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Structural characteristics and space-time pattern of Quaternary fault activity of the
Keumwang fault zone in the Inje-gun area, Gangwon-do
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Department of Geology, Kangwon National University, Chuncheon 24341, Republic of Korea
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ABSTRACT: The Keumwang fault zone is developed in biotite gneiss, granitic gneiss and biotite granite at the
Inje-gun area, Ganwong-do, Korean peninsula. We investigated three locations of fault core, which are composed
of fault breccia-dominated zones and fault gouge-dominated zones. The width of the fault core is approximately
about 11 ~ 23 m thick in the study area. In order to closely understand the activity history of the fault core, we
interpreted the sequence of formation of each fault rock zone, and the Quaternary fault activity was analyzed using
ESR data for fault gouge bands. The evolution process of a fault core is divided into six stages based on the structural
characteristics observed in the fault core. 1) Sinistral strike-slip movements produced shear surfaces and fractures
in various directions within the fault zone before the Quaternary period. 2) Rock fragments were displaced, and
the gouge materials filled the space between them by distributed crush brecciation and attrition brecciation. 3)
Amount of fault gouge was increased by reactivated frictional sliding of rock fragments. Relics of older fault breccia
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remain within the fault gouge. 4) As the size of rock fragments in the fault gouge became smaller and the roundness
of grains gradually increased, the volume of the gouge increases. Accordingly, massive fault gouges were formed.
5) Several mm ~ cm thick fault gouge bands with different colors predominantly developed in the Y-shear direction.
6) Sheath folds are developed by continued shear deformation within the fault gouge with various colorful bands.
The Kernel Density Estimation (KDE) curve drawn using ESR data shows that the Keumwang fault zone in the
study area was reactivated repeatedly at about 520, 410, 320, and 220 ka. The fault gouge bands developed along
the boundary fault plane and within the fault core are reactivated at the same active periods. In addition, the fault
gouge bands developed along the fault core about 10.2 km long appear to be activated at the same active periods.

Key words: Keumwang fault zone, fault core, evolution of fault core, ESR dating of fault gouge, pattern of

Quaternary fault activity
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A)ZF 10 ~ 15 km o]t &] Zlo]of|A F/dHZF A
of oJsf B/ == TS H(fault zone)= AHHAT
&) 7H A5 H ol e @5 (fault core)T} T
8 S IR Qlow g HAAHE RS T
2y A=A (fault damage zone) 2 ©]F014] Q)
THChester and Logan, 1986, 1987; Schulz and Evans,
2000; Fossen, 2010). T&819] -2 4= mmof| A H
B 44 m 7HA] cheyelA) wrereln 48, W)
&, Al ol Bl#Estal, Z =of v |ste] §
A== Zol7t ZolRlol wat YA EERit(Scholz,
1988). =S A5 Q= TE$h(fault rock)
=2 9, =24, dExRA, £F5A ol gt
ot FF=E A/ ETh(Sibson, 1977). F421Z
(A8 1 ~ 4 km Hop 2 oA A==
o= Aol gle &332 (fault breccia)
o 38 A (fault gouge)7t ich. TF2=E G} &
H| = Ao gl wet F&stet], odHe
Fgo] 30% ool ©35Z=et, 30% w|vto]H
ZH| X 2 B FEcKSibson, 1977).
FEols &5l o FAAE &5 Holl= Y-,
R-, P-, 3 R*-Z¢h Weke] tholRt da Sol dhg
SFcHRutter ef al., 1986; Passchier and Trouw, 1996).
Adtde) g vy F 7P WA WEske R-AY
HE F Ao 2 Wdshs Y-t A2+
o P, F He T2 2442 7t
2t} 1 o] Fof| JHHAFEHAA Y A5 Fo = §
AEl= P- AT H-2 R-AGHI = Hief) H{Fo = Y-
AT} 22hE o] 1 FAEHH, JA| F AL
T AL A 7T S H A7 AT
= AGsiA TeH GFHRE AA5ke AEEE

o 34 ok
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o] AeuaFsldA P-AdHI 22 ko s ¢
(P-g or S-g=)E FAS K Berthe et al., 1979;
Logan, 1979). 0|23t P-g 2] 9] Wk &35-259
TEHZS Hofslet] o8 o gl AT
o] F7tol weh P-Ael= Y-H e H ) B3yt
Hleko 2 3514 ElthRamsay and Huber, 1983).
R*-ZTH-2 R-AGHI FHLA S o] T3 gloH
F A Hit o] 542 7HT

