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ABSTRACT: In order to interpret the crustal deformation history in the vicinity of the Ilgwang Fault, which is
the easternmost fault of the Yangsan Fault System, the distribution, geometries, and kinematic data of its
various-scale subsidiary faults and the magnetic fabrics of fault gouges were synthetically analyzed. The llgwang
Fault shows about 1.2 km of dextral strike-slip offset based on the distribution of the Cretaceous rocks and early
Paleogene dikes. The subsidiary faults are divided into N-S-, NNE-, and NE-striking faults, and their cores, which
consist of incohesive breccias and gouges, are generally within 1.5 m in width. Their damage zones within tens
of meters in width are characterized with the pervasive invasion of veins that are sub-parallel to the faults, indicating
vigorous hydrothermal activities during and/or after the faulting. Paleo-stress fields calculated from the geometries,
kinematics, and relative chronologies of the minor faults and shear fractures are classified into (D late Cretaceous
~ early Paleogene NW-SE compression and (2) NE-SW compression since at earliest 50 Ma, which resulted in
the NNE-striking sinistral and dextral strike-slip faultings in the study area, respectively. Meanwhile, fault
movement senses determined from magnetic fabrics of the NE-striking fault gouges, which are in concord with
the slip senses observed in field, show that despite the similarity in strike the senses vary from fault to fault as dextral
and sinistral strike-slips. This result indicates that the subsidiary faults, which initially formed as R- or P-shears
of the ligwang Fault, were reactivated through a selective reactivation during the changes of regional stress regime.
The crustal deformation history in the vicinity of the Ilgwang Fault is well-concordant with the previously reported
movement history of the Yangsan Fault.
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(Sangmin Ha, Youngbeom Cheon, Hee-Cheol Kang, Jong-Sun Kim, Son-Kap Lee and Moon Son, Department
of Geological Sciences, Pusan National University, Busan 46241, Republic of Korea)
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Fig. 1. Geological map of the southeastern part of the Gyeongsang Basin showmg the distribution of basin fills
and Yangsan Fault System. D Jain Fault, @ Miryang Fault, @) Moryang Fault, @ Yangsan Fault, ® Dongnae Fault,
® Ilgwang Fault (modified after Lee and Kang, 1964; Kim et al., 1971; Lee and Lee, 1972).
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Fig. 2. Detailed geological map of the study area showing distribution of the Ilgwang Fault and subsidiary faults
(modified after Park and Yoon, 1968; Son et al., 1978).
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Fig. 3. (a) Contour 7t- and (b) rose diagrams for all the
fault attitudes in the study area. Gray line (red line in
color version) indicates the lineament direction of the
Ilgwang Fault.
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Fig. 4. Outcop phbtographs showing major features of vein system. (a) Stockwork veins in fault core. (b&c)

NNE-striking vein systems within fault damage zone.
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Fig. 5. Outcrop photographs showing major features of NNE-striking faults. (a) An exposure showing cross-cutting
relationship between dikes and faults. Note that all dikes and faults are offset by a NNE-striking dextral fault. (b)
ANNE-striking fault cutting siltstone and (c) its dextral strike-slip sense with small reverse component on the fault
surface. (d) Andesitic tuff offset by a NNE-striking fault.
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Fig. 6. Outcrop photographs showing major features of NE-striking faults. (a) A NE-striking dextral strike-slip fault
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between vertically tilted sedimentary rock and andesitic rock. (b) A NE-striking fault inferred as sinistral strike-slip
fault, based on the slip senses of nearby shear fractures. (c) A NE-striking fault showing about 20 cm-thick core
consisting of fault breccias of ~7 cm in diameter. (d) Andesitic tuff offset by a NE-striking fault that shows a fault
breccia zone from 5 to 20 cm in width.
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Fig. 7. Outcrop photographs showing major features of NE-striking faults in the northeastern part of the study area.
(a) A NE-striking dextral strike-slip fault showing 1.2 m-width fault core consisting of breccias. The fault core is
bounded by thin gouge zones on both sides. (b) An northeastward extension of the NE-striking fault in (a), in which
its fault core consists of gouge and breccia. (c) S-C fabric within the fault core and (d) slickenlines on the fault surface
indicating a dextral strike-slip movement. (¢) A WNW-striking fault transected by a NNE-striking fault.

