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Assessment of tectonic activity using geomorphic indices along major faults
in SE Korea
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ABSTRACT: Geomorphic indices are a useful tool for rapid tectonic activity assessment over large areas. We
assessed the tectonic activities along the Yangsan Fault where many Quaternary faults are observed, the Ulsan
Fault where Quaternary faults and micro-earthquakes frequently occur, and the Miryang Fault where only
micro-earthquakes are reported, using the geomorphic indices. The indices used in this study are Hypsometric
Integral (HI), Hypsometric Curve (HC), and Basin Shape ratio (BS), which indicate the maturity of the drainage
basins, Asymmetry Factor (AF), which implies the degree of asymmetry due to tilting of the basins, and Stream
Length-gradient (SL), which represents the change in slope of the stream. These results were combined to evaluate
Relative Tectonic Activity (RTA) of each basin. Drainage basins along the Yangsan and Ulsan faults dominantly
show ‘High’ and “Very High’ RTAs and are also characterized with the asymmetry of RTA distribution of much
higher tectonic activity in the eastern block of the faults. However, the drainage basins along the Miryang Fault
dominantly show ‘High’ and ‘Moderate’ RTAs with their symmetric distribution. SL values generally depend on
the lithology of bedrocks, but some SL anomalies in the Yangsan and Ulsan faults are nearly identical to the location
of the Quaternary surface ruptures. These features indicate that the analysis results of geomorphic indices supported
by geological interpretation can be useful for finding the Quaternary faults.
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1.MdA

&¢I geomorphic indices)= 22|38 tectonic
geomorphology) ZoFollA 2 B-g5= =72, |
L X9 9] XFLZ EAI X (tectonic activity)E HZ]
© 2 FET 4= k= AH o] QlthKeller and Pinter,
2002). o3t A o= Qls AR WI=7} =31
FrE ool A Xo| th= WS A, 5, F
27)d, AH]Ql T3 Z-2 7ol A= dFo] 4=
=2 ARG ARE NLsHAY 0|5 B8 A2 &
Ax G715 A3Ps) Ytie.g., El Hamdouni et al.,
2008; Mahmood and Gloaguen, 2012; Viveen et al.,
2012; Khalifa et al., 2019). o|& E0] F9EX]9] A<
=& X|A5k= Hypsometric Integral (HI), Hypsometric
Curve (HC), Basin Shape ratio (BS)U} X|71Z22-52
2 QIg %o 12 vk Y=E AABRE Asymmetry
Factor (AF), Transverse topographic symmetry Factor
(T), +G=EA| dolof| W& sHH Y AL Hst=E U
Ell+= Stream Length-gradient (SL), AF ZHE-9]
|71&3 HA1&9] H|E 9Jv|sk= Mountain-Front
Sinuosity (Smf), Azo] vlek Fejoh WAE-L v
3= Ratio of Valley-Floor width to valley height (Vf)
T SR AR AAEC] MEEHU L, BT =2
2| o] AL 71 Qlthe.g., Ramirez-Herrera, 1998;
Cox et al., 2001; Pérez-Pena et al., 2010; Troiani
et al., 2014; Baioni, 2016; Partabian et al., 2016;
Moumeni et al., 2021).

== 2016 A Z(ML 5.8)2 2017
ZFARAM, 5.4)89F of 2}, 2022 10€9] F-5
T3F A R(M, 4.1), 20239 1999 Q18 782 3]
AZML 3.7)3 Z-2 S+ AR o] FT ¢olof
st Qlck o]k =9 2|7 WARIET} &
opof wheh, AA S ol ol 7 71
o] B BAHFA =9 Azt 2|2 A AR =2
£ 784lo] Fadt Agstolrh SHR|T e M HS
ez st BATSA =Y Al AR -A
Z9] FjAe] B3 AHE AlES| st A2 <
H-ZA4- AR oZ AAAY o go] wErh o
A Tl e Bl A Z2 AIZE W H2 A9
ATz BAHEE B7HE 5 e ABURE &83t
A7 B3E 2art ok ol Ate 3 oY