4SS P - mm ~ 4 em T 9] @5
HAWES A2 T8 G55 IR 7KL 9l
t}. 242 TS| x| w o A A F g T5H] X 2] ESR
AE THdte] T Tt A47] Axk37F
2 GEFHE FEL = UArHe.g, Ikeya et al.,
1982; Griin, 1989, 1992; Lee, 1999; Lee and Schwarcz,
2001; Lee and Yang, 2003; Yang, 2006). Tr&Ho|
288k 24182 o] oF 3 MPa o]l 9F 0.3 m
oo} Hfto] ek ©EH|A7} 7HX|AL = ESR
Nz9] A7} 23] 00] Fck Ariyama, 1985; Griin,
1989; Tanaka, 1990; Lee and Schwarcz, 1993). T
Hoj| 2+-g-5h= 2322 A 5t= ol w2t 5715t
o A 79| ke fFoll A T @58 A] 9] ESR A<
SIhE TSR 7 LSS W] Zolet§7&
of 9J3]] A& = tiIto and Swada, 1985; Griin, 1989).
ESR A5 A15:9] 41717} 00] B 4 9l Zol= o
20 ~ 30 mo|m T FEHO §7]E(2F 0.08 ~
0.25 mm/year)< ©|-§sto] A4LstRe o, ©EH|
2|9 ESR A9 sFeh oF 155 WA 209 d.©o
AALEITHKim et al., 2006; Synn et al., 2013; Kim
and Lee, 2020). ESR <t 9] A5 ESR A&7} 3
3t = gI7kR] A= 57Hd % (equivalent dose)}
SAIRES AR (dose rate) o183t AAE
Rom, dutd oz oF 2009 d o= A QUrh(Lee,
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1999; Lee and Schwarcz, 2001). T5H] %] 9] ESR
ANS AR Y AR 82 Lee (1995, 1999), Lee
and Schwarcz (2000), Schwarcz and Lee (2000),
Kim and Lee (2020) 59| =&0l A A =] ot

o] =79 A7l S-St (Keumwang fault
zone)= 37| YE BE5-GANFO R TfEA 2
FTETEA0] HER i1 la), AR
£ 247 Jrjol Wt W] SRR 0] BAE
AANARE U= AAIE Hopit kel weke
AEA-FEE HFY ALES ol'd7HA| oF 180
kmo| A4S Hol= FolgdSoltt g2 4
TE5 Sl a9HSY =S wet G A
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Kim, 2005, 2011; Lee, 2010; Choi et al., 2012;
Hong and Lee; 2012; Jang and Lee, 2012; Park
and Lee, 2012; Hong, 2013; Bae and Lee, 2014;
Kim and Lee, 2016, 2017; Kim, 2018; Weon and
Lee, 2018; Choi and Lee, 2020; Min, 2020). Z}7]
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15 km Zo]9] #4214 Holdhol 4 et Adz
o]|20]2 FY A -G (Keumwang ductile shear
zone)7t G, A5 LerElo] u A4
S 7] 0 ARG A3 A1 ~ 4 km
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Fig. 1. (a) Kongju fault system in the Korean peninsula (modified from KIGAM, 2019). The blue line represents
the Kongju fault zone (KJFZ), and the red line symbolizes the Keumwang fault zone (KWFZ). The black rectangle
shows the location of the study area. (b) Geological map of the study area (modified from Kim et al., 1975).
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o2 3 AFHUAISH 1 ~ 4 kme] glo)o= H
gk o] % ko5l oJsf &EH A & G324
FAAAIRH, Wot7] 27] L ERHA|of 283 e
5 gE3e ool FYRFY AT Yol
T 5= Ao FAEHEA](pull-apart basin)
3 SR FEEA7E B HEA EA] el &
A E|&Zo] EAE K Choi and Choi, 2007). ©]
T otk FFPols 5l Yo AdHFS v
A4 dSH|A7F FEES ol BEE ) of
84 ~ 70 Maof| FUA] Wofl QHiteto] HYUet o] %
(Cheong and Kim, 1999), 4 =d] o=
§ 2ol 5718 ol AAFET0] BEHY
C(Hong, 2013). UFX|EkO 2 Al47]ol S5 3
ol 5 LFO2 o3| BHu|A L B 2}ecto] B
KA oMol R TEeto] AYEIA
A7)0 BEF A7) ESR A&l 275}
B35 v} Itk (Lee, 2010; Choi et al., 2012; Hong
and Lee; 2012; Hong, 2013; Bae and Lee, 2014; Kim
and Lee, 2017; Kim, 2018; Weon and Lee, 2018; Choi
and Lee, 2020; Min, 2020; Kim and Lee, submitted).

