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ABSTRACT

HIAL e o] t 55 ARl 2k e, At ARl E5d0] wom 74 s gehg i atoll WAl i-g-517] wiZofl s #4121 g #ite]
oA A o] thdolet. tiatdtoll A 23 5 km B ol FAME = A 2001 @ T AT A A FHSHE F o231 3t o]
23t s 2 @ ete] A9l Wel7] flsiie AFE o] 542 oldlfshe Zo] F-asttt. |23t Wit A o] A= tAtE| e
W] H2a 22 P olsfstalal, 1A AY7E AHste] F 2274 2 S fSetal A d-m s A o] i
RS E3 19973 9 A=At et vl g Fol Ad 253 e ElAE Y= WIS ARSI ARIALE o S4Bt
U 2-32 9] FHA WA= AFALR o] F01 5 O W, ALE| O] 22 —2-6 0 0] AT UAbE S 0 2 A Heh ALE|S] 54 Bl A&
< FE 2R At EE H o) AFE 9] V1A H a2 2R SRV TR A E A2 230 AlE EAEo] £
F(H) ] H=E e ALE o] SAF H 222 adre] dabd o] b 5(-) 9] =g HAlth 199720218 57t A= 9]
HH a2 Ao 050 26| Ao Holo, A& Jutgo] gFo s A E2zo] A7 = A A sAH Al
A AA R A ot B EAEY] SIHEE P2 vlFo] & w [ A2 910l 30 moll k= AHE 24175 A
o2 AT AR BT, 714 H o] kg Aol AR AR Abd o] EAE A E EAE SE0l SR e, wet
A A el o] Sa= AARRIC

Unlike the shelf sand ridges moribund in motion, nearshore sand ridges are highly mobile, sensitive to changes in ocean environments,
thereby becoming of particular interest with respect to morphological changes. About 5 km off the Daesan port, the Jangan Sand Ridge
has been undergoing severe subsea morphological change over the past two decades. Understanding the nature of sand ridges is critical
to elucidate the causes of morphological changes. In this context, this study aims at understanding the characteristics and distribution
patterns of surface sediments of the ridge and its vicinity. For this purpose, 227 sediment samples were acquired using a grab-sampler,
the grain sizes being analysed by the sieve-pipette method. In addition, comparison of grain sizes in sediments between 1997 and 2021
was made in order to investigate the 25-years change in sediment composition. Surface sediments along the ridge axis are fine to
medium sands with 2-3 phi in mean grain size, whereas, in the trough of ridge, the sediments are composed of gravels and muddy sandy
gravels with mean sizes of —2 to — 6 phi. Sediments in the crest of the ridge are well-sorted with normal distribution, on the other
hand, the basal sediments are poorly-sorted and positively skewed. Along the ridge crest, the sediments are negatively skewed. From
1997 to 2021, the ridge sediments became largely coarser about 0.5 phi. Such coarsening trend in mean grain size can be explained
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either by elimination of fine sediments during high waves in winter or elimination of fines suspended during sand mining activities in
the past. Spatial distribution pattern of surface sediments shows that ca. 30 m thick of the sand ridge itself overlies the thin relict
gravels. The strong asymmetry of sand ridge, the exposure of ridge base, and reworked gravel lags suggest that Jangan sand ridge is
probably sediment-deficit and hence erosive in nature at present.

Keywords: Jangan Sand Ridge, Surface sediment, Gravel lag, Northern Taean Peninsula
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)55} AA¢ke] sfjA]oflt= thtr o] AP E|AA|(sand body)E0] 2% Uehi=t|, o] & FEA 0 2 Hao] FFo] &

Bolal, 24 oL 2]7} 73Rt sl o] ch(Stride ef al., 1982). YHEA © 2 AFAEH A= Zo] tf2f 1-5 km, Z0]=10-50 km, 1
2|3 2F 10-30 m t£0]2A] A3 2] AZt FefE 2k QUrk(Stride er al., 1982; Dalrymple, 2010). T 212w} ez

