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Man-Jae Kim and Hee-Kwon Lee, 2017, Quaternary activity patterns of the Keumwang Fault in the Wonju-si
area, Gangwon-do. Journal of the Geological Society of Korea. v. 53, no. 1, p. 79-94

ABSTRACT: Although ESR signals stored after prior faulting events are all erased by the most recent event, some
of'the subsidiary faults preserve the records of the faulting events younger than those of the main fault (fault core).
To study space-time patterns of Quaternary activity of the Keumwang fault in the Wonju-si area, Gangwon-do,
we analyzed the ESR dates for fault gouge bands developed in the fault core with subsidiary faults. ESR dates
obtained from both the main fault and subsidiary faults range from 830 to 240 ka. ESR dates of this study including
previous ESR dates obtained by other researchers show temporal clustering into active and inactive periods since
500 ka. Results from this study suggest that the long-term (160~50 ka) cyclic fault activities of the Keumwang
fault continued into the Pleistocene. Within a given active period, the activities of faults show spatial clustering
along the strike of the Keumwang fault. Southwest part of the Keumwang fault appears to be reactivated prior to
340 ka, after that northeast part of the Keumwang fault appears to be mainly reactivated.

Key words: Keumwang fault, fault core, fault gouge, ESR dating, Activity pattern of Quaternary fault

(Man-Jae Kim and Hee-Kwon Lee, Department of Geology, Kangwon National University, Chuncheon 24341,
Republic of Korea)
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9] ofxlo] WAt A], L2kl A X XA sfjof| o
gt A o] mobslth A2 thFE(90% o)) 24
©@3(active faults)ofl A LAF3}E7] wfiZof XREeHY
d £4 1 2 70f] &gt At WA|s] Yaia= &
3ol thgt A7 DA o]tk (Kim et al., 2011).
olHgt o|{E, HT UM E EdEZTY
OlE AL, BAITALEE AlFste= Algol
THE Aok

339 A3 SEFEH ol dig AR A
AZA o] Aot A o] BEs =Rl o
3 pobet 4= glom, Qho g Aoty A A&HEet
AN7FE 34T = = vigo] "ok JARRA=
(Ambraseys, 1988; Barka, 1992)1} X A& (Lee
and Schwarcz, 1996; Yeats et al., 1997)0f 2|34,
@3eEol Al7He] AA| Yol HAIglo] EE71¢} H]
57|12 ol AL SEFEYE Roln, T
Fo] 29w BER ol ol 53 74 BF
FEE Hol= AS & 4= lth(Yang and Lee, 2014;
Bae and Lee, 2016).

=95 (Keumwang fault)2 SJ=A] 2] A%
AR A L= AR Ho4 Aoi7iA] g
gk F 170 km9] A 7H ol st3olthChoi,
1996; Lee and Kim, 2005; Choi and Choi, 2007;
Lee, 2010). Ztz} oh2 HF S oA FAE S
AL, g A SR 2 SS4Ed Fol &
3o T wE FAHom EFxshaL glon,
Kim and Lee (2016)= 2} ©@&¢to] JAAH HP S
7, R A7], 712l o s = 24 69A
o] G325 RStk A v dA o= F2t
7] 7] 9 wiely] 27| Hegf FFolE AR
ol o g AlGe] AU F HA EA
o= SAHEA E FUEAT FAE W7 27
LEZEA o]Hof §7] H ARGl o3 AT
FHE Aol G2 A w2t AGol F
A= ek Al AR~ A DA o= okt AE
of| F3olE TF-2Fol sl FSH|A7F FH =
oF 10~50 m %o} ©Z3HT} o] FHKL QU= oF
30~100 m =] TE&A 7 A F I oh(Kim and
Lee, 2016).

T oA~ i s FHAeT FTFOlEE
Fol fAlstAeH, 53] 34 L FdEA o &3}

L wjopy] Hjzgte] B4 Rl F-LFS A}
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o)

= AdFx2 a5 IIsigleh Wotr] 37] ¢kt
eFo] TRt Fof] ojd thAl WA = oA Wi
L 5 ol sl SAISHTHKim and
Lee, 2016). ©3-H]X]¢] ESR A&7 ol oJ5HH, o
Al A FTAI Ad7] o STl Aoj= 6%
ALEstR o, oF 345t | A o|Hol= 2993
O] FA R A oA @F-EFo] IstA Lojte
L 1 o] Fofl= §9ESY B AGolA &
Fo] EsHA dojtti(Kim and Lee, 2016).

