A Aere]A] A 4548 A 4%, p. 361-377, (2009 84)
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ol
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N
s
=2
o
Ew)

SATFo] Wersha itk Hol PATET 24EE 91004 4001 7 ol A7) B3-Sl Wrislo]
o] 352 FEA] Balo] Bobx| T Itk PRSI SaESo) e MY TR W AP PPy B
B F HEL 7)E0] BUE 165 SRS e 2 A5 92 Mok ueba o) AelAE
PAFTS T LA Fo) Y S Bk o] 5 Afo]o] BEAISE EAL olshsr] SItel, Pa-2AEEA
oF 155 Abo]o] FeA AT X 72 AotmES vieko 2 Coulomb 3 L2 L o 8% st =
WS UASGLh o] AT FAL-SATSAL B0 AR AR ohe), £ SHUUNE B
ol o] A7) BB BES S F AXSHA 9SS HoIFGTh. THDE o] PAH-SATSA
Z9]o] wershis A7) B35S LEL o] Aol A47] Fere] B3] 2urE St WHG A
o] 912 A2 BEHETh Seluetol At ofx) Z7]HAl o] HMet By AT o= ¥ B
3 ZAfoh A7) o] olAIThe A AANS B ThaRet ATo) WS £8P 24D 5 S RO Bk
Ak,

ZFR01: Coulomb 3, A-TH&, FAIchE, ST Al47] T3
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Seung-Rok Han, Joonyoung Park and Young-Seog Kim, 2009, Evolution modeling of the Yangsan-Ulsan
fault system with stress changes. Journal of the Geological Society of Korea. v. 45, no. 4, p. 361-377

ABSTRACT: Many moderate, light, minor earthquakes occur around the central and southeastern part of South
Korea. Especially, many earthquakes including historical earthquakes occurred around the Yangsan fault (Y SF)
and the Ulsan fault (USF), which are major young faults in Korea. Recently, more than 40 Quaternary faults have
been discovered around the Yangsan-Ulsan fault system (YUFS). In this study, the lineament, geology and
geomorphology around YUFS were analysed, which is analogous to the characteristics of reported A-faults.
Therefore, the fault system of YSF and USF is interpreted here as a A-fault. Numerical modeling of the YUFS
with stress change has been performed, using the USGS open program Coulomb 3. This modeling is carried out
based on the structural similarity between the YUFS and A-fault, and a previously suggested tectonic evolution
model of the YUFS. The result of this modeling shows not only the possibility of the YUFS as a A-fault, but also
the consistency of the area with high stress changes and Quaternary faults around the YSF and the USF. The result
of this study indicates that these kinds of modeling studies on fault evolution can contribute to various geologic
studies such as seismic hazard assessments.

Key words: Coulomb 3, j-fault, Yangsan fault, Ulsan fault, Quaternary fault
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1. M

snbEel 24 (2004, M=9.1)T} 234 |7
(2008, M=7.8) & ZZ AlAA L= ditE A9
ofgt g7} A= TAstaL ok AHdA sl
o IR E A9 dhg 7t gled 2 F AR
< HE0 22 713 Aseke 2 A= A
e AT AL 7kl O vsfe] R e
3t} (Hyndman and Hyndman, 2006).

e B2 o2 wo] AAZHE Ho
A Qo] AR o2 hE FrjF o= Pkl oA
A A w2hA 2 vEhe A5 WA G
WA, T2 25 TR o] 5] tfA] AlAH]
5ol - Eegt AAolrt. spA|RE HE ket
T FHA oA Z] o] HIESHA EAYSHIL }lo1A
(™ 1) ool gigt TAo] F7IskaL it &3, &
TFA o] ZetE e e FEE A HS 10097
o] AFgE Ao = 7|ZEE o] e A7) 77989 B+