o Ao HAL Y= A deollA
A% F 3 Ao ST S5 gt A2
s Fsto] st Aok TSl Wt
43U B4, A Rk, 5 Hd TY &
3& ghefste] F 3o AsktAE FEskal ESR
AdSA Aot Fot Al47] AREEHE EF
Feh2 sefslnat gk

2. A7 0| 2|

A7) 7] Ao AgE o} o Fem
uleh(biotite gneiss)o| EE3}T Qlom, o] AT
12l sPdHmket(granitic gneiss), ST F2H] &
137 N biotite granite), AA|S7IH(inje granite),
Hiol7] =M diorite), F|1HIERO| E(pegmatite) 7} 3
A8l A7) & Z(dilluvium) L ZZZ(alluvium)
o 7129 HEL RATOR M=t REstn
QTH2H 1b; Kim et al., 1975).

MR o} et SLRARME F2 AT
O gitof Fazshn, AFR| 9o U7 X HA = £
ke PR T R SERHA = A9
I} G o] SA|SHA EESH= e} SE T ¢

AIHA &3t Sl S Hi7F BhEE o Yehte
Hoptz7} - 2 dgE o] it} ARG 9] HHA
FoA BEEl= Aliu)de] StHEne SR
AHopet Q] 9 SIS FZTAE o|F 1 Uk 3
ZEnpeh2 A, 49 E S 5O FEEE
o|FolA glom, ZAA Foi3l A9, AFF Q] A4
A I B HA 2o Qs S-mof o3 A
AR5k Hultzr dgE o] ItkKim et al., 1975).
ol AEFHU S2rHudIe] JERAE
RHore o, 37 719l AHrt(orthogneiss)
02 FA=ECy B vy vyt JIthKim et al., 1975).
AFA G 9] A AL & AA|EHL Q= SR E}
74re S mHuehS Qs Qlrh. S2m3k}
A2 AFA| o] BHE AFE| o] Hxsla 9l
Aokal oA AAIgE SHRIMP #o}E U-Pb
&= 171.2 + 2.8 MaZ B 15 tKKee ef al., 2010).
S msrkote] RIS Al FFO = 3| YR
FEA A u|1ulEto] E-(migmatitic) HUFHO]
7| = gt & T E S E
o o3t HAHZE- 0 = Q3| FAFEEE X A
L-H(sericite)?} S-&R2HE X|$HE =1 X(chlorite)
o] TAE| &= gtk AR H O] FHof BEsh= <l
Azt SRR AYPFAE o] FaL
o LRIt g HeRE ThAskal QL
= B3R YH 2 JEEn A7 G F
Gof Exsl Qe HAEYS SenEne d 5
SRS HYAAE o] FL ok ARG
A TEE = S5 gRbEl AE0tuc A
o2 49 o] w2 Zlo] EX oy, ufanprt &
oA A AAsHE o SHel T2 FAFE] g
Fof dy=o] FAE EF(enclave)o] T2HE]7]
T gt ARG FAR A FofA] EE = F
Jateto] E= a5t FFEER] E5-HA
WgFo R Husta Qo #auteto|E 1 e
o|A 9] M Eo] Hls TG 4 Mg
L2 o] goo] giA|F g AAgE Holth AH47]
Zeto]AEA|(Pleistocene)ol] Bl H STHF2 25
G527 YJedhHETeF20~30m ILE ¢o &
Z3ta glom, syt $s] A=A g2 HA
2 AR EFEo] 335 o]FHA YERtI 9)th
AA 9 st FHdl= Bol S2HA A" 93
9 A EHEo] 345 F4d5kaL
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AgF=(Lineament)= FFAR X 2J/dAz o]
A TESE 4= Q= AF 9 A]F 2 A FE(Beanland and
Clark, 1994), ©3-o|u} HA 7+o] A 9 22 A+
Z22] B4 st A o M4 D EAEE ez Qs
o X FAT] EFSCHKim et al., 1996; Won et al.,
1998; Lee and Kim, 2002; Oh and Kim, 2019). %]
T2AL-o o8l FAAE ABF 2= AT W
L AF S g 5 Q7] Wizl 2ol e &
ATEo] 2418 seteld e Fa @lgg o
T QItKKim et al., 2017).