71&9] 39Sl e AA Rl 951 (Lee,
2010; Hong and Lee, 2012; Hong, 2013; Bae and
Lee, 2014), S/457)2] BER 7] elo] 3] 7]
T GFAl o 0|2 7t W E S TES ol sk
A= ESR A7t o] Fo XA ¥ttt ol2gt
FE5E A7) el e A ollA 3%
&35S met g GSH|AE AFIske] ESR A
£ ok, 71E9 Aw o} v BAste] ST
o] A|47] AZ-82AR0 SEFEHE FHsHAh =
S A7) A3 SFFE Ol it A=
= FHUEte SAGSAE Ao dagt ARE
AlFste] A7 8% AR S ATt o] 82 5= Y=
RO 7|dglt}.
2. ESR SCIEAME 0126t B0l SAP| 7
2.1 ESR QIiEAYO| 22| & H&H

Ao} e BEo] 4] ol Behe ALY
2(F2 U, Th K)ol A& 359 oH F&
o] BA%)A] o] £8Ehgo] Aol Hrk. o] 22}
xgo] ofs) WAE AR AL 2ol AxET
(defect)oll 1] ESR AlEj7} SIc. A1ko] Ao
2} ESR AlE} ] 27} 271517 w]od, o]o] wfe} ESR
A% 0] M717F A AXA Eok GeE F 9A
A nkEnlEg(grain boundary frictional sliding),
upzkd (frictional heating) ¥ Z A} 3 28 (lattice
deformation)®f €3} ESR 413.2] A|7|= 00] Hch
(resetting of ESR signal). @525 o] &, ¢4 Y <
AP o] 2l ol e3kakgo 2 <ls) Alzto] A
ol whe} ESR Al5.9] A)7|7} thA] Z7kate. wet
A A2 G2 AN 22 ESR ALZA 7| uhAut
@38 o]Fof 713t ESR A1 29| AI71E A A%
o} uiA| et SEE o] R E TEH| A7 2 o
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1o

U A9 F2 B7lxAPH (additive dose method)ol|
o8] Akt=H, o]& 57T (equivalent dose, D)
o2} gtk A B F A FH O AV 4 T
Baelo] BEulAs e GIATIF ZALS(dose
rate, d)& AAIEICH ESR ddie 57HIHE AR
Z Yo AAkstch(Lee and Schwarcz, 1994; Lee,
1999, Lee and Yang, 2005; Bae and Lee, 2016).

Dy
ESRage= v

F5H| A 9] ESR dti= T30 A9 vpx|et &5
A71E AAgE). SEA|EE Thn] R wj o} ThEAr
Atolof et @S wEt npR e G5E-5o] o
ojdtid, @5H|A| o] ESR 4157} 9(0)°] HA|
%7] wjiZoll ESR A= ©5852 A171E L3
7¥sHA ok &EH]A] W A G YA+ ESR 4137} ¢+
3] Fo] H7] A= S5l A-gsh= 7215
o] Hoj= oF 3 MPa o}4o|ojof sl THFeHEA|
719 S&3t 28 YE 7| fsiAe ESHIAI7H
Ao = 4 m o]4}e] Zlo]of Rlojof ghth(Fukuchi,
1988; Lee and Schwarcz, 1994). wakA] R Fof A
212 chzu] 2| 2] ESR At Tl 2)7k 540 m
o]l Zolof & uf E3o] AZFRE A7IE
A AJgkt. §71%t o] o] A ehEstThd, Tl
2h-g-8t= 252 o] Sw5HA] ot ESR 41371 2
284 917 W&ol ESR A= @39 vpA| &
SA715 AASHA] g=th(Hong and Lee, 2012).