A2 (FATFE 6.7)= HIFESH, 164319 24|
2 (FAFE 7.0)1} Zo| e Yol A= AJiA
o2 e A)7l0] WAsHL Gl Molch (Lee and
Na, 1983; ©]7]3}, 1997). o] A Fofl= FHRt=ofA
YEH LR AriA] LB R Yeixl At
ek} gARkRo] BRI 9L, T F9101A4 40
A7l o) Fe] Al47] tFEo] Hil E Ut (e.g. Okada
et al., 1994; 253 91, 1996; AL Ze)2., 2001;
A2, 2001; Ree et al., 2003; Kim et al., 2004b;
Ree and Kwon, 2005; 7] €A 2], 2009). wi2kA] o]
= 9359 &F0] delA 7T XY T
DA AL A& A= FHE o] gt
"FAES
o g St AR E Holm
Do 502, AR (o9 7HEF, 1964)
ol A NI15°E o] @3l disl 22 PP= 3l

o 1%, AFE 9 (1976)E PSS UE 45
o AARE Folot AFHY GHL BET AAE

AD 1905-2006

34°N

<
=

o 0000
W A~ OO~

124°E

126°E

128°E

Fig. 1. Instrumental earthquake distribution around the Korean peninsula (from Baag and Kang, 2007).



SEsto] M2 YA-SHE

(=

v o 2 FitEo EXE F4skinh 1980t
of| SolA gt thgt A== AP
Y= =, AUeet ATE (1983)9 G-
7t A7)0 A% AL U T A (1985)9] 9
3t -2} 7 S =AY, Lee et al. (1984)9] 5
ALl o3t FHA FEA @ AFA] oY
EX 74 5= B0t 1AIA FAS a9
AA7F JAA = At EZL, o] A7 RE FAES
et Aq-E sy ARG o2l 2R H ek
gfjalo] o] Fojx]7] AR =T (e.g. AFEL, 1988;
g2t e, 1994; 5 e, 1998) o]
5 Q170] of5iT PAITHES et ol 54 £F
ok op e FAlo| 54 LFE SAo] AA Al
shE Ao |HEIl) o] SO ETES BE
#ISH QIR S04 oF 25 km (Choi e dl,
1980), E-E.o]| A= ¢F 35 km (Chang ef al., 1990)2]
¥ HAE A AR B S FE E
o2 AFollA= FAES Y SSolA T EE 3
7ete] BAS ulmate] GpAlErEe] WOl of 21
km= A3} H} It} (Hwang et al., 2007).
EARES 9| A EAEA Y 2584 5
A2 FAES 0l vls] A o2 gho] o] Fo{A|A|
Fotal Yok &9 SARHS-2 Kim (1973)¢] 9]3)
AR FHE Tt BEEA-EEE Yo
skl 9l oF 20 km A 2 AF+2E
Ao 2 W E Y, Reedman and Um (1975) T
gk vl A7) AR S ZIASHATE 1990
ddf| o] & SATHS FH A Al47] @50l Bl
WA g ATArS] o8] EdlA 2ALe dArj2%
& gl FRAAA, AFReA, ATt
& HA50] 3Tt (e.g. Lee and Um, 1992;
Okada ef al., 1998; 23 2], 2002; ZE)-2, 2001).
SR SAS-O] = S| tj 2ol A7) EHE
== YEEo] 917 tfZof| SArdZof thgk Heet
S WA 9313, o] 2 s 2AdSES ©
Zolzta & 4= Aol M= o] EEgt
B ek ol F dE g At T @
% THNA 9 FpdSof it A E= A F-E T
AL T 22 A S S8l = o FolA
ok F2oll 24 BEY TR AlSolA =4
@< 7t 3E gAdn S22 9 vy
AN E-5 WY AR7| FeF a7ko) HAL

Al Zlat 2HE 363

Ol

£ 7= g5=0| QIAIE B itk (Kim et al., 2008).

o dAtoA= o] F ©Fo] HFRIA A
2 uxpsta gl7) e o] Ao gt 2AME T}
£ HIF o F ©E50| A= ofBA 23lsit=7t
£ gotE A} sttt wEbA o2 et B9 XIst
EAE olslistr] st -4 o] A F 9] A A2
S48 Hofstal, B3Rt ds g o2 nj=3|
AZRAA (USGS)AA 7REgt Coulomb 3 2 7Y
< o] g3ty 7hgt BEgS AAst 1 AaE
o] A ¥ &) EAAQI 2|29} v WA} 5HTE