A T, A= S0 A ADAE G0l 7

B2 202 dA glon 2w F7E o)
Ao] T AR FEE ERY Fa 959
A, SN, WS 99 o (3

ol 3 A H A T2 BHE BIHE AWt

S, oA, AL A S ARE2 A
Z, 718, A AFREE 59 800 A3 ekt
5oz Wl AdE st 712t 2 &
W= 7159 Solgof et 2 A4 AHe R <l
3 Ax|F o] FlEH o] A FAF AP} wEo] 4
A O LKKim et al., 2020), GGEX| 2] 7L v
2 T B S vla) WA Apre] dake A w
on), A7EeE B2 AN BHS A 2
BEIkPark, 2007). webA] o]¥l AT 5
EZ)E 7|9ke 2 3= X% AR} Hypsometric Curve
(HC), Hypsometric Integral (HI), Basin Shape ratio
(BS), Asymmetry Factor (AF), Stream Length-gra-

dient (SL)E Ag31e] £42 Masl ATk 1),

2.1 Hypsometric analysis

Hypsometric analysiss= HC2} HIZ o] 207 &
Moz gebxle] TEd e HARES v}
oz Yo WIHEE volslel SHEE B}
= W o|ti(Strahler, 1952). S EX] 9] WA=
£ AASh= HC= AA| A Ao et 1= &
EZHZ 9] v|Z el (Langbein et al., 1947; 1
9 la), 71255 5 A e H, N25& T 2L
Tof thgt v aEi= g FHIITH LY 1b). HC=
FHEA Y T o] et = 304 RS
02 EE3(convex), SF(s-shape), Z|A1&(straight),
L E3(concave)] 471X 2 FLEETH HC o} H
e A2 ke AFUA HI= S9RAe] 1%
EE HIE YehlH gho] S7Hel wet @44 =7
=oHXIth HI g2 DEMOA 2t =g (Hina), 2
2 N (Huin), Bt LG (Hean) o F55}10] 4
() 538l ==& 4= AtH(Pike and Wilson, 1971).

= line(m - %in

Hnax - ]inin (1)



2.2 Asymmetry Factor (AF)

AF= 92419 BFel e vt A= 4
ehfel, B el £ReEe] 2 AFE BT A
71%0] ggke A9] girtal 7S Keller and Pinter,
2002). FEF A=TF S48 =T =S AF=
o8] F518main stream)©} S5 o
3 8% WA (A)T} HA WA (A)Y H[(TH o)
& Hare and Gardner (1985)9] A& AR8-3}o] LE}
W= Zo] dubaolu, ol AtolM= BE B
of ARl BF =2 BHEE YERRZ] 23l
UGS 283 4] ()% olgaheirk

A
AF= ‘Vx 10050‘ )
At
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2.3 Basin Shape ratio (BS)

BS+= A=l WhE f9EA1Y 2 vEhh
= ARIAZ(TH 1d), 4 )} Zo] FHEA Y
2% vulE Uetl= B 2 ZolE Y=
B2 IAZ AH2E 4= ¢Itk(Cannon, 1976). BS=
A% o] e frolRAe] Y4 e} A% B
£} whlelge Fito 2 BAES dudoz 3
7Vete} fo8A9) A&rrt daghol w2t BS gt
o] 37Vt ZAA A% = =(clongated) EYFS 74|
| §elRA)9] A% Z7l0] wt BS Zhol 7l
SX(circular) 2oFS ®HQlth

al
al

BS=—" 3)

Relative height (h/H)

[ Relative area (alA) 1.0

(L H)

Fig. 1. Illustration of geomorphic indices. (a) Schematic diagram showing the principle of Hypsometric Curve (HC;
modified from Keller and Pinter, 2002). Area a is the surface area of the drainage basin above a given elevation
line h, while area A is the total area. H is the total height. (b) HC graph plotted with the relative height (h/H) against
the relative area (a/A) (modified from Strahler, 1952). Hypsometric Integral (HI) can be calculated integrally under
the HC graph. (c) Description for calculating Asymmetry Factor (AF; modified from Hare and Gardner, 1985).
Ar is the area of the basin to the right of the main stream. (d) Discription of Basin Shape ratio (BS; modified from
Cannon, 1976). Bl is the length and Bw is the width of the drainage basin. (¢) Description of Stream Length-gradient
(SL; modified from Hack, 1973). dL is the distance change and dH is the elevation change between given points
along the stream. L is the length from the given midpoint to the highest point on the stream.
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2.4 Stream Length-gradient (SL)

Zolo] mE P9 AL HIt=E YEhl= SL
<= @ 715, 3P 2 (stream power), A FE22F 5
thelgt a9lof FRRS W=th(Hack, 1973). E3 SL
2 %3 5 FEe) WakE ek 4 glon, 5
29| 71&717} Fsh= Aol & (knickpoint)S 25
4= 9JthHack, 1973). £4& 3l ZE FIEX]9
Z530] djel) 2L A7) 7ol Ik e
B AT F A ()F ol§3te] SL e =23t
A tHKeller and Pinter, 2002; 713 le).

