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Han-Kyung Bae and Hee-Kwon Lee, 2014, Space-time patterns of fault activity of the Keumwang Fault developed
in the Jincheon-Eumseong-gun, Chungcheongbuk-do. Journal of the Geological Society of Korea. v. 50, no.
6, p. 735-752

ABSTRACT: We investigated space-time patterns of Quaternary fault activity of the Keumwang Fault developed
in the Jincheon-gun and Eumseong-gun regions, Chungcheongbuk-do, using ESR dating method. The fault core
which consists of 90 cm thick fault gouge was developed between the cataclasite derived from Cretaceous biotite
granite and Cretaceous mudrocks in the study area. The fault plane developed between cataclasite and fault gouge
strikes N66°E and dips 70°SE and the fault plane between mudrocks and fault gouge strikes N60°E and dips 65°SE.
Some subsidiary faults including R-shear, R’-shear, P-shear and Y-shear were developed in the damage zone of
Cretaceous mudrocks. ESR dates from the main fault strand and subsidiary faults range from 560 ka to 140 ka.
The result demonstrates that the long-term cyclic fault activity of the Keumwang Fault in the study area continued
into the Pleistocene. Similar cyclic patterns of fault activity were presented in previous studies of the Northeast
region of the Keumwang Fault. ESR ages also indicate that fault activities appear to migrate along the strike of
the Keumwang Fault.

Key words: Keumwang Fault, fault gouge, fault core, fault damage zone, ESR dating
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LME 22 Choi (1996)°] 93] 9 TFTO= FHE UL

o, ek Zml 3oz dA Ut F9

FHEE AATE 2 ST ddol HEE 34 T2 5534 FEHE 7R SAAEAY BEAE

A9 EAZ Aol 719 2] 23t AAE olFH, :%é—ivuaq% At dobikrt
S -

ddT o] 2 Fol FSHFFIAL ek ol & A 9F170 km QRS 7HAIH AL Ut (Choi,
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1996; Lee and Kim, 2005; Lee, 2010).

Sibson (1977)2 A3} ¢F 1~4 km o] &] Zo]9]
He 34 WBzgo] ) BEuA, ezt
So] Wers}a, 23} oF 1~4 km ©]AF 10~15 km ]
Wo] ZoloAL mhajg-52H8-(cataclastic flow)o]]
ol w}a)¢tA H(cataclasite series)o] gt
R sk A8} oF 10~15 km ©]/9] Zloloflx=
2 M (plastic deformation)o] -A|5HA| 28
310 AUA I E (mylonite series)©] FAHTHRamsay,
1967; Sibson, 1977). T3t Watts and Williams (1979)
£ A8} 9F 10~15 km ©]/¢9] Zlojoll A FAH 4
AAGe] §7IT &, &5 A&Fel ) =8
Zzto| E(pseudotachylyte) 3 T4 A G o] )
HAE Yol SHE Tr 2L 235 Bstqith

7|1EAFNA F9ETole GHLSAE, S
AG, GFHIA D S5 Fol EH e
o, o]= X FAIZE Tl o2 W AEF a2 A
Algtct B a1sFHH(Choi, 1996; Lee, 2010; Lee
and Kim, 2011; Hong and Lee, 2012; Park and
Lee, 2012; Hong, 2013). <432 Al47] o]d &
EA 9 Tk B4 Helehe thet 2k 84
A9 FFo| REZt= 7Rkl AHUAEo] &
Zot, AR FAEo| SAHEA BARE A5
Zalgo] = ck(Kim ef al., 1982). Jang and
Lee (2012)9} Park and Lee (2012)= 7+ ¥= A4+
s5e] Aol Wk FeaEe e U v
U Sibson®] Bi77]|E0] o8 ERF8haL vtz
=42 sefstgon, 159 AYEAES Hlmste]
FaEe] £5AE TRtk 15E T
g W Rol| FHIA Gl ZHER ol Y= B
&ttHJang and Lee, 2012). o]23t A UAEE
FAY FErlel 7]6kete] A8} oF 10~15km o] 4
oA AHTEEEl o FH4E o FFHATEH
(Keumwang Shear Zone) Wol] st Ao 2 27
Hot g = Woly] 27|19 QR 2ARRE 5
of X5} F 1~4 km Hoh= Z137 10~15 ki €2 32
7 A on, Bt Fapols £ HAT
Foj2 Holso] saARY) HEAe B
¢ Ao 2 4 HHChoi, 1996; Lee, 2010; Lee and
Kim, 2011; Hong and Lee, 2012; Park and Lee,
2012; Hong, 2013). Choi (1996)¢]] ©Ja) Ha® 2
Yerze vhek AL ool HATEE ol

