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Namgwon Kim, Jin-Hyuck Choi, Seung-Ik Park, Tae-Ho Lee and Yire Choi, 2020, Cumulative offset analysis
of the Central-Southern Yangsan Fault based on topography of Quaternary fluvial terrace . Journal of
the Geological Society of Korea. v. 56, no. 2, p. 135-154

ABSTRACT: In general, earthquakes larger than magnitude 6 involve surface ruptures. Therefore, geomorphic
and stratigraphic offsets recorded in the surface provide clues to interpret history of moderate to major
paleo-earthquakes. In this study, we carried out topographical analysis of the Quaternary fluvial terraces along
the Yangsan Fault, one of the major geological structures in Korea. Our investigation focused on 4 sites: Yongjang-ri,
Gyodong-ri, Sangcheon-ri and Chosan-ri, where river system flows across the central-southern part of the Yangsan
Fault. We used aerial photographs (1968) and airborne LiDAR-based DEM data (2017) for precise topographical
analysis. For each area, terrace tread and riser were used as geomorphic offset indicators. The horizontal offsets
were statistically measured using the root-mean-square-error method for the sections where the straightness of
the geomorphic offset indicator was secured. The vertical offsets were measured by comparing topographic progiles
of fluvial terraces on both sides of the fault. As a result, various horizontal offsets over at least about 10 m (Yongjang-ri
site: 19.09 £2.58 m, 21.92 + 2.69 m, Gyodong-ri site: 195.43 & 23.54 m, Sangcheon-ri site: 37.53 + 6.56 m, Chosan-ri
site: 9.68 £2.73 m, 34.44 + 4.40 m) were identified. All these offsets indicate a right-lateral sense of slip. On the
other hand, the vertical offsets were less than about 10% of the horizontal offsets at all sites. This implies that dextral
deformation were dominated during the surface ruptures associated with paleo-earthquakes along the central-
southern Yangsan Fault. Our results show that it is possible to acquire information on paleo-earthquakes, such
as fault trace distribution, slip sense, offset, through accurate topographical analysis. These results can be used
to estimate long-term slip-rate along with depositional age of fluvial sediments.

' Corresponding author: +82-42-868-3078, E-mail: cjh9521 @kigam.re.kr
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o 54 B3 BeE APsY 2 A
A7 428 YSIT BASRE AL BT A7)
A B Ao et 7|2 845 AlFstaL, ot
ZHRAAR wlehe] PR A1 54 Bokske
S}, of7] 4 el 1T A WSk o)
F A Go| B A28 o £3517] ARt A7)
SA3E BRI elnjsid), o) Uwbgo
SR AW ol AP Sold U3 S
o] whe o] 25| J3 WAlel] wEo|cHKim et
al., 2011; Choi et al., 2017). $-2|Uete] B9 Hojx=
A47] Bk 7o) FUT N FEGHA 43 ek
A Itk (Chough et al., 2000; Chang, 2001; Park
et al., 2007; Jun and Jeon, 2010). w2ka] X R A
HE 353517 felixe Ald7] 5 B89 A8 R
B &Sl et 2AE 3 22t ik

Azlo] gt A #HEFYL HYE $=Rbeh= A 2}
& (surface rupture) ¥} HEE $HI51A] @ 2314
Q) Y(RY, WS 5) 07 T A Erdel
745 AR o) wt AAlE 4 emolA A= 5
mo] TR 2| E IS Subaieh. x| oo W)
£ 22 U3e 9=t wash A3
849 FHE 7|Eo R AR, ol=E 71&
A e A FUAA AT ek, 2 2| FEfdo]
gt o] A Fof| A9 A A E]F 2Hgof o3|
A s} Rt ekA A3 EeA AR of
8] Wiglo) R4S R slofast 47 gron
F2 5 2H7|H | (horizontal separation) E+=
S 7)) (throw) T Q1A %= k. ol
IA| R ZALO| A &3] WS 5= e AoE ARt
29l oJuje] W ¢|(displacement or slip)} L&

ok olgfdt RS A8l 2 AR A xHEE vhF
£ AR A8 earthquake geology)oll A= HHA
(A H eB) o HAF AEE Tt 2 ZA
(offset) o]z &o1& AMERITE & Atof|A tHE
A £ A FHAR AL o] AH A—E 9nlst
7] g0l ‘ L ZAV o|gh= g0 & A5t