FATGS T AP0 WA A Hof|A
=AM o2 BE ARG FO] Bl F1L glof
Al o] 7 ©39 sttt AHEAE sk
AL FAGZH SAMES QE A g9 A A
AL FE5t P A =Hk= Hlol= F23 <
o= T 5 s Aotk EIFF o] Atz o] A
SO XY A XA 2] B4 siAsk=d
-85 2842 5 & Aotk

AFA G2 T FaFol fX|skaL 9lom 7
AEA| 9] wiot7] ElAQRS 7|HIFe & Sl 7|0
o] & WU It S T2 A E ] ik
(24 2). 1A= S5 daA HFoeRE &
AP (o911t ZFEE, 1964)0] WEstar §lu,
FAGS9] FHFRo = EEA-YE s HFSE
9 2AFES (Kim, 1973)0] Ees}al Qleh

ARG Woll YR8 = FAL &4 HS 5
O] =Alofl= B2 Q7 YR E | Jlar, &4, 1L
g AR HHA T2 HIRI B2 T8 ST
AdEo] Y8k et 58] FArS T} SAMS:
o] b= AFAFL2 A7) 7793 9] X2 v &3t
oo Axpx| AWt o} ) (e.g. Lee and Na, 1983;
0]713} 1997), F2ol= FAFEL] XA (e.g. 1997
H 6 M, = 4.2)0] FF WAYstA gtz oA= o
£ A G w3 % BFrrt dfHoE =2

Aoz dA STt

b K

3. ey

A ol AF-E st FArdSI 2AESol
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Fig. 2. Regional geologic map of Gyeongsang basin, the SE part of the Korean peninsula, and Quaternary faults (circles)
around the Yangsan and Ulsan faults (modified from Lee, 2000).

Mok A FEARL AR, S7IRE 2
Mg ANFAT, AAZALE Fofo] AWTRE 2
LI} BEe] ASEHL TG o] 2
e 2 ey F-adSAel digk A=
Ao e g 7|22 so] WHE BAYS AT
o Ane RSk

o] Coulomb 3 REF T2 IO b= ol
O Qg S FHAA Y SIS A+

A ¥ olojAlE lhe] fre A Yatod AL
L25)o] 2t} (King et al., 1994; Hardebeck et al.,
1998; Stein et al., 1997; Toda et al., 2002a, 2005).
£k opyzh |73} 3R 719] 43 %28 (Nostro
et al., 1998), &= o] 3] (Toda et al., 2002b), 1
2L 317] @30l A9 E4= o] Ft B4 vie) T
= d787] SfeiA e AR QITE (Cox and Ruming,
2004; Micklethwaite and Cox, 2004).

A Zlo] Hgstd Atto] dojuh= T Aol A<
Ak g2 e FastAe, 93] o gre gu



Sl 02 U

YoM = A 3o S7FsHA et (Chinnery,
1963). ol ¥ T 9014 S22 Z71h walsh
£ AGe 27 A o] 5] o7 HES} A
2102 BFIACH(Das and Scholz, 1981; Stein and Lisowski,
1983; Oppenheimer et al., 1988). Stein (1999)9] w-
=29 o3t F& FYWH3N 4o )= thS 2ol
#3E 4= Qlth

Aaf:Af+ﬂ(Aan+AP) (1)

AreTFH oA o] At ek Y5k
A -SHIE ofulstaL, do & 5] theh 42
o] ¥3kE oJu|gitt. gp= S5 WollA 3=
$¢o] W3l (positive in compression)E 2|0|5}az,
i eSS olmjgich. qhef 2] 2o 2J5to]
of® Z|Holx| o 7} F7RITHE L A FS o2
Tiz] Huht ofxle] [T e Wske 9k (failure)
7t dofd = Q32 AL, W2 do 7} Z4sgh
o ol i3t |7} dojur| otk A& A|AIRE
ot AA @3N FFeAe W3t (4pE ot
W= o] 7] ti2ell, fravkaAlss o] do ;9
Alite] o-§Hth =90 ¥} (4P)= TEHel
et 4~21-8-2 9] W3} (o )0l ¥t 24-g-5h=t,
o|lHgt g4p et do O TAE o]-&5t] FravtEA
29| ¥glo] 7h53ltt. ofof wat HEE A2 ok
=1} Zro] @ ETH