AH

1714, AH (dH)= AAE FE Abole] 1=
o, AL (dLy& A2 Wsk LE 712} o el
FHRIA 7P T TES AR A Aolg] 7

glojt.
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1975; Choi et al., 1980; Um et al., 1983; Chang et
al., 1990; Hwang et al., 2004, 2007a, 2007b; Cheon
et al., 2017, 2019). 3], FAbtZ2 oF#H o] tjn)
S= wolr] B oket shikeh T8 ar e
Pgee] AR o FR HfE Hola §l
©](Chang et al., 1990; Hwang et al., 2004, 2007a),
chEug TPgeld AT S5 FapolE o
Fe5o] /1 SAISKIE AR sk ol
T AST FEU~ZA FF o315 Y A
Whe 55 AHdS-S dde 2 st E 2b).
@39 JHoll= Wotr] AR st 1
I ol Wlshe I AFIL 22k, 53] FH
A Zofli= mpo] 24|19 F3f S TR 2| 7Y
9] Al ZEA| 9] FHEC| EEFTHSon et al.,

2015). E3F FitdSS et dgshs g5 o
2t Al47] 52 50] EZA =] 3ok

oF 60 Km Zo|2 A3} &4hE Sl= B&RA W
T ARSI} uho| oA A 2P Y ME A= &
2 AY2A Abolofl= HolE &5z 94
g A47] dFE0l E-5 WA EEA ez 9
=St Okada et al., 1998; Park et al., 2022a). ©]
H Aol AFA 87FFolA A ol 57|
AR AU ALY HAE o= AFEA ol A
A|E| QT2 2b). o] Tl wie}7] = Agtse} 5}
AARI BES e 2-3A7) AR
o2 TR EF F& AATEH FHo)E u}
olo A £A9] S Fo] AEE T, SATES wHe}
P ARl AU7] FHFo] L

PAEZAZ TATE BEF P Ao
£ GHEZS] 2r N2SE Fa} §Eo2 4
of| 7I7k& AL 28l S 5 AT 7=
Ao Z AdHA 92U (Hong and Choi, 1988), &=
== w2t Al47] A5 FAA vEskar jlo] A
Al ofelol A TF3-E Wast= Aol FA| gt o]
W dAFtolMs 9t AY A 7tol 23 @
ZAA| bAoA FAHA YEH dYUs o= A
iAo AAE AT AFAHE W BEE Ho
= W7 SR, Bl aqfre] #epy] g3
A 223 0|52 WU qf Wy T~
7] S IA = T ETH 2 E 2b).

FAS T} AT A2 A7) EF9 EA
7} o R a1 E| o] Qloj(Okada et al., 1994; Ryoo et
al., 1996, 1999, 2001, 2002, 2006; Kyung, 1997, 2003;
Chwae et al., 1998; Kyung et al., 1999a, 1999b; Lee,
B.J. et al., 1999; Chang, 2001; Kyung and Chang,
2001; Choi, W.-H., 2003; Im et al., 2003; Lee, 2003;
Kim, Y.-S. et al., 2004, 2011; Choi, P., 2005; Kim
and Jin, 2006; Kee et al., 2007; Kang and Ryoo,
2009; Ryoo, 2009; Choi et al., 2012; Jin et al., 2013;
Lee, J. et al., 2015; Kim, M.-C. et al., 2016; Lee,
Y. et al., 2017; Song et al., 2020; Ha et al., 2022,
Park ef al., 2022a, 2022b; 13 2), o]& X|& 1%}
24 2o A Al47] EF A2 3KHa et al.,
2022; Lee et al., 2022; Naik et al., 2022; Park et
al., 2022b)9} v|n-FA51Gc} HH, WFHS A
U oFZALE T3l Al47] TS0l A7HA] HaL

e

e



AHOIAE BB SHIE LSS 20 HEE0| 7R BT I 251

d ok glout A2 oy naAgo] WHE 49 BHHE 1:50,000 NA=FY 7| E AFES
& wfet W (planar) © 2 WASER Qlo(Kimeral, TSt} P2 7]uiek B3} B Al47]
2022) IA F7HE o] AAOE A ABAY  BHLF] g3t AL TEte] Er15ck

o] b & &7} 3k Ajo] ), (38 3; 9FAbd=: Tateiwa, 1924, 1928; Um et al.,
OFAlEE 2ATCHE 181 WokehEo] A HLX] 1964; Kim et al., 1968; Kwon and Lee, 1973; Oh and

