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Clay minerals are common component of fault gouge and have been used to determine the fault activity age
using K-Ar dating technique. We carried out XRD and K-Ar analyses of the mica clay minerals from the fault
gouge along the Ulsan Fault Zone, southeastern Korea to estimate the timing of the major fault activity. Mica clay
minerals for four grain size fractions of 5-2 uym, 2-1 ym, 1-0.35 pum, and 0.35-0.05 pym were separated from the
gouge samples in the three locations by the hydraulic elutriation and contrifugal separator. Fault gouges are com-
posed of smectite, mica clay minerals, kaolinite, chlorite, quartz, and feldspar. The illite crystallinity of mica clay
minerals is the highest in the finest grained fraction with IM polytype, indicating that the authigenic mica clay
minerals have been concentrated in the fraction. K-Ar ages give some variations from 46 to 35 Ma (330-2), 45 to
39 Ma (16Ww), and 32 to 15 Ma (102Ws) and are the youngest in the finest grained fraction. These results sug-
gest that the hydrothermal alteration associated with the major fault activities along the Ulsan Fault Zone took place
twice at 39-35 Ma and 15 Ma.

Key words : hydrothermal alteration, mica clay minerals, K-Ar age, fault activity Ulsan Fault Zone
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SAHEe E8 5(1976)9) Landsat-1 BA0E
of ofsle] 8 FEAMoZ QXE & Ao A
2oz Ao, 9y, nyE AL HFY 519800 o
sl o] FoiF o, SAMHELS iRl o5 Ag
o] 5& AR AEEL A9 gEoln g
ZU Y59 PPzl Qle ZOE Hol gl £
Holg2 vvg ez AZ4EHY. FH A
(1992y= 23S ol F<do el (Kula plate)
o] 37} 1 k5ol g3 opr|d 5 7 Wl
H, 555 W o3 (eE)] 393 (conjugate
fault)© 2 73T

SAEe] A 2 Helo] B9 A7 279}
3F AR REFY FeHAREY S E &
AbckE: o (cataclastic zone)?] ZolE 30-100 m
Bx(Lee and Um, 1992)013 H}j Zlol= 1 km, &
3 kmZ 34532 (Baag and Kang, 1994), &3 7],
HApatel ofgl Az Hej(o] ZAKE 330-2 x)FA]
HoZRE S W I4) U5 AP 1xes o2
9] o7l MEAME <200 mo]Z @39 F2o=
Z4E 2 Fol7b oF 800 mEty IS THES S
5, 1999). Okada ef 2l(1998, 2001)2 ‘“SAFFEA”
e AT el 8l o] NNW-SSE Ei=
N-S #3& Jeil 3 Aztze] 5% AAE Hole 2
o] ¢F 50 kmoll Y= F@Fo g Byt X3
Az 5(1999)2 AHEUE B5ERE A Ed
23] -ESA, ESA S w5l -ade]-glde-R
3] YAl T4 g4 7 wge
2 2 Ui sk

2 Chang(2000)2 &2bd3 Fde] 9l M4t
F29] A P AN B A, dHFe=s
FAUE 2= <l 7|Ee] SAieREo] #47]
Bele 99% 258 3US-E AABIA. Choi ef
al.2001PM = Ao X3 HEEo] 93 3
g o AAGZTEE AT FG 2 9l &
2rEdiel FEEA B4 AFEINE T 2000; &5
&3 e, 200 2 A7) AR FEEEE 5
1997)°l &3 A7} Qlch LAY Y} T v]A]d)
W& Rb-Sr, K-Ar A& A7(8384 &, 1999,
2000), ESR Ath334 (Lee and Schwarcz, 2001)5-°]
k.

@EHA (fault gouge)so} SRFEZE gt K-
Ar A&%L2 Lyons and Snellenburg(1971) 2ja)

.

o

Aoz APHUPL, BEH)xol] thetk Rb-Sr & K-
Ar I SRS o838 I FFAE 2% 4
T GEZA(Kralik et al. 1987), & FdpzA
(Shibata and Takagi, 1988; Takagi and Shibata,
1992), IHEOCEEl--9} 32, 1999), TS (F
Bi-¢-9} 339, 1998; Choo and Chang, 2000), &2t
SO CERA F, 1999, 2000)50] Aot A= o]
BT(199%6)y= HHN o Aerel sl K-Ar dAriE
BE B8 GE2EEAE sk o9 o] @
FHIR B A& B ) o3 T
ENE F8= A7t oy o s oy
FA7E AR % £ d77 a7 Eh

22}, Takagi(1999y} B8 A28 AyzA s}
7] 913 BAHE AT vl o], F o Fge o
SET AVIE 23] 9% e delde 8d
FHEo] 7t giAR, o}F] Q¢ o] SRAPERE
9] &% (contaminationyF 7ol tidt WHHE AAE}
ot vt & S@EH)A dulade & o EAFe
2 @250z mild AEbae, WA, s
?] RIEZFES Eolth. dwrzog Sy
(hydraulic elutriation)®.2 SwHEZES 2 (=}
A7) <2 umFRA| FEL500 2sf) A" A &
REHEZET TN Eeske AL B u}
A feke] A dEEE Ay £ A¥e o
Al Aot 2EA 7hed 3 S50 w2 G99 e
AEFEE Ha), Eishe wyol dasit.

