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Sedimentary Facies and Environmental Changes of the
Nakdong River Estuary and Adjacent Coastal Area
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To investigate sedimentary facies and environmental changes of the Nakdong River Estuary and its adjacent coastal area, the grain
size analysis and measurement of organic matter, calcium carbonate, clay mineral and metallic elements were carried out for forty
surface sediment samples. Based on regional distribution pattern and characteristics of the surface sediments, sedimentary facies in
the study area can be divided into sand facies (TYPEI ), mud facies (TYPEII) and sand-mud mixed facies (TYPEII). TYPEII
is the transition of TYPE I and TYPEII in every aspects of sediment characteristics. It suggests that TYPEII may have been formed
by the mixture of two different source of sediment : one derived from Nakdong River and the other resuspended fine-grained
sediments from the Jinhae Bay by winnowing action during floods or storms. Among many aspects of environmental change after
the construction of the Nakdong Barrage, the most significant is the increase of sand content off the sand barrier region. It could
be explained by several reasons including decreased input of fine-grained sediment from river, increased hydrodynamic energy level
off the sand barrier region and artificial effects such as dredging and dumping,
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SARAY YT A L ddse Ao|NY (transition zone) Y
7 2 Adge 254 g 4ugel g3 ¥ ¢
I e 5 o ol 7y ¢ Adg e FH §49
1%, 2%, dd % T gt SAZFH fYde HHEY
Fol EEAL, ATUHZ FYUE HHEL AFFH 54, #7138
Azg g3 aeln sPdle 35 ) okd e8ede
% (Meade, 1969; Castaing and Allen, 1981). %2 W& o
9 TN H2A EZ FTE FAL TH 2 oY AY
e Fu RN E dove dEY TAUE AR
olg|dt USAQA AA Agez sty JEd g Wl
FH29 % A9 Fol A4d FAFLR d4HY 4
(Chang and Oh, 1991; Choi et al., 1995; Kim et al,, 1996).
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& A37 #9850 gt (Kim and Lee, 1980; Kim and Park,
1980; Kim, 1988; Lee and Kim, 1990; Lee, 1993).

A4l M FAel e BEZY £YEF 54 #e
37 &7 B8 94 28R 9%e v)d Aoz iy
1, AYHo s HARA 43E Hrt 299 Aoz q4d
. & 2 d7Age] g H3te] HHEA dsy i
AYH3 glo) A&H HAHTGH A4y gedjng B 7
Me dgs HHEH EAste 5% &7 € FH F9go
2¥ste 22 HFEA g8 9d HAgE A7 AAsd
1Z HEEY EAHA §84 € EAL Hosty, d7Ade

A 5% 7ol 5487 Wakl datel Anug
g Suve A48 ¢ dFAde 18§47, Aus
% GUE Aol9 dtd R HEE AF A 97 A9S ¥
gm0 (Fig D. H57% 37 gusan 4479 439
wgol $ud 2oB T VUL HER ¥R F o) £29
AGERY 22 B 499E EAVH 5850 #39 f3

43} gl o5 YW GFF A7) AFE] A4 §

F9] A (B4 WP OE $2Ho 1, ojF AFEL
B3y 2F%, 2831 354 B, €F T g3 8dlol
2 eyt W3lm ok (Ban, 1986). A7FAYL 2/ 2 3L E
(wave action)ol 9 FFE vl Z3tA 2& AYgez A4z
B2z 4o] BiFoz dojdrt Y% 379 HAAYEL &F

Aoz 440 204 BEAY AR 4247 Aol

su4 98
was Rk we sl AAE Aol Ade Aanezs 2
4% A%o) 433 BFAAI 4 20~30m F= 7Y%

=7 EX84 (Fig 2).
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Fig. 1. Map showing study area and sampling sites (bathyme-
try in meters).
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Fig. 2. Three-dimensional topography of the study area.

AFAYY 24L& 19 2829 HYFZYo|L ZAFT|d o
g FEAe 2F7 zE8, A2F B0 Y2F7 25 ¢ I
Ay 4FL B3 e HHFEANA {0 7MY F3a, 7Y

E BZE AYqME 50 7 48t (Korea Hydrographic
Office, 1982). Z%9 W&e Y574 sToxe A A9
Bg3tn Hgzs AAE Ao NE BN -GF HFoln 93
dMe B%—dM Wt (Fig 3).