2.2 ESR YOiEd N
3219 ESR A& Z43517] 913l vhat 2

a) Type I faulting mode b) Type I faulting mode
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d) Type IV faulting mode
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Fig. 1. Schematic sketch of faulting mode (after Lee and
Schwarcz, 1996; Bae and Lee, 2014).
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<= S AA Ok B 1) A FE FSHIAA RS A
Agsto] ghitd 24, 7188 2 HEFE 52
AARIE 2) FAAEA (wet-sieving) i} 7 A A4
(dry-sieving) & o83t A|2E IRV |EZ B
31t}(0.025~0.045 mm, 0.045~0.075 mm, 0.075~0.1
mm, 0.1~0.15 mm, 0.15~0.25 mm). 3) A2 A H7]
£ olgstel Z7ke] AT IoA] X714 ol ¢
£ HYUAEL BT 4) 22T H7|S o] §
st} 223 A G YAl 2ol%le HEFEES A
A 5) ZF JAA7IER 01 g 10719 A28
Zuato] A12h8(100 Gy, 200 Gy, 400 Gy, 800 Gy,
1,200 Gy, 1,600 Gy, 2,000 Gy, 2,400 Gy 2 3,200
Gy)& “CoZ o|gate] WA S ARl &=
A2 A9 AT o] A5 bzt
| 9] 2ARELS 0.11~0.33 mGy/so|t}. 6) Zupil
2AJo] SJ3) P E 4157} AL 5 9lom, o
2 AAs7) 18] ZAFE Al RS 170C ol 4] 158 5
ot 7}t Toyoda and Schwarcz, 1997). 7) JES-TE
200 ESR #38A1E o]-83t] B AT = A=2flAl, Al
2l%= 277 K)ollM 573t Hong and Lee, 2012
Bae and Lee, 2016). 8) 17}2APHS E3) T
T Tl AIA BT ES FTHIFES Attt 9)
FSHIAA 22 U, Th 3 K =2 0|83l &35
]2 9] ZARE(uGy/year)& AR 10) S7H
FE AR o] 242 A7)0 4 ESR &
e 274t 11) A=) of ESR o] 220
A Aot U ESR ddje] 7H5BEd-S 8t
5112 9] v B34 7S A

2.3 ESR QIIIEAHS 0|88 HHERSA 24
oj2] 7§9] SEH|RT = FAE TEHIAIHe] L,
717} | U w = T E AdE Bo| SSH| A
9] FFYAE EAE 4= 9tk Lee and Schwarcz
(1996, 2001) = 1| X T @] RFFeFAS 1, 11, I U
IVE o] FLE8IITh SkeF4] [ 7]&0] e
Eo] U ©FH[A| T o] FHE| A 2E FSH|A|
w7} P = o] FH A FAZL F7FHA =,
U A O] FAF} FHEE= 27 tE EFA
715 AASHA EoH 2™ 1a). 21314 1= 7]&0
g Eo] Sld T3 H A Yol A2-& D3| AT
7t Y=, Qe SRl ESR A=
7|&2] @3 H]| X W] o] ESR At 41719 @52
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T2 AATTHE 1b). ISFFA] 2 THEH] X
AA|7F A &Eet Aolm, GSH| A ol &5H]A|

Eol TE o] upR|g} FF A 7R A AR
d 1o). 1B IV f2g D387} ga&
A el EeE AS Wit 29 1d). webA J
SIFA L TR IVE B X ollA] 18] o9 @38t
FAZIE 28T 4= len XSk 1 upA]qt
GSEFA7|TE AR

AR R D A7) A7 Aol eJshH, R xlo]
RS o 3 W 5 ¢ Fpd3Eol o
e 852 okl i = 58 shA] geol
EQL, o] o) dgd OS50l 742t &%
HALE 7H L 1SS A A (Kamb et al., 1971;
Knipe, 1989). ¢l & S°] @3 el oz ¥ A&
Ee TSI 270 Raptho] qlokar 7S Sl
HAH Y 2). FHFY A, GSEFAI7] A, B, C
23l Dof| 25 A|TE ESR At SRS &3 vt
Aot FSLEA7%] DA DR AR 5=
Uck FrdS 19 AL, GSEFA17] A9 B &
T 513l 1 o] Foll= A=-E5HA] 2S¢k ESR
AdSdHs T3l 32 EA7] BE 2FE 5 QL
o} BedS 29 A9, d5EEAI7] A, C, D 18
I BEof] E5-5 3k%laL, 1 o] Fofl= AEFIHA| &
THA ESR Adi&4HS 53 EE 28% 4= 3ok

active period B active period D

active period A active period C l

v
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Main Fault
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Time

Fig. 2. Temporal variations of ESR intensities of a fault
zone. The intensities of ESR signals are zeroed by each
fault activity. The main fault and subsidiary faults have
their own movement histories. Using the ESR dating
method, we can determine the ESR ages of only the last
reactivation of each fault gouges (modified from Lee
and Schwarcz, 1996; Bae and Lee, 2014).

FTEEA7| B FH3E B55HA] ¥ fatd
T EAH o2 SEdt AO R ST o Jlt. o]
Zo], FI3 9 RS o2 1E QY &5
M A 25 ESR AfEAHE B9 BAjsio] 212t
9 GSEFAI7IE 2HsHHE gy EF9AE
F3& 4 Ath(Lee and Schwarcz, 1996; Bae and
Lee, 2014).
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ARG 9] A FL A7 B ol Hulel 7]
Hieto 2 stof Altjulde] A4, S8 FE] &
RIS, EEeeL, Wely| sRket SR,
AV, Al47) FAF L= g E ] JTH ™ 3).