E 2 g N8



s = = o Hx
ShiI gER ATTE Ul 27

A ESolMe HrF FF015 5
dpd ek, g, AR 71 ARk A e
B S5 (1™ 6c; 35°2024.23”N, 129°16'21.137E)

N35° / 65°NW ] x};ﬂ] = 0}/\}%} 2 35jore A

olAe) %é#a—% Py ‘%’S’SEE B
OFeth A ST A she B4 Bl
il %—(.‘l%] 6d; 35°2318.41"N, 129°18'47.53"E)
HA] N38°E/68°NW ] F-AFsE AAIE 7HA] ] QHAF
*d SIUS ddsta vk G o s F4H
S a5 cmof| A H 20 cm ] F& HoAE

ol F @5 E3 F AN L5HTE A
R 377 S1s) ghout, B3 fARE
2 7ML AUBASY HERAT| BEG F
ol 5-g X A3k glek.

Elis| XI‘EI ‘EET §1°F7J ‘a‘%ﬂl“ iAo
O =
A 3 QoA EelE S (™ Ta; 35°22
47.44"N, 129°19'02.74”E)-2 N35°E/65°SES] Z}A|
2 QAo 3ok AT 12 m Eo| T3
£ 27 10 cm o] o) §EZY SR F2 FAE,
2ale] of BROIAE 2 om Ue] Fle] wa)
A7k WEEG B @5 ol FHSo] Py
O urershel, Yu) Eelo] 940 P FULS
AR T Ae] T AT Ylof FHE
AR B4 o] ol FhS whe} ARHAHEol
TSI AR o] ©3-0] B5& A%l ¢
Xt =TI 7b; 35°22'48.47”N, 129°19'03.247E)
o M= N21°E/86°SES] ApH|2 ShAIera -8leke
et gl galar | m %2l gEe A
7 cm FAEO Z& 7= SEH|AY, HESE 7]
At 217 1 cm9| ZHEEo] A9 F& g e
SAYEEN T FEo s SR &9
oA QIAEE= S-C (1" 7o) TS HA
I E= SdF2A(TE 7d)2 o] @50l HolEA
Zrzro] n|oksHA| E&E 53F Ffo|=dZto 2
EHHA AEA WY B3-S Al ¢
&2 7e).

S A 2R etk Qloll A EIE B
5 ek (™ 8a; 35°23'14.347N, 129°18'42.42”E)
EQF QM 532 At gtk 30 em E9]
HEe EzteTel of 2 cm FA9) wEulX

¢

_v_

0

A

‘TS'

250 Jleen ¥ 2S5 S 39
= uj FRE 939 g3uxdA wad
ZZAL N06°E/51°SE/13°S2 3 3=A4
EFUAE AN SIek F AThel Az 21

Z} N53°E/45°NWeF N11°E/62°NW = A2 k7t
o) Aolg HelFw, %A AYRE = o)e] 4
85 4 wgo) A, ol Bl 4
CECTIRRtL MRS RN EE

Beddmgv
(N67°E 785 °SE)

(N31°E/ 59°NW)

/

| Fold axis ;"
. (20:N45°E )
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Table 1. Anisotropy of magnetic susceptibility (AMS) data from the Ilgwang Fault gouges.

) Kumean Mean eigenvectors AMS parameters
Site n FSA
0sh g k2 ks L F Py T
IGFA 14 7381  305/54 051/10 148/33 1.004 1.022 1.028 0.722  233/45
IGFB 17 12706 215/20 353/63 119/15 1.009 1.016 1.026 0266 191/62
IGFC 18 72 246/01  153/75 336/14 1.001  1.002 1.004 0.402  045/68
IGFD 31 581 152/35  002/51  252/15 1.010 1.049 1.036 0.655 021/86

n: number of specimens; kmean: mean magnetic susceptibility, (ki+k,tk3;)/3; mean eigenvectors: site-mean direc-
tions, declination/inclination of k; (maximum), k, (intermediate), k3 (minimum); L: lineation, ki/k,, after Balsley
and Buddington (1960); F: foliation, ku/ks, after Stacey et al. (1960); Py corrected anisotropy degree,

exp[2 {(01-0m) +H(ny-Nm) H(01-01) ]