Mz L

B dT7E Y5y AR AR AFE 19989 295FH 1999 9
Y7tA 23Aue o)83te] ¥E% 75 W), 3 R 92 2T
A7l 12 HYAAN F3L % 4070 BH A Grab samplerst
Box corer® ol43td ¥3 HAEE AL (Fig 1.
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Fig. 3. Maximum velocity (in knots) and direction of flood
and ebb tidal currents during spring tide (Korea Hyd-
rographic Office, 1982).

AAENE 53 UEEE giygez A48 23+ Folk
and Ward (1957)¢] ¥l oj3te] FaAh HHE29 {718 &
gag % 2L GEo AAE AEE 110THA AT A2 E
¥ 200mesh AE 53T 4+ Y52 4AAE (agate mortan) &
o] gt} B AU 2 BHE F FAYS /718 FFEHL A

2 % 4g8 550CY AV2oA 3A% T Q2N F 2 FF
&A% Falo] %2 FANPeH, @Y #F £He NE o
2g91 B4 (01N HCDE A7lste] ¥3AN ¥ A3, Adzsd,
A A A% F% £4%E %2 FAFYE FEFE £4
& AFAYAA AHE EF HFE F sand FFo] 80% o1
o2 A yehde AL AT 1879 A EE 4989, Bis-
caye (1965)¢] ol wal 2§ F X-4 HAE4HY] (Rigaku
2d D/Max-2400)& °| &3 X-A IHx (diifractogram)%_'—
Fate] WA o AP HAFEHE T ALHYL 25 €
A AL AERE B4 AFT 2L FRE Aoz E54Y
o] 9% Wi (Johansson, 1975)°] wel 2§ F Flame AAS
(Varim Spectr AA * 250 plus) 2 E43 4t
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Y57 7oA Jeg 49 ol2e AYY FFHFE FE
GA4e Folk (19549 274l wat & s/llel H34ez 7&
g0 A94HY 54 2 oA zdo) @ 1 X &
233 (Fig. 4(a)). UZ HFEL 7lYx NEZRE AT 9
FAARA YA EX3n glen A HFEL 357 & A
F8 Aoz Aoz £ilo] I AF ugE A ¢4
A 2¥3a Ik 2 9 HAE (AF, JYAHE, JEAE)LE
Y57 75 4ZAMRH $4o) 2~5mB FL AF ¢F A
9 2 7lex 82 g3 vnF $£4¢] AL NHHE 5 A9
AR GA Ex3x 9o

Hadse AFAHQA 540 g & o]§ Holed, 229~
861 o9 T2 W& HAZ Jehid (Fig 4(b). %573 8+4

& AY A9 AHT F2A HZF AYsid AFE A
JHZzoe 242 2y FFo] 90% oA R FUkste] XHH
Ag. 2FY YEF T JtEE BF A9E Ay A
YT+ Aoz #FE FAHoE AHAAE AFE Y. 1
dez HYEg F402 4§74 rAde F2 292 HY
Eo] £¥33 A7 4FAHGL AP HFBo] X3 M2
g& Ao]§ Kol §ith

d7Ag9e YA (silt+clay) §FL A8F Y7 Yol 95%
olge g A veht vt vE7} &7 A uEE AgL 10%
ojst2 A Jeith (Fig. 4(0). &3] €45 4& £2EHH
AgHFE QS AN g3z 24F FME Y FAFA #
&8 BojAY A YA 7HHE 1F A9S AR 23
o Q) Agoez FEFE I o] FAG

Folk (1954)9] £5ol 93 £78 d7AYe] BZHAES
aA Ae 834, & A HA34 (sand facies; TYPEI) 2%
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Fig. 4. Distribution of sediment type (a), mean grain size (b), mud contents (c) and sedimentary facies (d) in the surface

sediments.
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9, U@ H34 (mud facies; TYPEI) #¥9, 2832 A3
&% 934 (sand and mud mixed facies; TYPEIl) £¥XHo 2
&390 (Fig. 4(d)). TYPEI & 957 8+ AlF uigA g
Fz FY¥3 98 A4x 5F 9% 494 £¥33 TYPEU =
HYx NZ A JF Add F2 FxdY G§5F dT5
tZA o AR Ex g, YA, AHE, 4EAE HAER 7
A€ TYPEIIE £A9 AFF #4l0] &L Y452 &7 A9H
7t x oo E2X§d

718 Y ERMY By

AT7AY B3 HAE F 471F FFL 082~1161% (BT
580%)¢ WIE A4 we GFt EXFEE BAET (Fig
5(2)). B57% T AdelMe FE F2AGA 5% ooz
g& 2 ¢ oI AFE AY YiFeE Z4F FAde
%L Holn JHHE HZF AN AT YT AQez &
FE 10% olFeg FUlshe AFo] Jeiki. HAgd e £
¥ ¢4¢ Bu Ud HA4L dehle A8 4F A994 9
F718 #Fe 7% ¥ E & o YERey A, Y
A, HEA HARE Yl Y57 &7 AT ¢F A9 %
HE QU2 AYL 1~7% 2 Jeistth 2y 457 379 A
FE Aoz AdFez F4o] L HgZE Qe FHE A}
A AN Agole 2% o2 ¥ $FE HA wAy #F
& 205~171712% (A7 781%)9 HIZ V& €3 £xX9 &
A A%E Jeld (Fig 5(b)).

