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2 0|54 L olalBhe o] Boolth 15 HATE AL BE Aok A4 B A7 39 WARE 2UE L4z 5
AEZ, $2%, F7F AUl Ao Z 6l EZE2] A9 UYAFHU| A Z2](SMQ; suface microtextures of quartz grains)2] 3
WIS o] 8-5to] Ry 7HA-E HIAESHAL o]of tigt AA| B &5k FAHE AAIstaLA} gt theFst SMQ F 7P F=a5HA
Q1A g1 9l A (outline)d} V-F ZE35(v-shaped percussion cracks)S E|ZE 8kl ol A g4 W3l vizhslA vk-2-5}
= AR e R gA ok o] SMQE2 A7t iRl o2 A F-AUSt e WA otF HFe g 2t A7t 71
weh H3tehs A TR ol o) dt A2 Al sl ERoA =Yg Bke 2 v, 1 3eke dA7HA A
TE S FHE S AXF Waka dR|§it). wheba, o2t AaE2 SMQ A4S Sal A A AR WIS 54
S £ R8P 28 & ks AL AN,

FRO]: AIeHR, SOl 2ERY, SEM, MG UREHDIMN| =]
ABSTRACT: To understand the causes and mechanisms of coastal erosion resulting from imbalances in sediment supply and loss, it is essential
to comprehend the characteristics of coastal materials and the processes of sediment transport. Sedimentological research, as well as coastal
geological studies, have been significantly lacking, particularly in the Hwajinpo, Songjiho and Cheonggan beaches of Goseong County,
Gangwon Province. This study aims to test transport hypotheses and present actual sedimentological evidence by examining the changes
in the features of surface microtextures of quartz grains (SMQ) in beach sediments. Among the various SMQs, outlines and V-shaped percussion
cracks are recognized as the most significant, known to respond sensitively to environmental changes during the sediment transport process.
These SMQs exhibit a clear tendency to change as the transport distance increases from Cheongjincheon stream, which directly flows into
Cheonggan beach. This trend is consistent across all three beaches, and the observed direction aligns with the estimated longshore current
direction along the East Coast. Consequently, these findings suggest that SMQ characteristics can serve as a practical tool for interpreting
the direction of longshore current.

Key words: longshore current, The eastern coast of Korea, transport process, SEM, surface microtexture of quartz grains (SMQ)
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F2 Tt AF-2dEte] wE s At At
A A2go] gt Pzt ofsf §lo] o] FojR= WL =E ¢l
3l Azkat ¢deraa) 2Ajo] Hwa) Stk An, 2013; Lim
and Lee, 2017; Park et al., 2021; The Province of Gangwon,
2021; Ministry of Ocean and Fisheries, 2022). €<F214]
2 7 A9 B =S 3T AA A D AR
=2 AA7E JAE O ARl AR, gAY ¥
At wAYESE olsfst7] fsiAl= ol2e At L4EZ
o] EAT BAE o582 olslishe Ao] Aok
SRR, 71E FElgE A oA 9 A4 dte BHAE
o] ol W ¢ & olEoll thet AA| H=1} FF S
=53] w|ZE A AR S Aot 2931 ko]
EZSIcHKim et al., 2011; Prodger et al., 2017; Jin et al.,
2020; Maeng et al., 2022; Shim et al., 2022). E3}, 0|8
gt A AAE 7IRke R AME BE St t2ES S
o ufet sl W EAF 29)e] BREL oblaE sl
(e.g., Kang et al., 2010; Kim and Lee, 2013; Nukazawa et
al., 2021), A1}A o 2= ¥t 3]EEHA(Coastal resil-
ience)o] Rolx| 1L QItiKang and Lee, 2023).