, n1=Ink;, n,=Ink,, n3=Inks, n,=(n,+ny+ns)/3, after Jelinek (1981); T: shape

parameter, [(2In(ka/ks)/In(ki/ks)]-1, after Jelinek (1981) and Hrouda (1982). FSA: Fault Surface Attitude.
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FHAEA} G oz FAdHT

34 S8 Y OEAQ| HA=018Y 54

@59 A TS HoA Rl E = T2,
S THAl= (chatter mark), Z74dH(crystal fiber),
%23 (ridge and groove) Solut & o] T

F(drag fold)= ]85t 24T 4= it o2}
A G5 53], ESHIA iR AR 9
3 LAYAE ] EA ko 2wl (preferred ori-
entation) ==, 0|3t 7} HjH-L oflof|A] &
oz elEe F9m ATt 0|2 U A 3
gt 7hssh, gRe FAY 95HIA Y Holl=
A7 oy &7 £4S Fafopdt gt g,
2 S0 thoto] A7 u| N ERE 0|85}
@59 323+ 58 5SS W=l A &

o (X

ot anpA oz sk A0 st A
=1 Qlck(Astudillo et al., 2008; Solum and van
der Pluijm, 2009; Cho et al., 2014).

ol#l Ao AT HERO) HE W TR
o W ©5H1R1 9] tiRREo8/d(Anisotropy Magnetic
Susceptibility, AMS)& 0|83} HAtzgof o5t
AR} Wi €& 5|2 (Hrouda, 1982; Rochette et al.,
1992; Cho et al., 2014) o] oF]oA] EelE= A
Sz vl Lste] B3] A¥ LEA2E ols)
T2} shgieh. ThgnlA] AR 3 37 e 47 A
ol 47 2 cme] ALBA YA o]g5to] A
SATHLE 3, 7b, 8a, 8b). Akgolg AFL
Fabgsha 3545l AGICO Af Kappabridge
KLY-4SE A&t @34 9] A7 u]A| 2=
dutE oz 97| AdHFP o2 vhsoiZl At
Zof| &=, hAEoI S BLAY Al =5k,
ko, k)2 FAFELLIA] Al FF(s1, s2, 3)0l 24 oS
Ho 34E 52 FAFIY =AISt 27|
AF2E wtotd 4= itk

Aol S £4 Ade # 13 7 109
feksltt. 941 g (72 Sa)oll 4 ARIE IGFA
(N53°E/45°NW)¢} IGFB (N11°E/62°NW)e] 2
g A EY, IGFAE ki ko] ©5HI A9
BT 55 e dd 2EE 2t k= B
HE s HASGS o 54 YFoR
11°2 ZAARA| o @30 Adite] 785 o] Eth(1d
10a). o]} 2o, 2] B A] ka7} ARt Foln
ki ko7t S o] AL T3l a4t o
ol 5= SIS AAIg}(Fossen, 2010;
Cho et al., 2014). ¥Hd, IGFBL 7} 4] 29| 2%
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Fig. 10. AMS results from the fault gouge of NE-striking faults in the northeastern part of the study area. Left:
equal-area lower hemisphere projections showing the AMS principal axes (ki, ks and k3), their 95% confidence
ellipses, and fault attitudes. Center: equal-area projections in which fault surfaces are corrected to be vertical for
convenience of interpretation (Gray color area represents hanging wall). Right: P;-T diagrams showing corrected
anisotropy degree (P;) and shape (T) of AMS ellipsoids.



al., 2014). o]t A7} IGFBE 2§t o] =&
] A BN A FeTF Tl T 2544 EF
2o SAEHA etk o) BaEh 30 eom
HAE T fARE FAE 7HAE T EEHIAY
oA ERlE= o]2fgth A2 Wi E e Aol A
2 e gl Ylo)y] Boke 5839 W
T} ko] AAet dXsHA TEE Ao ud
"k &, IGFB] 49 AT o] FH(N11°E) 1t 3
HB-EEH(EA-EF) Aol9] 4mrt ddidem
Fa Ak o] FA7E 3121 (62°NW) o 7] wj&of
Fols =50 AT W, IGFA9] 3¢
o] FFH(NS3°E) T F)H-3(5A-E%)
Aol Zto] A o] f=Zlo|n] HH ] HAF A A
© 2 #ZH45°NW)o]7] fi&e] Ho]sd 5o &
YA A= st