AgiEelole Huleke Fzb) Sewsiet
3} 292 57He o] 2 i 2xAdE)
g2 Bx3l3 Quoh(Park et al., 1989). F AL =
B2e AY, A, S a8a Wenvt e
tf ZH Y2 A9 9 BER S9ESHE Ttk &
Zsh, I BAA 7= o] A A] gtk
PEES AN, SR T AP o] THEET,
QB A= 7 HEE X= QtHJang and
Lee, 2012). #upeta} ZH ks BUE F2b] =&
L3R AR A9 MHof| AA FEstaL glo
o, 94 WA 2849 22 B3tk = 14%
E2E 4G, AP, A4, wAPEA 283 2
L7t I AR 99 YR £t FE|
2R3 e 221 FETA o] St
7ok} R TS o] 231 SIchPark ef al, 1989).
T TEABERE A, 2% AR 2
57t TR ol sPkehe: AT Ao F
Gl #xstar glon, SRt B2 r st
79k BB Q. BRI WAL E A € Ho]
o, % FARBRE A, A, A4 122 )
A, 3 R RE Wen, Sen TelT X
o) By WL 22 ke AT Hejo
= 74Eo] glon, BRUA=rlE oF 3 mmolth
(Park et al., 1989). Wo}7] Shgh22 F94th3S
ot 5594 e aqfEE EISHL glow,
ok, AJel, M o]gk 127 A ARF S8 T4
wjof Slck. wely] AHgSIHL <17 o 7]

Moz Bushy 9ov] 1 o|He PAEL BYsH
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4. EHEH[XIA|ZQ] xHF 3 ESR ACHEA Zn}
AFA G A AF T ESHIAA = ol o2

U, Th 5 K9] o digt S 20 &+ 1], ESR ¢
HSEAIEE F 200 A A Qe A= Wl T

=YHES| M47| ZSHEY

83

H U, Th 2 Ko ¢ Bt op 2t 530, A4,
a-A& 50| 2AEojof 5l1, o5& ESR-DATA
= 2 J 3 (Rainer Griin, 2009)¢f 23t THJAIZH
T AR ARSI G HA A R 2R Bt
A9 ESR A3 7} Z3}E| 2] QhQIehd, 2AME 2
utelq 2] &) o] F7tstel et ESR 415 9] A17]7F
FAEZ S|4 (single saturated exponential
curve)S Wt F71eHH VFIT Z2 338 0|83}
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Fig. 3. (a) Geological map of the study area showing the locations of sampling sites (A, B, C and D) along the
Keumwang fault (modified from Park ez al., 1989). (b) Distribution of Cretaceous strike-slip faults in the Korean
peninsula (modified from Ryang, 2013). Red line represents Kongju fault system (KFS), Symbols; KJF, Kongju
fault, KWF, Keumwang fault. White circle represents location of the study area.
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Table 1. Concentrations of U (ppm), Th (ppm) and K (%) for each sample of Keumwang fault gouges.

Sample U (ppm) Th (ppm) K (%)
HK 43 2.97+0.04 28.02+0.36 5.1£0.03
HK 57-4 2.85+0.03 15.48+0.22 3.32+0.02
HK 57-5 4.08+0.06 16.06+0.3 4.77+0.03
HK 72 1.5+0.02 11.03+0.21 1.9340.02
HK 73-1 3.65+0.04 11.07+0.23 3.13+0.02
HK 73-2 2.17+0.03 15.4440.23 3.24+0.02
HK 73-3 1.3540.02 13.96+0.19 2.67+0.02
HK 75 3+0.03 12.61£0.23 2.514+0.02
HK 82 2.824+0.04 9.32+0.28 3.62+0.03

Table 2. Analytical data for ESR dating of fault gouge in the study area. Weighted mean is calculated from the ESR
ages within the plateau and the values have been rounded up.