=0} glom, = SIA KL} S0t Ql= A P-S YERHLL Qlo] Rl (sand bank)©]2tal F-2H(Dyer and Huntley,
1999), E'835| Zo|/Z2] H|go] 405 Z}oto] A&t P/l(elongate ridge)S HO|+= 74-F, A5 (sand ridge)= T-231TH
(Amos and King, 1984). ©]5-2 53l(North Sea), &all(Yellow Sea), ~L2]1! 55 = l|(East China Sea) 5 ZA0] At
S5~ AQtof| A &5] AFEHtH Caston, 1972; Klein ef al., 1982; Stride et al., 1982; Park and Lee, 1994; Berne et al., 2002;
Cummings ef al., 2016). ‘F-EHetolAl= ©]5-& 4510 AF=|(sand ridge)2tal F-ETH

AFElE TRt FE7 - vhekete], 197 wiiol el 9ot o = 1 ATt R-2] 7]12to] u- - Eaehs AARRE
Ch(Hulscher et al., 1993; Dyer and Huntley, 1999). Z1fo)|&= o1 52] A3/d 3 f-A] o= 7=t =4 7B+
2 o] ZF3 = 2 Tukolgjo] ™ %71 0 2 ¢Fe AT Huthnance, 1982a, 1982b). Aot 20| HHE0] 2| H
A E= E%*?—}‘ﬂ of] whpA /‘}51% o] E(lateral migration)SH]] FtHCaston, 1972). 0]9} & 01 AL A4, ol s, e

2 511 9,1—8—0] X154 ‘?ﬂ:ﬁi—rlﬂ Izl AU 1:]'(Robmson and McBride, 2008; Snedden ef al., 2011).
FEuEre] B, Al Off(1963)°ﬂ ool Ago= 11 EAPFEH R oM, = tieteld U AAl-5F debte] s
¥} o FELO] Bl5|| tfF5a1) oAgto]] -8 ALY LIS Kein ef al., 1982; Bahng ef al., 1994; Park and Lee, 1994; Park
et al., 2003). Park er al.(2006)->-F-2] 5| & ol B0l EAfol= AFE7FAFEE= AT /A1 710l mhebA 2714 9, &
&5 AFF(shelf sand ridge) 2@} 9T AlS(nearshore sand ridge) 2 26ttt HAR= B5 50-90 m G404 AFEE]H,
Z5H FHIE TH ZL Zol= FtH 200 kmol| 2% 1:} o5 H7] s AI71(2F 14,000-9,500 yr B.P.)ol 'Rt 2o 1
o, Hhdof| ARt Al 739, @A ] Mslrt A71Q1 E=2A| F7] ©]9(¢F <7,000 yr B.P.)FE A=At BT
FolTt. ot ths-5- A= @A HollA] o o1 O]EO}Z] o= WA dHl(moribund) o™, AF A= @AY B2 =
ol x o] o] Fal} AR o= 5 AF(active ridge) = H QY TH(Park and Lee, 1994). o]e} Zo] A Alg= 154
&Aool mot o] Ee|4 2103 e wste] HitslA| §E-E5HH, sfA A g HstE LEhdt. o5& o] i
Flofl EA16E] ol shiA A FHeks = el ool H2fRt Aol 84= 2F8517] = {tk(Park and Yoo, 1997;
Chang et al., 2010).
EioHt: Bl tiikete] o] EAfioh= AR El= A kA g2 ok thEAQ] QM A=A 2400 -5
¢F 1 S| <] e Hale] whet A7t S22 P HREE Z o2 21 0 2 A AT Chu, 2000). 787 |7H HReF ARMALE] Q1
Sl Al 22007 | FF SIAF AfF7 o] FolH oM, o]= AR FHIE A0 7= shte] el e ® THEE T Kum
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etal.,2010a, 2010b). 0] Aol = B30, 5 AOMALE| Q] LE A S48 ]Eﬂﬁ °[9] %0%6] %—EB}X] Slas )
AlE 50, A714 oA o] ko = o)Fsl=A], 12|11 ¢F30 km°ﬂ = 5
2] B AR TR Y02 LA glo] B o P& Hol=A] 59 EH?}?*EL%@VJ l*ﬂﬁo}ﬁ} o]2fgk T of| A
o] A= HRIALE] 9] H°*Zl7“om Eol it olohE HH = k= T8 9] YRR 2 A, HRIALEeL 11 o] ofw]
SHEHER o]Fo]A §lom, 11 R Q2 AR ALEIRA ofH E44S 2801 Q=R E Biol=H 542 FaL glrk o yot
7F1997' A0l ZARIALE] sl & of| 4] ﬂﬂ S 252413 Chu(2000) A Zfete] Bl w & 5ol E]2E Ha} - motstal,
71 AR1e] tsl] E oot

