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A 7K 219 B4 shetshat] E42 Fo, ol AAANE A4 | 2ARE B iz
AR5 HE Folt o B4tk L 201 B AEA LD DAY HS Bgsto] 210 2418 X
ot 9 BHTFS AESkSH B AT SAHgIch 53] B39 |sieh ¥s] LES O 2 B
AR E4o] A Hiskdel Faka Autuby 9 A\ Hskae] A g7k ol o] u x| o] that A7} o]of
A o] A7 AT ] FEA 02 AASHE AL QY FRY BB Ao] A Hutdo) A% U o
ZrIsfol B4 H2) 4L Frhe Zlolth o] Foltl BHVEL O X|210] ALEAL ol3517] $13)
A 950 B Age] 7|28 nAReH @77 Wasiths B AR o] ERelAE A Eutd
5SS Ao BT AuAQl Y-S v RS ATAR, AT, ATAL HA ATl et Zhert
HES} HT AT B2 F0 ATATE AANSHgch BT 2 ST YR S1X/3t patEE o]
AR AT AE v o 2 PaTEEe] LAskE MEA AkSHon, S BATE AT W oloh B
A AN B el hal Eojstect.
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no. 1, p. 129-157

ABSTRACT: In given active faults, to explore the location, timing, and size of large paleo-earthquakes is the most
essential work to examine characteristics of future large earthquakes, which can be facilitated for seismic hazard
assessment and loss mitigation. During the last 20 years, many studies have been conducted for mapping of
earthquake surface ruptures and/or active faults, which is greatly indebted to the advances in remote sensing
techniques. In particular, based on fault geometry and slip distribution, many studies have tried to understand the
effects of fault inheritances on coseismic rupture dynamics as well as temporal and spatial rupture history over
multiple earthquake cycle. These studies commonly indicate that seismogenic-scale fault segmentation plays a
key role in earthquake rupture behavior and fault evolution. This implies that paleoseismological investigations
should be carried out based on fault segmentation in order to infer earthquake recurrence characteristics in a given
active fault. Here, after brief reviewing of general concepts, materials/methods, and history/trend of the study on
carthquake surface ruptures and active faults, we introduce major results of the most recent studies. Finally, we
suggest a possible segmentation system of the Yangsan fault in southeast Korea based on previous paleoseismological
studies, and discuss research strategies for further active fault researches in Korea and its associated seismic hazard
assessment.
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1. ME

A 2016\ 99 129, BAEFE AFAl AZollA
= Ze] = 5 o AZAM 5.1 & M 58 (KMA);
M 4.9 & My 5.4 (USGS))o] o} 485 7k7 0.2 1t
AT o] A1) BFE FHUOE BRI E
e YR A ES] HA, A, 2, FF 5ol 7
EEL, M= o) A ollA g2 AEe]
3 X252 Z %t 2 A AAZH o2 dAysaL
U= o AXA S Al (e.g., 22Ubm]of oJ7t AX}E
dbA A oA A7) BEAEE 20119 My 9.02] Y&
Tohoku #I%1; 29,0007} AFIHAHE: W 20156 My
7.89] Y& Gorkha x]%1)¢} B &0, o] % A4
Az o= Qlaf -Eutet AL3] Hute] AA 2]z 3]
of| thet EQo] 2E ]I, F7H A9 Ay
S D WA AF) F50f RS 4d0] F2E ]l
AAANE B chulsh] $ik 71
ol B2 31X (paleo-earthquake) ] $J%], Al7],
THE 52 FEStL, ol v o2 A9 ALE
e sjelsie Aolth. vmA gy AAAHE 7
2 A0 B2 TR SAATY A F2
B/ tS(active fault)ol] &3] HHFH AP & X|3&
g BATo RN TAN HRE FENE Aol
ZF23%H|, 1 o]f= ot Aok 1) AR @3
A EEHO R doju= UAIF mEY &5 (slip)
9] Ao}, & Wtz 5ol o3t -§FA|A7F
2 A7k U)o Bag wet AAE FHE T, B 4
9 S5 (S AR L2 FAAHA WEE= A
o|thReid, 1910). 2) Y¥tH o 2 SIS A %]
T2 A XY oA FFE5S FAL 7R 1
ol A& FEE 7FsAdo] =2 ©oltHSlemmons
and McKinney, 1977). ‘S5 ol ek §o1e] A%
o] 9 7l e chas Aolet 4 R, ol
2} e A2 e 272 gl 9AI5h] nho
A|z19] ALEA o] th=7] wjZolct. 3) XX/ &
5 Al HEEE GEHE XX ot (earthquake
rupture) o]z} Sh=t, = 2] X19] 79 A X1utF
Ho] 2| EH| &5 X Fu}H (surface rupture)
= SRRt & @A 27t A B A AT 5
UE BTG A (trace)= 2 A X1 A] Y
gt A #atgo] =¥ E Aitet & 4= it 4) X X1A
£ 39l BESE AVIRR B GARERY 71859 &4

- Yann Klinger

AR Zh 2= AR 717 Sk 22 A7 High
AEuks ZFFskal Q7] wiwoll, S-EvEtet 2ol
AiA o2 WAF7)7F 70t 2719 A 4
£ FE3st=d| Algt o]tk (McCalpin and Nelson,
2009). 27pA oz A g 2 X FA|Fo HFof 7]x=
TS AT AlSTHA QL it 2R 719 o]
g, & Fo @3ollA 9 SR +4 & =
S olsfish=t] 1 =2 o] k.

H|E X9 2 ofg] 7HA e s #dd &
A, 22 gol ARSHL Sl ZHIE 2 (Mw)
o] B¢ ARt o] WA Pt 9] H o] E =9
A A O] A= 55 T3l A8 3tk (Hanks and
Kanamori, 1979). X|A#E 9] W32 otdHd &5
o] Zdolet £ Fall 7+ = Atk YA ez
219 e} Rl 2|79 5o wet 2A F 7
A P O] AHIAE Hol=d], -5 A1 H
S =23 2J3]E AR (Gutenberg and Richter,
1954) 0.2 dejzl A3t B2 5 Ho|= WhH o
TR X719 B9 A FEE| 717k FAAE Bk
(Wesnousky, 1994; Ben-Zion, 2008; 13 1a). o]=
Zol(Z Lwee 2A)o] Heh S 4 9 A
RAFAS 57 BHstress drop)o] thEth= e
vlgro 2, Ho) AAFAV e} ol 4 3
= golo] gt A Ankde] BF ojRol B Ao
2 345 o} QIthZielke and Arrowsmith, 2008;
a9 1b). & A-F7E AR Hef $73} Qo]
£ 7120 tpf AR EE Se) hvo] A4
& o 2 mtg = B Euld(partial rupture)S
Hheh= WA diqte A7 FHd $E7s) ZolE
Z 33 HA| AR Y Z(seismogenic width) 9] &5
Hol| gtE == HA| T (full rupture)E $RIgFO 2
W, ARk Eo| gakae Mstol uleh 2R
o}t A71e] Fio] FRsa ofSo] A o}
2 FENE RES Btk oIt 1) et
g e Aimle] Eo] X419 ol seismogenic
depth) S 2348 4 91, o] u] 242 Zo] ofefe]
A= BIR] R H5-2-F(aseismic slip or creep) o] 2t
AJa1=d|(King and Wesnousky, 2007), o= 3llg- Zo]
|41 2] A5 R|R](deep tectonic tremor) Fi= Z|R] &
W& (postseismic deformation)2F3f &2l v} itk
(Reiliner et al., 2000; Shelly, 2010).
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o] 2|7ef| SJ3f ©5-2] A dol7h wtdE=
< 2 YA et diHoR g2 AR o
2% o7 £ (segment) 2 FJ= o] Gl=, A
3 wle] Aow Qs YR Bavo] g, &
AEH A 25 A Eoph ] Dol B3 5
Zolol uls) Atk 3 4 glek. Aoz 2|7}
g2 olR3h= F TFS5-E 4 (fault segment) 2] A
Ho i AN 8 FATE EAL ol ok g
Fo] Aol Baret HAHA R} AdAo] I
7 BRI FAR 7 S g