s, TS FA02 T4, Aukaet, v
ujZtEgto] o2 FE3HL Qs AR Bl
= %ltH(Lee and Kim, 2011; Hong and Lee, 2012;
Jang and Lee, 2012; Park and Lee, 2012). Lee and
Kim (2011)2 G923 HE 712X 2HA b|4tx,
FARE, WA 27, Aok gho) WSt 58
BAsto] B3 e TR0 FEUAS WET 1
S v mZkegtol A Ukl T,
gto = 7 Wgleo] 27l et Tl
go] Z7lste] FAUE, H59] Yo 7k, 71He)
Aol S7ketal A JA 2717 Fagrkar B
a3t tHLee, 2010; Lee and Kim, 2011; Hong
and Lee, 2012; Jang and Lee, 2012; Park and Lee,
2012). Park and Lee (2012)+& AR Gof| RE3}=
FSUT 7INFEL BAEEAME ol8ste] 9
39 43EF A Fofstnh 252 T UA
| FSo] A3 oF 1~4 km Hr} &2 I7HA] &
718 & S0l MEEste] YA EY 47
DSoo] dFHAZ Ho|Hen, F/H=EA, FU
25 FAst¥ . BustRtH(Cluezel et al,
1991; Kim et al., 1994; Koh, 1995; Cheong et al.,
1999, 2000; Lee, 2010; Lee and Kim, 2011; Hong
and Lee, 2012; Park and Lee, 2012; Hong, 2013).
o|2|gt EjZ &0 wiol7] E|F¢to] ElHH £, &
Sherzo] A g e} HEHIE (transpression)
4] ofs) B2l 3, Ao, B3 59 447
271 FAE AL =2 A" Cheong, 1987; Choi,
1996).

ESE F Lee (2010)= 29259 555 9%
591 QA A Arhel wesks FYTE 5
X 8 FEA7IE FHAC Lee (2010)% B3]
Z] 2] ESR Atj&AHH-2 0]-831o 110 ka, 170 ka,
20 ko] FYTFol ABE shgickn Bashec
Hong (2013)2 S35 X A4 drfjof &g
A BEoe] YHA71E ol 8ste] FYTEY 25
AFS gHg ot Hong (2013)-2 w4 x| 2] ESR ¥t
22 o] 9J5}e] 260 ka, 340~370 ka, 470 ka, 780~790
kaol| TS0 AEF sttt RSt £
gt Hong and Lee (2012)+= 55 24T 9W5H ¢
o TE FFE3olA AFT FSHAE ol &
gto] ESR A& AAlste] &5A171E 35t
A3 S uE-E oottt 152 710




o} ¥ skt
3o Well Igd 449 9352 4%
TIAE 72 o, &3t Q)
e ol e USRI B0 HFLUE B E
253514 Hrh(Knipe, 1989). ESR Ath& A S
SR miAe A7 AT 4 QUoh
S Sl DS el Al 72 &350l wEH o ¢l
o, ojn] of2] ¥ A&HF Frka 7P RAH(TH
1). ¥ s 9325l s 24 E3H1A9] ESR
AZA7)= o] ¥ G(zero)o] E = YA, £
oA 33 W B3 13 204 HFE S
H] 2] 9] w1 SFA 7 |HE A e 4= Qi 29 1
Nx EFA7] Adls FEF 9 FedE 1, Bad
5 27} B 2EsHth 5 A7) B Coll= S
S s 2w AT shlen, Redd 12
2E5HA Pk &5 EFA7] DA = FEET
A&E st e, Rea3E2 NEEsHA Bsitt
I 7P EAL Bt 120 2FA7] A 2