AU FoE Aol Qitdon B Wgons
B AQhE &l YAlsh= wh=ofl o sietdS whet Ed
T WFORE AUFIE LAsH o] ASHRE wet sul %
ot At AP o] FAEHE Aoz A UtKOh et al.,
2010; Kim and Lee, 2013, 2015; Lim and Lee, 2017; Cho
and Kim, 2019). 3}A|qt o]& APAT giHE2 4 &
< FFFLE BT Gl HIRks WAk ol
HED 9l oH(e.g., Kim ef al., 2005; Lee and Kim, 2007,
Choi et al., 2009; Eom et al., 2010; Kim and Lee, 2013,
2015), Bt AR ol Wf &= ols 2 217|125 4
Qb 2| A A-gof tigt AAIA A= s EEEE AJH
ojtt. wEbA] ARt A H 9| A&7 A R Aol 9FA
AA| BAEY ST 29ty P2 FAE HY T
I 712 ARE gEste] Faiet Ake] A Fz2Hgo of
224 oJ3E WY Zavt ik

A G A9 tfFE sful HHEA T8 s
of s g5t R F& oA E2jetsta o2 - gt 4
& A5t EAE olF % HA AS o S Egd
o8 @280 EAES YA ¥ 7]E3THGoldich,
1938; Margolis and Kennett, 1971; Krinsley and Doornkamp,
2011). BAE = 9 O /sl 2 EHAE 24
of Zagt sty oy W EAES sAlsh= Tl &
BRI, A GUAREHRA 222 22 279 A AR

2} Bxjeke 2Rkt @ 7|2l wet QAje] nhme} sjst

% z2]o] Yetlths 54 g3, ol Lutabg o
Hoo] 24 4E AT 4 Y SUT ol 15
QF FAAAFE H| ZH(SEM; scanning electron miroscope)2)
WA A A QYRR H A A 22(SMQ; surface micro-
textures of quartz grains) 2472 §Z &9 2417|3
F7} B 12y Aol Qe $4Eo] $hrie.g, Mahaney,
2002; Krinsley and Doornkamp, 2011; Vos et al., 2014;
Itamiya et al., 2019; Baek and Jo, 2023; Park et al.,
2023). T3t SMQO]| thet 42 vl=, F4, T= 5 o
Etol|l A G2 wskel i n|A| 229 HlE HIE F3l
¥l E|AEL] 8 S dfAshe Hlole thFstA A
2% v} 9lthBellanova et al., 2016; Reddad et al., 2016;
Tunwal et al., 2018; Itamiya et al., 2019; Madhavaraju et
al., 2021, 2022).

oj¥l A= L&t A EHo g St sl EHAE
o EA4T 2R 7HdS HIAESEAL o] gt AA|
At FAE At +HE Y o5 Al 1Eet
BA A A7 28 A AE B a7 =9] v
A et X Folieh HETE O I E, H2| 5, A7t sHl
= W= SMQ #41& AT ol¥l A= Falict
At A AG-o] FE2A Y otz A7 A AF A1
A AR AF Aol siste, Aol 23t vl H4E
R SMQ £/ ¥3} Abo] o] o] thsf =2lst
27} gk,

2.9 X119

At A FEE S5 Fok2 2271 2 0.3 m,
B 0.2 m Y= Rol= AZXHmicro tidal) -7 of g
3} (Davis Jr and Fitzgerald, 2019), 733t 5}a}o] H3kS
ol vh= 29l abs A 2ot 2| 1). Fafieke
Bt E5EAA YAt =7t SAlIsH ] bzl '@E
Z03 ARE WAIR]Z|H(Oh et al., 2010; Lim et al.,
2017; Cho and Kim, 2019), o]|&]gt HHFe} AX|3H= 7
kO 2 EJZ-E0o| £0]F(net transportation) T A 02 274
FHt29 1; Schwartz, 2006; Davidson-Amott et al., 2019).
azu), o5 Fetele AETLE QT 3 gds