Q18] A A el 2| 2o] oJ5k x| vkl At A] B
AR} YA A M52 At 2 2y
2 W)t GBS S ot NAFAL S
5t o] mf ZhESh= ZhefgEo] thA] FE AN
Ao 22 AR 8= Alolck(King and Nabelek,
1985; Nielsen and Knopoff, 1998; Duan and Oglesby,
2006). wh2kA Fol 7l Tl "t AA|Z Y Al
214 ol@ig 4sly] PalAe B B fault
segmentation)’ 7|'d-& v O 2 7} ThEEHo| o
1A A G (e.g, A7], MAF)E FE ol E F
FHoz FHE "art ot ol F9 HES
oA B 4= = A9 HefjitE 9 it A
A AEF7] 5& F2F = L, ot ARE
3 FRA Gl izt A HE Bl $lof o
F T 7|ZARE B2 5 ok b 84
@3 % X7 A= T3 T o= FE
7] A BHAR vl 7HR) s ATEAlE
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4 3l

ot 2| Zlof| et x| #aphof Bt A= v
Fo FEael 9P} UF 47 L A8 52
Ao 2 A Ak Qlrk(e.g., Field et al.,
2014). £3] 20009 )] & o|& &3 A2 o] £
£, ol= 1) 9AFAHE o] 83 A 2B Ve
ol g 9l A GAHIA = 75, 2) thE DA
2glo] sl 17 D 7 ThEe] e o
IAZ A7 F34, 3) o] gt A= 7123 HFH
AlEgold £47]e9 e SOl o3t 2= ot
ey b ) BAE AFE 2T 44 e
BAE Ao g2 Frie =), ol A g Qlzet
o $% 0 AUATYI&S EYshy) Asie A
2 gorEc Od AAAE 47 AW 2a
SheEale] B0 2 Frhy 2pgle] AT} 5
2YE Ao| glar, 54 A Folu AHAHE T F2 Al
gl e A AASNE Bohael Qo AAH A
RYSG T R FARohs B 2ARE 24
A Aol gEsHE Aol Yk Ageltt. ol
AE -S| A= 4 Qe BADGSA =TT
Z o] 9lx) eiehe WolH A Zejuch, 2 Y
T Aol &R AFE a¥saL §L 2K (Choi,
S.J. et al., 2014; Choi, ].-H. et al., 2015a, 2015b; Lee
et al., 2015, Im et al., 2016), A4 F2 52 A<k
o2 A5 AEA QL A oA o] X EAE P
dek 2A AR 0 R AX T e B g
W5} EL TATE) A[F7HY o]2] Sof Bt Al

(MY) upim 1dns

Magnitude M1 M2

Fig. 1. Schematic representations of (a) single-fault magnitude frequency relation and (b) the down-dip rupture
width of full and partial rupture earthquakes along a fault in relation to the extent of seismogenic depth (from Zielke

et al., 2015). See text for details.
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Azjo|a A A Q] B 9] 77 vl Aol

o] Zolde F2 FEoleeSolM Y AHA
R} (earthquake surface rupture)’ o] tial &
URE Q75 AE U DA ol Fo) ¢
St SRk A7 2 AR Bkl g 4
S F8 ATATE AfelTA s, ot o2l
TR (aftershock cluster), A4f|R]R(sequential earth-
quake), ©]5A A X (migrating earthquake), A 25
W (seismic gap) T3 22t A HHEH 5
He) AR Role el ABEA] dd) &
ojstsick. mpRjere 2 Seluete] gEA el it
ZGoIBTS 3 SHEl FAITZe] BUA AT
5 ) BATE pe] Wl el =ejst

IR0 = 1Al OJg A EIDE AFSH 2
S48 ¥ (i.e., geomorphic and stratigraphic
deformation). 0.2 7| 2%t} 2| & HEL o7
A #utg = T30 £} 7|8k (geometry) E O]
=9 AHE w2 HYEXZ(slip distribution) & 1L
A%19] F7HARI o]H & #A51Y] SR AR E E§
Ha(2E 2), A AAEA AR A #AE
oo 7155 = SAT "L = AX9| 34
2 A719 TEE AHE ARE AlFech R
O] A XA #apE-S = A Rlo]| of3f EAY LA,
TT FEGEY HRE SR AR ST
3= Ut 1b). TA}+9] 739 2| sup g o] WAy of
£ XYR| 9] Zlo] 5 of] g4 Hod 4= glon,
A7 A #otgdE P07l 2719 4 e oF
M 552 &2 A Ith(Bonilla, 1988). Athzo & 2t
< TR XXl o3t X FuE-2 |7 A9 ¢l
A} of-$- 2h& X F4 4 (ground crack) FEfE H
o|7]%= SttH( 23 2b).

o] =olA] F= thf= W2 XA EaHof| 9
3 AP sHa Wy ol w3t A0 =2 A 9|(displacement
or offset) 2= goj= TR E 2| EH A Q1A &=
Aot Wolg elnjgich. Lebgo 2 Wl 17
o] M) ol419) Al B FHsE AW (B
AFAEE)S ol &8l SAT 5= =, 2 &5

N L EEENE EE R R AN

geomorphic marker)2 -8t} H = ZHzke] A
2R A BAE AFAIE My o |
of A2 W7t FAEYLE oJulshe A
o= PRENY 2. 2 AR Hoge
EZA T (uncertainty) @} A1E] % (confidence)E v}
o B7hE 4 ik BRUEE Bel 15 %)
Fol wle) i AEPE R Sk njet
ge 5 glon, 2t Aagke] e AHSlE B9
A AEE AP Beo] A4 947 Ay
AT 2] FpHl Weto] e 4 gk,
F2 A Eahe] Z(EE 7lsishy Bl
A A R}E] A &= (sharpness) 5ol <J3l] 2 €}

Ay wglo] 7|2 AT A|Eahde] wela
W ST} ARinie A)Re] WgIE A A G4t
Sith= 7HYS 7122 $tth(Scholz, 2002). $HH GPS
(Global Positioning Systerm) T==ISAR (Interferometric
Synthetic Aperture Radar) 5-2] YA = (i.e.,
far-field data) ©]&-3t A2}, /AU X%l
O3t AZFAIY M7} A Fol vl A EHS 23
T ZF A ZH0 - 2 km)of| A Bl 2LH FAHSHA A
k= o] ®aid v} Qlthe.g., Fialko et al., 2005).
oli= R A Zo] A7 FA7] B HIARAE &
SeE= Ao o2 8 FHEH= FHANUA Y
ol Aol nlgl 27] fiEo2 49 v AR
(Barbot et al., 2008; Kaneko and Fialko, 2011; see
an aseismic zone in the uppermost crust in Figure
1b), AA7HA] ol2Tt 42 SLH D vt 4R
A Zkol A o] 2pE A HIX Y TE-2-solu ‘A7
T H9(postseismic slip) 7} 118 &2 itk vHA
TP GARRE U oFL] x| A ZAl(i.e., near-field
data)o] 7|2} 2|39} A-ATL E(main fault
& uE Agle) ks AEA DA B 7]
A (e.g, S JUBY B GFEA) T #
A 22472l A FHG o 7R 7]Qlet o2 U
] $¥th(e.g., Vallage et al., 2015). T3 o] 3t FA;
o] 9] ZFH9|(total displacement)7} 22
= vluF] 2 JEE A HHSY FA s 2
2 N EAEE] G W= Aoz HuF vt glok
(Dolan and Haravitch, 2014; Zinke et al., 2014). tu:
R R REAP ey
HAasl= (e, shallow slip deficit)2 T&2
AShA E= XA A B TA] A7 AR o
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PECEPEEREREPEES ERREEEY

off 71z8 AR AFHE 545 FA (€ =1

A 213 B S A A o] 8 B3 A
AR B4 FESH 2)ehe 7P E Aol
ek @ 4 gk

3. AL X AN eimEs

1906\ m]=2] San Andreas T304 LAYt San
Francisco 2|71 0.2 @55 7t2 28 AX|H et
ot =2, Ex]o] Holxl U Fo] 93 e s
2|t ¢F 6 m M= QYTHLE 3a, 3b). o] APALE 2|
9] 71&, & AT FFo S s B
HEho] 2 elastic-rebound theory) ©] AIRFEIITHReid,
1910). o] X #atg-S w2 MRz tfgh A A H
91 E2jo] ul= San Andreas THE2] 54222} Wasatch
HES o= AleERirk(Schwartz and Coppersmith,

6.2£0.8m
(1905 offset)

v

224212 m
(Cumulative offset)

Fig. 2. (a, b) Geomorphic offsets along the surface ruptures associated with the 1957 Mw 8.1 Gobi-Altay, Mongolia,
earthquake (from Choi ez al., 2012) and the 2016 My 6.2 Central Italy earthquake (photo taken on 14th Sep. 2016
by N. Feuillet in IPGP), respectively. Note that geomorphic markers can show variations in offset preservation due
to different amounts of coseismic slip as well as different climatic conditions. (c - €) An example of the high-resolution
satellite (HRS) image-based offset measurements, complemented by field works, along the 1905 My 8.3 Bulnay
earthquake surface rupture in Mongolia (from Choi et al., 2015c). Note that the estimated slip amounts based on
the HRS images and field observations are almost the same.
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1984; Sieh and Jahns, 1984; 19 3¢). 1 23 @&
9 SRR AN A= 7IE A AR o3 A9 FY
g 2719 W7t A Aoz ARtk 0
A= e, o]of 7]zste] Aok ‘EAAAXIEH
(characteristic earthquake model) ¥ ‘- UHL
(uniform-slip model) & HA7HA = F8 AT
ol tigt ARA B AAo]E o IAw
UTHZE 3d). R o|uj7ER| Tt 3 = H]wA] ARt
A2 =2E Skl e, ol diRRe
A7F A FFARS 0] 85 A4 E of
AR AzAL]| SEF7] wZoltth.