HJEYdze 4718 2 @49 $FHY WA YU A
A4S F7ste Ao ABBA (P=080, P=055)E BAF
t (Fig. 6). 1822 HE9 FEJ & UF HIA4A {718
2 iy FFol BA JEg A2 HFPANAM R #F £
¥E 3o ol §Fo] = we F4HE AFE B4 o
7 37 A9Rge A 47 AY HHEAAH {f71E %
G449 gl ¢ A Jehde AL oH# 4z ¥ A
A JHEE B2 A9 NE G g dF FA4R] AA

?=0.80

Organic Matter(%)

Mean Grain Size(®)

Ful ddde 23 HAY € 53 A 271

& g7l Wi #7158 FFo) A YeHe Aoz Y4
o] G873 &7 AQelA ol FFo] VA vehte AL
$A2RY 22 HFYEY FYF 27 ¢ EFH 2L #71
£ 2 gade AFe wEste 24 93 94 vehte A
oz Hat

HEXE

ATAY 187 A ANEE ¥ AF BN 4 HEFEY
A gFe dto|Est BT 82%8 MR & AU FFL R
A1, UM 184 o] 42 JF 205% 9 201% 24 A 11
dgu e Jegon AdeoEE HF 13%2 /M ¥ A
g By

de}o|ES L 514~705% (BT 582%)9 FHE Ro|H,
457 7 AGY AF 22 (BE 1044 M w2 %S
Bt (Fig 7). 457 875 AFA AFEIoz 245
dolE FFe FSAT HHE BE Ao AT 4+
Aoz Z4E Fadtd FY 4olA 7HF Fe §FE B

A9 e 134~251% (HE 20.1%)9 HHS Roly,
457 375 A% FJFY AW 2004 AdgE e AF
Addel A 10004 JAFE B Y524 ¢ AdeHe 87
BN AF AYgog A4E ZAde X AL BolL ¥HF
7 37 AGaA JlHde AZ A dF AYgeg 245 F
tate AEE o YPolEY i t2FHQ FXFFE BAT%
(Fig. 7). RESE 5 1349 %L JH92d A 23
e dadey 5L Aoz BiHo YA (Griffin et al., 1968;
Aoki et al,, 1974) AFAGANE FE2T AFF AGeA =2
g 1Y,

=AY e 141~253% (B 205%)9] H2 AHAY
gFRg i 24 JED 1349 2 fEUs {AF A%
o] yehgtt (Fig. 7). &, 957 7% o4& g AT 4
FAYA 20% oo g & FFE HolY, AF 22 A
AHEE 29 AYgME 20% o)z we FHL B,

18
?=0.55 +

Calcium Carbonate(%)

Mean Grain Size(®)

Fig. 5. Distribution of organic matter (a) and CaCO; (b) contents (%) in the surface sediments.
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Fig. 6. Pair diagrams relating the organic matter and CaCO;
contents (%) with mean grain size (p) of surface sedi-
ments.
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2"ElolEe] FEL 0~28% (JT 13%)9 HH2 AAF2
2 u$ gk 2deoEx EFFHY ¥ AU Ro)A goH
A9 FU# % £ E Yyehddh 53 457 75 W9 %
HABME 2ARA gon i M 2% o3z v
Bl

:1_4\__?4_/‘\_

AERE 4 AAH 2& FPS dAoz AAE Z2H Al
Fe, Mn8 BE& d¢ 948 357 749 (FF 5)9A
A3 e, 89 4FAGAA 24 vdebd &8 Cust Zn
& 4ER &35 4Z A9 (FF DA 52 ¥=E ¢
(Fig. 8).