P72 FBAR U RS BEALY
DEM(Digital Elevation Model, =% 311 2d)-&
AZgro 2 x BAe o= QItHWon ef al., 1998; Lee
and Kim, 2002). ¥R S0 Wit AFL2E
Z517] Y8l =AY E oA AlFsH= 1:5,000
FA AN BFEF EsriAbol| A A 25 ArcGIS Z= 17
S o] 83to] 5 m 7HA Q) 2] 3 BER A5G
o} o]F APFEE AlZH g 4517 28] H
oF9] 9 X|(azimuth)Q} 1= (altitude) S ZH3s}o] &
g 7]|E = (hill-shade relief)E A\ 25t AR
I ZFY7IEEE o-&sto] EA%E Aut, AF7HA]
dE7 AT TS AR R &
94 B AFTEE EEY, 55 d7AY
550] AbR| o] A vl 313 A /g Holar glok
(3™ 1b). AFAHEY BEFE iAo = FAR B
FY A +27t 27 WEEE S Holu ok
o] o5t F(offset)} 22 AP 2o WAHTA|
Zotent o] A2 T3 HA 2 @SS
2 o|Foj7 SgESH e TdSdo] YA
o} FA = A A(incised valley) 22K 2%
@=9] Z}F(older fault trace)©|T}.

A Wefl gt AF+2E w2t 2F 10.2 km
WollAl 3 132 53 2| F(2F 1b; Locations A,
B, and C)Z YA o] =golA B1E 3 A
Aol dh=alo] £ o 7k7FoF 23 m, 11 m Y 17 mo]
W, 2% Dazteeh Ao} thaulx) Azt
WEST AN B R EE EYHT e 5
& mo|T gtk 7 TRy BAEE BEot
=4, Avkie) W 9 $5uY So) AAPE 5
& ZABIAT BT TS o] W o

= o

4.1 A A

A AR FY= AT Add (3™ 1b;
37° 54' 37.05" N, 128° 17' 3.43" E)&, Zo] F 23
mQl G52 SemHulety sFHukeke] A
Fofl g, 45e e F& AT TR T
ZHETH( 1Y 2, 3a, 3b, 3¢). ©FH ] 5A4Z A A
= 2947 5 ~ 7 cm A9 3N GSH| X7}
N32°E/81°SE AAN|9] ?EAAE(TE 3b), §5&
AR B3t o 5 cm FAY H2A GFH|A|
w7} N15°E/87°SE A}A| 2] 53 A1E o1 FaL Jlth
(2™ 3c). B S giet TEu x| g7t
B35k FAE o k. Tz ] o] B2
2709 e LA (2 3a, 3d; FBI, 2)¢t
SR ghFo] &2 27 9] ThEH]A] AL
9 3a, 3¢; FG1, 2)5 2429 #2412 E73ste] 7
T2 et Huu(dede 23hS 45t
o 11 Wy 9 57 BT IH 3a).
DS SAIdE 27171 5= emollA 24 em 7+
A theFsial Yut=r) ol oA P Yo S
£ ORI QloH, g Aol B2 TFH|A|7} 7]
A2 AA JrHTH 3d). FFHA A= A
o] 2 3 u|X|uEo| A|EHA Wt FEat 7
9] Aol EAE ] YKL 3e). TFH|A| A
o Yol 3 542 Aok 27 ok
TEEHTE 4). JGolvt A4 <] wHdA ol
Hegf FgFols 5ol gt )79 Jgg ot b
PO or2 w7t PHEH(IE 4a), FIN TG
H| A w7} F=gf F3FolF 5ol <) P-ATd W
Fog QEe] #7l RuizrE HAEHHIY
4b). 47 9] 2L F F 2 FG 19 AdHo] 71
o) W Eo] gl om, E3] Y-HTHI} P-HTdHo|
SABHA WgEo] QItHZE 3a). T3H|A| el
a3t P-g 2 W 9] 3RS N30°E o]4He] Ao £A4]
SHA g Sl=d, ol 9950l A
Fols 52 P o FHE AYS AAgE &
g A g WP o] FrIste| whet P-g e e vk
o] Mo thal HrAIA o2 FHsHHEA Y-
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Aeieol] A3 BaeIA 7|2 Sk S ele) 2%
BARANA GEE AARE FhuA 2 727
P2 7P Hehme) Sk 28] Zasit oA
oz paw ¥ Y-Hehwo] SAal we
(9 3a). A3 A(rigid body rotation)S ZHXA] &
U Do ST A s o
29 o] 7 pRToIN SR Arkue) Wil
N2 AR Aoz wol, BEE URe) QRS
A3 o) mlokae Ao 2 BehErh 13 3a).