1980t Sk o] F7E Q39S vIxTt ¥4

SAIee) wHo R AR ARE A EBS0] Ths
AT, ololl et Fel M| mtel A2t 445
ik ol ThA) AHE BU Apel 7zER
FEE|9T, AYH 02 A ATFore] 2 A
7EAgE 7 ti3A Q) ol = 1992 v]=-9] Eastern
California Fttijol| A ¥A3t Landers Z]2(Mw 7.3)
4 o] 2 Q1% oF 85 km Zol9 A #HEE 55 9L
tHe.g., Sieh et al., 1993). o] X|FEu}E2 InSAR7]
HE o] 83) HYREI ZALE I (Massonnet et
al., 1993), A% o] Zgd st E 244 g
A&3A AL Q= o|u| X4 (optical im-
age correlation)o] 7|23 7R = FL5HA &

fi |:] Modeled slip
[ Uncertainity
8 I:I Unresolved
E 6_ . . .
Ti’.’ % Seismic slip
] i
£ 4 \ M o Surface offset
oA J )
0 100 200 300 400 Distance (km)
(c) T T T (d) Characteristic earthquake model
60 INW 0 km 100 200 300 SE o
=
[
50} =
e 5
S
1S
401 a
E -
< 30k Distance along fault
& -
I} Y 7 Uniform slip model
2} e 2 7 O\ 0
? »
113 R - —_———— g
10} ;\—‘_"'\ ' =
-~ 4 E
- < § \5
Cholame | Carrizo |Big Bend |Mojave, north| Mojave, south

Segments along the south-central SAF

Distance along fault

Fig. 3. (a) A regional context for the San Andreas Fault (SAF), Walker Lane Belt (WLB), Eastern California shear
zone (ECSZ) with respect to several historical ruptures in California (CA) (e.g., the 1857 Fort Tejon, 1872 Owen
Valley, 1906 San Francisco, 1992 Landers, 1999 Hector Mine, 2010 ElI-Mayor Cucapah earthquakes) and the Central
Nevada Seismic Belt (CNSB) of Nevada (e.g., 1915 Pleasant Valley, 1932 Cedar Mountain earthquakes, and 1954
Rainbow Mountain - Fairview Peak - Dixie Valley earthquake sequence) (from Haddon et al., 2016). (b) Slip dis-
tributions of the 1906 Mw 7.8 San Francisco earthquake surface rupture based on field measurements, analysis of
geodetic networks, and inversion of teleseismic data (from Zoback, 2006). (c) Prior reconstruction of surface-rupture
history along the south-central SAF that is involving the 1857 Fort Tejon earthquake surface rupture (from Sieh
and Jahns, 1984). (¢) Schematic representation of ‘Characteristic Earthquake Model’ and ‘Uniform-Slip Model’
(from Schwartz and Coppersmith., 1984). See text for details.
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A= 3 QJckMilliner et al., 2016). TFA] oFL] XA
AL R R ZA4S B8l o] AFuEo] oY &
249 A&ARQI g 7]1g AR H I EHA
(Sieh et al., 1993), thF3t Wielo) o3 E 54 7|=
Age &5 FEAALHE OE A0 EY F
A5k EA4dof| gt mdly Aol S-8-EthWald
and Heaton, 1994; Peyrat et al., 2001). t}qt A2 &
APTHE o] 83 A F TS0 ¢, w70l A
H o] %9 XXA|FutFof tfgt A TS A5}
2ol L7171 70 it AR AEEALS 1t
ofst=tl| A7} vk & 4= Ut

ot 2|7 9] ARE/Sof] BRE A= 20009
o Zxte] RIZFEREE0] 1 m ©]6ke] s E ¢
G4 (e.g., Quickbird, WorldView, Pleiades)<
A 2 oA ERA B e wE Ao s e

| 119°46'18"W

35°14'21"N

| 119°47°38"W

: | 119°43'04"W

Hh(Zielke et al., 2015 and references therein). I
Y= Fd= Tl 59 A AU AFPEE
Foll AR A FokF O] 2 7)o AEgle] A Al
Al =A o FE3HL Ql= tirho] TS0l et
ZAZE 7R, TR A E FEARE o8
3 oju] ZAFE v} Qli= Tl tigt AEA] o] Al
=9t o2 4 FEFol TSN i A7}
o o7 A Fugol it A £4457t
Z=E5)7] A)RFettHe.g., Wesnousky, 2006; Klinger,
2010). FZoll= 52 BIES A HFe] FofEE Al
At 4= Q= YA LIDAR (Light Detection
and Ranging) 7|®o] A-&EHA Hr} AUzt X g
EXo] 7Hz31% 2 (Glennie et al., 2013 and ref-
erences therein; Kim et al., 2014; 713 4), o] YH
S AT AR WS FEF AR ¥

b m
616
Eetsfp " \J
§ 0 20 40 60 80
©
3 6160
w \/
614{....—?..A
0 20 40 60 80
Distance along profile (m)
c
L2 i
C 245 min max
>
2
w
<
.El 5 L 1 1 1
3 5 7

Displacement (m)

35°10'10"N

Z1 119°4304"W

Fig. 4. Examples of the LIDAR-based offset measurement procedure from right-laterally displaced channels by
the 1857 Fort Tejon earthquake surface rupture on the Carrizo Plain (from Zielke et al., 2010). (a) Hillshade map
of two channels. (b) An estimation of displacement using two topographic profiles along solid lines, which are pro-
jected onto the fault plane based on channel obliquity, in (a). (c) 1/22(Aelevation) is a measure of goodness of fit,
calculated for each back-slip increment. (d - g) Current and back-slipped hillshade plot of two channels that were

offset during the 1857 earthquake.
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ZhEIet 71 gl EAQ] o= 9P 9123k San Andreas
@359 SdHol &3l Carrizo 8 5 = U=
ol(2E 3c), 2 LIDAR7| & o] 83t AP 242
T} o] E-oflA FF7]of LAYEE 1857'A Fort Tejon
A70] Sbel A EhAe] BWSI7E 53 +/- 14
m=Z 215 Hf QIth(Zielke et al., 2010, 2012; I3
4). o A= 8- 10 mo] BFHS ALt o]
AFAT}HSieh and Jahns, 1984; 13 3c)et 2 x|
£ Hol= Ao, o5 24| sl Ad 30
7 A=} & QAR 9 AR S4] A
Al B7vE= AZI7E =)Ao Fe Al dele] x&
HE7eY TAT gEe] £ XA 9 AR
Hh 33k APAE gE57]eo] WHstHEA ST
Z Ao & =2 331 Qthe.g., Westoby et al.,
2012; Fonstad et al., 2013). X 27 = Felu|32t
Alie, dron)E o83 Q% G3AH R 77k
gt A A= D BAE Qe o=
2afe) ul 8 A9 Zelolq B Bl AL T
AT 4 Q= oS S8 AT o2 BobEc,

22 553 g $HRAe) ARSI (ground
resolution)7} ¢F 0.3 m Y& 1T ], o] & o|-&-3
ol 03 m o]AFe] WSl 2 4 9lovi, 2tz
o] Mgkt 7P 2ashe] BT Eat o] W
Aol £& Aoz Helrh v|E WE TS
9 AFE Tl WA o s A RS
Fol vlwA 47 AAEE W 5 A =9
S1He.g., LaDiCaoz; Zielke and Arrowsmith, 2012),
o03] ofol X AALE Bt A|FEA & o} AR
o} A4 Azote] u/ AT} W FRoIG
3 #etEltk(Haddon et al., 2016). 3HH ©30] &
Stjo} Aurr|S setely] M EdAS
3 A AGH A A A S Fol SAll
HhE|ojof gt} 2 o]of gt 82 o] =&Y
FAe A Blod Folg} o] Xof| A= thFA] g7
2 gt}

4.1 X[ SAIM X[ZIEO| 7|5 U HRRE SN

A Y 2AME EEY FFols A X EHE
2 43S O Tttt 93 HAH FE7E obd v
235 Fe|E R elthHaeussler et al., 2004; Klinger

