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ABSTRACT: The core of the Keumwang fault is developed between Jurassic biotite granite and Cretaceous
sedimentary rocks at the Ssangjeong-ri site. The fault core consists of 5 bands of fault gouge which have
characteristic features. Although the Keumwang fault was formerly considered to be sinistral strike-slip fault,
structural elements in the fault core appear to show the dextral strike-slip fault movement after Tertiary period.
20 out of 27 samples collected from the fault core and damage zone are saturated, ESR ages of the other 7 samples
range from 500 to 340 ka. Only 4% in width of the fault core reactivated in the Quaternary period. The ESR age
(weighted mean: 340+20 ka) of the C site is consistent with ESR ages from A (weighted mean: 330+50 ka) to B
(weighted mean: 320420 ka) sites. This suggest that the Keumwang fault were reactivated at the same time in 330
ka ago about 10 km from location A to C. ESR ages obtained in this study suggest that the long term cyclic fault
activities continued during the Pleistocene.
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Fig. 1. Geological maps of the study area and sampling locations. (a) Geologic map of Eumseong basin showing
the sampling locations. (b) Inset map shows the study area and the Cretaceous sedimentary basins developed along
the Kongju fault system (modified from Cheong et al., 1976; Choi and Choi, 2007).
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Fig. 2. Digital elevation model (DEM) of the study area
showing the locations of localities A, B and C along the
Keumwang fault. Black arrows indicate the trace of the
Keumwang fault.
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Fig. 3. Outcrop photographs (a, b) and microphotographs (c, d) of gneiss in the study area (Bt: biotite, Qtz: quartz).
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Fig. 4. Outcrop photographs (a, b) and microphotographs (c, d) of biotite granite in the study area (Bt: biotite, Mc:
microcline, Qtz: quartz).
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Fig. 6. Outcrop photographs (a, b) and microphotographs (c, d) of sandstone in the study area (Qtz: quartz).
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Fig. 10. (a) Internal structure of the fault core of the Keumwang fault. (b) Close-up photograph of domain 1; foliated
dark-gray fault gouge. (c) Close-up photograph of domain 2; fault gouge with penetrative shear bands. (d) Close-up

photograph of domain 3; fault breccia with shear bands, (¢) Close-up photograph of domain 4; fault gouge with
penetrative shear bands, (f) Close-up photograph of domain 5; foliated dark-gray fault gouge.
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Fig. 11. (a) Outcrop photoraphs of the fault core of the Keumwang fault. (b) The directional nomenclature and geo-
metrical relationships of the structural elements followed Rutter et al., 1986; Passchier and Trouw, 1996. (c) Stereo
plots of shear surfaces and shear bands, foliations and fractures within domain 1. (d) Stereo plots of shear surfaces
and shear bands and fractures within domain 2. (e) Stereo plots of shear surfaces and shear bands, fractures in the
relics and shear surfaces and shear bands within domain 3. (f) Stereo plots of shear surfaces and shear bands within
domain 4. (g) Stereo plots of shear surfaces and shear bands and foliations within domain 5.
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Fig. 12. Outcrop photographs showing dextral movement. (a) P-shear band (NO5°E/72°NE) transected by Y-shaer
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surface (N31°E/67°SE), (b) P-shear band (N09°E/87°NW) transected by R-shaer surface (N88°E/70°SE), (c)
P-shear band (N17°E/77°SE) transected by Y-shaer surface (N27°E/60°SE), (d) P-shear band (NO8°E/80°NW)
transected by R-shaer surface (N84°E/64°NW).
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Fig. 13. Outcrop photograph of the fault core at the C-2 site showing internal characteristic features. (b) Close-up
photograph of domain 1; massive light-gray fault gouge. (¢) Close-up photograph of domain 2; fault gouge with
shear bands. (d) Close-up photograph of domain 3; fault breccia with shear bands, () Close-up photograph of domain
4; fault gouge with relics of host rocks, (f) Close-up photograph of domain 5; foliated brown fault gouge.
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Fig. 14. Outcrop photographs of the fault core with sampling locations and ESR ages at the C-1 site. Symbol; Satu.

representing saturation of ESR signals.
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ESR ages at the C-2 site. Symbol; Satu.
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Table 1. Amounts of U (ppm), 7h (ppm) and *°K (%) for each sample of Keumwang fault gouges and fault breccia.

