tE
59 Ud HAYES Aol 2o F4l]
Ze djdel] FgHor wasta Fo] Aol
o} 279 F8te} ¥x FOoREE g o
B2 g0 4&57] wEd Fsljo] FAE o] o
Ao Ao AR, AAo] FHb= Asfte] uf-p-
AT oJFUNAE T=9 Folet ¢z Fow
HE iF2 sttt AR A (Ren and Shi,
1986; Milliman et al., 1985, Qin et al., 1989,
Alexander et al., 1991; Park et al., 2000), F=<]
3 HAEol WL AMaitA FEHATGE
Ao AY =22l A= gloh oldl| whato]
A F= AL Faf) FF Aol SAs=
HAESS URE =9 stozRE 55U
by 43 th(Chough and Kim, 1981; Park and
Khim, 1992; Lee and Chu, 2001).

g3l @& ol ATi(SEYSM) E& S4bo] A (Huck-
san Mudbelt Deposit; HSMD)+= 20~50 km®| %
200 km o]dH® dolE 7HAIL F= FAS|L
< weh Bt ot g8 @ oldd ¥ E
o 7149 taiM= ZA F 7k Asjrt FEsa
Atk & =9 FH s oRRE 7dFtheE o]
&3 =9 A o9 T=9 Fetot 2 T
of2] o EgEolgte o]0 EART Chough
and Kim (1981), Lee and Chough (1989), Jin and
Chough (1998), Lee and Chu (2001)= ¥ 237
&, Chough et al. (2002)& AFETe3 A,
Park and Khim (1992), £%3% %(2009), 8+

— 164 —



Fel FE o)A A2 AERE

g
At
o

[
=vi R

36

35

34

33+

10

20 30 40 50 60 70 80 90

32

I i I
123 124 125 126

i I I
127 128 129 130

Fig. 1. Map showing grab sample locations and mud percentage around the Southeastern Yellow Sea Mud

(SEYSM).

50112 F=s4 AF
Ad) A5 =9 543 AR RTE
el ck F45At. 33 Schubel ef al. (1984),
Ren and Shi (1986), Alexander et al. (1991),
Park et al. (2000)2 HAAH AT, Cho et al
(1999), Lim er al. (2007b)& AT8}3Hd AL
Zhao et al. (2001)2 A|73}8H4-BE5H ALE
st o] HAEY 7o = F= o EF
Eo|gal A715H T Wei et al., (2000)> HEF
B3 AT E Tt e P old e HH A
A2 A% I V1Y, G e =1 T A
9 o] 7ol ’%Lﬂ ‘multi-origin® ¥ % &°]
Ztal FAE7] % ST

=
E

Skl &3 dE ol

g3 & oldd) HAE 719dE ¥3)7] 913
of ofg] ZHoA e A7V} Y EH YA = o].xh:
: ﬁi /\]-O]_/] 7—’10“ Z]-O] Oc]/‘(-] 0]'51' j_ o]

aFAsi dE AR ARG A 3G D B

PSS AL B A0E AU, §
5 FEAAL Wl T d7E Fase A7

A5 At o] FA A ¥l ltk(Park and
Khim, 1992; Wei et al., 2000; Zhao et al., 2001,

Moon et al., 2009; Cho et al., 2011).

Ao HAES 5) A= HEFES AAY
717k W9 22 o]d EAEA A 7 FHA
BAEE FE AR T9Y shvoln], JEZEY 3
4 B4 utE ks Fek IA WsketA
Oy 719U X EXS TUE $AET 9o
D, g8 tFEelAe] FEFE B3 A=
oldd] EAEC] 7|9k o]F ARET of} E
3o FAAE 59 T Ay E ATE A
o2 7|qE. o] Wi B =3} F9 3
AEo] 1 e sk HAE 9 el o] Ay
HA & 3 AEZ= @?E ot 3 E A
=9 7|9AE Helde A5 TH5ATHChough
and Kim, 1981; Liu et al., 1987; Khim, 1988;
Park and Khim, 1992; Lee and Chu, 2001).

A7 o] dAFAEe st ZAME bl
ofstd F3f HAEY HEFES HHA 7190l
m, defolES| FhFo] I Wom(YRtHow
60% ©14h), 5UA, 7128 UolE, ~HElo|ET}
e Aot F3) HHE Wl 7P gol EAlst

& HEREBY JeolEY B4 FHEHE A=

)\_L.