Z 5ol sl Aot w2 S dEE =R E YAt
AI717] B 2o BAZLCR T2 ARE A 7Hs
A= A|71HHLim et al., 2017). FH AR o)A 53l
ko2 QAT SIRIES Huiiue] 5 AR v}
weslEs vnd FA} Bl §2o) ol Be o
%5t EAJo] QItHKim, 1999; Migon et al., 2019; Shin et
al., 2020).
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sfiHle] B YR]sk= ¥, "ol AztE o} Aty
O ZAA-FAAA Hulglo] FO® kEE o] Qi SRl
st WS Zoll AT SR ET = FiL FE 2R
AZ2E Y5 32 oA, 34 WAL 2.03 km?,
69 WAL 20.53 km?, f =412 4.62 mo|tHKim et
al., 2021). Y&&} &5 ofl= 2kt 270} 179] A it 31
o] FYHM, Qe =Ry vtz Ay AZ4HE & T2
(inlet)7} 2A5FL T Yum et al., 2015). ©] 7= 2=
SRIE sfiR1o] BEho=HE oF 400 m F&Eof| 2|51,
Frgo] e o5 - o= RE S O] =97t AEte] &
EFEE B0l 2 o= ST d 2a). SFA|TE
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Fig. 1. The geographic location and study sites situated in the northeastern part of Gangwon-do Province. The inset figure (wave
rose) represents distributions of wave directions. Due to the predominance of these waves, longshore currents are expected to

flow in the southeast direction, as highlighted in orange.
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o] £A5t otk Yum et al., 2015; Shin et al., 2020).

2.2. X1 o4l

FA % Sl oF 2.8 km Zo|2 FH A H 9| 7|9kl
Hob7] 3o Y F o' FAH e, £ sk
| Yo 2R oz T3] Afrol FFeto] BEsl
Ut sfiRle] Btoll= ofda} o] QbAI7E AR Hof Rlo] &}
A3l 2 IS 4 gllew, sinl JE T 22 3
L2 o|RofY £FL 02 AL AL ok AR
o] AR &) FF Ao Haf sfHlo] REsto] M A
2 $AZ sfiulo] ZEY, Bl Aqfro|al i
AT 24 Aoz IA netElY] fizol ol &
TFo A= 1R UTH I 2b). £X] T <k 0.63 km?
o] AT} o 4 2.6 mE Ve, SR Z 59} npkrt
A2 T 709 ZL 542 FAE o] It (Yum ef al., 2015;
Song et al., 2018). BITte} A2 H F-=& 2= BIAole
25 slon 7t wAS ol BolAl= Al7]olt Al
gHA o = ZHE Flo] WAt Q1R E|FEo] AlgHH o2 o]
FUh $A T SRl RHe2HE 9F 200 m HEol=
TR} A 2 8Fo] sl A1 AZ o] o, ThA
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gt

#& 27t 9

2.3. HZHohbinr MTIA

7 #lRle o)zt ok 400 mZ AT A F 7P 22
T fRlo|ct. BRle] oFF T2 wioly] o) Skt
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35l FRt ANA 59 7|9k B wiohy] spiete
2k /g = o] Qict.

B b Aol Wl ML SRR 8.3 km,
A 23 2 AR 13.4 km, A 35 km’Q] 122,
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EHE7A] 7 Hloz SetA el lrthad
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Fig. 2. Satellite photographs and sampling points in three beaches. The light blue lines correspond to stream. (a) Hwajinpo beach.

(b) Songjiho beach. (¢) Cheonggan beach. (d) Cheonjin stream.
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Table. 1. The correlation coefficient (-1 =r<1) between transportation distance and SMQ in study areas. Unobserved SMQ is
denoted by “-”. (HJP) Hwajinpo beach. (SJH) Songjiho beach. (CG) Cheonggan beach. (CJS) Cheonjin stream.