Sample U (ppm) Th (ppm) K (%)
HJ055-1 4.89+0.12 15.69+0.37 3.26+0.03
HJ055-2 4.69+0.06 19.20+0.37 3.74+0.03
HJ055-3 4.534+0.14 13.20+0.35 2.78+0.03
HJ055-4 3.71£0.06 20.69+0.34 3.22+0.03
HJ055-6 3.81+0.09 18.38+0.31 4.19+0.03
HJ055-7 4.08+0.15 17.60+0.42 2.93+0.03
HJ055-8 3.37+0.09 14.16+0.29 2.65+0.03
HJ055-12 2.78+0.05 13.67+0.35 3.10+0.03
HJ055-19 4.27+0.08 17.73+0.41 2.30+0.03
HJ055-21 3.19+0.06 18.90+0.37 2.4540.02
HJ055-1# 1.3240.12 4.85+0.29 1.89+0.03
HJ055-2# 4.154£0.14 19.41+0.54 3.97+0.03
HJ055-3# 1.46+0.09 5.34+0.34 1.74+0.03
HJ055-4# 13.50+0.47 3.71+0.11 2.55+0.03
HJ055-5# 1.05+0.07 4.84+0.28 1,73+1.05
HJO055-6# 1.23+0.07 5.2440.31 1.58+0.03
HJ055-7# 1.04+0.05 5.82+0.32 2.16+1.04
HJ055-8# 1.05+0.08 4.91+£0.30 1.98+0.03
HJ055-9# 2.5140.11 13.67+0.35 3.16+2.51

HJO055-10# 1.33+0.09 8.01+0.32 1.6240.03
HJ055-11# 1.60+0.10 6.58+0.33 1.93+0.03
HJ055-12# 2.87+0.10 15.67+£0.54 3.12+0.03
HJ055-13# 3.05+0.11 19.234+0.55 3.40+0.03
HJ055-14# 3.86+0.11 10.36+0.47 2.8440.03
HJ055-15# 7.60+0.16 16.444+0.58 2.82+0.03
HJO055-16# 1.09+0.10 5.40+0.25 2.01+0.03

HIXLA] A2 EE HIARY oL %] & Wol ESR A&
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xZ3lEo] I AdiE AH & 4= JlsleH, B 4159
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Table 2. Analytical data for ESR dating of fault gouges and fault breccia in the study area. Weighted mean is calculated
from the ESR ages within the plateau (shown as rectangle in column of ESR age) and the values have been rounded up.

Grain size Dose rate ESR age Weighted
Sample (um) Center DE (Gy) (uGy/year) (ka) mean(ka)
25-45 E’ 1335+149 4059+717 328+68
45-75 E 1221192 3949+694 309+72
75-100 E’ 1227204 3838+672 319+77
HJ055-1 , 340+30
100-150 E 13354239 3699+643 360+90
150-250 E’ 1693+310 3462+596 489+122
25-45 Al 1553+194 4060+717 382482
25-45 E’ 1391+133 4059+717 342468
45-75 E 1311+206 3949+694 332478 330440
HJ055-2 75-100 E’ 1246+222 3838+672 324481
100-150 E 2528+534 3702+643 682+186
150-250 E’ 921£87 3460+596 266+56
25-45 E 12544263 3739+626 335490
HJ055-3 45-75 E’ 1341£279 3638+608 345492 330450
75-100 E 1157+166 3535+589 327472
25-45 E’ 1369+92 3740+626 366+66
HJ055-4 , 37060
45-75 E 13724516 3638+608 377+155
25-45 E 1795+249 4060+717 442+99
45-75 E 1654+206 3950+694 418+90
HJO055-1# , 430450
75-100 E 1741+£355 3839+672 453+121
100-150 E 15944205 3700+643 430493
25-45 E 1127+240 2337+695 482+176
, 500+120
45-75 E 1159+139 22724671 510+162
HJ055-7# ,
75-100 E 1581+281 2208+646 716+245
100-150 E’ 12944430 21241614 609+208
25-45 E 961+151 3208+677 299+78
/ 330+60
45-75 E 1174491 3122+656 376+84
HJO055-11# 75-100 E 1496+188 30344636 453+£115
100-150 E 1218+233 29244610 416+118
150-250 E’ 793+121 2732+566 290+74
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Fig. 16. Growth curves of ESR signals for four fault gouge samples (HJ055-1, 2, 3, 4) collected in the C-1 site.
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Fig. 17. Growth curves of ESR signals for two fault gouge samples (HJ055-1#, 7#) collected in the C-1 site.
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Fig. 18. ESR ages vs. Grain sizes for six fault rock samples collected in the C-1 site.
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Fig. 19. Growth curves of ESR signals and ESR ages vs. grain sizes for fault rock sample (HJ055-11#) collected

in the C-2 site.
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Fig. 20. Schematic sketches of fault cores developed along the southwestern end of the Keumwang fault, sampling
sites and ESR ages. Symbol; Satu. representing saturation of ESR signals.
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Fig. 21. Temporal activity pattern at the southwestern end of the Keumwang fault during the Quaternary period