H
am

et al., 2005; Xu et al., 2006; Choi et al., 2012; Teran
et al., 2015). hEZQ] o2 1) 2THEL w2 2| w}
H 9 k34 vl (en-echelon array), % ¥3}, 7|
& wij g, 2) 7FR|FE(branch fault)S ©E X 3E
g, 3) &5 ¥ Aol A 9] At Fat 22 23
9l AW (i.e, off-fault damage or deforma-
tion) o] 9tk AEapeie] sletets B 4
moAJ3E 44 kme] Zolo] ot Ae] mE &
Hol PR, QAo E FHES UE AR
whelo) wiglREel We $7HA A S Bl
(Kim and Sanderson, 2004; Klinger et al., 2005;
Choi et al., 2012; Vallage et al., 2015). & F0] %] %]
Eo g nje v my 2ge 7|5k Bl A Ko
N 1] ¥9)] 7ha7} SISk Folth. Milliner
et al. (2016)2 0]=+2] Eastern California Zgttjo]
A 9FABSE 19924 Landers XX (Mw 7.3)3F 1999
Hector Mine A (Mw 7.1)°] <=Htg | zutgd 2
AW FAA HEEES B A5} 31 (see locations in
Figure 3a), °|& &8 IAI4 22 "7} Eol=e
@Z77ko] 2 km o4}l o= HAY HaTt
T2 @59 12431 EAEAAH o] 7] Q1% jF
Ada F7ro] 2 ofstd Afolle 4 He=E
of EAste Hrh 22 F2 9] 7|stEA e 7]Q1%
AYE HAUSHATHIY 5). EZF oF 20 kme] A
£ 7L A= FYPsHA Wk ol F @50l F
At FA| Ao 3ttt FS v o ®, A
© 2 &3] HFHLA7F 2 N HutF o] FEjrp o
<3t Hector Mine A XA 985 o} 99| ¥
37} 224 Uefhs 20 FRalsit. ol Bae
A Z(FE= 727 A& structural maturity) 7t
Agude IE He o WMk (ie., along-fault
slip variation)®] F&Z 1|2 4= Uvk= 41 4
Z3eHKim and Sanderson, 2004; Manighetti et
al., 2007; Perrin et al., 2016).

A Hwtg o] A Y (earthquake origin) S ZHE A
ZtE]o] 7]&o| 2RI Q= ©E= wek HMutbE S
a1 off, A #opE o] FF(7IsHEHA B3 H ¥
AEEZ EARYY AT Ee A2 AN &
Z= UL e WiE, & AFAE L E41L2)
3ol WAE &40 71908 Axtet & 4= gl A
Ae] 4% dud o2 vlnste B3 U 475
F(EE Waho EAclnel £ W, B e

>
=




it RITof b R EDESHo] 28t 22 A7 S 137

&% (confining pressure)ol| A 9] A3 H & T}(free
surface effect)o]] 93} G W=the.g., Sibson,
2003; Vallage et al., 2015). 3+# 2| ®u}d Fejof] 3
FL 0 5 b BEALRE BRO £7, 22
7uigre] ERol o) wekAlt TEere WiES,
gejo] BRPL SN BAN2E AN
2, 281 g5 (fault damage zone) 5-0] $)
o} oleigt BERsEe 33y ATR B

YR =2 (fault zone architecture) 2} # =] o] Q17|
uhgol, AR B 2t tha kel 2| Erie
Fejo) ABAE Tolsis AL tha ARAY 5
SIck olalet TAE TEe] ARA £4E

g AFH 2dY A4S Sl e Qlvk(Harris
and Day, 1993, 1999; Poliakov et al., 2002; Kame
et al., 2003; Duan and Oglesby, 2006; Oglesby and
Mai, 2012).

42 X2 2ol BE EEAIAH

G20 HEAA"E 2|t E o] EA S olafist|
At 7 A A G524 F sholnh ot o
T Aoz Qg A A 2] F7HSH A F=of
Sl it Hdi+r(Es AN =)o &
Z F &3 (seismogenic-scale fault segmentation) &
SRS Ao] Z85kch(Klinger, 2010). Z A o] B
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Fig. 5. Correlation of along-fault slip variation to geometric complexity of earthquake surface ruptures (from Milliner
et al.,2016). Slip profiles for (a) the 1992 Landers and (b) the 1999 Hector Mine earthquake surface ruptures (see
locations in Fig. 3a), where colored lines indicate individual fault slip profiles. Below slip profiles, fault traces were
mapped by high-resolution imagery correlation (where colored traces correspond to individual colored slip profiles
above) as well as in the field immediately following the earthquakes (red lines). Star locates earthquake epicenter.
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= oA TEEE ?Fe 22 B4 (structural
segment) Fol|A] XXotF ] Az P A
o = A B (seismic segment)S 2T
4da7t et ol= 2 2 2o AR
7F R E A Q1 tit = AR at g o) FjA], At 2 2,
T4 5ol & FF vIAH, di7f o] =7t HFFo] o
2 O Z|Xlo| HHE == F2t A&E]7] ufiZolrhSegall
and Pollard, 1980; King and Nabelek, 1985; Klinger,
2010). Teby o] LR HE F2 BERAe] A
e} peie A2kl ASEAe] o) A
ERloH, of7|A ‘BEAF A (inter-segment zone)'
2= &oj= AXY 2 sFsts F E5EE
Ato] &) HARE ofn| gttt

A #xug o] BAHAAHLE 2 1) &390 F3F
stot A H EZ=(fault bend), 2) A= H3Y
T @524 A4 s E(fault jog): F TE=
O] £ WA A7 of 5ol e} A4 24 (fault step)
= HALFF(fault double-bends) 22 155, 3)

Wt R

(a) } —

§ Inter-segment zone

v
ke T = "

VAMRA

() \ A
¥ ;//_\_/
- 1

7H &5 £7]% (branch point), 4) T2 ©E
o] W} (intersection point), = o]5o] AgHE
FH T2 712 22 & ok ditHem |
AR = E52 5 4L (slip sense)= H|
S FIF W, ol xT dSEE ] wiEw
W, FUE AR 2 53 28 T 7]
kAol theh 2AHel o A 4% WYTE
(e.g., pull-apart basin, pressure ridge)7} Qs
o}, 9bH 7hee A ulel 2o, AE me) v
3 BANAYE AERAL T2 AAEAA WY
9] AulA) ¥ 5(long-wavelength variation) 2}
A, 722 S = 7 = 19879 Mw 6.6
9] |} Superstition Hills ] R (Sharp et al., 1989),
19979 Mw 7.2¢] o]z} Zirkuh X% (Berberian et
al., 1999), 199949 Mw > 7.29] E]7] Izmit - Duzce
A XA (Lettis et al., 2002; Duman et al., 2005),
19579 Mw 8.19] 5-Z Gobi-Altay Z|Z(Choi et al.,
2012) 5°] AEHLH 6a - o). T YL FFolFet3
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Fig. 6. Segment geometry and slip distribution along surface ruptures associated with (a) the 1987 My 6.6
Superstition Hills earthquakes (modified from Sharp et al., 1989), (b) the 1997 My 7.2 Zirkuh earthquake (modified
from Berberian et al., 1999), and (c) the 1957 My 8.1 Gobi-Altay earthquake (modified from Choi et al., 2012).
Star locates earthquake epicenter. (d) The inverse of the slope of the best fit line between the number of segments
and the total length of a rupture gives the average length of segment for the data set (from Klinger, 2010; K: Korizan,
SH: Superstition Hills, HM: Hector Mine, La: Landers, OV: Owen Valley, Z: Zirkuh, Lu: Luzon, Ko: Kokoxili,
GA: Gobi Altay, H: Haiyuan earthquakes). (¢) Maximum horizontal extent of slip-patches measured from slip in-
version maps for 18 strike-slip earthquake events (from Klinger, 2010; 1: Gifunken Chubu, 2: Izu Hanto Oki, 3:
Oitaken Chubu, 4: Imperial Fault, 5: Izu Hanto Toho, 6: Nagano Ken Seibu, 7: Elmore ranch, 8: Superstition Hills,
9: Joshoa Tree, 10: Landers, 11: Kobe, 12: Antarctica, 13: Duzce, 14: Hector Mine, 15: Izmit, 16: Tottori, 17: Denali,

18: Kokoxili earthquakes).



CHrr=2 R|Zlof

of &ote ZF TR Aol HAAHF
Zhgo] WA AFRAIZH] Aol SATSIH, A7)
A Zolo A= 7l 25 kmE 2s}HR] b= A o=
B35 v} Qlek(Klinger, 2010; 18 6d, 6e). ©5-2]
BB odukEolt uo] vla) 3ol T
oflA B FReHA W=, o= AXHEY A
o} 9 2o Weie} Hapat o 2 SAa
Z1gP=] L o] 2 Q13 o] 3 HFEARE ] FE
2| o] v|wA golsl] giEo|tlShaw and Scholz,
2001).

W59 AgH £AHARE Axstde] Ht %
S-S Wafishs A IS ol AR UEA
Qlt}(earthquake barrier model; Aki, 1979; Scholz,
2002; Jin and Kim, 2010; Choi et al., 2012). & 3}t
o] W22 HoA] AZHE A Tnkelo] BAZAN e,
barrier) & 02N o] 2% G EE = St
=g e, BAA R Y] Heita E ojop
HE 2212 2] X Z ¥ F(e.g., secondary surface rup-
ture, off-fault ground cracks)-= 3R] oA 271
shede] Mt} YA LRTH ofn|2 sl 5
QIck. w3t o] o] 23 mele w2 e Aol

(~20) .