e v
)
i
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Fig. 1. Temporal variations of ESR intensities of a fault
zone. The intensities of ESR signals are zeroed by a ser-
ies of fault activities. The main fault and subsidiary
faults have their own movement histories. However, we
can determine the time of the last reactivation of fault
gouge for each fault, using ESR method. Steeper rise
in ESR intensity after faulting results from creation of
new precursor ESR centers by shearing (modified from
Lee and Schwarcz, 1996).
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71 DYt 2R 5 YRR, RAS SRR 85
A7) Ast BE 2RO ZA BT BEAE 7
B 5 UK 1). AT BEFA] C 715
ofste] BEA7] B 710] A9A FHE L 24
Y352 4 BEA7] BE AYT 4 glov,
22 9359 A B3 PEol S Lobd 4 girt

0, M

o I

[}
1

£ 212 ESR A3 W) 9 5 ik 54
BF AR 9 A7 A7 Aol ofst, A7le]
YRS o), B e 9% 295 U 2eus
o BEoT Y BEES BE5H) Aokl B
= tHKamb et al., 1971).

FEH A= T Ev Ao R 29
H37E AR Holn, P7 XM= o ©&5H|
A2 L= o] gtk T5H| A 9] ESR Ath&A
OJ5tH Z}Z+e] HiX|u= thE AU E HolH, o=
Lol A gt d5E-F Foll B EFH|A| 9 ESR
AZ7E mE Fo] HA etk 45k Lee
and Schwarcz, 1996; Lee, 2010; Hong and Lee,
2012; Yang and Lee, 2012). Lee and Schwarcz
(1996, 2001)+= Th&H| ] o] AslorlS 1, I, I
IV thre] TRAMETHIY 2). Aok 1
2 W 7 32 (strain hardening)2J3]] 7]&of &
o] JAd EFHAwe} 7|9kt Atojof =&
SSHA 7 A= AS WITHIE 2a). o]
Bfole @3RN FAZE SIFsHA =, 7]
Lo IEEo| Y GSu XY= &FsHA| gt
A2 GSHIA W7 B o] dFH A FU
5o} FHELE= Z17] o SFAI7IE AASH |

¢

a) Type I faulting mode

b) Type II faulting mode

VVVVVVVV VVVVVVVV
TYVVVVVYVY VVVVVVVS

v
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d) Type IV faulting mode

Fig. 2. Schematic diagram of faulting mode (modified
from Lee and Schwarcz, 1996, 2011). (a) Type 1 fault-
ing mode. (b) Type II faulting mode. (c) Type III fault-
ing mode. (d) Type IV faulting mode.
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tH(Wojtal and Mitra, 1986; Lee and Schwarcz,
1996; Yang and Lee, 2012). X3}F4] D= HPEA
3hakgo] ofaff 7|&e] WEEo Jld TFHA|H
Woll =2 SFHIA W7} 5= e gt
% 2b). o] A$ 71E0) w3l BEAver LS
@ w3l o) $5A718 242 2T 5 Ao
(Wojtal and Mitra, 1986; Lee and Schwarcz, 1996;
Yang and Lee, 2012). 213} ¢F4] 12 HEP A2
of oJsl HFH| A AA7 A&Ee AS Wittt
(¥ 20). o] ASoll= BSH A Wol| ©3u]Z]
mEo] EFEHIL ATz aS0| FHEY] o
o ¢85 A71E 2T o flth(Wojtal and
Mitra, 1986; Lee and Schwarcz, 1996; Yang and
Lee, 2012). X13}F4] IV HEH3}2-g-of o) &
FHA A7 ZYEHAY G3E8Y Yol RS
o] A= AL W3tcH(1Y 2d; Lee and Schwarcz,
2001; Yang and Lee, 2012). wj2bx] Zsjekd] I, IO
A V=g AR oA 13] o)) 385 AlI71E Al

A& 4= Jlom, Xtk M2 upAdf G385 Al
715k RJAJSeH 19 1; Lee and Schwarcz, 1996;
Yang and Lee, 2012).