— 165 —



R R ED

Table 1. Relative Clay Mineral Composition and Illite Crystallinity of Southeastern Yellow Sea Mud Surface

Sediments

# 11 Chl Kao Sm 1C

# 11 Ch Kao Sm IC

south

G-6 689 18.1 10.8 22 0.21
G-7 664 192 111 33 0.20
G-8 66.5 170 119 4.6 0.20
G-9 66.1 189 123 2.7 0.20
G-12 647 168 133 52 0.23
G-33 662 200 10.0 3.7 0.22
G-34 663 213 9.0 35 0.21
G-35 74.8 145 9.2 14 0.21
G-37 673 170 113 44 0.22
G-39 644 202 120 34 0.20
G-54 655 167 115 6.3 0.21
G-87 640 174 114 7.2 0.21
G-88 66.7 192 103 3.8 0.20
G-95 67.8  20.1 9.7 2.4 0.21
G-97 66.1 183 133 2.3 0.23
G-106 63.1 197 118 53 0.21
G-113 65.7  20.6 9.4 42 0.20
G-114 66.6 208 9.9 2.6 0.21
G-115 66.5 204 104 2.7 0.19
11YS-105  64.1 199 117 44 0.19
11YS-111 660 182 11.2 4.6 0.20
11YS-123  61.1 196 13.1 6.3 0.21
11YS-169  67.1 163 112 5.4 0.20
11YS-170 632 17.0 133 6.5 0.21
11YS-174 626 196 124 5.5 0.20
01-FO08 692 17.7 114 1.7 0.18

north

G-109 64.6 18.2 11.6 5.7 0.21
11YS-125 68.1 18.8 11.5 1.7 0.22
11YS-126  70.1 15.6 11.3 3.0 0.20
11YS-127  66.4 18.5 11.2 3.8 0.20
11YS-129 639 19.4 12.2 44 0.19
11YS-132  66.5 18.8 11.1 3.5 0.20
11YS-137 619 18.7 13.6 5.8 0.20
11YS-142 635 19.2 14.2 3.1 0.22
11YS-145 64.6 18.8 12.5 4.1 0.21
11YS-147  64.0 20.8 12.6 2.6 0.21
11YS-148 682 17.3 11.1 34 0.20
11YS-150 664 18.2 11.3 4.1 0.20
11YS-159 644 18.8 12.8 4.0 0.19
11YS-161 64.4 18.0 13.4 42 0.20
11YS-162 624 19.9 13.2 4.5 0.21
11YS-163 62.6 18.6 13.7 5.0 0.22
11YS-185 67.5 14.3 11.7 6.4 0.24
11YS-190  66.6 18.3 11.9 32 0.22
11YS-193 64.4 20.0 12.9 2.7 0.21
11YS-195 65.5 18.4 12.3 3.8 0.22
11YS-197 632 19.3 12.5 5.0 0.22
11YS-199  64.1 19.2 11.9 4.7 0.20
11YS-202  60.7 23.7 11.7 3.9 0.20
01-D10 63.3 21.9 134 1.4 0.19
01-D11 66.5 184 13.7 1.3 0.20

avg 660 186 113 4.1 0.21

avg 65.0 18.8 12.4 3.8 0.21

*111, illite; Chl, chlorite; Kao, kaolinite; Sm, smectite; IC,

HA &S 7|9AE fHste E%o 2 Aolg
© o Sfell dpolEL] E4E A7t Chamley,
1989; Ehrmann, 1998; Esquevin, 1969; Gingele et
al., 1998, 2001; Krumm and Buggisch, 1991; Liu
et al., 2007). ¥olES AAEE YERfe A
% 7M& ol A8+ A2 Kubler Index©|th.
Kubler Indext (001) 3] 849] 172 Fo]o4¢]

Illite Crystallinity

IZE5 20 (CuKe) #22 YEY, “shape pa-
rameter” =& “acuate index”Zt1 % FFTH(Kubler,
1966). 33 #o| FoldE Kubler Index= 74
s, 1 ol old 49 HART} S8
= QEOlE crystallite7t FAYAZ] WEolth
(Kubler, 1967; Abad, 2007).

ol A9 FHL Fof ¢ oA I EHA
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2o HEFES TR FE WHF XU EEA
WS Fote] A3 Yokl A% YeolE9] B
2315 E4¢ 24T ¥, oF o83 HAE
U HERES defolE9] SH BE PP 5o}
she Zlolth E o|8 WO E s, F3) I
oAt WE At BE A9 o] RIS 57
29| E4o] o)zt A HotalaL, o|o} B
of 942 2AAE FA5E ZolT

ol Aol AHEH AEE FmfdATHolA
+Fste olojEmel 27YSE o|&sted 2001
d, 20108, 20110l AAEE el FH o BAL
Al AHE BZEHE 6170 ASo|th( ¥ 1). 2001
d At A AFHE AR T 378, 2010 BAL
A 2070, 20011 "ALOA 287 A RE 0] 8513
o AE AHE I3 A& (grab sampler)E ©]&
sdom QHE ASE BEF S cm oo BHE
oltt. Y EITEHHEY 7IUAE LolEr] 935t
of FE FYHT HEHE AEE o &3t%
o e}, @4, 57, GaelA 42 470, 1490,
97, 3 5 BF 30705 o] &3t