Distance
Beach Fluvial
HIJP SJH CG CJS
Angular -0.866 -0.949 -1.000 -1.000
Outline Sub-angular 1.000 0.400 0.857 1.000
Rounded -1.000 0.949 0.655 -0.866
) Small (<10 um) 1.000 0.000 0.158 0.866
CEEE?&L‘Z‘“ Medium (<100 pm) 0.500 0.400 -0.536 0.500
Large (>100 um) -0.500 -0.800 0.000 -0.500
Steps Arcuate -1.000 0316 -0.536 -1.000
. Straight -0.500 0.000 -0.143 1.000
Mechanical - -
Meandering ridges -1.000 -0.316 -0.556 0.500
Flat cleavages surfaces 0.500 -0.447 -0.164 -1.000
V-shaped percussion cracks 0.866 0.775 0.955 1.000
Straight/curved grooves and scratches 0.500 0.800 0.179 -0.500
Upturned plates -0.500 0.000 0.074 -0.866
Crescentic percussion marks -1.000 -0.400 0.821 1.000
Abrasion fatigue 1.000 0.800 0.396 0.500
Parallel striations - - -0.334 -0.500
Oriented etch pits - - - 0.866
Solution pits -0.500 -0.400 0.286 0.500
Chemical Solution crevasses 0.866 -0.949 0.741 -
Scaling - 0.258 0.418 -
Silica globules 1.000 0.211 - -
Low -0.500 0.400 -0.324 0.500
) Relief Medium 0.500 0.105 0.500 0.500
1\//?}?2;111031 High -1.000 0316 0.144 -0.500
Adhering particles 1.000 -0.800 -0.655 0.866
Arcuate/circular/polygonal cracks -0.500 0.000 0.342 -1.000

A7) 2l 20233 49 B ZARE JPBHATE o] A]
71= ol d9] FE7IE A AFRFY A 9 &0l Fa
SlEl= A7IE, JA9H B Faststr] Q8 Al 2HH
A - E o]5o] SRto 2 ER1E= ZUt(swash zone)
o] #5302 RE Hdf 5 cm o] oJUjellA 3 W] 4749
a9l BlH 25 3R, FAE, F7t sfinlefA st
(29 2). 9 g7Fo] 71 23 36 EHE 7] o] ¥
oA 1= 7t WY A9, vuto s &8 5t
A FHE AR E AXNA IR, T7, JstF 1 37H

A HHSHATHTH 2).

3.2, MHITHEHINIZE Bt
HABe 72 P b HGYstel AR ¥

el N 22E shofslr] sl SRl F2E A=A

33070, FA E|AEA 907, & 420702] A A= 256
um~1 mm 7}2] QJ&} 27] Y= Ajtste] SMQE =
3131 SEM 2412 AAJSHC

Al&22] AH B Vos ef al. (2014)0] AAS TS u}
ek WA ARE 60 CollA] A=}, AR 1] (Nikon,
SMZ18)< o]-&3to] MG UAE AET 24 307H o)
2ai9ic} 223 49 AR SIS ARG 915 15%
of @AlolA] 1087 7187 & ZF4E ol-8alo] 343
AlAstHcE 1 & 50 g/Lo] 12X} E F(tetrasodium
pyrophosphate)of 4] 1027t 7}gste] H2F Y= w4t
AP\ T, Thh) ZR4E 3-43) e 5 60T A 7zs}
Aot A2 A Y YAk gaH|o]zo| 1% ¢, SEM £
A sl Zddigtn e 2 9AR 5% olnd 53
AlEJ(KCSI, Kangwon Center for Systems Imaging)2] o]2
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Fig. 3. SEM images displaying the classification criteria for outlines. (a, d) angular outline. (b, €) sub-angular outline. (c, ) rounded
outline.
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Fig. 4. Low-magnification SEM images showing various SMQ in the East coast. (a, b) Hwajinpo beach. (c, d) Songjiho beach.

(e, ) Cheonggan beach. (g, h) Cheonjin stream.
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9] BE QA}ollA 2=k A Y (upturned plates;
1% 4c, 4d, 4g, 4h, 5f) B]A| 2 A& T SRl A 2 50%
oA Wit 245ES =35 (crescentic percussion marks;
9 4d, 5g) GAl YA 1 FEE FHE= 220, V-F
FESHO AUFor o 3t 4 52 HHEE SHe
2 QT 2Pt wkfH niN22 9 27] HARE A
9Ith(Vos et al., 2014). o] T2 AL SR Z} 223 3)
W A=A H A ol wet 20~60%714] TRt Ble=

Fig. 5. Various types of SEM in the East coast. (a) large conchoidal fracture. (b) medium conchoidal fracture and straight/arcuate
steps. (¢) meandering ridges. (d) flat cleavage surface. (¢) v-shaped percussion cracks. (f) upturned plates. (g) crescentic percussion
mark. (h) parallel striations. (i) solution pits. (j) adhering particles. (k) low relief. (1) high relief.