o] =19 HHL FHEE WS4 Edi
e SRR AAGSe a993Y A47]
A3 SR EHE sk Aolth o] 5=
yst7] flste] FEFH FedIEol 7] tE
FA71E RSt A8 D) o2 g2
AE SSH Ao = 22t SRR T Eel Z}
7] & &FA71E AARTE H(3E 2)S o8
sto] AR Fol|A FFESY EsolgdS st

u29'GG ¥G o9E

u¥71°0S .0G 09€

A
Ghopyeong fomaton

~Unconformity~

gJ: Biotite granite
,,,,,,,,,,, Geological boundary
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@ ESR age sampling site

}

o o
127° 30' 09.02"

127° 34' 00.60"

Fig. 3. Location and geological maps of the study area. (a) Geological map. (b), (c) Location map (modified from

Choi and Choi, 2007).
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Fig. 4. Digital elevation model (DEM) of the study area.
White arrows indicate the trace of the Keumwang Fault.
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2 AHSSAL T H 3). 99ESY FEE =
B2o] REsl e HIY &S AXZ Hol
Slon], HAZe] SeR St REA AL e
of Bl FEAIHE HoJUth(1H 4).
seRslehe 39 UH 299 YarE B

o]u:] _'__9_ :[Lk]a.} o /_\:]0'—1 X]-}\—]E 1:1] EOEolq_
(L9 5). T2 == -7 A 3h, ke S3jo] 9
o AHFT Aol =t AR ER WaEo] 9
tH(Cheong et al., 1976). Ryang (2013)2 24 EX]
AAROE 294 FAHAZ0] $AFT SR
Foz 7HiA =AY YA HHFo] nTdh=
shA Hagol wase, £219) 43 el A
U2 saEd 3ol HAEgrkn Bas. AT
Ajo] AR AARE Fal} werE 2N}
ol SAIsHA vehtar, £4 FFFE 25
o] 22 MEA ARHIH 6a, 6b)1t o]H(1H 6
¢, 6d)o] 8 o] 20 HFI.

Fig. 5. Outcrop photographs and mlcrophoto graph of the biotite granite in the study area (Bt biotite, Qtz: quartz
Mc: microcline).
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Fig. 6 Photographs of rock slabs and thin sections of the sedlmentary rocks in the study area. (a), (c), (e)
Sandstones. (b), (d), (f) Mudrocks.

3. CITX|oi0| HickEl TRickEo| V5l EA

[== =y

FFol e dFAEL AT, A9, ST
=2 52, B %(subadlary fault ) Y5 L
et o7 01741—‘101 ADF2ES B4 (T
7a), BETEES AAA ol Wt £5
Zzkoll 7125¢0] V-2, Rk, R-2g, P-Hgke
2 BRETHIY 7h). Y-HTHE FapolEeisel o
3} el weEs), FRo|Fue] LEUzt

3} ARk RATHE o dao] Aztom
gE, ol et LA YA|sh= vHA
R-Age RATkch: § wesie, 03 4
of 17+ o] HeFHZte s Wttt P-Ad
& E R-To] BT ol Fof el Fekzel
25723 YX|3tck(Fossen, 2010).

31 A X|F ZYEHES &4 9 ESR 2iL|
Hong and Lee (2012)&= A A|F oA 24F359]
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Fig. 7. (a) Faults and folds generated by left-lateral simple shear in a strike-slip fault (modified from Waldron, 2005;
Davis et al., 2012). (b) Directional nomenclatures and geometrical relationships of the structural elements (modified
from Rutter et al., 1986).

Fault gouge|

(fault core;

\*%




742 HiEHA - 0|3 #

g

H

=

= =1
Ao s qfste] XA AvE GE5eE
el shorshich A AHolE BHaetlA SeE
shafota} wiely] B|zjer Alo] ZAe] Zo] o3 mal
SFHR 2 A dFdo] WdEo] lrk(Hong
and Lee, 2012). E|&¢fof s wh-3-&4ol
%3 Ajoloiz Zo] o7 cm3] THEu|A| w7} Wk
o} lom, ol oA A2 KW-1& 275} ek
8a). KW-1& 53t Aol A ZHAPLFL 2 oF 150
em Wolzl Eo|H KW-2 A2 etk 13
8b). KW-3& KW-20] 4 AZ0.2 oF 50 cm 2|40
A Ao R0P(77 8c), KW-4k= W27 9ol
2 SFHA oA AFSFATHTE 8d). Thaf el
UgE GEeATel 93 Aolo] Fo| of 2+5
em?l T3H| A w7} N35°E/83°NW 2] B 9] & 2L
weslo] itk ol 2elA KW-59F KW-62 oF 10
cmZtZ 0.2 Y F3FHTH I 8e, 8f).