7153 B9 AAG AR tiste Y=
A4S ANSHAT 40AE ol&std FAAA
(wet seiving)oll 93l ZHAF APE FHEZ
2T &, 49 o5ty 2HA HAHAEL 05¢ 1
Z 0 2 Rotab sieve shaker® ¢F 2087t A &g &
U= FA WESS T 40 o] AlY
4 HAES AAE HEL F de 2 g& FHd
300 mL9] 0.1% calgon &H-& Y1 2504847
o} 2A7NAE7IZ NEE YA AR & X-
A 2s dE BA7]Q0 Sedigraph 510022 Y=
A5 AAEAH

HAEZE g HAFEAS HE 72 &
g8 NEE ATA W (preferred-oriented  speci-
men)< AZ3t XA IHEN7|E o] 83t A
AEA T 10% I FA4(H0,)E o] &3ke]
71EE AAS ARE Stoke’s law’ ol W}t 2 um
olst YEE 7HAe FES B T dAEE]
£ o] &3t sHAT s HE R ANEe
sefols Sk 9ol ghAl Y%= ‘smear-on-
glass slide’ W& o] &3t FEHAAHES Al&st
Aot XA A EA L gt n A8 A8t
oAl B3kl 9l Siemens/Brucker D5005 1%

At
o

3l XA IJAENIE olgston, S 94
39 A CuK e = 1.5406 A)S AR&3FAT). wb
AEEAE A A5 EAZTL 40 kv/d5 mA,
3~30° 2-theta T3l A FAF 744 0.02°, FAF A
2 2zE AAStY 2.2 WAoo R JAEGES
712319 0mM, £281& 1.0-0.6—1.0°2 o] 8313t}

HEZ=| AL 37 F 1% N E(air-dry)S
qedSeFE Z3AZ] AlH(ethylene glycola-
ted)oll thale] XA SHEHS A st 1 Az}
g vlwste] AAsH T dolE, sUA, 71
UolE, 2~HEo|E F 4714 F8 HEZES A&
A2l g deg =g E2 XA A RA
7+ & ER A9 (001) ¥ =] WHANE o] &3}
of Algtstdth 2 FE9 (001) 2 FE AE
A5 st AstE whd 7teAE F3HH
th(Biscaye, 1965; Park and Khim, 1992; Wei et
al., 2000; Zhao et al., 2001). YA} 71&e )
o|E9] Al FHFL YA (004) ¥ A} 7+
ZUolE (002) 33 HHHE o] g3t ALkt
o}, dgo]E9 Kubler Index= Yo E (001) I
3o FHUWHEX(Full Width at Half Maximum,
FWHM)< ol&3te AAstdtt. 2 93 HA
detolE] HUMFEZXE Eva 3.0 ZE21HE 9]
g3ko] A4kt

Zo Y ER

Aol 9t} detolE, ZYA, 71-&E Yol E,
HElO|E F 47HA] T8 HEFES AUl §
S AASATHE 1). e GF oAy E &
A3 B& 2Gog FTEI A HE 294 3
Gt AE7E 2570, & A gt AR}
26717} Ht}.

3 @5 o)A EFHAEY HE &
EAss AEFELS & dEolE, 5Y4, 71
ZUolE, ~dEE o7 EA3T. dElolE
= 33 @5 oldu 55 FAHE 7P Bo] &
Aete AEZEZA HA 60.7%04 ) 74.8%
7HA 3= 9lon, HH 65.5%F ARSI Q)
o SUALe T HARE g2 AEFERA, H4
14.3%00 A Hth 23.7%, B 18.7% S UoH,
FHEYUo|EE HA 9.0% A AW 14.2%, Hi
11.8%, 2~HElEE A4 13%A4 AW 7.2%,

2
of thsto] HEZE AT XM JHE
P
s}
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Fig. 2. Clay mineral distribution map in the Southeastern Yellow Sea Mud; A. Illite, B. Chlorite, C. Kaolinite,
D. Smectite.
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Table 2. Relative Clay Mineral Composition and Illite Crystallinity of River Sediments Around the Yellow Sea

River Sample # Illite Chlorite Kaolinite Smectite IC
Huanghe 4 56.7 17.7 14.1 11.5 0.19
Han R 14 58.8 215 16.6 2.1 0.21
Keum R 9 54.4 23.4 20.9 1.1 0.22
Yeongsan R 3 63.5 19.8 16.1 1.7 0.19
Ilite
Huanghe ’
Kedm R liite
Yeongsan R
Han R
SEYSM(South)
SEYSM(Narth)

30 40 50

Smectite a 10 20 30 &0 50 &l 70 80

50 100

C+K

Fig. 3. The illite-smectite-(C + K) ternary diagram for river and SEYSM sediments. (C, chlorite; K, kaolinite).