2, A1 2|9

o AR} BRI Afolof] HAIRE ZhE e} QTR oF 5 km ol LML= Aol AEt mekS
ZA Aol gRAE] o] 2ol tiEF 30 km o], Fh -2 5.4 km, 12131 54 30-40 mo]| 55~ A
C(Fig. 1). o] v {2 0] 27t 7 9] 2] ghef. eioMtE o] sfiohida whapA] AR sfivllo] sl 9l
et sliohd Atololliz 227 sl It FAE] FA = H A 1 km Qe EF7F2-3ARH 5 g s 2154
off THA] slfrol] It BiQIRte S5of tiated Afol o] 2 Y75 FotH |2 23 h et 7k= fnto] vepdth
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Fig. 1. Location map showing grab-sampling stations marked by black dots and two transect lines across the Jangan Sand
Ridge. Contour in meter.
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AfebrpEo] B ol e ot ARz 5 WA 2 5] ZAele, WA ol e e Felret-gel S
A et BEARE o] A BLAR] THER, 200020001 F AR BA WFe] AR o)A 1%
202 SApAAI} ol FolAct, SR ekt A AR o 4 glrk o]2} bl 2006 e Al Tt gl
slof] w201 1G5 @A B A 2 5 50 oF 5,900,000 m* 0] @Fo] ZEIITk Yoon er al., 2017)

gohhiz BRslelo] 24 2SI} 7.1 mol o] 2 thzAt 3740l &5t (Flemming, 2005), WIUFEHOE &

ZE50] A5t (Flemming, 2005; Byun and Hart, 2018). 315~ 5} 5 mol|A] S4H A2F= 2|t 1.54 ms” & LERY
T, SRS ) 1.7 ms' & 00152 R7L $Alelck Z9IHE oMt Bo] SiAlet obigke 2 245 1ol
el 290220l 20 79 me] 2927 BEEI

ek 2910220l B2 mabao] t2R, A8 Solme B 0.43 m, HoETE 16 mE 7| Salck ok
0] ol 3 0.17 m, ek 0,97 moleh, o]2} o], AT 2jeje] shake e AWE Holer), oz

i
ol
rek

|
r
o
=
o> T
rol
v

o} golie ATtz 1 m o[H2A mletsl, Agelis A
20151 tAF 294EA40] 42 Amo] TE, o] Fefo] 8- Agol B 7°C ofsjols, o] of

25°C71] ©:2u} webd AR 40| 27} oF 20°C 24| WA} Ak, 2

ol Ofshe P AR 283 psuD Ho]B] 25-32 psu M= A Aol T WISk 37 elek, etAfEle}

5 5o] £AI5H) Srom, EahEAl] A To] ofgke wmlslck

3. 17 W U A=

Aol S5 BiQHtE 55 oo o] ZQIALE|LL R0 RFE|AE B 5405 ol ] flste] 20219 7€ 7-129 =1
SHFFAFEY] Gl T E o]-85te] F 22779 oA BFEAE ARE AFISI A= A= el B ARl 4
313t Dietz-LaFond A4 7](grab sampler) S AF85159.2. ™, Z{L]7]2] W71 27]=10 cm x 10 cmZA], #5300 g F&=0] 3%
SEIAES 2 o Utk A& %2800 m x 800 m 574 o] ARY-S RAJSAL, HRIAME|RL 1 FH O] 242 E 29
S = AAISHT. T3 Chu(2000)9] El124E Ak} w241 2l e e 5t 23 0= A7sIeltt. AFEl9]
1R (crest) 2 H(trough) oA 2] E|2E 574 olsliotr] f1all, HMAEIE 7F2A| 2= 2719 S4(Line 1, 2)& F7H= 474
Sto] E|4E R3S otk QIthFig. 1).