THHE X T}

o
=

EA

o
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A AR A FA == A g TSibson,
1985; Barka and Kadinsky-Cade, 1988; Knuepfer,
1989). Wesnousky (2006)+= Z+z+ 2F 10 - 420 km9]
Zolg Holt % 279 FFolFAH A EFLL
o2 AR uatd o] FAXH-E BT A, HA|
9] 2/39) dFot= FAA | TFY FEARFAF
e BIBYLHIY 7). B3] F wEEA Aol
A7} 3 - 4 km 04l AL BE | utFo] 22
= uh 1 0|5}kl 9 oF 40% 9] A Futdo] 27
o Mol 2B Ea Aol F Zoje} mk
sHA| v FFE 2t =2 HS HEe R, A
At o) HvpaFE 7| &0 2 G AR (rupture
front tip)e] SR8} 27)= X|Agtedo] At @
spaElo] & 72jo] Amglo] WA $AISIThL
319t

@432 A3t 7|12k gk 7P el Sl ol &
% Shit ol 2okt F H38A9 “A olthes,
Peacock and Sanderson, 1991; Cowie and Scholz,
1992; Walsh et al., 2003; Kim and Sanderson, 2005).
ot BE | 27 4wl ueh BARAN) o
ZX(connectivity)o] M= A& Qu]sh= Ao Z,

(504)

Johnson Valley

(20) (>30) (15) =

f . 1(15825)
wey (20km) o) iy CamP ook G100 A
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> T ‘E-é (: 10)i ’ (20 km‘ T (~20) /: : Rupture termination
yo E#‘g-’ '> A I ’ (20+) o - Restraining step
R A O N .ok : 4 i
10 A : i‘ Y U A P 2 5 K’g Releasing step
3 . . Voo v £ : v & (40) Fault termination
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8 P Q - F = (4 Pog discontinuity, active
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Fig. 7. Relationship of geometrical discontinuities along fault to the endpoints of historical strike-slip earthquake
ruptures (from Wesnousky, 2006). The earthquakes are ordered by increasing rupture length. Symbols along the
vertical line represent dimension of discontinuities within and at endpoints of each rupture. See text for details.
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2= &3 Ashe A o) Hutel S4po] Y7
£ v]E 4= QJtiManighetti ef al., 2005; Soliva et al.,
2008). YA o= X35} 27]9] FEZFAR = H| A
o Wwe) 2449l NG| YT BY
7|8}F2] BEAPAE (distributed deformation)& Ho]
< W g3l JgldeE F gEEd e 9444
o] Fz el whe} vl A T3t 715k MUY
(localized deformation)& Rt} Hx}e] - 7+
A UEH A2, o) Ak 2] ofs)
g45E U Wfe daskal XA 9F B
= BAE FAO|E GEeso] e
(Choi et al,, 2012). T34} -0l hEHS] o2
939 &2, & F ESEES A ddYS
(connecting fault)o] W3t FeE & <+ A=),
o] ) sk FeHeg me WEEE Aol ek
ol gt Hol 2 BEAGA TN A2 HE -3
/53] W 7F BEAHA (e, slip compensation) 2
A ¥ v} Ql=d|(Choi et al., 2012; 13 8a), 227
A7} TA 2 Askao] et FHsLR 5
HHIgIR e BRI S szl ol
AR} EolEths Jligolth. 3 2] £ AR

(a) Evolution of fault linkage zone

T~

HD
H

- Yann Klinger

off 2Hgohs My TR/ 4S) R ook #
| 5| Sx @l sl 2EBAF Het EA40l
Jolstar, ofof wheh X xutgef njxj= FFol &
244 4= QIrhs 42 olsfah 2] F-RalthDuan
and Oglesby, 2006; Lozos et al., 2011).

27) Aka] BAE BEHE F7]0 AdTEol
Nze FEREE F4el|E v, o] o A=
£ BEREL ojRE T RAT o Aolet 3
a2 ol7] SIth2Y 8b). ol 2l KBkPAE 7
A Qe iy 2 Fgol5Uae) AU T2
BN AR] F2 of ~5° Ulele] e Ae) ThaE
of ofa) TR 7793} $AI}CHKlinger, 2010).
Fol7 72 S sloA 7129 tho] 9
3+ F3Fo] 5 (pure strike-slip)= B lthal 7Pge o,
Tha HobE 2 Hols 22 9d2 At
o]5{(oblique slip) = WHES (slip partitioning)
9 EAE B 4= ItH(King et al., 2005; Klinger et
al., 2005). 233 0 2 Th3-0] LA 9 JeRE
e A Rarde] Mol 2 Aofghozn ol
A 3o Ho) AUAEEANES B9 1 2 2
% SRS o 4 olek shtel B RARAR

——

(=)

(b)

~— 1920 earthquake rupture

T Quaternary fault, not ruptured in 1920

5km

Fig. 8. (a) Compensative relations between horizontal and vertical slip components at inter-segment zones depending
on structural maturity of fault linkage zone (from Choi et al., 2012). (b) Example of fault geometry evolving through
time along the Haiyuan fault, China (from Klinger, 2010). The bounds of the two segments that connect through
the pull-apart are indicated by the vertical black lines. However, the 1920 Mg 8 earthquake rupture went straight
across the basin, suggesting that the segment geometry is evolving toward a new configuration, indicated by the
dashed vertical lines, where fault bends would be moved both eastward and westward.
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7} o] WO Z|Xlof| AA X|xlupge] ojHgt g3k
< HHEAY g HE = FE HsiAE @l
T EAAA R o] F FSEAof thgk 1227
314 A47F 849 the.g., Elliott ef al., 2015).

4.3 JHX| 52| 29|

I 7SS A GSAIAE £ O F
870] B2 gl ol 7HESo] FHSS
w2 2 Rutd Hutke] ‘A2 HEHpath diversion)’
S ofy|gtean ttE A2 SRS Aofa 5
917] wj&olch(Klinger et al., 2006, 2016; Schwartz
etal, 2012). 5 A|ZupFo] FSS wet 7RSS
o 2718 =2 A9, 1) ALHQ] FA3S
£ A4}, 2) 7SS whE At 3) 83 9 A
@5s oE Au 4) AR FES 7L 5 A
Autg o] Aol 2 Haprh T 4= ok Ao}
Q9| H2E Aolshe 82 A+=24 S99, 7t
A 39| B7|Z(branching angle) ¥ Zo], £7]4
of) == A ot &= (rupture velocity) 5]
glom, of 8I5E F2 Feiata Aguold
T E3l g5 R th(Poliakov et al., 2002; Kame et
al., 2003; Bhat et al., 2007).

7R So] FESe] X zlutde] P mR 7t
7 &l |2 1905 FZollA AT Mw 8.3
Bulnay A 31& & 4= QIHH(1H 9). o] X[ F o= ot
%1 Bulnay 53t <24 kme| Zo|E Hol= F 714
@ (Teregtyin and Dungen faults)& we} & ~526
kmoj] G@3h= A utd o] S} ch(Baljinnyam et
al., 1993; Schlupp and Cisternas, 2007). Choi et al.
(2015¢)2 2| 55 T Pleiades YA FAT
9 ofo}A| AEALE HEko 2 o] A|Eshdo) st
4 B SRS BAEILT, o8 Bo) kS
7R S Alz"ol A o] 2| 5lutd Aufagol 5
SHATE 53] F-A U FE3E wE =432
W] g B 221 Q1 2| ERF 0] 19059 |2
2 el A 7lutdo] dofupA] gh2 AR 7R 52
E71-01A TEEE FRASHITHH %a - 9). EZF
o3t FgFo] FHF9] QA (extensional quad-
rant)ol] Srohe BES B3] ) SRE-AHA
W] FpREselA) Bl o 2 EEe Felst
ik 0% o) £BEE vt FHo2 Haksld
Azmtelo] iR A\ F2H S sol A ¥

SMof| et 22 A7 SE 141

2858 Yorlv e AR B Fo R 7
A AEstEee FEhAT(2E 90). =3t
T35S IE A ENE 9 5F YA FE55-
AaA U] o] 7RSS wet A Euhde]
ZE e, TRkl T thEA QA TR ST
(tip damage zone) 20| &8 WArE]7-=(horsetail
structure) 9} GAIBITH= M3} o] Aol AR Fot
29 T2 U7 AN E ARtk W e
s 7T e #7]d0] ALY FBE S
3 Ao 2 35 tHKim and Sanderson, 2008).