oo
1

AO‘f:Az"f‘/l'AO‘n (2)

o] A3Lo| A F& (Young's modulus)i} Z2}5H]
(Poisson's ratio)+= Z+Z} X2} W19 ¢4 o] 71X =
BHA ¢l 42|21 0.8MPa, 0.252 Z+z} 7135 ch
(King et al., 1994). fravbdAls ()= LuHAed
% kol LR R 522121 042 7P3810ck (Haris
and Simpson, 1998). Te}A] o] AFo| A= 78
WFe] Wsto] WE g5A FHAY 25 58
3K do )} o]of] & G5A Y X3S ©A3}
SFAT

4. MEFEEH

Aol AAe] BE % @720} S B A

Mo

LHEREA 9| Zst U2l

365

WS 7HAIAL 22 oln] & EEA Ut (eg
Richard and Groshong, 1999). £3], ZA[X| g2l %
A4S A Y] - v A F2 EHFn AE
TFE50] Wl Tastar g7 wizol 123t 3ol
H& EA Uehdt} meba] of2ARE 35|
ool NYTRE VT AP B BT
oW A2 BAE o2} BAslel 3 A
YzA)o] B AL 23 fulE AT,

o] AT FTARL, AR TelT 29
PBES olgeto] Aol ek HHTFEES
BB oSS ol URAIE Folo] TlTt
A}t vlwste] 1Y 33 IY 4bo] EA|SHTH
T ol tiet S P71 EEE o8 AF+
ZEA 4, EEE-daA] B E5A-EEE
WeF] ARgxrt A wEsta ok (238
3). FAFFS I SAPAS o] T A Y FFAR
I AFA Y= o] 83 AP EA A FA
FEE-AEA B AEA-FEE HFY AP
T2 =5 T "ok (29 4b). R
FArS, AGSO Uk fARE SES-EE
A, BEA-EEEY AFFERE0] FRHI A4
I AFAAES Hol Wdsta Q. APz 9
Lo Jolie FEE-AEA, AEA-TEE HF
o= Wsl HETFEE0] SASAT HEE
WA EE HEAE YRR Uele A1Y
2-50] ARl ulsjo] @A) AT} 2
£ 7L AL BRI 4 gk ol PR &
RS 9 0|53 BaloiA eeh 24 T3]

5. QMRS SAEHS WRIXIE F20AM2

- SAY )T AV S WE17]
Sto] St SAES 9 AR HE AEA
(e.g. BAE 9, 1992)8 EFsh= A gt 4
DAAZALE AABIAT. A4 W A|37] vte]
QA9 HE it As A AA A=A
o AR 4o, o7 29 FSEE A
A AH (1™ 4b). FFA Gl EAst= FAFES
I 2AYESY] A dsdivt 7R kel tid
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- Weolsung

Yangsan Fault

Fig. 3. Analysis of tectonic lineaments in the SE part of the Korean peninsula. The thick line is major lineament and the

thin line is secondary lineament.

Fepo 2 Qs % wale] thiiio] A147)9) 5
Azl o wlEE o] 17| el = g5l o
3 AHH D72 sk Aol Be ool
o}, webd o] SubElo] AYEE 244
@G5 @, o9t dE 2 E ATHOeEN 1
HHom 3 Bo &5 U Belhl A72d W
SH=2 AR 4= URTh (e.g. Pollard and Segall,
1987; Cox and Scholz, 1988; 2 2], 2009).
FAGS T Ao A= A IS A
ol wiol7] E4oks 9 437 HA o] wesh
I ok B3 Aol £Esh= o] EHUF W
o Zelt BEHOZ NOSSE/ISNWS] WS
AT ol PR A2 slkErel Yrkael
SRk ke olw, o] 2§k TRkt At
Hel Rol= olF o] spgeEe] ofat 2% AALY