42B A|H
AAHORRE HEROZ 8.8 km HolA 9]
£ B AF HUE QAT 71UE He) (1

1b; 37° 58' 54.04" N, 128° 19'42.95" E)&, AHA] 9]
BAE e wLSA AF = Aol AR A
o 2l S e Wol TRt of 11 m F9
SIS I BAE BF FAAEAH(TIH Sa,
5b, 5¢), ESA4HEYO] AR SSA4HA A
(79 5a, 5d; FB)<}F 3|4 9l oF9)A) 3| A|0] 5
o2 FAE DSHA PAIH(TE Sa, Se; FO)2
T G| BAR GA Tl EYTt oF 3
~ 7 cm F79] BA TFH|A| w7} S A(N30E/
78°SE)E ©|FIiL ITHH 5b). H53 ) %
ZAFOl= F 3 cm 9] 2| SRR w| 9} 21D

7Aool A frEiE FEi7E Rt uhaeke] N32°F/
84°SE A& HSAAE FdskaL JATHLH Sc).

Fault core (Location A)

't‘;.

1m

Fig. 2. Photographs (map view) of outcrop across location A. The width of the fault core is about 23 m.
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F52129h ST 2717 4 emeln AnkEst
olgFelq UFY YEEe] £5 o2 o,
ol Aol o] B& wEH|x7k 7| A=A R9A gt
(39 5). BFEA SAhE T BEux
ooiz] H5} 4 cm o] TFH|A| w7t SIS
BROZ o]FolH GItH1Y Se). B AFS wF

= QA Zoho| et 2 3ESel =

A S A47| A2t - S22 2 STHE 399

-1 =2

w2l Agto] Yo T Yol 722 wr} A
A3 £4517] of el ek,

43C A|H
BAHORRE HEHOE oF L4 km BoiA §)
£ CAYS FUE AAZ 7198 Bel Ak

N . 0 2m
< Location A > —
o S
A THR™FG 1 FB 1 FG 2 FB 2 HR™
v ]
Fault plane HR : host rock, FB : fault breccia-dominated zone, Fault plane
N32°E/81°SE FG : fault gouge-dominated zone N15°E/87°SE
Fault damage zone

< Shear plane >

n=>58

<N
INW]

orthwestern boundary >

n =658

Fig. 3. (a) Schematic diagram of map view across location A showing the interior features of the fault core. The
rose diagrams show the orientations of shear surfaces developed in each domain of the fault core and fault damage
zone. Red lines in stereonets show the orientation of the main fault core of the Keumwnag fault zone. The directional
terminology and geometrical relationships for shear surfaces in sinistral strike-slip fault (Y, R, R’, P-shear and P-folia-
tion) follow Rutter ez al. (1986) and Passchier and Trouw (1996). (b) A fault gouge band developed along the north-
western boundary of the fault core. (c) A fault gouge band developed along the southeastern boundary of the fault
core. (d) A close-up photograph of a fault breccia-dominated zone (FB). (e) A close-up photograph of a fault

gouge-dominated zone (FG).
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1b; 37° 59' 34.40" N, 128° 20' 6.53" E)&, B X4 HeF LA (TR 6a, 6d; FB)2; A 9 H2A419]
AWK FYBF HFTRG LS AN 9 TESuAE FO o|Rol 7 B4 SHH(1Y
A3 Shek. Bl ZLEIYeH ol WHA GF 17 6a, 6e; FGI, 2)7h B2 O €| B} 3
m £ BEAIY 6 PE FAVF BE HE S BTk BEUY BHZ AR F 4~ 8
HOP(1Y 6b, 6c), BELAULC] PHT BFZ  om T MBS MY NSPEIGSNW