Hong and Lee (2012)¢] &J3}H A X]H <] &+
7ol Al el ot ©F 3 Atolof HEE
TS H| A ol A 2 F3E KW-5, KW-6 A]= 2] ESR
A= 2+ 290430 ka, 350+30 kao]™, @ x}3HA
ol dAIste o]59] Bat2 320 ka= 345}
HCHLE 8e). TFHIA O FAFA AHF T
KW-49] ESR ¢it]i 48040 kao|uj(1d 8d),
shajore] RHEE BT BEUAIH AT
KW-32] ESR dtji= 710410 kao]cH(2S 8c). T
Zo3} woly] Algke] WadAt) Ajolo] weE
S H A W o A 2|3 g KW-13} KW-2+= ESR 4l
%7} Z3tE o] ESR A& S8 5= glith(24
8a, 8b).

o ulolshl thxn|x]o] THEA|7|E ESR At
[e}
[e)

£ N

32 B X[HQ| HHE&EMIN0 WEE So
EM 2 AZAF

B 2o M= S-2msptetol A frefe shaforat
oty ) 2ehe] HAR7L ofefoll A RAEA] %k
on, wjol7] EjF ot HEsl= gEE ol F
TS0 TEHo Sirt. wEhA FH5 S
g 4= giglom, 17 304 Bl sl Y-S
UEEAQ] MRS BT B 2|4 Yo whgs] Fat
255 243}4r) N71~81°E/60~65°SE "] o
SE2 Y-k T o 2 S =, N80~86°W/
60~67°NE 2 N80~86°W/62~68°SW ko] th

9|

Ol

52 P-Agre] o2 A2y 9). o]
Zol 4] N86°W/62°SW W3ko] T8 wjat Zo oF
3~7 cmQl SFH[A7} AL E o] glon, o] oA
A& HK27-1& S THLH 10a). ESF &5H
o] g ¢7F N82°W/67°NEQ] P-Aetieke] Hath
Sof A ©5u]|9] L2 2F3~10 cmo]H, o]
oA A= HK27-28 F3FH T2 10b). oF 15
cm 9] FEH| A0 E 7R = Bk e Wy o]
Ao D WL SAE] oo, o
ol A Al& HK27-3& st 1 10c). ©5H
o] uFgko] N76°E/65°SEQ] Y-Hehigko] Hirk=
o= Z oF 7 cm@l ThEu|x|7} whetElo] 9o, o]
oA A= HK27-48 382 10d).

3.3 C XH ZFHE SM Y A=HF

) SmadelAl e ahaforat Wet
7] 27839 ok AAE wEt FHF] dEo]
WEo] Stk GFHA R 1AE B3 T2
°F 90 cmo|w, THFH|A] Yol 0]¢he] ohHo| ¢
FEE T Ithad 11a). G5} TG3&
gt Atol9] ZA o= N60°E/65°SE WaFe = 3
3ol o] §lomn, o]3tofA Al& HK001-1
< AHSHATHIE 11a). GFHT} SFANA F
el shafot Abo] 2] B Aofli= N66°E/ 70°SE W3ke
2 d3Ho] dEo] glow, o|3LojA] A& HK001-3
< AHFAHTH 11a). FSH Rl JEFE
of Meufafol] 2%t Ae]7t U A Hayel
N66°E/70°SE2] waFo & Hidtw]o QIth( 13 11b).

o]¢el Htd @& ol RegFEel W
gEo] jlon, F993Y FHrd TPols 25
anste] 247k Y-AeaRe] o, R-ATEEko)

Fig. 9. Stereo plots of subsidiary faults in the B site.
(a) Faults in the orientation of Y-shear. (b) Faults in
the orientation of P-shear.
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werst 2gnse| AIZ-32N gEEY
= O
O

Aeegrol] 23t ga]7h N53°E/60°SEQ] w3ko

2 o o] Qi1 13a). R-ASHEF &
N14°E/75°NWe] v}eko 2 dighr]o] 9j o, ths

u]%] 9] Z& oF 3 cmo|tt. o] o] A= HK001-2

HK27-3
560+50 ka

¥ | Fault gouge
¥ (faultorg)

o m :
:1| foliation L »
- [N66°E/70°SE

t at the C site.

i
aul

Fig. 11. Outcrop photographs of the fault core of the Keumwang F
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£ stk ad 13b). R-Aghige] g
N26°W/80°NE & N59°W/64°NE ¥}k 717l &
| FFolsEFoIth2H 13¢, 13d).