WS} QPRI WA W] o3t At
S ek (F Y 9, 2002 AGA 9], 2002a).
AT el thepat Fehe) w3 Sol B
T giek Wb HHYRE WSk Gl AUE
U FPolETES viEstel, A7) HAYRE
=l

aTr =
Qe FolFHE W ArkE, 123 A47]
EE LA QoA of o] ofe He] B
29l WRAEO) FAPS WSS X 4 Ytk Wt
W3} AtEEe] Fake A% AT Ao it
ofel2Al Ak o] A|e] BFEL HE- A EE
SRE G A BA-EE PR 945
A wreska gk, BEE-5E PO A5
YPsls BEEL £2 4TS U 4o ol
FUS0E Uehie 4R Gt Juzon
B ojo] W) BA-AEA W

EXN-Y
o =21
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Fig. 4. Similarity between the small scale j-fault reported by Kim ez al.(2000) and the Yangsan-Ulsan fault system. (a)
Plan view of a small scale a-fault (from Kim ez al., 2000). The angle between the minor fault (F5) and major fault (F10)
which follows bedding is 48°. Assuming the direction of 4, as N20°-30°E from joint and fault analyses, the angle ( ¢)
between ¢, and the merging fault (F5) is 22°-32°, so that the propagation direction of the minor fault is in accord with
the predicted direction of Du and Aydin (1995). (b) Distribution of lineaments around the Yangsan and Ulsan faults. F1:
Yangsan fault, F2: a segment of the Ulsan fault, F3: another segment of the Ulsan fault, F4: boundary fault of the Bomun
sub-basin, F5: reactivated right-lateral strike-slip fault (modified from Park, 2004).

g FFolFEToE WY, A= YT
H 24 Yol A o] Ao 2w b

SAIS HESI G BE-HA W HEAE
95 el gE5o] A37] BASS Auksia 9l
£ A3} o5 950 L5792 nd £ ), of
xojo] 24 137] A YFE 54
Weroz s nety of xeo) A7l Tas
e AL of Xofollq A geAke.
2 B3 H5 Qs e vl gAE e, ole] ¥
A1710] BE-E5E Aol Aoz ST,

6. )-EFEC| Holo} QRALSMEREA CHet HE

FArAS I S4ESo tigt AP A2 EA it
o} - A AIE THEAE o, F I3 BA=
34 Du and Aydin (1995)°]] &J3)) A A= 3L, Kim
et al. (2000)°]] &Jaf) R E A-T3 FeH o2
- FARE 5492 Eelot

6.1 )-EHs0| Hol
N2 ThE FaE 7 5 Y 5%
ol EerFo] qlshe] A U o, wEel A
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22 F4d 4 Y= F2E AEst o] tiF] 2
TSI (2 4a). 7|4 BiE &7 E TF
oA BE-gA Wgo 2 urdsly Q= T3
(F5)0] B M-S 35 v3Fo & digsls 2aof ¥
P F (F10)~2 sko}oq zurgq NE TGRS 9
FES WA
‘3} ‘I’li‘é —’?TMW ‘?a_‘%*o a0 9,1‘— o]z} Trd o] Bt
FE 5l AT (0)Q WIS FN30°E
ot Fsasat A58 Abolo 4= (o)&
oF 22°~35° J =5 o] 2t} wehA] Du and Aydin
(1995)0]] ol AAIE A-tH3o] Aupdlakal weist
o] o7} 2F30°5 o]2E 2 HulE o] 7|29

fiac Rl Jﬂﬁﬂo}ﬂl ﬂx* oPI] Hutd Aoz Wk
it &3 AR sk
FI0E3-3 455} Ol-ri z‘s] ZHastar, oplg),
FI0T-3-S wheh 2 |7 34 $713he E1Ie =
Qlt}. ol FsehEo] F10e3a A2 WA Fl10 &
52 Tt FsE3o] ¥97h dube Aoz sixd
2= Qlth (Kim et al., 2000).

o,

il

X

62 ATFR )-CHEI AA-SAEEH S FAMY

Fig. 5. Simulated shear fracture patterns of a-faults for var- OFAlTER L @ Alch=o] wRlEle %] P
ious stress orientations (modified from Du and Aydin, AP J:]- ZAES0] WAh= . 1500 2 =]
1995). Azt Agt2E A A3kE F35HAE (19 4b),

o] § @Fo] 7|E] B (ST S fAR
39 Gelrh 40 RS A7) ol olgAl DS AT LS ST S ek WA Kim er
W9t (Du and Aydin, 1995). o] §3el  al (2000)0] o3 MIE A7 (Te) EYE
Shite] Bo] T2 shute] 952 sl Astelel T3 2ok (1 4a).