2
- 2P

Fig. 4. Close-up photographs of structural evidence showing the sinistral shear sense developed in location A.
Schematic diagrams show typical features of the sinistral movement (modified from Fossen, 2010). (a) 6-type
porphyroclasts. (b) Back-rotation of boudins during sinistral simple shear.

< Location B >
ke

S Fault plane FG FB

Fault plane
N30°E/78°SE

N32°E/84°SE

HR : host rock, CT : cataclasite derived from host rocks,
@ FB : fault breccia-dominated zone, FG : fault gouge-dominated zone

< Northwestern bo. < So

undary >

utheastern boundary >
2

Fig. 5. (a) Schematic diagram of map view across location B showing the interior features of fault core. The width
of'the fault core is about 11 m. (b) A fault gouge band developed along the northwestern boundary of the fault core.
(c) A fault gouge band developed along the southeastern boundary of the fault core. (d) A close-up photograph of
a fault breccia-dominated zone (FB). (e) A close-up photograph of a fault gouge-dominated zone (FG).
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A9 &S FAE ol F AL H(T™ 6b), FF
3o % AAFolE oF 15 em 7|9 24 &3
HX|w e} KFo] N20°E/86°NW AbA| 9] 57|
S OIFIL UTHH 6¢). FSAEHA A= 2
717k 4= emo| A =4 em 74A] theFehal ThE A1
SThe t2A ¥ F9 dui=E Eole (A3
A 9R) FES0] FE olEHIH 6d). S
A2 5 Y &0l e 7-folle B HIAIE
7IARN 52 A9 ok SSHIA A= I
g ESHAR o] FolZl BEI} = om Fo| TS
HIA| w7 AR FE o2 o] FoiA IEH(T1H 6e).
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Fig. 6. (a) Schematic diagram of map view across location C showing the interior features of fault core. The width
of'the fault core is about 17 m. (b) A fault gouge band developed along the northwestern boundary of the fault core.
(c) A fault gouge band developed along the southeastern boundary of the fault core. (d) A close-up photograph of
a fault breccia-dominated zone (FB). (e) A close-up photograph of a fault gouge-dominated zone (FG).
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Fig. 7. The ESR dates of fault gouge samples collected from location A. (a) Schematic diagram of map view across
location A. The yellow/gray symbols represent sampling locations. (b) The red line expresses constructed relative
probability distribution (KDE curves; Vermeesch, 2012) for the ESR ages distribution from location A. The ESR
ages are plotted as rhombuses with error bars. Each color of the symbol represents the times of fault activity. The
staggered vertical positions are for readability and have no bearing on the probability distributions. (c) The space-time

pattern of Quaternary fault activity of location A.
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Fig. 8. The ESR dates of fault gouge samples collected from locations B and C. (a) Schematic diagram of map view
across locations B and C. The yellow/gray symbols represent sampling locations. (b) The red line expresses con-
structed relative probability distribution (KDE curves; Vermeesch, 2012) for the ESR ages distribution from loca-
tions B and C. The ESR ages are plotted as rhombuses with error bars. Each color of the symbol represents the times
of fault activity. The staggered vertical positions are for readability and have no bearing on the probability

distributions.
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3d, 5d, 9b, 9c; Sibson, 1986). o] GAA A= A=
A AstekA] 2] P2 7]29] T Yol A
S53o] FAE A o= sdEchMeans, 1984; Hull,
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Fig. 9. The close-up photographs showing the evolution process of the Keumwang fault core. (a) Quartz vein cut
by sinistral fault movement of shear plane. (b) Fault breccia-dominated zone. (c) Relics of older fault breccia (blue

line) and older fault gouge (red line) remain within the fault gouge. (d) Massive fault gouge. (e) Foliated fault gouge
bands with different colors. (f) Sheath folds are developed by continued shear deformation.