e A AT 2= 20019 F=9) Kunlun 93
ol A AR Mw ~7.89] Kokoxili A o]l 4= 2|
EH9L 5 4 YrHIH 10). o] AATAL 1) 2
TR FREA| 7 FEAARlA AlZE e, 2)
FHFY 24 F sl oF 270 km Zo] 9] Kusai
285 O} F2 555 Il A H(supershear)
&5 2 FAutE o, 3) 7FA @21 Kunlun Pass
32 w70 ki Qo) 37449 X EHAL o
S FHh(Klinger et al., 2005; Vallee ef al., 2008; 13
10a). Klinger et al. (2006)-2 Kunlun Pass ©35-9] &
714l =Esh7] A7HA] FHEE o HeEErt
H|tj A 2]olg= ¥} Kunlun Pass Z| #3282 w
o} BRWSY R dekEA SHRTE SAT
58 ufho R, o] AZlnhele] FAL FRFo 2R
E] Kunlun Pass @20 2 o] A utd ‘A2 A S
£o) pEd Ao spatdck(2 10). E3F F
Sl £3h= Kusal £43} o]of] FH 22 o]2%h
Xidatan #89] dZAFA FAH o= HFH A
B7AL $o) 2T A oI AHsl
FHEE e GG Ao =7 IS
sholck ofeig jae FEES uhE Aae] &
£ W 7pEkEe] BA0E R0 A e 3
o] F-Edo] Hol= Zt Ao 7|23 Hde A+
A3} oJ5) S H v} QJth(Kame et al., 2003). Lt
o7} Fee) Xidatan 80] gt YRS 5
3 TS0l ks ohE BF-E-0 Hgj vhEA Y
A& ANSH FA R A PR Perks
Ao| 71238, Kusai &1} Xidatan £42] A A 57}
ofg] M| X770 AH A7 T4 = 2L
A2 S-S 23 th(Klinger ef al., 2006;
13 10b).

ol5 AR AT it FFolsESolA L A

¢}

\d
Mo

AN et




142 Z|ZI8 - 24HM - Yann Klinger

skl B4Jo] A28 2] 7k ola] Ao}
B BojRu], tehy SIS AAT0) 7)
afak4 S4dol te 241 8 ofof )28 mE) A
7} 2 93he B oEth(Mignan et al., 2015; Klinger
et al., 2016). 3tH 2| M} g o] FhE<l Denali T35
© 28F 7FR %3¢l Totschunda T 0 2 ZHu}g
2002 & 27} Denali Fault AR (Mw 7.9)2] 7
(2 11), A3 A xutd F=H2ke] Al o
gk =Ao] o]o| 2| AL §lth. o= FHF-THATET: Al
2R 272 SR 712% RdY Adqt
B s o

Bulnay earthquake
- epicenter (July 23, 1905)

-,7 —’Ti_ir‘_"rb,} B o ol = 1;;’

Dungen rupture
7

7} AleHE| QZof| = B3} (Bhat ef al., 2004), 2]
ZeA ZALE vlglo 2 2002 Denali Fault X721
0] 9] 2%7] |%lo] Totschunda@g-o] obd Ft
Z(i.e., Eastern Denali fault)& w2} @A JcH= A
TFEAWT =& ES)7] WjEo|cHSchwartz et al., 2012).
Fape] A9 2002 AA ole] HFy] Ei H2
Ao ofjt FFAI A" O] ARbA Q] 32 Bt F ol
200240 WA A skde] Aol T 2 AL
ol 3HeHe 2o M ek, webd) ZpEkEo] ot
B A9 A £ m| A= Gl tigt Bt 4o

Tsetserleg earthquake

epicenter (July 9, 1905) &
| f-f—‘e’ = 50
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- g o
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Fig. 9. (a) Map of surface ruptures associated with the 1905 M = 8 Tsetserleg - Bulnay earthquake sequence in
Mongolia. Stars indicate each earthquake epicenter. (b) A line graph displaying along-fault slip variations, including
Max. and Min. values, along the main Bulnay fault. Segmentation of the Bulnay fault can be defined by mainly
geometric complexity: the changes of fault azimuth and branch points (junction), and wavy slip profile. (c) An exam-
ple of detailed mapping for off-fault damages around the junction area between main and branch faults. (d) Effects
of major branch faults on propagation of the 1905 Bulnay earthquake rupture. Highly damaged zones (greyish zones)
near junction points of the branch faults are located mainly on extensional quadrants. All figures were adapted from

Choi et al. (2015¢).
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Fig. 10. (a) Rupture map and along-fault slip variations of the 2001 Mw ~7.8 Kokoxili earthquake surface rupture
in China. Star locates earthquake epicenter. The slip is derived from correlation of Spot images averaged over 5
km along rupture. (c) No clear connection between Kusai and Xidatan fault segments. Earthquake rupture propagated
preferably along the Kunlun Pass Fault, whose azimuth requires a thrust component to explain the growth of the
Buran Budai Shan. A stress shadow due to the 2001 rupture minimizes chances for future earthquake to initiate
at the western end of the Xidatan Fault, and favours propagation from the east and ending at the triple junction.
All figures were adapted from Klinger et al. (2006).
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Fig. 11. Map showing earthquake surface rupture and seismicity associated with the 2002 Mw 7.9 Denali Fault earth-
quake, Alaska (from Fuis and Wald, 2003). Earthquake rupture started with thrust slip on the Susitna Glacier fault,
and continued eastward along the Denali fault with sub-seismic events. Then, the rupture started to terminate at
a branch point with further rupture propagation onto the Totschunda (branch) fault.
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= Qe BFE HelHE S~ 4 kol Yok 7}
T3S T AR T3 2ol e 3

of A ek 227} HEAEojo 8 Ao Tk
HthH(Han et al., 2009; Schwartz et al., 2012).

44 EHEHES M2 B BZo S4
QA A ufel Zro] X Butdg w2 A ZFA|
O

Sieh et al., 1993; Haeussler et al., 2004; Klinger et
al., 2005; Xu et al., 2006; Quigley et al., 2010), Th=
o] AFATo| A FFHLE FRlE= YAl A
P o 2ol 898 4= Stk 1) LIDARZ | 5
I 22 HA AF71eS 283t steEke Ay
59 B2 Halishs ol 2o o MRtz =
o= Yo B (B Y Y 2710 wek ok 11
-17% 9] E2HAP)S EF3FL(Gold et al., 2013), 2)
g A EA ) GEBY B0z la) EUT o
ZEAo] &3k A WA 49 m o9 Fre T
2 ol X% vl A 2 99| Sl (Z] | 2F30%)°]
=] (Rockwell and Klinger, 2013), 3) A2 th&
GSEA] FARE SHL= H|wA F oA
2:4] km )] 99] W57} PRRECManighett et
al., 2007; Wesnousky, 2008). o] Z-o| A Al HAl &
e AR AT BE LAY Bl
2ad0] ARInhe) o2z} Ksto] 0] Al FTFE 7}
olsr] Slal 7 Fag Ao 2 BebEe, v
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- Yann Klinger

Ar&- ghetsi= Al o] FQ3ltH(Zielke et al., 2015).

Z T Ve FEAARES HR R BATESS
uhe RHgle) Rol te A7 A} mEET
AtHe.g., Zielke et al., 2012, 2015). A2 T2 &2
Ao} AHES Kol Z7te] MR E of
g9 AEH N2 PR A Eopae] HFUY
£ A3t A} A H I EEU = (cumulative offset
probability density) BHo] =2 2R8|11 QItHMcGill
and Sieh, 1991; 7 12). thEH <l A} Aqas
H]= San Andreas Tr&2] o] £3}= Carrizo
E4(Zielke et al., 2010; 1% 12a), =2 Fuyun &
Z(Klinger et al., 2011; 13 12b), U]= San Jacinto
thZo]] £:8}= Clark® 4 (Salisbury et al., 2012), &
=19] Haiyuan T5{Ren et al., 2015), v} Walker Lane
Belt9] Owen Valley ©@3(Haddon et al., 2016) &
o] ik, T2 nhe Wele] wHa B A1
29 O A4 5 S, 54 UREA BE
T2 e AEER 20 SkE A EE
o] 2717} 7o) QAsteRs Aeleh e 12). ok oF
A 2709 A7 T FEH R B S
AR R & SRk sh= A AR, HA S5

2ol H)s) ZH7ke] SRS D o §E

S A]= B Fol Aok TH AL A2 A= o
< 9S50 7K 7P 2 9] T e M=
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) uyu u = l_
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Fig. 12. Along-fault plot of offset PDFs (probability density functions) from selected sites; a) Carrizo Plain and
b) Fuyun Fault (from Zielke et al., 2015). PDF area is scaled with quality rating. Individual offset PDFs are summed
to generate a COPD (cumulative offset probability density) plot. Clear and well-separated COPD peaks are indicative
of surface slip-accumulation pattern. The results show a quasi-periodic repetition of geomorphically recorded offset.
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o128 91ateka Sielehe A Al Ao o
3 SA1A A Astdo] WS e 4 ddrke
Holt}. Ao 2 thae] RASE B} HH
T 7 SR et F2e LA 2}
=271 5eEE Q71 Qlthe.g., Field et al., 2014, Ren
etal., 2015).