U v Askeo] e B3t At E ( )e]

L of it

O

o]El— ZH(p)ol met AL oz Aupslo e O BFo] RSN T & g3l 235t A
2 0] "igFo] AAE A "t 13 5= A EF o)A Aote B39 Aol Wl 4
(Du and Aydm 1995)& B3] g2 Anta, Hut @ AFshe ©ET 7|E TdEo] nABEE U 4
Eo] Y= &3t —'JEH = ( dl)ol 01 == Aot @ool 7| BeS 4R ddsts @4
F52 ¢ F= A © F719] TFo] 7|&of Wdstd Tyt dZFd
SHHA AT FFto] HulE o L‘r7P7ﬂ Hr}. gt $ 37] ©3oll ot Aed A7t AL ==
oF 97} 30°0]51F o|FH, B2 AT HY A& oot H7| P2 HY == A
gt HeFe g Z3si AuiE o] UrtA ot 18 @ st B39 *““”5“’] 7|1&Y &3 43F
U o7} 60°0144Y W=, BES-2 ATSS 3o} o= HIFEHA A =°] AR 44
317} (~65°) 02 F3sh HulgEch 3B (=Y "*751 Oﬂ‘jE] L))
Du and Aydin (1995)0] A-&&9 Bd& AAR O AFshs G5 vSStAY HdF-88 Wkt
0]% Kim et al. (2000)—% =+9] Crackington Haven Y5} 1S 7FX L o)z} T o] W
oA ddtz &gt FEO|FEHIANA 1B 7|1& @3l o oz A7F &7 &
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Fig. 6. Simplified model of tectonic evolution in the study area (modified from Park, 2004). (a) Initiation of the Ulsan
fault, Early Miocene. (b) Stage 1 showing left-lateral movement of the Ulsan fault, late Miocene. (c) Stage 2 showing
propagation of a new segment from the Ulsan fault, Pliocene. (d) Stage 3 showing predominance of thrust faulting,

Quaternary.

Fol AREEA F719] 32| ate] Sty
3|2 SEI B (FTE LF)

D o2 THHeIA L 2 Fi () Sol TE
o EYAI PO R 8T WA

Lol A3t Crackington Haveno]|A] H11% 4
TR o) B3 opk-2ARE0] Mokt A
Hof| gt APz} A Q24 £4 A5 v
S, T 4bollA SFA T H A2 A37] 2
2] 54 o) 5ol Aol AFH o2 A hE 34

sto] @AYol = X[ HZ QY qtE FASY 740l
ol AlLA A7F Bas) Bl (@). FFAR
A AAE B AR TR A SRS
o] FattS I wApH FASS BESH 4%
SRS 7Fs/de AARRELL glem (Q), A7AY
e A37] RA7F eSS vts] dEdt 95
=0l s AeEH ol53 H5-dA WY o
T FEelsds=0l sl 7|2 S
£ Y= F Hoign (0). B FAST &
AFES 2 2 FEEoR| = o] 2| Ho| ofer X Fo ]
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3lof AR BFAo| BT (F5E 9, 1996; el %
2001; 7154 2], 2002a, b; Choi ef al., 2001, 2002),
AAEe 2 BstEon AFEe] AFH 9
& (@)e] A% A7AFE] sted B3 Hof glek
(Choi et al., 2001, 2002). 715 % AR F7)0] &
2ol 93] ParetFo] HaH o] SAThE I Pt
Foz T BERIL MUY MYz ofF
(®)3F}a Aokl |7H4] SFATH (Choi ef al., 2002).
E5 TE F9olN WS o)X} wde) wapy
E3 SARH ek gle} (B), AgTREA
9 AARALE SR B P-2ABEAL 2
"roz AL TS ANstL o
(D). THebA] PAEE T AERE ) et Ag 7
B4 @ ofe] At AIHs 7)) Kim ef al. (2000)
of o8 BIH AR ATEe] SHST W 2
AL Glon, FADET SHVFL 105
o #AZ Hol 3 glekx s14E 4 e,