APAHR 7HAL B8 E Alme Yeiils 9o AFdo] 285 Amet Ref/y Alm= -2kt Aol 9t A
O] %, AFZo] 27|= MU HAE o 85to] A=, 5, I5-S A S0l A2 Z42e] FAE SAsto] 7155
At el Ui EAE Alms AN H8] o] AE-o]ul(sieve-pipette) WHO R QERAS 435It YA
Carver(1971)7} A|QFet T WPAS wafeh Ald-msl 24 Hof| A E Al5o] AA2E AAIsHlt B4 = Azl &
H 5712 AASH ] $180 10% Hetelray(H,0,) Al2hS HZoHHA] & #{olgzo] Hh-go] T wi7kx] 7|ohd § S/
w2} 2715 WSt ©AFE-S FANHCT) AloRe 7Fste] 24417 53 REGAIA A AST. Al=o] MA2|7F B 54
phi Hl(sieve)E AF8oto] a2} Y(mud) EHE-S Eefohs 52418 (wet sieving)= =85} A1 A o] Ll AlR+=

oA 60°CE 7AZ51 0.5 phi 7H8 22 2157 ](ro-tap shaker)E ©|-8-514 A2 (dry sieving)ol¥itt. Y B[ E-2
1,000 mL HIAA T4 ZaCalgon) FAMIE Foiet & mjslig] © = FAISHI o]} Zh2 id-& AX A2 JeiA
Ah= 27 H Folk(1968)7F AIHet AEAlS o] 85t ZAHPE(HH YT, 24, W 5= Folem, $HS AR5
AAES 215 GRADISTAT Z& 1318 0|85} thBlott and Pye, 2001).
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U240, ARIALE|R 1 51 SfjAl= ARl Yol o] 27|71A] W2 J 912 ket A o] B[&E= % o] 9]
& 22779] B2 Y= Ak=E Folk(1968) 2] AFZfTtolot1qllo]l ARt A3, Atsf S o] Bj&E2 AH(G, gravel), AFE S
(sG, sandy gravel), UAFE9l(msG, muddy sand gravel), ®eli(sand), SA2(gS, gravelly sand), U222 (mS, muddy
sand), 92 l(gmS, gravelly mud sand), 12|37 Y(M, mud)2] 8712 E|HE 73 0.2 F-EHTHFig. 2). Y2 8712] &
A2 F92 FHE E(YUR, 23] 5ol Wt A (sG, G), UAFI H(msG), ZeH(S, g8), YA R (gmS, mS), 18]l Y
M)2] 579] @At e 2 J-g 4= Qlth(Fig. 2).
Y, YA Y, YA B3k 2 ALE| o] BE-5-5 I |(ridge trough)ol] Algt=]o] AFEFICE YA Y EJAEZ2 )
7}, mefiel A5 mokslal §lo] Eo] Eslth(Fig. 3(a)). SHAIRE Y E[¥E2 HERT= T2 AE 3719 YAtz 414
ek Y EAZ 0] EA= B GA Aollv 2] 8-S 2| Aok, mheba] AFE|S] SR Th= g 0 2 7 E B o E= I
HIASH= 2 O = A,

Lef] B2 ALE|S] SHURE SO0 8 o HA ko 2 AESH| Fatst, A 3HS Jeth L He XYooz
KyEje] SR R A7) sl et gt Ree] RS Ao 2 90% olgoln, 2 Aol
10% o2 2EtE|o] AFEE]7| & Qht}. EEA| 7h wljzo] 27| & S, 7 9] ot e & S = o] QITK(Fig. 3(b)). A
Elo] F A=A EE o AXIH

A B2 @ 2] AFE] 9] F53 A5:0] 7|25 whebA] AR o] B2V gt AR A E| A S ARE
E|2d-0 2 ohA] ARk AP o El2de] el SRR B-5-50% Jro|m, mzto] YR Il h(Fig. 3(c)). AlEEel Y
A EAEE A gfom, b Ap4o] Autie = Bg Wx= oottt B o 0 2t A% 21402 B 7-8 cm

37°06'T

Daesan

Legend

BE= Mud:M
Muddy sand : gm$, m$
T Sa

36°53'(

126°12' 126°24'

Fig. 2. Distribution map of surface sediment types of the Jangan Sand Ridge in 2021. Sedimentary types are classified by
Folk(1968)’s scheme.
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Fig. 3. Grab-sample pictures of major sediment types occurred along the Jangan Sand Ridge. (a) muddy sand gravel, (b) clean
sand, (c) sandy gravel, and (d) gravel. Bucket size 10 cm x 10 cm for scale.