East Sea [:oia\ ‘ East Sea

Quaternary deposit
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il
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Cretaceous
-Paleogene Granite

Volc.&Sedi. rocks
(Yucheon Group)

Sedimentary rocks
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location of QF

@ rocation or oF

Fig. 2. (a) Topographic Landsat TM satellite image map of SE Korea with the location of major faults: Yangsan
Fault (YSF), Yeongdeok Fault (YDF), Jain Fault (JF), Miryang Fault (MYF), Moryang Fault (MRF), Dongnae Fault
(DF), llgwang Fault (IF), Ocheon Fault System (OFS), Yeonil Tectonic Line (YTL), Ulsan Fault (USF), Quaternary
Fault (QF) (modified from Kim, Y.-S. et al., 2011; Kim, M.-C. et al., 2016; Choi et al.,2017; Ha et al., 2022) (b)
Regional geological map of SE Korea showing major faults (modified from Chang et al., 1990; Hwang, J.H. et al.,
1996; Kim et al., 1998; Hwang, B.H. et al., 2007a, 2007b; Son et al., 2015; Song, 2015; Kang et al., 2018; Ha et
al., 2022). The study area is marked with the red dashed boxes.
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Jeong, 1975; AR Tateiwa, 1924, 1928; Lee and
Kang, 1964; Park and Yoon, 1968a, 1968b; Kim and
Jin, 1971; Lee and Lee, 1972; Son et al., 2007; &2k
= Tateiwa, 1928; Lee and Kang, 1964; Kim and
Jin, 1971; Lee and Lee, 1972; Park and Yoon, 1973;
Hong and Choi, 1988; Kim and Hwang, 1988; %]
Fu}E: Ha et al., 2022; Lee et al., 2022; Naik et
al., 2022; Park et al., 2022b).

4. A1A
1:5,000 SAAFER 55 5 m e DEM

(Digital Elevation Model)& 7|H9FS.2 ArcGIS Pro
(v3.03)8 Bgato] AR FAlh fon)

FZ&319}. 3 A Q) (stream definition) YA gk
s A 784> 5,000,000 % F-HER|E AH=SH
3, ZF FoEA o a2 shHo] 2IE T A
stpom, 1 A i, 24N, g
we} 2kt 247, 267, 337¢] e EA 7} BEE 9l
oHa® 3). Al A7 o] BE EAT 7158 744
), QP P Fo] ARIRIE Aolahs Fa
Q1o 2 71439

ZF AFRIAE 40 wet 37 22 5719 552
2 Esto] A2 =S FHESISITE Hypsometric
analysisoll 4| HIi= 3709] 55 £, 0.5 o|4o|d ‘&
2(high)’ A =(class 1), 0.4 ©]A4} 0.5 u|gto|H ‘&
Z{(moderate)” @A = (class 2), 0.4 m|gto]y ‘S
(low)” A =(class 3)2 FESFETHEl Hamdouni

Fig. 3. Maps showing drainage basins, streams and longest flow paths of the study area. (a) 24 drainage basins along
the Yangsan Fault (modified from Tateiwa, 1924, 1928; Um et al., 1964; Kim et al., 1968; Kwon and Lee, 1973;
Oh and Jeong, 1975); (b) 26 drainage basins along the Ulsan Fault (modified from Tateiwa, 1924, 1928; Lee and
Kang, 1964; Park and Yoon, 1968a, 1968b; Kim and Jin, 1971; Lee and Lee, 1972; Son et al., 2007); (c) 33 drainage
basins along the Miryang Fault (modified from Tateiwa, 1928; Lee and Kang, 1964; Kim and Jin, 1971; Lee and
Lee, 1972; Park and Yoon, 1973; Hong and Choi, 1988; Kim and Hwang, 1988). The longest flow paths and streams
in each drainage basin are useful for analysis of geomorphic indices. Locations of Quaternary fault (QF) and surface
rupture are from Ha et al. (2022), Lee et al. (2022), Naik et al. (2022), and Park et al. (2022b).