QubHo 2 of3) o) AUF] Bk A 2]
o W9l FAH o2 LA EE Ao] u]s) 2AT
W20 7|28 DAsH AR e A7)
9] A=7|= v|wd B2l oltHe.g., Field et al.,
2014; Zielke et al., 2015). o] 3t 2}0] -2 1 m o3}
of e A\ W9, 2 vl Fe FEe A
(Mw 5.5 - 6.5)0l] =5}l x| upge] ofa] LAYE 4=
U=t 7 AAY A9 Qs AFAtE FE Y A
BIEL A|P5HA] W9 ETh= X #AH 9 FAI5H
AR 7|5 9 HEE 7hs/do] 7] diZo|tZielke
et al., 2015). o]t 7Hs AL A EA A AL 7|2
AW ] 2 2T, AP WeE
o] &3t A Ao v % ExF2I Aol 23]
A& A 717} Hol= A 7= |
FAT o) HebAEcHHecker et al., 2013). o]
o} SARSPA AR A Bt ] o
Fohs DdSEE e Y MR 0] 8=
o, oli= thE ©E-EA vl M7F A48
SkaL 71 Fatgho] w22 o] 37| "ot
(Ward, 1997).

5. E 9

5.1 CHEEATRL XIFIQ Azt

dutd oz 7Y 2o & G2 v B
gt RALEE A EE, il @59 SAHREA

FHE o H7t F4EE ©Ed(fault core) Tt o]
£ S0 Sl g, & dsol 93l
HE Py melo 7 ZRETH Chester et al., 1993; Scholz,
2002). B H|wA Zo] gk thgH|X|(fault gouge)
U &2 (fault breccia) 59 dEgo = A4
e W Ho g2 o 2 dgdls St
AR SO} TR 2L 23 1S Mg TEE
FHE BET TR B4 L TS nhas
A(frictional property)¥} u]EH A5 (slip behav-
iors), & A A &52-5(i.e., unstable earthquake

iz A7ESE 145

slip) ¥} v A 525 (i.e., stable creep)ol I
S u|At}(Faulkner ef al., 2003, 2008). £3] ©5
3] 7 of 2] e vhE Q] X %lof| oJ5) HEP
o] FAE AEEA GFHS Ee wiE Y 74
73 I 7] AL A2 AR Y] A A] HPEA
(=2 Ay A5 E4hof Tofgtrh(e.g., Sibson,
2003; Thomas et al., 2014). wrebA GEEAAY =
Zoll WA= Sl= $/440 B AR ELS
ol3fjat7] Y&t 5 gt TA F shtolot.

3 S5 g H &4 F=(damage
structure) 9] ABIEAQL T2 =T 2 3o o
ot AURALE B3) YA H(Kim ef al., 2003,
2004), ¢35 EEA2EH S VIR0 2 G H gt
&g o] g9 A] 9 FHEAe] 91X of| whet 2A|
3552] &4 (i.e, along-fault, around-tip, and cross-
fault damage zones)2 EF3 4= JtHKim et al.,
2004; Choi et al., 2016; 13 13). GF AL Aol A
AT uiel Zho], 22 T3 Y dS o83
A2} ae] B4 ofsfaki} e AT AlmET
QItHe.g., Manighetti et al., 2005; Kim and Sanderson,
2008; Jin and Kim, 2010; Choi et al., 2012). & Z] &
A #utdS et HEEE= AP 2 £
AR WA FE5 ks AR S e e g, o
FEAH 9 712 d XSREAE o83k 3= A
g 4 s Agste Aol 7Y diE A2 g2
FFol e TS WE FAFARANNY =8 /4
HY BARE R, o] ©Eo] AZF &4t (linking
damage zones) 2] Fgtmdo] 7|23 A|tE Ao=Z
FOSEA -3 Aey BAETH1H 8a).

oty 3o Yok &4 (around-tip damage
zone)= %2 2| 7lukele] 22} BeiE Botg ot
HJ9 Ao 2 A=) Kim and Sanderson
(2008)2 A A 2ot d FARY )5 HFAY F
T2 o] A-gsh= Ao &4 272
H= A S Hola, XA #atE Y| F& F4
HE v 23S o= v H o2 TEEE= Ao
FESHAT 2 XU W Fof| §X|g A wutd
o] FAF A A F27H HASH = dSng
o2, AAA v A Lok ST 2| 7l
9] F-uplKmain propagation direction)o]l 7|1
o Ao et Baeatthe 334le) 4
FERAAR ojle] REEAS Fo) AE 4 Sl
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d|(Sibson, 1989; King et al., 1994; Das and Henry,
2003), = o7& 3 Wo| Aindo] FAH F
4SS d4A1717] 18] THIE ThEwe) ek
U o] o 2Re 720 BEeFo] WAISH: 2
©2 o|sfa 4 UtHAY 14). olefat B 712
o 22 5% o) U3 BEEPIA SRIEE A
g9 (seismic gap)o] A5 o1& 273 di+f
w A nkede] i}, 2 x| 7}ele] sl gk}
AW B ARG D550l AR AXY 2
o] ofefjof] Y|X| el whe} TR S TAE of
Zlo] HAYsHA] d=th= A 02 sjA)H v} glrk(Jiang
and Lapusta, 2016; the Denali earthquake rup-
ture in Figure 14). ¥t XA FW-& Hoj= &
A9 B¢, ohE £ vlsf 77k vl ol ti+=
A Klo] gk 4= Qloh= o] A HE 9lol(e.g.
Smith-Konter et al., 2011), 2|43} TAH &
=4 olsfaly] 3k ¥ Ao} FEH,

dRbA o2 o710 Bx= Ao E 2 Qg F 4]
ZQl o] Watel gt ¥l E=d|(King
et al.,, 1994), 339 W= Qs = ©Fof|A
A2E A Kol Fd 4= Slth= & olsfisks A
o] F3lth Ao oA AFT TF EEAAH

Cross-fault damage zone

A &8 A B FARE o=, djeAg A=
AEAY AR Fofl TAshE A52¢d AR

& & 4= QUth(see sub-events in Figure 11 as an ex-

ample). A&221 A X2 ARt Fo] BHAHARE
T o 2 AYst=d, ol& Bl 93EE 1
<89 A 2 A7 FUES T3 AxHgo] &
He o o ok o]of g Jid o2 AR o]
L o]/ AT -2 o7 Wl X7 BylE &
A Q] A XA 0] EFF AP o] 7Hs8lHStein et
al., 1997). AA| A F9ES 4o thp9] i1 1L
A ZE FLT FFAILH A AR RIS dgke
2 WAg=, HEFQ AE E 7l SXFE 19059
Tsetserleg - Bulnay A A X (¢F 25+ 7H4; 178 9),
19874 Elmore Ranch - Superstition Hills A& 2] %1
(2F 12A17F 7H4; Hudnut et al., 1989), 1992 Joshua
Tree - Landers - Big Bear A 2| %1 (<F 27]Qx} 34]
7+ 2+4; Sieh et al., 1993; King et al., 1994), 2002
Nenana Mountain - Denali Fault J2x]2(2F 11L
7¥2; 1= 11), 2010 - 20113 Canterbury - Christchurch
AR H(SF 6709 7HE; Sibson et al., 2011), 2016
" Kumamoto A& X|Z1(2F 284171 7HA) 5-0] itk
e o AR ofF BIHel S
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Fig. 13. A 3-D schematic representation of fault damage zones around a segmented left-lateral fault (from Choi
et al.,2016). Fault damage zones can be classified into along-fault, around-tip, and cross-fault damage zones based
on different exposures, concerns, and descriptive concepts. C indicates contractional and D indicates dilational

zones.
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SI= Qlsf 1 ol TERt thE did AL " 2 Foi ATl tiek XA SE Bkl 2
ANE A Zo] TE & =, 7P fEAA o] of FH d5S AT AL dSALH S o
2529 FH(1905 - 19574) FZoll A HAT T4 AR IS S R ol A AN F
o9 gt 2 A AMw ~8)& & = Atk F ol A 7S ueshs Ao S8 A= AtEnh
Zo] oF 3,000 9 di+ti A7 A7 E K|,

oF 400 km ol WolA SIABHE A2 i Bae] 52 T BADHS oI YMEHSO| REAAHS
A AR S 4 o, R A 7e] ke syom
AFHOR AT AL AR k0] ok 4BAg ST BYES ATE 19904 £7)2E

o] YRS AXFETHChery et al, 2001). A2He  TE| $HHD et F2 AR W Al
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Fig. 14. Observations of large earthquakes and microseismicity patterns on major strike-slip faults (from Jiang and
Lapusta, 2016). (a) Spatial relations of the inferred coseismic slip during large earthquakes with hypocenters as
stars and microseismicity before (filled circles) and after (unfilled circles), over time periods shown in (b). The
large earthquakes are: (i) 2004 My 6.0 Parkfield, (ii) 1989 Mw 6.9 Loma Prieta, and (iii) 2002 Mw 7.9 Denali Fault
earthquakes. Small earthquakes within 2, 4, and 5 km of the fault for the three cases, respectively, are projected
onto the fault plane (except iii) and plotted using a circular crack model with the same seismic moment and 3 MPa
stress drop. (b) (Left) Time evolution of the depths of seismicity (gray circles) and (right) the depth distribution
of normalized total seismic moment released before, during, and after the mainshock (MS). Here, seismicity and
coseismic fault slip inside the regions of the largest slip outlined by the dashed lines in (a) were considered. Seismic
moment release before the Denali event is not shown because of the small number of events.
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HAE A= A7 HgAdS FR] A
2O 2 AAJE GG wetA oA g avt S
ARSI Q= e e A HE THOE 17
Hlon, 1 Ax A 25Uzt A, AR
H PSS THLE oF 60%71e] A A
A7) B3-S AN B, 5 A7) EAH
o] E11¥ v} QIok(Kim et al., 2011 and references
therein; see locations of the Quaternary fault sites
in Figure 15a). 0|83t At A3}7} oJulshe= 71 F
2% 4 % Shbs, QukEst Al47] Sok A fAb

b

e €arly to middle Mio. sedi. rocks
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> branch point of the Ulsan F.