AEIAL w7 2E TS A ApEEel
A FHH ‘RFFAA L ZA(co-seismic off-
sety 3} Wkl Ao oJ5) 2HE Aol -
2@ 3 Al(cumulative offset) 2 FLEE T} 2| Futd
= TOE AZFAY LA B = s A o &
oE AFEAS WYsIE = (Scholz, 2002; Zielke
and Arrowsmith, 2012), &2 &5 7|31} XA A
YIS st SR AR SR &
25tk (Cowie and Scholz, 1992; Sieh et al., 1993;
Haeussler et al., 2004; Scholz and Lawler, 2004;
Klinger et al., 2005; Vallage et al., 2015, 2016; Choi et
al.,, 2018). 3HH F2 2 TA 0] 79, @ IHlo] ZA &
AFEZHA olele sataka ) 2Af kR earthquake
cycle model)& F7}517] 93+ A2 A 7O SFstch
(Mason et al., 2006). &3] F& L IA-S A=
A AR ANAL] FAAANE b B9, AP
ARANAZE FAE A71HE @A7EA] ] BtA QL
o5 Y& (sliprate) & AT 4= glEd], ol o
FE A Aury], iR 52 Brlehe 7]
ZARO|ER T F9A4)0] =THBrune, 1968; Wallace,
1970; Young and Coppersmith, 1985).
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Atk T FE ol st AT e
2ho] i F 2 Ql 3ol &5 F ShHE(2E 1b),
20169 AFA NS HIZZ St AZIAN L 7
F-2AE Ao =2 FAR R Y DdFo = 5
A% v} Qltk(Lee and Jin, 1991). At ¢F 259 7+ <F
AE-& whet of 2570 Aol A Al47] o S5st &
FEo| HuE v glon, A7 o= Fidt
oA g7 XX WAYA7] B HE T 2L
)15k 247} B7hE uk QIeH(Kyung, 2003, 2010;
Kim and Jin, 2006; Yang and Lee, 2014; Lee et al.,
2016). T XF7HK] Ak SaE A7)
AL F2 AEADY FHTE WY715S £
2 A7 o] B e TR APeta WY1
of et HURAL BER Aot} F, 1k EE
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3 @59 73 25147, L2Al 52 gefshed]
ojgfZol ATk 7HE thEA Y o= FAHF9]
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Fig. 1. (a) Simplified tectonic map around the Korean peninsula. (b) Regional geological map around the Gyeongsang
Basin, SE Korea (modified from Chough and Sohn, 2010; Son et al., 2013). (¢) Detailed geological map of the cen-
tral-southern Yangsan Fault (modified from Lee and Kang, 1964; Kim et al., 1971; Lee and Lee, 1972), and locations
of investigation sites; A: Yongjang-ri site, B: Gyodong-ri site, C: Sangcheon-ri site, and D: Chosan-ri site. (d) Digital
elevation model (DEM) displaying drainage system and fault distribution around the study area.
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AZt& Holti(Chang and Chang, 2002). =3+ =
2R 02 AFA g defol ) velr] HHehe
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37 SRIAVE BE FA0) A, F2 5
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ol iAol RITE FEAL o] Fof|l A kst
(Lee and Lee, 1972), A} o|Fof|A S-21 37}
¢H(Lee and Kang, 1964) 2.2 E3t}. Al47] E|F S
< FE FAAST FAF) x5k glof, v
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 1c). FAIGZ Y 2T W= WY7| EHUS 7]
£9 2 9F25~35 km (Reedman and Um, 1975; Choi
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sfu) o]z 37 S1) Aol Holyk ol w
a5 o8 AgE S Jl29 b A7)
s1 5ol ofat ko] o] R} W W9 o
g9 94 2Ao] golsirt. of upe] siot
WS o] g9 TA KA A7t A AL 02 B
W5HA] =3 & "} ) ™ (Suggate, 1960; Lensen,