31, IGFC (19 8b; N45°E/68°SE) = th2H&
FR o2 AT &, ko] 555 YFeE AY 5
Pog FHEIT k7t A 707 B, k=
B2 dgo g Ao o2 LR Eo| Yehdtt
(29 10c). o= 59 253 FFol5 52 A
Alghs AR o3 Lol A TEE F 7t
ol 55 W MYES & W= v
Z B3tEc) IGFD (23 7b; N21°E/86°SE) &= kit
ko7b BEA W] oS A48t lox 555 W
Foz Aztw e FHAUTHLY 10d). kit ko7t ©]
2 BEA e die B2 F, A71A gElaz
£ oFejoll A #EE S-C 22 9] SH Wkt H3Yst
(2 7c) o] 5ol 4% FFlF 252 T
& AR o9 IGFC IGFD ©3H|A] 9]
A7 w Az} ofelollA e ezt AT
A o] AE gelohe T2 -S4 stollA] ths W
3, & 555 WA 55 3y 9550 -
S| 24 23] o] B AW, GFE
o] Z+7] thE A3 A& (selective reactivation)
ARSS GARI G0 e Aol Bet =

o= 438 oA B} AA8] H=E SHITH

)
[

o o F
N

¢

2 Ay
N

QUGS LT 29 U E0) 25 S A
2 WY BAL ) AFE TF B AT
2 95312 <27} S8 H k. 3 1167
o £F ABEL BEATEEA M (Choi, 1995)©
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£89 JlteH 39 2S8H S 43

Ol

2 BNt 2A F W HY(D,, Don)S FE3H
Rom(2H 11), oFLfof|A] 1| TFxHe A
BAE ol &3t F A3 A& ZAstATH 1A
DiZ EA-EEY B3-S (0mma) T T
E5-FA Y H A2 EEGE (0nmin) 0] ZE2H AT
(R'=0.523~1.376; Delvaux et al., 1997), o]= dgct
= Lot BRI O A TkolE
I AAE Ao 2 wErh $HH, Don B934
HeHFgEH BEA-F5Y HapHF3Eol
TE2ESE, ol ol 945y % ol s
4435 32E Aoz FjA %E}(R’=1.409~2.179).
T HY o ATA = ofelof A ER1E o8 k=Fof
A Dng A A3k EE2A0] Do A|ASe &
Z2A0) 3f X ¥A= F(over printing)o] ¥l
HaH| ERIE AL 9lo], Dyo] FE3E Je3F F3Fo]
250 5% ol Fol vlF] HAYS L=
o} gHE, AFAFoll = oA W] Haegss
& Aok 24T AR EH G2, ATTA
o et FA= EFEsIth o)} Zo] HHdE 1
SERL YFHS dYo] BA-EE WY o
o|% E5-dA WY 45 st ddeH, 3
3H7 o] Histo] what 2|4 23] o]k ohE HE S 4
Hes A Az

o

FAAFAS TATHE T8 BFE(RL BF

9 YD) S AW Aol e
shte) Mo FA| grk. Tt ol F ©S
£ Aolol= o]oh Ha EL ol vwA i
72 olg] RxpREEo] AT AOE diE,
AAZ FArAST FADE AololH 5 m Fe|
£4TE 7P Aol km o) @ EE B8E
o] W7|th=o| g vl glth(Son et al., 2003).
ol ATolA] HIS UBTE BEHS Bl
WL WA RYAR, T cheRg e
S3Eo] Az 44 v BEstu ggo] gy
o R HEEL BEAS wet Y TR %
gt EyekE QI8 F BELE 2y B
7] 44 gomz, o A