1=

fon
ol

t235}

O —

A™HIE

ogk
I

[

et al., 2008). ¥4 A3}, FAESL 2471 F-HEA
T B s BHEE HL o7 ‘B &
AEE HRITHIH 4a; & 1). ARGS9 39, 26
N FHEA 7R 22707 = =S TR
47171 ‘HE BHEE HITH| 4b; 3 2). Y
932 3370 S8R F 2707 ‘S BAHEE
Holo| Zdth 17]9] Fo2A T HE BYEE H
QUTHZHE 4c; & 3). Al AFAIFelA 0.4 m|eke] “uF
2 SAE9 Hl= YehA] ghom & 53 &
Hwrh- g Atk

Hypsometric analysis®] HC= I Z o] Hofo]
E5301H ‘=5 4% (class 1), SFI A AF A
B BE B (class 2), EF L ol W
& B (class 3)E EH51 K Strahler, 1952). HC
T A AT Al FAGoA BE EEFY ‘=
= = UEUA] 98t FAESS wet S
P} 2o A4z 215 Hol ‘HE BHEY
HEA 7} 47l01H, Y] 2070 ‘RS =S

e GER 32 HES0 A2 2y ot 253

HAHTH 5a; & 1). SAGSE ot 3709] ST
7 6719 AAdFo] Ueht ‘HE BHEY fY9&
A7} Z 97)olH, U 2] 1770 FHEA|7F RS
=S BHYUTHE 5b; 7 2). UGS 492 S
Fol 97}, A dFo] 1272 ‘HEF FAH= FH&
A7} 217000 YW R] 127+ ‘S-S’ AT E 29l
THHE 5c; & 3). 21719 ‘BE BH=Y Fo&
A& 5 dYaSa QI RS SHE o
2} Lehdtt

AF+= 10 o|A}o]H ‘=2 (class 1), 5 o]A} 10 1]
ol ‘B (class 2), 5 n|glolH ‘g Y=
(class 3)9] 37] SE2°o 2 B3¢ th(Khalifa ef al.,
2019). £ 7}, FAdS d¥ol= 16707} =2,
Sy B 19al 370Y fYRA7 R B4
5 BATHAY 6a; & 1). SAGSS weta=
‘To] 187), ‘HE o] 270, ‘R A=Y 9
B2)7} 67] A EQTHIY 6b; I 2). FArtET}
SAES 499 FHEAIES AP AR AF| o

Fig. 4. Drainage basins classified by Hypsometric Integral (HI) along (a) the Yangsan, (b) Ulsan, and (c) Miryang
faults.
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Table 1. Comprehensive evaluation for Relative Tectonic Activity of the Yangsan Fault based on four geomorphic
indices: Hypsometric Integral (HI), Hypsometric Curve (HC), Asymmetry Factor (AF), Basin Shape ratio (BS).

Basin No. HI class BC class AF class BS class RTA
1 2 2 2 3 3
2 1 3 1 2 1
3 1 3 1 2 1
4 1 3 1 3 2
5 1 3 1 2 1
6 1 3 2 1 1
7 1 3 2 2 2
8 1 3 1 3 2
9 2 3 2 3 3
10 1 2 3 3 3
11 1 3 1 2 1
12 1 3 1 3 2
YSF 13 2 3 1 3 3
14 1 3 1 2 1
15 2 3 2 3 3
16 1 3 1 3 2
17 2 3 1 3 3
18 1 3 1 3 3
19 1 3 3 2 3
20 2 3 1 3 3
21 1 2 1 3 1
22 1 3 1 3 2
23 1 2 3 3 3
24 1 3 1 3 2
3 ‘T BT PAISIC RHH HES 49 7 ARSEHJATHIE Te; & 3). FAES d¥olA
Beols w20 R =t AR R U4 U 170 B RRYRAIE AlYshE, Al A

gton, 7719 fHER A ‘HE BHEE B
QItH1d 6¢; X 3).