1964, 1968; Knuepfer, 1992; Simpson et al., 1999;
Mason et al., 2006; Cowgill, 2007; Cowgill et al.,
2009; Gold et al., 2009, 2011; Hunter et al., 2011;
Gold and Cowgill, 2011), & &1 E3F ¥ 9|7} 9
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QHH 0 2 SOk TE AR ThE TEE ol
Ao 2 Hy st Tt (terrace tread) ¥t TH
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riser) 2 FAIETH I 2a; Gold et al., 2011; Pazzaglia,
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Fig. 2. Simplified block diagram (a) and its plane view (b) showing geomorphic elements of a offset fluvial terrace by
a dextral fault (red line) (modified from Gold et al., 2011). Dashed lines in (b) showing piercing method of “near riser”
and “far riser” projection concepts and how to bracket range of offset. Hachures point to facing direction of terrace riser
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ZollA BEA PFOR B == F4 0.8 km Lo
9| A T27h Tk oS wet 73 HH (scarp),
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Ak, TR E-5 WY aqf R TS Y
GITHIE 3a). oA H U AP 2E wet A
£ o2 AR HE AP SA= &5 EA 7
S AAFTE o] FAESY W0l A o
B B AT} 3] Aol Wbk B3t A
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Fig. 3. (a) Digital elevation model (DEM) around the Yongjang-ri site. Solid line is exposed fault in bedrock and
dotted lines are inferred fault traces. (b) Aerial photography around the Yongjang-ri site. (¢) Schematic diagram
of offset terrace. The offsets are recorded in T2 (T2-1 on northern, T2-2 on southern side of the stream)/T1 risers.
(d) Fault outcrop near offset fluvial terrace. (e) Blue line and green dotted line correspond to profile along a - a’,
b-b’on (c). Red line is transferred green dotted line to match same terrace tread on blue line. The relative distance
between red line and green detted line corresponds to offset of the terrace. (f) Statistically-produced piercing lines
(single point shredding lines) representative of pattern of each terrace riser trace in 10 sections on both sides of
the inferred fault.
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2 4a,b). olu] 543 22 A HolH 2H2A} 2
# v glow], $30] vely] gk} 2| vl
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3}2]4; Chang and Choo, 1999; Kyung et al., 1999b;
Okada et al., 2001). 22FHAA AR H= TF52
ZH= N40~45°E/70~78"NWo|m, 2|2 2] =
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F ©FolA SSH| A7 AESHR] Al BEETEt
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T F B INE AHESH] 918, o] Al 1t
& olF= VY siebTolo) AHE ol-gshelth
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o] et ojuf o] FIHEL o5t AHEH 5
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Fig. 4. (2) Digital elevation model (DEM) around the Gyodong-ri site and previously reported fault site. (b) Aerial photog-