* Epicenter of the 2016/09/12
M 5.8 Gyeongju earthquake

- Yann Klinger
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Fig. 15. (a) Simplified regional geologic map of the Gyeongsang Basin, SE Korea (modified from Chough and Sohn,
2010; Son et al., 2013). Segmentation of the Yangsan Fault proposed by (b) previous studies (Lee and Jin, 1991,
Chang and Chang, 2009), and (c) this study. Note that our criteria for fault segmentation are locations of fault bend,
jog, and branch points with the Ulsan Fault, and the result indicates that the Yangsan Fault is composed of 9 individual

fault segments.
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7} 223 v} Qltk(Chang et al., 1990; Hwang et al.,
2004; 1 15a). HPA} Q12T FAIAGSE o2
A o|% F2 S 52 A%, AT L A
Alols BE2-F ETF A= AARItHe g, Chang
and Chang, 1998). H|w & X3t L2 FAM=E 5
sle] g 0 walo® g 4 gl A ol %
of 72 Bs} 9 olo] T X7y o] 4
=2 344 v} Itk (Yoon and Chough, 1995).
FAFESol i3l ‘ST S 2 A9 7HsAdo] A|
7% o]3(Lee and Na, 1983), o|& +93}7| ¢35t
cheFRt A X8 A7F =3 HE Qlek Lee and
Jin (1991)-> AD 2W1 56| 1989 71A] ofatetZ-of A]
AR F 1263] 9] AARR| 7] W 143] 9] A7) 2|7 2;
BE R R fdFol & 3Y BAER F
5, dH = A E Sl ARt 1™ 15b).
o] 52 H|2 A A Mo] EEA A= A HS 74
AR 7leer #sigct ©]% Chang and
Chang (2009)2 @39 F3Hs} St Z9f ¥
3}, &3 d Woll dEsts a2 93559 71818t
2 9 2532 A4 Foll 7128 ZFAILE FAHA
Ato] 80 km Zo|o] ©F17HE F 5719 o=
TSI, ZF 799 AT S/ el =3t
STHY 15b). pAkEkEo] Hnet e o
5 Aol = A7) EHSE WA A #atd
off thet 1|7 AL =3 v Yth(Okada
et al., 1994; Kyung et al., 1999; Lee, B.]. et al., 1999;
Kyung and Chang, 2001; Kyung, 2003, 2010; Kim
and Jin, 2006; Lee, J. et al., 2015). o] & AF-ZA 3}
=, Ao ERe Ji= 2H2E 0.1 mm/yr
0,02 - 0.07 mm/yr o]3k) A47] $7] 52 W]
£2 Ho|, AD 636%(1,314 yr BP) 0] 5.9} Z2A|
(Holocene) o|210] 217} 2%7] w2252 A3}
o B g chKyung and Lee, 2006). That oFAlck
Zol A7) &< F-A WA FES-AEA BFY
U= B4 shollA 2 3 FFolsol A%
G352 A2 AR dHA UZolE Esta
(Park et al., 2007), FATH3-2] 4= 9|l et
BHE= A 52 HAEY flo] S5k o=
FAY S Bo|t}. 2T FAHS O AALFrt
H| 23] & JolQles 47 A 9s tde = A7t ol
o]z 211 glom, hFEHQ] A A E= 1) oFA|
AxAol| 7123 tE ) WRZE 314(Choi et al,

iz A7ESE 149

2009), 2) T=5H]A]2] ESR (Electron Spin Resonance)
Aol 7123 A47] WE25e] AFZHH ol A
(Yang and Lee, 2014), 3) ©3H]#| o] A& =35}
A3S B3 ATEA 14 (Woo et al., 2015; Kim et
al., 2016) 50| gic}.

SRl BRAHL pareae) slstehy 54 %
7 2EL AR g8 A A7) 5 EWE T A
U o] 2EAILgo] AA7HA] HoFsHA 11
A F3 Aol v S SRS AHATAES B R
o B} g2 Ak=27F FEE ook Al o, A 574
AR A8, F2AFe, ax3eHA 2ka gl
AN A== F52 718kH] E4(ie, &
Y =25 L AG] 24, 7HES9] 2713)E Bt
gog FidSol A= 3z BE= 44,
AAe F 929 BEE 45 USS Akt
(28 150). o] 5 FFEELZ T2 5-15° o &
5 =250 ) BAR AR, 74 TES-2E ) do]
© %25 £ 5 kmZ AF7HA] LA BFEA A
ZF =726 - 38 km; Chang and Baag, 2005; Yoo ef
al., 2007; Lee, 20108 =314 & gix|zoz
KA olejg SRS HlmA FRH ASES &
o g FRelETEe] Uikl BASAT U
gheh wheba] of 7] A AlQbE FAFES o] EEAAE
o U o] UEE T e A2le] S4E W

¥

A bl =
7] $IRt 712ARE BEE 4+ 9 Ao Vet

3) A12ekA 9 A ARolA] FA Aol
o] YepdtHLee and Jin, 1991; Chang and Chang,
2009; 19 15¢). o] AL FAFES S g5
BARFE 23 717 A xlutd o] vt 8l 2o
afshs A 9de W2 AR T 7]
A FED RIRE AR o] BEZAR FHA A
912 5 AHAE R o F 3 I3 oojxl of
4709 22 &} o zlo] FAYFh= Holtt. w2hA o]
¥ A7 Anes Qs atEe] F3
RN ATo] FuE slsAo) kL g
S 9tk o5 ¥ HEREL vLd 72H 4
7} e Aoz BeEy] g e oz A
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T WY SAASHE wEh v A B2 A3 oA
A7) HHZL WA A FEopedo] B vl 9)
tHKyung and Lee, 2006; Kim et al., 2011; 1%
15a). Han et al. (2009) FA-SAMSSAE A
Zo| S FHE s A-E5 A|2"(Du
and Aydin, 1995)© 2 Sj45}1, @A AL2H <
g Sloll A QpAlekae] Brol galthae] E27)
o o] = HAFHL rkar AT
£ A7) FAE D ZH O] AR A ZIEEZ} H]
nA YAt A=, iyt 2A|Z 9| o] Egh
T SSAI LR 9 7518 ST DA
Aol Q= AR whEbA it St SATHS
o] Fot= AGE THOE S AU dSAE T
3 ol F @39 TAE HEsHA Hd L7t 3
o, i TAX AAEALS =Tl ol
ARHEO H2HeS =T 5 e THRES
O 29| SAPEZof it AUEA T} A7 At
Hr}

AEH o

PAZI M o] A 0|2l Tt
Brh A= gl AT a4, et wgle] 7]
2% FHGS 240] HeMH o a7 gt
A TYE 94T LIDARY Y $2) A4 @
714 =¢jo] AFe), ol BATZC) FHwnt
ohuet 3% vl Ao A Eahedo] WA A
A g o] A|%L 7| STk AN E wS
Fasihth B3 St 49 5 me] A W
948 $shs dhrm 2)Ae] Hls) oF 1 m el
A2 WIS SuksHs S A|Hlo] ArjH oz
SIS A Bho) 7] TR, 417] HH%
3} 2 A BA W) GBS Fa) o) 1A
87} 73] S Holok & R0 2 waEt,

6. X|ZIxHsH ZHoML olof H HE

QEe el 2 Be AR S 9)
7) uhel Thit A9 WAl FRsAe] k. ol
Q15 A2 R ADAHG ] e FE SGEAT
7h AL, 7 2 YAAAS HRE D
ARG N 2L T3 A 02 Hrho} giek 2

- Yann Klinger

o= B8l A 2011 of) ‘244 gk Tohoku A
ZA(Mw 9) 4 o] = QI FE sfid= Az Q1
2 Ak 371 2hAEsEE 2o (Norio et al., 2011), ©]
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