Hrh E1 o] oo FAE o ek 4
ZXl(parallel striations; 13 4f, 5h) 23]-2 £ 3|41 9]
3 Aol At TEE T F712 1A -§-32x(solution pits;
9 4d, 5i) ZAL pH § o] 432] Al Ag o)
3 FAE 202 K 1E]Q) O m(Manickam and Barbaroux,
1987), &= afi§l R4 50% o] o2 vlw2] S5HA
Zheo) E3, FHO A-VIE Yulste EHA H(relief)
2 729 49 URIA F$7F R FH(medium relief;
I9 Sk HAAT, 5% Welo] ARfoA = w2 2HE
A(high relief; 13 51)& JERN ST

Asgt upe} o] Fpxlaxel $A| 5 Rl FARRE EA
2 HolATk A7 SIS AR oR 2 2o] HelThL
 6). F7t sfHlo|A o] 7B, Fet WA H, FEA HY, F
Y 2A, w2 2HRA nA|2Zo] YF o g go| T
o, W= 22 =27] 9 S 2719 9j2H4 whad, b

Al gala, e ERade sEge Aoz =8
A hebdeh. 53], 32 s el 91218 CG 4 Ao

A ThE 32k s AR ARSI e 29 ¢

Beach

B HJP B SJH

CG‘

M
Ay

o 129

UTHEHOIMIEZIO| ot

A2 TR Gt AF S 0] STk Aol
=sty, 2 2 327)9) gjZPA; k4 H(large conchoidal
fractures; >100 um) w|A| 22 o] F= o] = EAo] Lt
Ehdth E3 259 FEEE oW AT HA AE F
7V & Hles HojFglon, B2 ) Hadhering par-
ticles; 19 5j)= A5 TRE A G= o] EFHoITH T
3 6).

gh, aivl B Ete ohE E4S 7t 2+
P Aol oF 70%= Aujdoln, TAE ATz, F2
UAF Al HAH A=A =2 HEE AEHh BH,
V-3 SEE 40% o]3t= iyl E|FEo] v driHes
AA F= ] Stk H7E sRlofA WEE A szt =t
A, get WY, FEA HE, B3 24, vlA 884,
#HRH Y Aol AXHANAE FARRE Bl EE TEE

of ¥} 51 74 Abol o] ApolZ Holx] ekge.

)

KX
|

R Ao

L0 MRS T

4.2. SHEH Z1

o]t AT BAT SMQ B HIES F3) A2

Stream ‘
CJS

100

75—

50

Frequency (%)

Fig. 6. Frequency distributions of SMQ results from the East coast sediment. The x-axis represents 34 SMQ classified according

to the method proposed by Vos et al. (2014).
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Fig. 7. Dendrogram showing cluster analysis based on SMQ results from the East coast sediment. Clusters are classified according

to a Euclidean distance threshold of 5.
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(3 2 HIP, SIH). 1 A3}, 3po] gl F afRloA = n%
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o= 20| WA X A|sHs Gest Xw Hrwk
ol gk a4 sk o] gl Bl ol A= SMQY] #3t
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RO ST 4 et
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Table. 2. The linear regression equation calculated through statistical analysis in study areas. with Y representing frequency of

SMQ (%) and X denoting distance (m).

Site
SMQ
HJP SJH CG CJS
Angular outline y=-0.006x+5.4523 y=-0.0088x+22.363 y=-0.0716x+589.8 y=-0.0093x+99.44
Sub-angular outline y=0.0192x+79.553 y=0.0059x+72.764 y=0.0381x-171.6 y=0.0098-2.22
V-shaped percussion cracks ~ y=0.0035x+97.396 y=0.0084+82.231 y=0.0397-274.72 y=0.0108x+1.11
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Fig. 8. The regression line showing the frequency changes in SMQ depending on the transport distance from Cheonjin stream

(0-6800 m) to Cheonggan beach (6800-7200 m).
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