raphy around the Gyodong-ri site. (¢) Schematic diagram of offset terrace. The offset is recorded in T3/T2-2 riser (northern
side of the stream). (d) Blue line and green dotted line correspond to profile along ¢ - ¢’, d - d’ on (). Red line is transferred
green dotted line to match same terrace tread on blue line. The relative distance between red line and green detted line
corresponds to offset of the terrace. (e) Statistically-produced piercing lines (single point shredding lines) representative
of pattern of each terrace riser trace in 10 sections on both sides of the inferred fault.
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Fig. 5. (a) Digital elevation model (DEM) around the Sangcheon-ri site and previously reported fault and trench sites.
(b) Aerial photography around the Sangcheon-ri site. (¢) Schematic diagram of offset terrace. The offset is recorded
in T3-2/T2, T3-2/T3-1 risers (southern side of the stream). (d) Blue line and green dotted line correspond to profile along
e-¢’, f- 1 on (a). Red line is transferred green dotted line to match same terrace tread on blue line. The relative distance
between red line and green detted line moves corresponds to offset of the terrace. (e) Statistically-produced piercing
lines (single point shredding lines) representative of pattern of each terrace riser trace in 10 sections on both sides of

the inferred fault.
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Fig. 6. (a) Digital elevation model (DEM) around the Chosan-ri site. (b) Aerial photography around the Chosan-ri site.
(c) Schematic diagram of offset terrace. The offset is recorded in T2-1/T1-2 and T1-2/T1-1 riser (southern side of the
stream). (d) Blue line and green dotted line correspond to profile along g- g’,h-h’andi-1’,j-j’ on (a). Red lines are
transferred green dotted lines to match same terrace tread on blue lines. The relative distance between red line and green
detted line corresponds to offset of the terrace. (e) Statistically-produced piercing lines (single point shredding lines)
representative of pattern of each terrace riser trace in 10 sections on both sides of the inferred fault.
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2 A EE F5&Ad(fault damage zone) 7} @
g5}7] "j&Eo|t}(Segall and Pollard, 1980; Kim ef
al., 2004; Choi et al., 2018).
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A€ A7) SFol dsf, A=z ST G5
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7; Chang and Choo, 1999; Kyung ef al., 1999a,
1999b; Lee et al., 1999; Chwae et al., 2000; Okada
et al,, 2001). 0|8} o] Tha: BHE 7oA Babel
JelE AE Bae] A o AW Aarteg
29 A9 54 Telsi]ol of2igol lct.
Fgo] B 71ohE BE 24 & 5 e BE F
7h2 B olg)A) ereh ol v} Hick,

Sk et warel Bhoz T4E 44,
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REH PFE D7) 95 33E F3E B
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Ghe oF N25°Ee]t. o) & Aol 4 S5 113
B4 A0S hgoz 238 ©S T3 WY
(N20~40°E)e]l Zghsiwl, 1 Bgtel N27°Esh
AFFEHR 7). olefat Auhe T3zt chopat
Fo) 9T TAHe] 17t BT B9 7
F3 AVE AFL ol §3H= o] BE 7|5HE F
skt Baba e A

Y
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N
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52 $EQITAIO| ZZHy M3t

2 AFolME Tol FEE o8t Tkt
A47] +HZAS S5A TY G52 TE
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S 9tk R WA sl TEel A2 ohe B4 A
PR E @ xRl Aol obr g 5= gk & B
o oo Mol AT BFASE o 2 w4 2T
& 7188 7Pl Ak % WA BaH 72
(subsidiary structure) 522 Q1] T32] HY
7t FRA R F4bE= 7-$-(Choi et al., 2018), &
At A AE 7= Qe A9 9] siebdtat

A:Fault planes measured
at each exposures

B: An average of data setA

C:Atrend of fault trace inferred
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Fig. 7. Lower hemisphere stereographic projections of fault plane data acquired by different methods. An average of
data set measured at each locations (references are noted in the text) are parallel to a trend of fault trace inferred by geo-

morphic analysis.
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Table 1. Horizontal (h) and vertical (v) offsets at each investigation sites (std: standard deviation, YJR: Yongjang-ri
site, GDR: Gyodong-ri site, SCR: Sangcheon-ri site, and CSR: Chosan-ri site). Note that all geomorphic offsets
indicate dextral motion with a minor vertical component (east side up) of the central-southern Yangsan Fault.

Riser Offset (m)
Site h
Upper t Lowert \% -
min max mean std std/mean

YIR 1 T2-1 T1 - 19.23 24.61 21.92 2.69 0.12
YJR 2 T2-2 Tl - 16.51 21.67 19.09 2.58 0.14

GDR T3 T2-2 8.58 171.88 218.96 195.43 23.54 0.12
SCR 1 T3-2 T3-1 472 42.39 56.39 49.39 7.00 0.14
SCR 2 T3-2 T2 30.97 44.09 37.53 6.56 0.17
CSR 1 T2-1 T1-2 - 30.04 38.84 34.44 4.40 0.13
CSR 2 T1-2 T1-1 1.15 6.95 12.41 9.68 2.73 0.28

ARG A2 OE LIS 75T 5= Utk Al ¥
A2 T S-S et = 9], AlTtel wet M9l
o] Wy} WA 4= 9t YA o & o] =
T4 775 W 9leo| Atk (Cowgill, 2007;
Zielke et al., 2015).

Okada et al. (1994)2 X g o] e, T3, &
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2 A9 =FoA 7 23S 2 Bl A4
o] 2rAE HF ok (Chwae et al., 2000). o1& 12
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