F9 BAUSEY B2, 75
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Fig. 11. Slip data obtained from the faults and shear fractures and fold axis estimated from best-fitting nt-circle of
various attitudes of fold limbs in the study area (lower-hemisphere, equal-area projection). Convergent and divergent
arrow heads represent horizontal contraction (Ormax) and stretching (Ommin) directions, respectively. Based on relative
chronologies at outcrops, reconstructed paleostress regimes are roughly divided into (1) earlier NW-SE compression
(or NE-SW tension) and (2) later NE-SW compression (or NW-SE tension). R’=R (o is vertical), R’=2-R (02 is
vertical), and R’=2+R (o3 is vertical) [Choi (1995), Delvaux et al. (1997); R=(02-03)/(01-03)].
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showing three groups of the faults and shear fractures, based on their strikes. (b) Set 1: NNE-striking faults. (c)
Set 2: NE-striking faults. (d) Set 3: N-S-striking faults. See text for detailed explanation.
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TA Y FE250] A3F ARG km o) Hrk= A
Aol A A& AAndct. Bt S UE mt
dgehs PSS GSET FA] 2 o1F
A7 A Fediso] @59 o T2 HAS
= ofwleith

QIS B Es oFBYY Foaqte &
T AYHES 555 55 1L 95 FF
2 o] R dol mhE ofe] &5 hE AT H Sk
CH1H 12). 4Bd39) = 255 FFole 227}
A o, Y- gehs B5E G ddd
A(Set 1)o] AFA|HA 7HE &3] FEEH. °ol5
2 voret JolTg Esh T FIFOIT 5
wzho] 7178 A8, T o= JAFY Rt
T ARolE sl A wEE(1Y
12b). £55 Y-Atho] ¢4 o R-AHo 2 3)
Aee 55 0% G5 DT E (Set 2)2 Y-
o FAFSHA Blefel Holss 2she P FF
o) T 7 SAIsH, thao 2 184
At 7 Aol E 5 uze] HEET(2
d 12). 2, -5 9 33 A (Set 3)
< Y-Hgho] 2Rl - P-Ae 28] Al H43dl
5 R-AT R s s, AAA AT 5
o] 7Hg A the o2 A 3
ol g A 8 et frd A FolE
o] B v HlE 2 e (19 12d).

ol ol A9 U T T3 A
GOl ThFt 5ol A wEErs AMe
Tt ] A7 Abof| ot Aate dHE < 9l
oo, @FAGo] AR thE §F stolM SR
L AU AR} £ BEET 25 U3
o &3 AHE SN L% FFols 254
Zto] 7P Fr3lo] Wt M2 9Bdse =3
g AFA G BEE FS50] 5% FFelEl ¢
3 7HE FrEA o WPEHIAY $F FHolE

o] Hgo] e 5719 7Re S QAT

Mo 2> o

4.2 ME4F x{Ets
GEAZ ol AR Seo] slag o A)
& &30 BAE7| k= 71E9 o7 g
7573 0] &tH(Mckenzie, 1972; Sykes, 1978). o|&
o ko] 2L 2|7 ERatohfet 2jzte] §7)
o} 1) A= A Bolal] whol] A Pste) 5

N
O
=

o
r_>_

N
rt
Ho

83 A7FAI7E =2 JrkSibson, 1985; Cooper and
Williams, 1989; Richard and Krantz, 1991; Pinheiro
and Holdsworth, 1997; Kim et al., 2001; Avouac
et al., 2014). S-2ugtollA 7P i £ 4] 3ol st
% % Pl FAIES T3 thdRt A5 F3l o
W9 AgS AFol Bl on(Chang et al.,
1990; Kim, 1992; Chang and Chang, 1998; Chang,
2002; Hwang et al., 2004, 2007a, 2007b, 2008a, 2008b,
2012; Cho et al., 2007; Choi et al., 2009; Kang and
Ryoo, 2009), o|H A-FZATof| A = LFJTHS dHo]
S A5l Evar ok