——

6.3 LALSAERSH|Q X|7xH Zi5t 2H

Fal9 ST THE shtEe] St gigh
o] TN B Q77 1Bl ek (e
2142, 1992; Yoon and Chough, 1995; Zej& <],
2000; Choi et al., 2001; ZHE 2], 2002; £&F ¢,
2002). 015 AFoIA] Wik o YAIshe YL
che 2t

(1) afo] oM 2 E5-FA e A=l s
AASol FAEL, SA~GEHFY %% FF
ol gHFol FAAE ZFEA H FHEAT A
Aok (2H 6a).

(2) 7] o] 4| Zof| AIZE AEA-FEE E
= FA-EE WY Aol osf 71& F¢olE
@30 oz Qfagste] Aogs0] diF
© 2 A (inversion)E] 7] A|Z3EcH (18 6b). &
A FirSa SAS FolollA WEsh Q= A
Hpzol o2 njzo] 2, of Al7]olz A
BA-SUE W] AoFgelol 2859, o
of thste] SAttZo] o]F= ZF o= 30°~40° ]

£ FA319S A o2 waEt. meka A
2 FAAZ-S Fsto] Hgh o] At st
I A o] | AsHHA FabtSat Pt WRke
2 AR YS A= FHET (TE 4b, F3).

(3) &olof BT AU =79 5= 3
Fol 7k HH, 7829 Wgko] A A 5] HhA AL EF
O 2 FHSHHA F2 e S 252 do
1 A371E Eto] A 0|32 F-A WF WAl &
E&5-AEA WY d=go] A5t ok (2
g 6c, d). o] Al7|oll= A4S} H 32 o] o]
F= 2 (p)o] 60° Y2 F718H37] wizell, FAt
G330 wAFshE F29F F4 22 @5-50] YEsHA
A A H AR gt A7 FAH AL, 7]E
A5t F3o 22 @552 S99 Wk 1
o & o ddFoz ABHE Aew Bk (2™
4b). Fi-2ATASAZE SR WStk
713 slol|Al, mio] @A £7] o] o gHtE HEH
of| 2+-&-3t 2|55 9] Wkt A3l Hoh=
2430 F ) 24 B4 «AE sl B3k
o} 9oF AEA-FEE HFY sl 2§
E uto] oA| 7)o FatS = 117t 2 IHE5t
24 (F2)o] HA =N, F-A ~ TE-A]

A ko] Zdj-g-2lo] A8 E Sl A o]
T FESo| Aoz Hohe 2AESY £4
(F3)o] BAA=UTHA, HutEl= &3 A3
o] Z+2 ZA=F o] o] 79| T (F2)0] WES
I, Ao 7k Zto s Ag o Ao =
S @3 24 (F3)o] W3t o= sj4Hrt. 5t
A9t o] 23t 31412 Du and Aydin (1995)2] A-&
% Zdv= viRE gebs SAES =) 2
A(F2, F3)9] 34 Ale A mro] A 7)o A
EA-FEE SFeE 50| Z-3d A7)
of| FArdSoll A7t e 2 otz 4 (F3)o] HA 3
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2} FARSH A H o2 317 o|fH WESh=
A FY A=E 74 (F2)0] BAHeH, 71&
o B/4E 24 (F3)2 ojnf) JtFo= A& =
= Ao g TWoE 2o o]Fojd ZEA 4
I QL SAIES 0] FO|THFTOE FAHE o|F
Add3Ho = ABHEHUS 7FeAS AL §
o} (Kim er al., 2008). =, EAjo] Edts] AL
U= o] A A47] =2 7EY AHSE=H
A 4% =AU SAGS T2 o] B4 T
o] YET7 ABAHE ALY 7hsAdol o, A