Grain size Dose rate ESR age Weighted
Sample (um) Center De (Gy) (uGy/year) (ka) mean (ka)

HK43 25~45 Al 1568+135 6465+522 242428
25~45 E’ 1360+£334 42244343 321483

HKS57-4 45~75 E’ 1318+364 4110+£331 320492 330+50
25~45 Al 15454347 42244343 365+87
25~45 E’ 1366+202 5690+467 239440
45~75 E’ 18324255 55334451 331+53

HKS57-5 25-45 Al 1567+190 5690+467 275+40 290+20
45~75 Al 1592+126 55334451 287432
75~100 Al 1830+207 53744435 340+47
25~45 E’ 19894265 25484205 780+121

HK72 830+80
45~75 E’ 21574232 2480+199 869+116
25-45 Al 1209+154 3967+324 304+46

HK73-1 340+40
45~75 Al 15194206 3859+314 393+62
25~45 Al 2089+309 4016+326 520+87

HK73-2 520+60
45~75 Al 2041277 3908+316 522482
HKS82 25~45 E’ 1290+178 4087+339 315+50

571 A4Skt Yang, 2006). A gAY o] Z7Hel wtet E Alsk

HE AR 7)ol tiste] ESR 4129 A|7]7} v 1]

41 A X|&
A AL 7= UFA] TAE A|(37°28'11.01°N,
127°54'42.97"E) &, 3}738ket Wjol] N25°E/65°NW
W] RapdtFo] WEEo] JIth1d 4a). °F9 cm
T GSHIA w7 g E o] glom, o] Rtk
of| A S-SR A & HK43& 2|55+t
FZHA A& HK430| A 2|3t HFA =R =

AT} S HOIT 1Y 4b). Al A= 0.025~0.045
mm YA 7|4 ESR 415.9] AJ7|7} 2] A o2
7ot = Holn, 1 919 YRk oA ESR
A0 A7) B Al Z7ehe Aol T
2 4c). Al A5} 0.025~0.045 mm YAZ7|Z A
gt YA YR=7]0)4 = ESR 4127} Z3}E]of
ESR At)E A4a 4= 91910, Al A15.9] 0.025~0.045



mm YA=7)E olgste] 73k Ar) ESR dArfi
240+30 kao|tH(1F 4a).

42 B K&

B AR 7= GFA] AW Au)|(37°23'40.40”N,
127°51'45.01"F) 2, S-&=381739F tofl NOS°E/77°NW
9} N14°E/76°SE ®3e] Rath3Eo] dEHo| 9l
tH29 5). 7 Retol 92E o6 cm, 8 cm
A9 TEu| A uE2EE tEH|X|A| & HK57-49}
HK57-55 ) 2|5}4ch

SSHA A= HKE7-404 B3t A GA =l =

Fault plane
N25°E/65°NW
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E' signal
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>
400 -
<
£
2 300
o
£
© -
@ 200
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Grain size
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ApEl Zrelul )] ofe] Z7Kate] whet E 4152 0.025
~0.045 mm 2 0.045~0.075 mm, Al A15.2] 0.025~0.045
mm 27104 ESR 4159} 4717k FHA o
S7bHe AR Bolnl, 1 99 AxA|eINE
ESR 4157} 3£5}e]o] ESR o5 243 2 gloich
(713 6a, 6b).

3] %)X 2 HKS7-504 Eefat g ze] 2
Al Zriol x| oo Z71ate] wek E 4159} 0.025
~0.045 mm 2 0.045~0.075 mm, Al A15.9] 0.025~0.045
mm, 0.045~0.075 mm % 0.075~0.1 mm ¢X}=27]
oA FHHOR Z7IsHe AL Holn, 1 )9

Sample
HK43
24030 ka)

HK43
700 — Al signal

Grain size
@ 0025.0045mm
—A— 0,045.0075mm
—o— 0.075.0.1mm
—B— 0.1-0.15mm
—#— 0.15-0.25mm

Fig. 4. (a) Outcrop photograph of subsidiary faults developed in the granite porphyry at site A. The dashed red line
represents fault plane and the red dot represents sampling location and ESR age of HK43. (b), (c) Growth curves

of ESR signals for fault gouge sample HK43.
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YA 710 A= ESR 4157} 23tE]o] ESR A&
AR 4= Y TH2Y 6c, 6d).

=R A & HK57-42] A499x37] o ESR &
o] 2 oA, B A13.9] 0.025~0.045 mm 2 0.045
~0.075 mm, Al A13.9] 0.025~0.045 mm JA}27]

Fault plane &8
N08°E[Z7°W

e Bl ol F ke
ESR At 33050

oflAl @2 ¢ e AtiE
B o2 Aklgt thAlE] Heb
kao]tH(19 5a & 7a).
SSH| R A 2 HK57-59] 4990 Ak=7] of ESR €
o] T2 Zo| A, B A12.2] 0.025~0.045 mm L 0.045

Sample
HK57-5
& 290:+20 ka

w0

Biotite granite

Fig. 5. Outcrop photographs of subs1d1ary faults developed in the biotite gramte at site B. The dashed red hnes repre-
sent fault planes and the red dots represent sampling locations and ESR ages of HK57-4 (a) & HK57-5 (b).
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