Table 1. Amount of U, Th, K for each sample of fault
gouges.

Sample U (ppm) Th (ppm) K (%)
HKO001-1  3.12+0.06  21.58+0.35 4.11+0.03
HKO001-2  2.43+0.05 14.81+0.30 2.67+0.02
HKO001-3  1.51+0.03  7.75+0.23 2.65+0.02

HK27-1 3.85£0.09  25.34+0.57 3.73+0.03

HK27-2 3.74£0.08  27.72+0.61 3.94+0.03

HK27-3 4.18+0.08  26.65+£0.56 3.82+0.02

HK27-4  2.65£0.05 27.95+0.62 4.99+0.03

Fig. 12. Stereo plots of subsidiary faults in the damage
zone of the Keumwang Fault in the C site. (a) Faults in
the orientation of main fault. (b) Faults in the orientation
of Y-shear. (c) Faults in the orientation of R-shear. (d)
Faults in the orientation of R’-shear. (¢) Faults in the ori-
entation of P-shear. (f) Orientation of reverse(thrust)
fault.

4 IR0 WEE SYESO| ESR AL

4.1 B X|H0|M2| EFSHIX| ESR ALY

B A of| 4] 57t Al =) Tt ESR A8
B 313} 3 20 AAE o] 9lem, ESR A% 9] 4
A4 (growth curve)> that 22 54 HQl
o} HK27-10| 4 Eejd g2 EXsE BE 94&}
A7)0 2AFE Huto|R| 9 o] FTHEE
ESR 41Z9] 7|7} FRA o2 F7leke P2 B
o] (13 14a), Al ALEE 2545 um, 45~75 pm,
75~100 pm®] JRLA7]0f| A ZAHE Zmtofi 2] 9]
Fo| F7He& ESR 4129 A|7]7F dAsHA 571
S} OFARS Ho]U} 100~150 um & 150~ 250 um
o] YR=7|o A= Al A 29| A717F Zmtof| | 2] &
Fo| ST E A2 Frhske ARkl ot
(713 14b). HK27-20) 4 £2)8 A E Als 25
~45 pm, 45~75 pm, 75~100 pme] YRK=L7o]
Al el g A 9] o] F7HeE ESR A1 EA17]7}
2702 Z7F, 100~ 150 um 2 150 ~ 250 um
o] dA=7| A= At dR| 9 ol F7HE5
AHGeE F7tst= o] UTHIH 14c). Al A
T= BE RN AR Frbol | A 9] ol
%7F&5 ESR 4159 A)7]7} E+F2l5HA S7Fst
© opare WOIth(1Y 14d). HK27-39) A% E' Al
1 25~45 um, 45~75 pm, 75~100 pm, 100~
150 pm @] YRk 7| | A ZARE Zmpof| | x| 9] Fo]
3718 ESR AZA7|17) 2 H o2 F7fsh,
150~250 yum®] AR}=7]9|A E A ZA|7]= vt
oz 9] oFo] F71drF AHY L2 F7Ish= 7
o] QITHLY 14e). Al AZA7|%= 25~ 45 pm, 45
~75 um, 75~100 pm, 100~150 um®] Y=}=L7]
ol Al =AM Zmto| g x| 9] ¢Fo] F7Fe5 ESR 4l
SAI717F HR1A o= F7hsk, 150 ~250 um 9] ¢
A=A 7104 Al A ZA)7 | = Zmpol e A] & o) F71e
TE AHem STk Aol UAthTE 14f).
HK27-40] 4 £2]¥ g2 E'et Al ATA7|= 2
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T3 ESR o= Ao BeteS Holn, o] Edf
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Fig. 13. Outcrop photographs of subsidiary faults in the damage zone of the Keumwang Fault at the C site.
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Table 2. Analytical data for ESR dating of fault gouge. 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 D& (Gy) (uGyl/year) (ka)g meai (ka)
HKO001-1 B 25-45 E' 1,852+678 5,171+432 358+134 370100
HKO001-1C 45-75 E' 1,985+725 5,033+418 3944147
HKO001-1 D 75-100 E' 2,880+719 4,892+405 588+154