%I-

rio

o] X3tFA] = 7]E0) Wt ddthe] W}
FollA S E Astol| o7t A7 TFEo] w o F
B2 AR AL Woln, TEeitle) stk
1e SeugAs ol BEee) 94 B A
ol 3t)o] b7t o ZARel LolLbd T
Fa9] Zo] F7}ek HeS Bk Means, 1984
Hull, 1988; Mitra, 1992; Lee and Schwarcz, 1996). Al|
HA A A= 71E00 FAEUE SSAEA
7F AgES oA dSHA(71ERR) Y Fol
Z7Foto] ©FHIA] Qo] ko tHolu ©E2td
oF Zh-Eo] ©3H|A] Yol wels FElE Bt
ATHZH 3d, 5d, 9¢). H] HA DAAE TEo]
A5 gl met FHES 27|71 AobA| AL Hute
7} oA o 718 9 ghego| AR} F7lete] 24
S| g2 ASSHE T2 6d, 6e, 9d; Lee and
Kim, 2005). otA A A oA = ohFet A< 7}
Zl &= mm ~ cm F9| GFH| X o] Y-Hek U3k
o2 LAI5HA WIStATH Y 3e, Se, 9e; Sibson
1986; Scholz, 1988; Choi and Lee, 2020). ZHzt
go] AP gof wpzt 7 F A Yol = JEFE
=9 Agufgke] &gt 27t WEE ek oA gt
Fee P-AdHY} F3stA T2 P-FeH o
ke o SR o) $5AZE okt 4 9)
ThRutter ef al., 1986; Passchier and Trouw, 1996).
AA Gl L3t P-FHES WHEAQl A&
oz Qs AP o] A Y-AkHT 7k 2k
A A 9] HagsA J=d)(Ramsay and Huber, 1983),
HAFA| ol T dSH A uE0] g T3]
T 5ol o FAEUSS AR vpAg o
ARl AN HA A= L7 EZH] A oA T3H
Mz 24E s ExdT vESHILE
Q& HITEA S5 ZH5(sheath fold) o= ¥
P el Aot 1™ 9f; Choi and Lee, 2020). &
WA A o A FE] oA WA DAZA] GFAH 2
3k 19] ez AZ-Eote] BA SSH A7t
TS A A ©E3 ] Zo] M Woldl Hew
A=t Means, 1984; Hull, 1988; Mitra, 1992; Lee
and Schwarcz, 1996). 3t Z}2+9] TA| oA T
o] AL o, GFUH A3FA 1] Fe=
7|1&0] ©Fd fEolA d3HXHEo] Y-, R- &
P-AcHeFe 2 JAHAY AFET Aer =4
FthMeans, 1984; Hull, 1988; Mitra, 1992; Lee and

= QAT UCHO| RETH SYTSH| 12X -0t H|47| AlZE - &

H EETHE 405

Schwarcz, 1996).

6.2 A|47| ttE22E 4

©5H] 2|9 ESR A= @SR AR AFH A
2] BE Fol2o] ofdl nAIet HEA L A
A7) whe] Folxl Bl A47] BEHS
QA Tjetelr] ofgick BAEo] SlckLee and
Schwarcz, 1996). T3t F 155 d A o]Zof A&
e &S5 H[X 9 ESR A= AEsd o E5He
21§k A2 (9F 3 MPa)o] S-25HA] goF ESR
AT E &3] 022 THEX] 33l ESR A& T
B715HA EthKim and Lee, 2020). 245H29] ¢
S FA5ks EFHAIYES o A
o2 WgEoe] gloy I F Y-Aee] &g
A W7} 717 SAlekH, Z42+o] S H| A TS A

£ Z3A7IE AXE 5= Utk wEha] @339
gFolgS "Es| gotslr] sl ¢5ds A5t
I Sl 7o dEH|A Y o] ASTAE g5k
Zt S5 A7 E AlRtsHa

AR ol Wzt 3 2o FFd 9 Bt
© 2 RE @FHA] A&7 757N (S 7170, Fapd
Z 47HE AFste] ESR AdiESAS AR At
3279] ©hEH]|A] AJEE= ESR AlS7t ZatE o] A

S 2 o QIATHIE 10a; A AR9] 42.7%).
o] &SH|A] A 2F9 niR| EFA7 = ©SH|A
9] ESR dAdi&AH <] AE d= 2F 2009 | A
o]HoZ FAHLE ¢F 2008 W A o] ESR A
g Hol= AlEE2 93 & AAld| E1F &
3= o] 2o 2009 | A oMo T =
o] @A] TFHO) i} v He g A HTt
(28 7c, 10a). Y R] 437]9] @3H]X] A]lZ+= ESR
dAdSEe Sl 44 SFA7E AHE = U
th2¥ 10b, 10c, 10d, 10e; AR A& 2] 57.3%).