BS+= El Hamdouni et al. (2008)2] 7|Zof wha}
4 o130l ‘& (class 1), 2 o] 4 m]Rto|H <=
& (class 2), 2 m|gko|H 5’ B/ = (class 3)9] 3
A EReR BRSY. U4 PAEES et
2 B SRA} 1A SUSH Lhein,
BoAl HE TAhs 16709 e BYEY &
HEAZ FHYEHAH Ta; E 1), 2AGSS o2t
A= S7N7F BE e 2 21709 9 EA7F R
=9 BAHEE HRIHZHE 7b; & 2). W39
AF, HE o7l W BAEY FH=A] 2770

TFAFof| A B 2 m|9te] BS gho] S-AIsHA Uet
U RS EAHEE Helrh

SLZ A AgdAET= 28 F9=2A7F of
d FIEA W F S 7Ieo 2 £40] o]Fo]
Aot webA, SL g2 = shdS et A Atz =
=2EH, ghel 53315 $J8ll 7 EZN(interpolation)
719 & A5+ 287 (ordinary kriging)& E3}o] o]
£ ZABIFTHaE 8). SLoj w2 A= 552
&7} ZtHEl Hamdouni e al., 2008).

-200 o]A}: ‘o9 =2(very high) A=

- 150 ©]4F 200 ]t “F2(high) B =

- 100 ©]A} 150 m|9t: < B % (moderate)’ A=
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Table 2. Comprehensive evaluation for Relative Tectonic Activity of the Ulsan Fault based on four geomorphic
indices: Hypsometric Integral (HI), Hypsometric Curve (HC), Asymmetry Factor (AF), Basin Shape ratio (BS).

Basin No. HI class BC class AF class BS class RTA
1 1 2 1 3 1
2 2 3 1 3 3
3 1 2 1 3 1
4 1 2 1 3 1
5 1 2 1 2 1
6 1 3 3 3 3
7 1 3 1 3 2
8 1 2 1 3 1
9 1 3 3 3 3
10 1 3 2 3 3
11 1 3 1 3 2
12 1 2 1 3 1

USF 13 1 3 3 3 3
14 1 3 1 3 2
15 1 3 2 3 2
16 1 2 1 2 1
17 1 3 1 2 2
18 2 3 1 3 2
19 1 3 1 2 2
20 1 2 1 3 1
21 1 3 3 3 3
22 1 2 1 3 1
23 1 3 1 3 2
24 2 3 3 3 3
25 1 3 3 3 3
26 2 3 1 2 2

- 50 o)A+ 100 =9k “W(low) BAHE

- 50 "9k ‘w9 S (very low) EAE=

FATSS It s AR HY SR} FH
A ASEHE 2o FL o 2o BT 2 de
A et thEE A HoA R W W 5
Zo) —re;ﬂ Uehdthad 8a). EFH Aol
SL xS E ¢ =3 Ho|= -—‘?‘El‘%-‘l]
ufo] 9 A .,_X]X]O_E} 183 FHY TGS B
A5k, thFE Aol A e W2 B “;%8’
FAE7} YA ASEJQTHIY 8b). F w=y o
g Y3 Bfole ARG F

Hol U o]
A9E ALJshd ‘HF 552 SL ghol LAIsHA

W THTH 8c).
5. £ 9|

AYAAEL FHaL B, W o)
So] N2 th2r e e SRl Aolzl A}
2} sl QIR Ao wet Fao] 2 4=
o|¥ Aol A AR A& <¢Ix} HI, HC, AF, BS:=
BE §EAS I5FOR AT, 5L F
-s4517] stel 47b1) AWeIRPE SRl B
1 o] 83af A AF-R EAJ = (Relative Tectonic
Activity, RTA)E T8I tHEl Hamdouni et al., 2008).
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Table 3. Comprehensive evaluation for Relative Tectonic Activity of the Miryang Fault based on four geomorphic
indices: Hypsometric Integral (HI), Hypsometric Curve (HC), Asymmetry Factor (AF), Basin Shape ratio (BS).