Fig. 7. Model setup for the evolution of the Yangsan-Ulsan
fault system. Solid lines are the fault traces at surface, and
shaded areas and dashed lines indicate fault planes and dip
directions of the faults used in the modelling.
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(1% 6; ¥, 2004).
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Fig. 8. The evolution modeling of the Yangsan-Ulsan fault system through the i-fault. Coulomb stress changes are shown
onto horizontal plane. Red region indicates positive coulomb stress change, and the blue is negative. The region of increased
coulomb stress indicates the possibility of propagation of the Ulsan fault. (a) Coulomb stress changes are increased at
the tip of the Ulsan fault. (b) Coulomb stress changes are increased between the Yangsan fault and the Ulsan fault. This
region indicates a potential of new segment propagation of the Ulsan fault. (c) Coulomb stress changes are increased at

the tip of the new segment of the Ulsan fault.
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Fig. 9. Comparison between coulomb stress changes, distribution of Quaternary faults and epicenters of earthquakes
around the Yangsan-Ulsan fault system. (a) Coulomb stress changes are concentrated in the eastern and southeastern region
of the Yangsan fault and eastern region of the Ulsan fault. (b) Locations of Quaternary faults around the Yangsan-Ulsan
fault system (modified from Kee et al, 2009). (c) Earthquake distributions around the southeastern part of the Korean
peninsula (1994-1998). Green circles indicate the epicenters of the recent earthquakes. Earthquakes are concentrated in
the eastern part (hanging wall) of the Ulsan fault (modified from Jeon, 2009).

2o] o) R 2k BA o) PATSL vloRe &
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99| Wsbt WFEo] et BL HojFgl
o oleig mElY A FulEAE WA Fuw
F3 SARFE) TSI BAHE A7) ©B5
syt oh et A9 BEske vwa T Yo
T 9heE HolFT Qo (1Y 9).

8. EE

A7 A o) F WE 7919 28 SUBK: of
Ao] Breke WS Aol gt (King ef

al., 1994; Stein et al., 1996; Stein, 1999). 2]
Aol oot F TFollA dojuh= AXS &5
FHolM 25 589 (coulomb stress)o] HIF=
ZHsk=d, ol23t FF S| F7HEE FHNA
&7 o] of7|El= A o2 gH3 Ft} (Reasenberg and
Simpson, 1992; King et al., 1994; Toda et al., 1998).
AlA| 2 Morgan Hill )% (1984), Landers ] (1992),
Northridge Z|%I (1994) 5ol et A= 5 59
O] WS} of X1 9] Faz7} YHSHA A= o] Yl
HojZ31 QJt} (Oppenheimer ef al., 1988; Harris and
Simpson, 1992; King et al., 1994; Stein et al., 1992;
Hardebeck et al., 1998).
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3l dedo @ Ft Tejon A7 (1857), Nobi 2|7 (1891),
Az|ZYo} 2|7 (1992) FollA A=At (Simpson
and Reasenberg, 1994; Harris and Simpson, 1996;
Jaumé and Sykes, 1996). ©]23t A{1=52 W52
5 25 52 A3t o9 YA Ao
Rom, Xxlo] PP S wf T3 FLofA 27 &
o] F7Iok= FolA dides B2 HgaE
o] dojed= AAlstaL AUt

AR o] ZHgske S| Wk ¢35
37| WS 7HES ndY b PTG
9] TS5 FHE, AT Y T304 EF S
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g5, 948, S sY S A2 HESE F o
U FFo g HgA A o= Wit} (McGrath
and Davison, 1995; Kim et al., 2004a). o]&gt &
Feqts BaUse] S7le) Wyg Bt ohy
2} (Kim et al., 2004a; Micarelli et al., 2006a, b),
712 AAJT} A1} (Sibson, 1985; King, 1986; Aki,
1989; Thatcher and Bonilla, 1989), &% 9] &
Z B (Sibson, 1989)2tE WA JE 7HA =
Ao 7 B3 &Rt} (Kim and Sanderson, 2006). T
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