&3 A A H Y 9, Zo] 23 myl & W
of| F5HA W3t 242t ThFu| A uj 27 E 427
o) A| 2o} TEd o) WEEh 4719 RAGS o
ZRY ARE AF st A9 @FHA] 2 o
e HA5d e ST Agsol 93l
FAH Y-, R-, P-, D R*-H W3fo] h3H| 2w
o] F-E ] 7] dhizell 2] TS| A= o] %o
FAE SR e Mo FAEHIS AL
2 meksto] kA gkskeh £33 T3H|A T |

fu =



406

[ ==

o &FAE AAske AAF27E 719 FEEHA
oot A= AF A9 5 2E a=E= o
ok S5 ol WEd BE 3 ES £
Ae = gl ot oF 23 m Eo] BEd ol A 4270
A BE B8] 2ol A A3 9] A|47] A7
T BEIFEHE AT 5 AAHTHE Ta). I
FSHA WSS ESR A5 dss S
KDE 412 2793 A, oF 527k 3 A, oF 419
| 7, oF 328Hd A, T2 ofF 227 | Aeofl KDE
vHE Hof @38 A A9 Al47] BFFH= F
109k 99] #7158 7HAH @3250] A5H A2
= PHETH(TIE ).

GSHA19] ESR A7k ©3u|A] A= AF A
o] vl BFA) 7| Tk A XSk B4 vl &
8T olgo] AU 7hsgdol Ad A2 oF 227t
9 7o) KDET| o ARE oF 328 | A, oF 419k
g A, o 520k i A o2 dFF(F 23 m] %)
o] 374 ST FEHE s oF 229 3 Ao

2 - oj3f

= 5A% A @S AT BEAZR BAHS 75
O 2 oF 13 ~ 14 m X o] TE TGS X|ujof A
st AR SAHETHTH Tc, 10e; TF3H A
Ao AT A2 13.0%). oF 327 & Hell=
G2 BAZ AAUS 7|1FO2 6.5m, 145m
9 17.5 m - F5& A dSH| AT A
5P A2 SPAHEHTE Tc, 10d; EFH A
Ao AR A=Y 17.4%). FSHY F5&%
A @5u A w= oF 229 | Hofl= AlgFo] §l
7] ool F 329F A 2] ESR A& Ho|aL gt
gt ol 33o] BEX% FA GSHA|u= oF 22
A Ao G5 F 0= Qe 11 o]H e 7] o] %]
AR w2l 22 YA ollA] oF 329k d M| T
=&l tigt 7182 gopbd 7} glok. eF 419t @
Aol &89 YR tFE5 7|50l Fot
Qo &3 BEXAZ FAHSE 7S 2 45m,
135m, 17 m @ 19 ~ 21 m X ZQ A A&Es A
o2 MY 7c, 10c; T3 AXZ A 2

a) Location C

4 / /]

f1.4 km

/8.8 km

b) Loziafion c

+

f1.4 km

> /)

Location B

Location C
G i
+ / // 3

Location B

ty / / 4
+ Vo

. / 8.8 km
L A Location A
ay/a / / /]
? / S E 21.7% S ﬁ 17.4%
e) Loc:atigrj c N
v A E b / >2,000 ke 1 Cataclasite derived
- w E g oS :
Location B f1_4 km / about 520 ka m from biotite granite
? Jg S / about410ka |::i| Biotite granite
’ 0 5m
5 8.8 km e/ about 320 ka
Location A '/ ! Granitic gneiss
= £ 13.0% about 220 ka

Fig. 10. The space-time pattern of Quaternary fault activity of the Keumwang fault zone in the study area during
the Quaternary period. (a) Active period : > 2,000 ka. (b) Active period: about 520 ka. (c) Active period: about 410
ka. (d) Active period: about 320 ka. (e) Active period: about 220 ka.
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