Basin No. HI class BC class AF class BS class RTA
1 1 3 3 3 3
2 1 3 2 3 3
3 1 3 1 3 2
4 1 3 3 3 3
5 1 2 1 2 1
6 1 2 2 2 1
7 1 2 3 3 3
8 1 2 1 3 1
9 1 3 1 3 2
10 1 3 2 2 2
11 1 3 3 3 3
12 1 2 3 3 3
13 1 3 1 3 2
14 1 2 2 3 2
15 1 2 2 3 2
16 1 2 1 2 1

MYF 17 1 2 1 3 1
18 1 3 1 3 2
19 1 2 3 3 3
20 1 2 1 3 1
21 1 3 1 3 2
22 1 2 2 3 2
23 1 3 2 3 3
24 1 2 3 3 3
25 1 2 1 3 1
26 1 2 3 3 3
27 1 2 3 2 2
28 1 2 3 3 3
29 1 2 3 3 3
30 1 3 1 3 3
31 2 2 1 2 1
32 1 2 3 3 3
33 1 2 3 3 3
7§89 RTAZ 3749) 57 5, 175 oldte] ‘i 523 58 FHEE Rolk o] 42

7d
H ‘o =3(very high)’ (class 1), 1.75 231} 2 o]
3lo]H ‘=3(high)’ (class 2), 2& Z5tH ‘BHE
(moderate)” ZA = (class 3) 2 E-F3}Th
FArS LAY FHEA S0l et RTA A4

THE Yo, 107171 ‘B8 SAA=E Bt
0|% A47] A FE}H(Ha ef al., 2022; Lee et al., 2022)
o] Rl 2, 3,8, 10, 11 FHEX] F 10HS A
QJEhd BT = ol SAAEE HRATHTH 9a;
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faults.

Fig. 6. Drainage basins classified by Asymmetry Factor (AF) along (a) the Yangsan, (b) Ulsan, and (c) Miryang

faults.
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U H5= F4
t}. o] 2|3t vt
o= et AE A47]
AR AL S ko)
T A SH AY7E F4E dols RS =9
3laL Q1o](Kyung et al., 1999a, 1999b; Kim and Jin,
2006; Kim et al., 2016; Song et al., 2020; Ha et
al., 2022; Lee et al., 2022), FAhEo] & 2|31
7} KZol vlsf Rt gt A7) AZPHPS F 91
o= B A0 5= ok

AT AYE 242 MY FAEA7L oS- =
= w2 BAHEE HolH 8704 ‘RE Y
=7t LS E AT o] Xoll A ERIE Al47] A&
T d(Park ef al., 2022b)2 1H SHEXE A <5}
A e Bt FshA fAIE T ey
FArtS LT} FASHA SAES D99 ufe-
=29 FHEAEC] iR A4S FH
S H o] BEIZ FolsttH (L™ 9b; & 2). o] =Tt
H| T3 4d-2 RTARYE ofuj2t HC, AF9}SL 27H 2
oA = R THE Sb, 6b, 8b). AMHS U

o] 47 FSE2 FF WA EEA TR 55
9] gt A A 7F ME O 2 S5k Fols A 254
Ztg Holn 32 A FHAA WHEEUT
(Kyung, 2010; Choi et al., 2012; Park et al., 2022a,
2022b). T3, Seo (2021)9] oJelH SANGS 59
2 AZHA H o 2 FEF-AEA g ot
Hol|F/d D550 BUS HArstal glof, &4t
35 A9 Bt A BHE EEx= 5 A9
F71et iAo s gt A4 HP Y dAT 7Hs
do] =t

WoFn YUY RTAL e 22 BY=S &
GEX|7} 871, ‘=2 =T 107), ‘BHE 0] 157
2, PSS A4S dHo) vlgf ‘HE o /-
B2 B]&o] 1Y 9¢; & 3). ‘WP = A4
£ FEEAlE 9SSy A F 1t A AH
O] ARNIHF7} 5 H Y| RS- wheh EAkE o]
B, 9SS SAHLE FHY BTN =
o H= vt o] AAHA| ge=tt 2, A7}
A AFESS et Al47] GSeFu A #aEo]
lE vl gloy, FT 94(Kim et al., 2022)=
LIS vE=2 Z|5lofl A @33} Fasiar Ao 2]