=17]0] iz} el o0 2 T, o] el B0 2 ] o] o] Slel(Fig. 30). 919 S0 vlo], 4
Zre Aol S|4 2 ofA o) U BJAE]7| Hil= 1 o] FER-E(relic or lag) 2 SV H T Emery, 1968; Swift et al., 1971).

4.2 E|HE YO SRR

S22 Qi) FHRTE B2 P19 of 17 JolS Helahr] 831k Fig 4t EEEHZ ol ghfslo] e 7t
51| Yol o eI AR 106 Ak B0 A B whe) ek A B
130-100%0] O] 2 2|2 u}I7} 712 AYEI] B8 ke ek, Q2 Aol ke AfEl] SRiol s kg shed] o]
1ok 212 RIS7} AR oI 4wy, R 9] A Ao 47102 B3 A0 weich A5
FH%E T <10% TAZ04 mm)e] e BT} S AEEid], ALH WAl weleh P HaE Aoz

0

MAtEle] SRS ot me| HHES BE- A W] 34152 et Basie, 1 me deke >90%olthFig
4(b)). V1] F Z(flank) & 245 ke 803714 WoIEr} A=) R 1A ol 50-60%S Hol7] Fitk. 1]
EA2e 22 AfE|o] 2o Bargith, BEe] ZolA welie] 1 @eo] ~50%s] ol 2rk(Fig. 4(c). AHES] F4lo] B2
02 12%2] | et Zo] ZARIA, o5& RE Aok AN 02 L Abslo] BE5 21k 550 428 et
mh,

QA A R AV ] 7| ol 1, AFHe] FAEL nele F4Eo] glon], Qi AjEle] 2155 S
2h ] o gete] | Hago] 2419
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Fig. 4. Distribution map showing each textural components of surface sediments in the vicinity of the Jangan Sand Ridge.
Gravel (a), sand (b) and mud (c) contents.

4.3 Xz 22HP0| TR B

2]
EAE0] iy s FASH Ao E Yehf= B9 (mean grain size), S (sorting), 12|11 =
(skewness)5-0] ZAHPE2 E|AE o5y, £, EZHY, 18| @A o B 0151@4 U 7FARJNPRE

52t (Folk and Ward, 1957; Folk, 1968). Fig. 5ol LFEPd 2=, AFE|R} QI EJA=9] B E= —7-6 D(phi) HH
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Fig. 5. Distribution map of textural parameters of surface sediments on the Jangan Sand Ridge. (a) mean grain size, (b) sorting,

and (c) skewness values.
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ShE A IS S0, 19 50 5180207 94918 T B33 ol 42 B 2
e dAA 02 30 =X Bt B Bk EAES] = —0.7-2.0 HIFI= Al 22|15 2 o] et =
o1 2 85 S e, A15) B4125] 95 HAEE ) 0] Ao) el 0 ATEEE el
(Fig. 5(0). SPAIRE AYE] F417.2] t-2.2 Al 02 21920 23 Wels 2o -8() 2] g Helch, Aj5]e] Zap 740
B4R Y EZ0E A9 Al HRE 2 FH Y Y= He.