E2HFE F AlY FEE 115~349% (B 252%)9 ¥4
2 AP 880 £ AT AT Y7 AGA 3% o]FeE ¥
& gg Ron uud 2YF HARo X} 5= AF
28 wg 2% o3z A veyd 28y 457 s ¢
2 A9 (33 23 39S 973 AY (AR OdAE 2% °l
Aoz waA A veich FRE FIFFE HolAe ¥A
B ANHe g B5F dFAGME FTFE FRAA AFAY
02 42 F2AT JHHE BZAGA AT §FAYL
2 342 Z/H8E A%E By

Fet) ¥E€ 1.60~402% (BT 316%)9 HHE Al FRE
o 24 Ul AT 47 AGdA 3% odLr L &
§ Hole ¥a 457 7 AggHE 2% o3z ¥& F=EE
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Fig. 7. Compositions of major clay mineral at each station in the study area.
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Fig. 8. Variations of metallic element concentration at each station in the study area.
A 47 AYdA Hex EF Adoge] gARAFo g | &
4949 93 F35H Jet F-4 B9 v ¥t A
3ok, 538 AT 47 A9 A 31904+ 1,000 ppm L2 EMAY EAN ol E|X7|%

e F:8 H2YY.

Cus} Znd) =& 47 8.0~594 ppm (FF 20.6 ppm), 62.8~
2904 ppm (BT 1154ppm) 9] B2, 7MHEE FHLE Y57
F7AGH AL JFAYY Fd FRE Folzt vegd.
o)E9 FEEIXE U8 F&YAde 2Y 37H AFNN 9
A AQoge FAZAF FREA de Fd FAY
Tl e &5E FF F2M L FEE B4

Al, Fe, Mn®] @ YE%e 4384 (Table DE F5§ A2
2 YERR (r=0.59~068), Cus} Znt Ha Y=g #EAo) 9l
v Ao g e (i=-011, r=-009). 952 HHE 9
74592 B3 9z g IA We Aoz gE4 Joy
FRT FHo HAE gAAME o 2 FAA tiF B
HAYG (Lee et al, 1991). Al, Fe, MnS #7188 ¥ 249 &3
B FBRAN 2L Aoz Ho} (r=059~092), 718 ¥ &
Al #F 9A) olg 44949 FE X0 9IS vAE A
02 oA Cus} Zne HTYE, #7188 2 B9 #3342
dAo]l FRAA @dn e F&digE FEY) ¢l 2y
Cudt Zn Aloldls & AHAE B (r=097), AFAGdA o
F 94€ 399 2 A7SEE A%l RS ¢ F Utk

Table 1. Correlation between mean grain size, organic matter,
calcium carbonate and metallic elements

Organic 00, 4

Mz M. Fe Mn Cu Zn
Mz 1.00
Organic M. 077 100
CaCO; 068 077 1.00
Al 059 062 064 100
Fe 066 064 059 094 100
Mn 068 079 092 066 067 100
Cu =011 013  -035 -007 002 -025 100
In -009 -019 -029 -009 -002 -023 097 1.00

HARA S Hristed 528 3z 997 =24 54X, &
N8 9 B 89 3454949 AERE S 97A4Y A
7HA TYPEY B33 £9§ 2o]lg BAY (Table 2). £3
EdA 9 #4718 2 &4 $%2 TYPELI 3 TYPELAA A=
Wz 7o) YehdA TYPEIIE UE 5 TYPEY 13
9 54<L Uil gk 2y 3584 #Fe g 540
UJehled AL Fe, Mn9] 32 A 35 TYPEN/ HE
3 g9 TYPEN Eo ¥4 Jehde v, Cust Znd TYPE
M7} TYPEN R} A velhdt, Al Fe, Mn9 #3o] TYPE
IoA 4 Jehde A& 459 o8 F£925739 4334
(Table D7} ¥E38 APE 58 F0] $A% TYPELNA &4

Table 2. Textural parameters, organic matter, calcium carbo-
nate, clay mineral and metallic elements contents of
major sedimentary facies in the study area

TYPEI TYPEI TYPED
Range Mean Range Mean Range Mean

Mean (g) 229~343 272 710~861 767 296~683 516

Sorting (¢) 045~088 060  165~242 209  092~308 239

Skewness (@0 003~035 016  -022~014 002  -027~079 040

Organic M. (%) 082~218 148  791~1161 927  113~726 440

CaCO; (%) 205~497 356  346~1772 1279  215~8%4 477

Al (%) - - 264~349 293 115~305 209

Fe (%) - - 335~4m 356  160~355 275

Mn (ppm) - - 495~1074 M3 M~602 40

Cu (ppm) - - 136~397 188  80~%94 223

Zn (ppm) - - 953~1393 1040  628~2904 1268

iite (%) - - 514~619 553 $33~T05 605

Kaolinite (%) - - 175~251 205 134~236 189

Chlorite (%) - - 188~253 23 141~31 192

Smectite (%) - - ND~18 09  ND~28 16

TYPE I : Sand facies, TYPEII: Mud facies, TYPEII: Sand and
mud mixed facies.