Fig. 7. Drainage basins classified by Basin Shape ratio (BS) along (a) the Yangsan, (b) Ulsan, and (c) Miryang faults.
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Fig. 8. Maps showing the distribution of graded Stream Length-gradient (SL) values (points) obtained along the
main streams and their interpolation in the vicinities of (a) the Yangsan, (b) Ulsan, and (c) Miryang faults. Detailed
geological maps in the vicinities of (d) the Yangsan fault (modified from Tateiwa, 1924, 1928; Um et al., 1964;
Kim et al., 1968; Kwon and Lee, 1973; Oh and Jeong, 1975), (e) the Ulsan fault (modified from Tateiwa, 1924,
1928; Lee and Kang, 1964; Park and Yoon, 1968a, 1968b; Kim and Jin, 1971; Lee and Lee, 1972; Son et al., 2007),
and (f) the Miryang fault (modified from Tateiwa, 1928; Lee and Kang, 1964; Kim and Jin, 1971; Lee and Lee,
1972; Park and Yoon, 1973; Hong and Choi, 1988; Kim and Hwang, 1988).
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T AGARE 7H AR A AR S0 TR sk
Uea Bt ol2e AHdES TEhd, d
TS wEt FA A2 Ao AR Se] v
R8Il Q71 B, Al47] e H2 AEAY 5
A ARE HE B FEAZ H=R 2 Xxlo| Y
FSolA TSR] kot AP UAFAA BY=9
vt o] TEEA = 7ol At

ol Aol Al RTA Aol E3H=%] ¢b2 SL gt
< 7|9keke] el = Wol 7] wiEef A+
= A= 7l Jlof Fof7h Basit. dubEe
2 SL2 EHAollM a1, sHdy fAdIAM =
< Fh& HQIth(Hack, 1973). A2 o2 gA 22
Sh= oty Bkt nhol oA HA R T8
Hot7] shikekwel s R7E AR E o e
TS SATES 49| SL g2 50 o3t W
2 grol ARt RHH(TLE 8a, 8b, 8d, 8e), Wiet7] B}
YR FE o1F e BYES 49 SL2 100
O[] T2 e HAFAL J1o|(TH 8, 81),
of & 7|& SL d--avtet & Fekdith ol
2 SL ghe2 Eof Aglo] T2 oA H|

w2 G S HolF= o] gutAo|Y, ol
% woll YA =2 Fkol A== F=S SL o|dd
(SL anomaly) 2 A oJH ). o|2|3t o] dt= G243t
el W3}t e AFE2Fel 3t HolH &, A
Zlof o3t A #wWFPS =t T8 Avkert €
3= Qle}. o Al AR FHEA W TS
whe}l th4=2] SL oAt 7t TEE QT o]F dR=
A47] A wuapgat A FAE=Eof| HAH 7|E T35
ARe ALY PAF) AR S F-H=EA] 9 T8
of| whE 1% W3} ST ghe] WIS vl wsto] 12|
Z2 TARRF AT, 53] Y iR 29t &
APZo] fHEA] 1004 %8} SL gho] 34 3]
H3sh= 20| ZARHA YIA|8H3aL, o3kl A4
710 A% A E9E 3ol Aurkal It
10). o] 2| g QA SL o] A7} Z 2ol A TL2LF
o] Tt A H A =g BT A=E 24
Sh=dl o] AFA At = 5735 82 4
o= HolEth

o dtol] ARG A FUAES 2 A=A
28412 1o)== 32 A}|(El Hamdouni ef al., 2008;

Fig. 9. Drainage basins classified by Relative Tectonic Activity (RTA) along (a) the Yangsan, (b) Ulsan, and (c)

Miryang faults.
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Fig. 10. Stream Length-gradient (SL) values and the lo-
cations of fault or surface rupture plotted on the longi-
tudinal profiles along main streams in (a) drainage basin
No. 2 of the Yangsan Fault and (b) drainage basin No.
10 of the Ulsan Fault.

Khalifa et al., 2019)E 7|9t 2 BEX L7 BX
Aik= 71E& A7) AP d9(Ha et al., 2022;
Lee et al., 2022; Naik et al., 2022; Park et al., 2022b)
oF As] Fadste PAE Bk webd d% =
W o2 o Aol tiet E4S Sl 22 AF
QIALE 7N38}A U, RTA AHY A] AHP (Analytical
Hierarchy Process)2} JA (Judgement Analysis), Swing
(Swing weight method)™} Z+& 7}5=X|(weight) 3=
S7IHS 285t HOAlE = 2 B = F7k=
WAE 4= Uk E3E AP UA 242 7|2 H|olE
H|0]2Q1 DEM 75 A] & 3=t AUES 7]
HlO 2 3}= LiDAR A&2&5 EU|Z 242 A3t
ohel B8 A4 Qe ATE BAE WEnE
2% 4 9lg A0 7|ghEch

A2 B =E WA Friste] JFH 2 BT

S 4= ). = FE ol YA PSS, 24
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