(modified from Hong, 2013; Kim and Lee, 2016).
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Kim, 2018), o]i= ©5-5°| 3993 8¢
w2} o] 53t Z o2 A FH(Hong and Lee, 2012;
Kim and Lee, 2016; Kim, 2018). 2F 483t d Hoj B
A% (Hong and Lee, 2012)3} C A YA T5-25
o] dojtom(ad 21), A X (Bae and Lee, 2014)
of| A= vpA e ©E-Fol 93 1 o] MY HEeE
7] Z(ESR signal)o] A HF7] wfZol] A 25l A=
g Al719] G5 FIT o gllE Ae=
AZr =lojzrt. oF 435 W Hofli= C A -olA &3
$50] dojirom(aY 21), A A H(Bae and Lee,
2014)¢} B A& (Hong and Lee, 2012)9| A= u}x]
o S5 ofa) 1 o) U TEEE 7IS(ESR
signal)o] A Y57] wZoll A AT B Xl A=
g Al719] G eS HIT o gllE Ae=
A7k Folal}. o] Al7loe C AHezyE It
Zo BENE APAL AT ©EBF] Loirk
= 7S E S Ao g HRlrt 9339k | Hofl=
A A% (Bae and Lee, 2014), B 2] (Hong and Lee,
2012) 9 C A BRoA ©3-EFo] dojten,
I AR Foj= 2k 10 km o]AFo]th( 1 20, 21).

B X]Z(Hong and Lee, 2012)3} C-1 A|F A=
Szale] HEZo|H BAZO 2 24 ESR AY
7} E o A= A S HATHLH 20D, 20c).

6. 4 =

AA], Lee and Kim (2005), Hong and Lee (2012)
13]31 Bae and Lee (2014) 0] =29 S4TH52 1Y
o}7]o] 2t POl E 20| ST AR BT
Egle1}, Kim and Lee (2016)2 oFART 3441(70~80
Ma; Cheong and Kim, 1999) o] QAR ] whetst
A7 7o) Hekd 9 dekuje] W 34 A,
wloly] 57] o] F S FolE 50| AL
B39 tHHong, 2013; Kim and Lee, 2016). 5%
BE 247 WEH e AL A1)l Wt
ool wa ol Wt Ao 2 des
o Ferzule] vk e Y- ke (NG2-43°E/
81-89°NW)o] 714 430, RAEHels) P-Ashoke
217} N44~56°E,/54~83°SE W3k N04~17°E/70~88°NW
Wz LAIHA Eesto] Jlrt. ©EH| A W dE
3t S-g o] Weke N01~17°E/75~85°NW 1&gk
o] A5t ol= L% FEFOlT 5= AR

I 11). wabA, S92 A37] o=
F F3FolE 50| FAIF e, A37] o] Tofl= -
¥ TFolE 250l HAIFE AR =
A, SREE ST BEH AEE g9 C A
Aol Y3t 99952 93 € eSS =2RE
AFeE 27709] A= F 207]9] A== ESR 4187} =
3}=]o] ESR AHiE 2% 4= qlsler, Uz 7719
GSA A2 RE A2 ESR A= 500 ~ 340 kaojl
o]2tt oF2 m 9| &5 5 ESR AtE 42 &3
H|Z| 5 Z0] Z31S oF 8 em (2F 4%)o] Bt} wh
kA, HA) SF Y] & F oF 4% 2] TFH| A wqto]
A47]o) AHL-E 3t9S AL 2 FHHEHTHE 14).

AA|, A X% (Bae and Lee, 2014)o)| A 2|3 et o
ZH|A] A 752 715H+ ESR g 330450 ka
oy, A AFHCZRYH EFZHOZ oF 7 km HojZ
B A" (Hong and Lee, 2012)0]| 4 2| F gt TH5-H]A]|
N BE9] 7129 F ESR A= 320420 ka 1811 B
AHO2REH 550 oF3km HojX C Ao
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340420 ka© & 9F 10 km ©oJAto]| 2 ESR A7}
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j= 33010 kao|th(=1¥ 20).
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A (A, B 2 C A H) oA 9] Al47] G2
2 gE7]¢ HZE7| 2 Urol-nh o 334t
| A o] o= B30 X] 9] f&Fo] YojubA] gh&
Ao g2 FHHETHIHE 21).
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