Aok 0 2 E|XE9] It BF Lo} o= UHS THEIAIE ZH=THFolk and Ward, 1957; Folk, 1968). AFE] ] 54
A H A2 AlgALe] o] s, tiAfA oz 21-9-3o] 22 AR E Heltk o= sdt 7o Ritho =
o]Fo|H o, FARRE EJAZRE- Slof| A B[R l5-2 REgith AFE|9] FA O] -2 Al ARG HARS] ot 2
Hol2|ek 23O We| 5 2= 3(-) 9] H=E U=t £HE2 o SR euliz] kg = A dapda]of el =of
1 A OIC IS & AR ] o AR R 4 el s

=

o

O
=
<
T

T

5. E 9

5.1 2|200] H SOt BEE|X S Hal

HOAEE T8 AjZeks ga] 5 4o] 11 Aolo)s 1ot AVE|Z 7HEIth(Park ef al., 2006). TeHA] 325 0] Sjok

sgHstol mizlsh, o) s @ WstE YERATKum ef al., 2010a, 2010b). Kum ef al.(2010a, 2010b)°] thk2H, A+
| 2] BAZe] IXIRH AT FRelA 2t 1501 A o] sA|F7F o] Fol 5 0 H, o] 2 Qlof| HRIALE|S] S5 SR
| ZA5H= R eliih(sand waves) = 4=5A(sand dunes) 2] 50| T2 ALE| ] Fef S AIICEY B 1151 o]
ol A= Chu(2000) 2] BRAFF =Rl 55 Yrtzt=g HHoto] 225 o FRIo] ARMAIELE o] F= 25

2 20] A7 WMol 1851tk Chu(2000)2] 71=o] wh2H 1997 H0f| 134 Hh2] 0 2 AobAtE|o] & g_% !
Ko, Ad-ujml A o = FAEIC QA= ] vl 7AS f15]] o] AelliE TLRt Alm Aol 5
AHEALS. 2ot

N

2

rud
e
rl
ki
s

Sl A
199720213 -53F2] El2lE AL HiolE ntefsr] 9, *}ﬂ—i b el 2719 ARl S4S Ad7dstal Bt
= Bl (Fig. 6). 19979 UAtze] T, HRIALE] 55-0] = &9 HAe2 A WA lE A2 = o Fof

HOH, APE] SHT-= A2 2.0 2 O SHAVAIRARS] AN Q. oF 2518 &, AA O] AFE] S5 El420] Had e

€ 1.509] FHPARA AN 02 0.5 0 261 202 Helnt Hhd, ARMAE] o] ¢, AlE SHF HHed

RE 150 fo]2A HokE WS Holx] ok

olgjgt Autzlel FEE|AE 0] 3o} HIFS Folk(1968)—4 AfzittolotIslo]| ARt Aol 4] T FEistth(Fig. 7). A+
o] b EJAE0] 71, 258 F Chu(2000) 2] EJAE g3l & B UA & ol =AIE ¥, 2021 H Alse &
et ZZe] GHe]| A HT) o]} Fo], dAO] AFE] B2 meflet AFAo] fFgo] & B 01, o= Al|

=
RIALE] =0 AAREA Q1 23} ARk BAlFoflA] Yo siARRF 2] FFL 4 Atk Kum er al.(2010a, 2010b)°]]
W=, A0 O] sAfF] o] 0] kS AR At A F EAE0] RSP IS oM, ol sARAF Al AlE
A ez R o] FH A Gl AP A 0 & siAlstgiet. TRt A-Sd A3t 11 Q= BAAE 9] 93k 4 ITk(Shin
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Fig. 6. Comparison of mean grain size of surface sediments samples in 1997 and 2021 along two NW-SE transects. (a) the
northern transect-line 1 and (b) the southern transect-line 2. See for the locations in Fig. 1. TWT is the two-way travel time
extracted from the chirp profiles.
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EHE2 A5 thKlein ef al., 1982; Bahng et al., 1994; Park and Lee, 1994; Jung ef al., 1998; Jin and Chough,
2002; Lee et al., 2006; Robinson and McBride, 2008; Dalrymple, 2010; Snedden et al., 2011; Chang et al., 2012). T}&0]
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Fig. 7. Ternary diagrams showing the textural classification of Jangan Sand Ridge sediments proposed by Folk(1968). The
classification scheme for gravel-bearing sediments based on gravel/sand/mud ratios. In this study, the sampling locations
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used for the comparison are identical to Chu(2000)'s study.
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\

Fig. 8. Hypothetical reconstruction of the Jangan Sand Ridge based on the surface sediment distribution and bathymetry.
Note that the pebble lags and muddy gravels are dominantly distributed on the base of sand ridge, whereas the sand ridge

itself consists of mobile fine to medium sands.
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