274

el A, Cust Zno] TYPEMAA A Yehte Re 44
2REY A} & 2PEEY Y Foz A F¢A ¥
7t YEd 9§ GFRd 24 F4% A YA
durgoez HA AR JEiExE FAML Hixy ¢ HAF
79 oz} zolE Yehle Aoz A Ut (Passega, 1964;
Friedman, 1967; Visher, 1969). €794 #F HAE did
AEEXE A 7HA TYPES H R3] W3] £739, TYPEI S
Al AzqA AURe 2 g2 248Y (unimodal sand),
TYPELE U3 AZdA AL e G2 93 (unimodal
mud), TYPEHE AL 2 4Fd AZxdgA g 2+ B2
3 (bimodal sand and mud) 22 Yebgth (Fig. 9(a)). o8&
BEre P2 oyA £Fo] Jold HYRANA Lur} EFHo

(a)
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P4 Rolmz M2 T F H34 FAd A TYPEN
Hage 27 & 249 HA ol EHE oz H4Et. 4
Zre] HAA 3] HAge vtde 2 HA713%g 3457
918l Passega (1964)7F AA1& C-M diagram Al plot 3 & 2,
Zt TYPES] w} A2 o2 BA71%0] 243t glag & 5 o
(Fig. 9(b)). TYPEI & M@o] 100 gm ©]4, Cgkol 200 ym o}
22 32 Fo|F }§ (graded suspension) 7} EH71%e] F2%
¢ 31 g W TYPEIE M) 10m 932 F2 A
24 24712 (uniform suspension)o] 93 5 AEo) olF, 53
8o gy TYPELE 1 F#°] 3 AE o Fol8 &
Fo A5E {9 EFYEHI FNFY Fa@ 24F 2y
3} e ¢ F Atk 222 AP EF HF¥EY TYPE
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Fig. 9. Size-frequency distribution (a) and CM-patterns (b) of major sedimentary facies.



Y57 d7g F9 4gdy B3 534 R H3E7 4y

e ¥ 8349 33U 5422 A2 g& HI7Zd 93
quA FEo] Fojd HAFAY B Aoz Yepyr.

NE EHE9 0|5

detels A HFYE 3¢ I3 2 99 5383 17
3 gEo HFAZY /|9 2 o5& dFsted ®ol o8
sttt (Biscaye, 1965; Chough, 1985; Park et. al, 1986; Park and
Khim, 1990). 83 2% F&940 g A7 HHE o5 ¥
HARA Y HAte] ©tE AE WIS (Lee et al, 1991), FE
FEo g A7 AY HH2Y 719, o5 A2 £ HY 5 H
A7Ae ofed 88 JUE 322 (Griffin et al, 1968)
AFA G X3 059 #F £XE 53 AHE HFEY
ol 53 HAHN AT FLE d& F U

A7AYY UA (silt+clay) $F2EXE (Fig 4(c)) st FERE
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o #% 2% (Fig. DE%H 1343 349 IF5EE TYPE
N9 zZe AEd SR8 F58 2L ¢ & 34 F, 13
A3 =UAe 2% Age UA FFEXY fA AFE 29
. 58 494 F Al Fe, Mn9] 2%E 94 AQA HFEY
TYPEI oA UEF (Table 2), 94 UZA £X A% {43t
t 23eE 134 €2 3UN3 F&94 BXY AL 2499
3z oF 4FL e AFd HFEY X F%H
4§ #gdo) It Ao A4, o)HF £X AFE FAA
A JFAGY AGE HHEL 7HHE B € HFoR o
B8 Aoz #udd AT Y7AY EXde AU H
AEe 2RO E ¥UEJo R FFd A FHE Ao
A Zts) A9k, Park and Lee (1996)7F s A gl Bug 2
FE7 HEF BY, ol ARHHZo N2 RH 4F &
d8 Aoz A2¥Y (Fig 10). &, 8¢ &F HFEL 47
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Fig. 10. Comparison of mean grain size, organic matter and CaCO; distribution in the surface sediment between Jinhae
Bay (Park and Lee, 1996) and Jinhae Bay Mouth (this study).



276 AN - A%

AY F A8 Y7AY B Agolz £ 4718 2 @d
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Fig. 11. Distribution of sand contents (%) in the Nakdong River Estuary (Kim and Lee, 1980; Park, 1992; this study).
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