o]t A-tol| A AAE T5Ae] iAol
3 783 G5 et dS o] 83 13T &

=
T

d0 o my

[}

ek ol e TS FAESA SH

A% YFES gl BHEF WA S5 HF &
9 % FFols GEFel YT "I 7
dr=H oz AN, A A2 5 £
o= B3] HojFu gk 5T 1S g
O] tiRfgol Ay SAZTH L™ 10)9} oFLollA =+
E LFHAEL AFAY S dEste &
T Y Bd3E SoA 2x2& ek FolsH
Z-g A A= vH, 12 5% ol 5124
AAgeH= Aol o]t At A FUE
FE 7= B EYlE Eeta S ¥
sl whel AeF o= | E(selective reactivation)
HoE 7HsAS AR 95 A" AR e &
239, vhAlS, fA1Y A, =88 S5 9 A
09| Zt%, T o] FAH, S 4 Tl s 24
Hthe.g., Sibson, 1985, 1995; Kelly et al., 1999;
Fossen, 2010; Bonini et al., 2012). wh2}A] 22 H3F
& 7P ohdge] FUT 49 sl Foiglct o)
Bjehe thert 21S5e o) A8 7hs o] Dekd
% 9he Aok, oleiat whael Qb BlE o
3159l B2 1} 2a) olsfshr] PaHE Tk
o Afelel the ARARl At 3k R o

N
4 o ofy

-

et al. 2007)& PRSI FHGS Apolo]
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~70 Ma)ofl tgt thzgol/d A+
5 o] A7 del 7t P e &
ol ol SbEl BA-GHE el k5o
2 343t v k. =3 Cho et al. (2008,
2011) FAtET FHGEF AtololA S o
Y ER] O] L2A Q1 EA(FA B 24791} v}
Jnt o, BR8] AT, B4 Bk
O E|HFAIE @) 719t 2R S 2] A
% 205 EHE, th &R 7} iet7] 2hH(94~69
Ma Apol)of] & ©3-0] Zp3f T30l &5l 9
o BE BAGHEA Y= Hastqrt. o3t A
TALSE ol ATollA gl dFTHT9Y =
F Fol e A7 Fatat FE TS o] FHedF
FolTHS L2 53 Wo7|doA A7) 2
of s 7Hsd ol == AR
SHH FAIEZ Y] 957 Tl TET Fakd
SAY HpAte]| Qlof 7HE =23 5o = HIle
=l FAS= o] Fazof| A FAs| et
= 9seape] Suig) Bk ofja} o A Sl
Bl hore MY TESE S ol Fol dje
A=Ho|SS & Ut Chang et al., 1990;
Kim, 1992; Chang and Chang, 1998; Chang, 2002;
Choi et al., 2009). FiFSo) Q3] 3oz A
@ 7P ES A ZFA] 7AW 2L FA
532} EibEol 22 (separation) F o] F3ESh= A-
3 Gz A ee(E4atEP ) o= ¢ 21.3 kmo
L& SEHEA7E AX "k (Hwang ef al., 2004,
2007). o] 37Fere] A ookt ddiSg
Hol| ZA 3t 50~46.5 MaZ H %S S H(Lee ef
al., 1997; Koh, 2001; Hwang et al., 2004, 2007), o]=
QPAITHE 0] 943 30l 5] 50 Ma o] o] WAkSH
Hee AT T, P dE R FeiHe
2 BEHT Yt g2 A BEF U @714
54 o] ArAr Aojdm 24 Auke 51-44
Maz2, Gjof Sk 2glo] Bed=i<l 54 e 2l
A8 o] A5t AAIRTHKIm ef al., 2005;
Son et al., 2007). o] @tollA LFTS LA FA
PAGET FASH 949 5] 1 94
A AR = 7t F2 Mo whEE F4
U E(~44 Ma)o| 9-5-3F o] 5 &30l 9 &
T o] Qlgo] FHHEUTHH Sa). EIF H714 W
A 5/ o] LpF FRFol T3l ol Aty
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£ P2 FH Sl eRtEE IR
w2t = ER1E v} QIth(Son et al., 2003). o] gt
4219 F7SE DA ), PEEA) 94
o Y| ST FET BE- WA e PE S
22 44 Ma o] F o= X145 9E ol

M, Y4FESE Tt HAATAE 3
FFolF o] Fol| = A2 2 WItof wE FEA}
O] MiglE & U2 254 E HEEUS 7HA
o] ot 22U A o7 935S Tt U=
T3t 0% FFols FAES T71 38l s
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