HF 3.9%S AAstL o).
g e XA SRR o]}
dalz4 XPE% 1 o}OE] 7 3

lo

EX o dF o
9 E:—Aa J+ GaeA M Be TS ek
W, FYRR B5E ashs ARL waAth

JRIHTE 20), B9
Aqe ApolEs FUus REdeld v
o GFL A, du wmi 258 3

a3k A% YERIth1g D). 2eeelE 3
Fe dejolE P YA SO RBAE 7}
AL, oHF AYe BB RERIAE Flo]
Aok %, F3) 25 oldule BAD geoA]
Aefole Fapo] ¥, uEfoEL wom, F4
RE 2% UROIE TS BaIAY, 20k

< A

o|E FFL Frtete A UEhdTh

dgtolE (001) T HuwrEXE HojH=
Kubler Index™ Weaver Index (Weaver, 1960)°l
Hlate] ©estal A@dgo] 7] Wil deolE
AREE AL o 7 gol o] &Y. ¥a F
o] Fold4E Kubler Index= #4dh=d], 1 °]
= o]d g WMATY} Z71S4E dEolE
crystall1te7} FAA 7] wFo|t}. Kubler Index™
diagenesis-anchizone-epizone®] ZAE TE3}7]
9okl =41 %ITHFrey, 1987; Chamley, 1989;
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Krumm and Buggisch, 1991; Ehrmann, 1998).
Kubler IndexZ AMg3le L58 FREE 7|&L

A Z $A4283} anchizone (HAZE9] 27] &=
= AS WA AAE 042 426, anchi-
zone/epizone AAl= 025 A0 AAgH
(Kubler, 1967; Abad, 2007). &3 d5 o]2d) &
FEHEANAN SHE Yeto]EY Kubler Indext
0.18~0.24 4°269] F- HY el X o
gt 5l HM3lE HoFA gerh o] 3 2%
HoE FRIHE ZF epizoned] dFHT F
3 g5 olddd EAste YeolE
Aol A BF Hlkg EAS /AL
AT

ojde] dA7d ARE i
AY AHo A 267, & AGel|A 2570 A F =]
Aed, ¥%Y HEZE FFS AY Hlxsith
UetolE FreFo] FE: AHL 66%, HF A9
65%, SUA e 3E (Y3 5E A Yo A
747}t 18.6%9} 18.8% % A9 ol7t UyA §=
I8y Y UClE e dE o] 11.3%,
& Ado| 124%=2 5& AYo] okt &1, ~
HEfo|E ek JE A Yol 4.1%, H5E A Ho
3.8%%2 9& AYo] %t =& AFE Yepdth
d}o] EQ) Kubler Index GA] ¥&o|A EF 0.21
4202 2t & AER=E FFH defolEY &
Aks M 18 o 3 dE oldne ¢&
Ad3s BE Ado RIse JUHAES A
o7} gl vl EAE 7HAL JE Aoz
[221=%

3 5 oAl HAEY 7dAE FA
At FH dFAA FAE FYEE FHEHA
B 3070 AlEel Uiste] HEZE WY XA 54
A ot} dtolE, ZUAN, 71EE ol E,
2HElE F 47HA] F8 HEZES A
S AASATHE 2). SHHHAE U HEFE
g GA fGEAE AR} Zo] YolE, =
A, 7HEEUClE, ~HEIE o7 EXEAT,
stlo] met ek syt Attt SetEdEL g
= SHHEHHE vste AHElE o] we
EAE 7HAH, 944 HEELS & HEHE
o ulate] deolE FiFo] Erh.

NYHAES SHHHE W HEZ= Tl
o' #HAE 7ML Je7tE Gotrr] fste]
ZHo] E- 2~ ELO] EL(5U A + 7H& B U0l E) AT
olo}1;-E ZAFSATHIR 3). I 394 He

LRREE)

el

[e)

T

Lo]

2 o4t BB HERE Y
9% A3
bl l
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F
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AEL2 g 7]¥o] $AS ZAomE FAHI A+
(Lim ef al, 2007b)e] AFGE H3fH= Ao=
oA Az,

o AFolA Y2 HAE AR e dF
7b kA AR e dlF AlaEE 1HE A
27} HAzo] g3 Fs oAU E AH olF
T th=(Koshikawa et al., 2007; Lim et al., 2007a)
ATE Q7] 2o A2 & YL nAA= F

[e]
<
=)

=

Bl g oldd 25 HAE AR sl F
A= fsle shEAE As 30709 theted wt
A XASEEAA ofste] 4744 T83 HE
B Adzds defolee) AYES A7
AsE aopstd ot Ak

) B3 g5 olddl Wl dEFE FFE defol
E, ZUH, 7S ol E, 2HE|E £o0 8 £4
ot dejol B FFat AUl B g Fof 4
EAE M
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