HKO001-1 B 25-45 Al 2,155+666 5,171+432 416+133
HKO001-1 C 45-75 Al 2,473+541 5,033+418 491+114
HKO001-1D 75-100 Al 3,045+649 4,892+405 622+142
HKO001-2 B 25-45 E' 1,664+489 3,488+291 477+145 480490
HKO001-2 C 45-75 E' 1,665+377 3,3944281 490+118
HKO001-2 D 75-100 E' 2,638+705 3,299+271 7994223
HKO001-2 E 100-150 E' 2,864+414 3,1814+260 900+149
HKO001-3 B 25-45 E' 885+162 2,868+246 308+62 310+60
HKO001-3 C 45-75 E' 2,175+888 2,788+238 780+325
HKO001-3 D 75-100 E' 2,220+343 2,707+£229 820+144
HKO001-3 E 100-150 E' 1,490+234 2,605+£218 571+101
HKO001-3 F 150-250 E' 2,263+485 2,428+201 9324213
HKO001-3 B 25-45 Al 2,057+258 2,868+246 717+108
HKO001-3 C 45-75 Al 1,896+437 2,788+238 680+167
HKO001-3 D 75-100 Al 2,907+593 2,707+229 1,073+236
HKO001-3 E 100-150 Al 2,742+847 2,605+218 1,052+336
HKO001-3 F 150-250 Al 2,855+964 2,428+201 1,175+408
HK27-1 B 25-45 E' 2,098+249 5,261+441 398+57
HK27-1 C 45-75 E' 2,649+425 5,1234+426 517493
HK27-1D 75-100 E' 3,700+572 4,984+413 712+130
HK27-1 E 100-150 E' 4,155+564 4,810+396 863+137
HK27-1F 150-250 E' 4.967+807 4,513+£367 1,100+£199
HK27-1 B 25-45 Al 362+70 5,258+441 371+127
HK27-1C 45-75 Al 1,148+322 2,150+426 383+72 390+40
HK27-1D 75-100 Al 423+109 4,978+413 382+128
HK27-2 B 25-45 E' 2,570+278 5,547+463 463+63
HK27-2 C 45-75 E' 3,310+308 5,404+450 612+76 530+40
HK27-2 D 75-100 E' 2,900+350 5,255+435 551+80
HK27-3 B 25-45 E' 3,730+794 6,410+542 581+133
HK27-3 C 45-75 E' 3,381+421 6,239+524 541481 560+50
HK27-3D 75-100 E' 3,519+367 6,065+507 580+77
HK27-3 E 100-150 E' 3,978+847 5,848+485 680+£155
HK27-4 B 25-45 E' 1,4224+266 6,174+522 230+47
HK27-4 C 45-75 E' 1,193+192 6,010+506 198+36
HK27-4 D 75-100 E' 1,203+68 5,842+489 205+20
HK27-4 E 100-150 E' 1,748+316 5,636+468 310461
HK27-4 F 150-250 E' 2,126+249 4,276+433 402+57
HK27-4 B 25-45 Al 967+117 6,171+5222 156+23
HK27-4 C 45-75 Al 496+109 6,007+506 132421 140+10
HK27-4 D 75-100 Al 821+103 5,8394+489 140421
HK27-4 E 100-150 Al 1,229+198 5,631+468 218+55

HK27-4 F 150-250 Al 1,294+126 5,271+433 245431
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Fig. 14. Typical examples of growth curves of ESR
signals for samples collected in the B site.
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signals for samples collected in the C site.
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Fig. 17. ESR ages vs. grain sizes for samples collected
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Fig. 18. Schematic diagrams showing the consistent
ESR age estimates along the Keumwang Fault.
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