o] AFE TE ¥ I LEHEFES B3l
o & o g F9 S ik I
(hydrothermal alteration)*|7)(E5 12 2H8ol olaf o
ZolEe] A4 £5F7(¢F 175°C; Henley and Ellis,
1983) H= delo|ES] Hi32% (closure temperature)
Q1 260+30°C ojde] I8 AMEE AL AV)E 4A
37 S8l dExeFrt 453 SadEe) kg
o] Wl M #He @F vz AEE A3
o9 7 AlEE W 579 A = R
BE HA 374 sl FESHY A4S HESIA K-
Ar AoRE4e s o] RS |A#e Ay, A
AR YA A7 BA), F9 GFEEAT] 34
&7 Ee o @A) gk 23S s

A7) WA EEOR Eojry] A ool &
AL gAdSo] 29 7E Q79 gol, SAlHEe
o}, Ao, g HE i} G54 dutgo
2 dyAe) wet bga2o. 58 3] ga) BE
FollA F3ke NNW-SSE Ex= N-S& Jehin, vlm
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St ddshe Ade] A WA A
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FAZTo] B3, oA e BYshe Wolriy B
AR 2 A%, 1975; Fig. 1) 4kt
2¢] FXolE F2 A7) 3NAdFe HHYR7)
A B2 ik ESAPRE dEde] 59
o] of&ol WA Rt Alg AHAH F3F
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B 2G| AlZAFHA|He] vhawe oz BE
3}, £ N25°EHE N35°Weo| 2 7ZA:E 10°NER
B 50°SEE uehdt}.

3. BIEH|X|e| LF 7|M

3.1. AlB—102Ws

29 skt oz 7" o] @R ANE
T AFA 43T Y 95d THA29°1557'E,
35°50' 30" N)ol| $1x13t 2 d-Folch(Fig. 2a). SlAt
ZHEde 2 TAEE fAEFE 9 FAEeE g9
U= A7) AEEFE HolxF o, 7)1 E2] (vertical
separationy= F 14 moll @dit}. whEdbe) Q)

Fig. 1. Index map (a) and geological map (b) of the southeastern part of Korea and the locations of dated samples along the
Ulsan Fauit Zone (modified from Chwae et al., 1995; Okada et al., 2001). UFZ: Ulsan Fault Zone, YFZ: Yangsan Fault Zone,
DF: Dongnae Fault.
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Fig. 2. Photos for three outcrops of the Ulsan Fault Zone. Fault gouge samples ((a) 102Ws, (b) 330-2, and (c) 16Ww) to be
dated were collected from the part shown in rectangle with equal area stereograms of fault planes (great circles) and

slickenlines with shear direction of hanging well (arrows). Qg: Quaternary gravel, Ar: andesitic rocks (Yuchon Group), Gr:
Bulguksa granites, G: fault gouge.
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g AR siME A9 22 Mast 12 Ma®] Add
Aol BN R 5, 2000).

3.2. A|8—330-2
49 ARBF 0 7AW of BRuTE AE
= ZFA 954 A% BF 15 km $H 4D
Z5(129°20' 10'E, 35°40'50" Nyl 91x)3lc}, o] ©t
)

¢

& A AlEHEe] ddel B stRe] 8-
Rk gl Fole duEolrh wFoM =3
o] Fake. N35°Wolxl, 7ZARk= 40°NEE 787
H(Fig. 2b). @& 2o} deel spieke Az #

[=3

shslo] Qlom, B By BA M 4F
2ol M el F gtk FHY B vl
2 oF 35 cmel ¥, A oo vXleM e ¢
oo g FAF )R] W(E 1-3 cm)o] WA} A
o] YHUEZF 5-10 cm)e] HAY bl HAstar, 3
Edsle w9 4 HERME JdEsht v
o FAFME o] vlofelt). Yok wh Hof
IEY PR ¢do| @EdiT, Ba3 U3 g
BARE Ul JFEe) uiAge) £2 2.5 cmo)H,
Ao} GHE TA3R] Ye 5T Gy HER
A7 2 e, ddEsgeoz AFHE Mg
e g Ay HEA v s
(Fig. 2b). ¥ ©Euix)e) K-Ar 932 45 Ma® &
IEAHE 2] F, 2000).

3.3. Alz—16Ww

a9 HYAES oz JIAE o dERFE A4
Ex AFA oFS R BF 2.7 km g9
F2(129°20' 15" E, 35°40'15"N)ell 9% 3tk o
T3 AU B AU R 3 59 £
s7kehst A4zl AEEE HEAT L Jon Az}
duz el JehithFig. 20). 93 ouke] 49
& A HE - SeEe] ot BEe] F3e
THHE Holu} =R HHI @Fe Fge
N22°Wo| 1, 7ZAA= 10°NEE 71E7)| A5, 929
Weste vndEde AFge 348%)3, MAARE
10°8 Jepd™ (Fig. 2¢) & =Fug 7z &34
oA wjzigdMe) xAle 2 dRF), viAg )
& Bt oF 20-30 cmolX, AL wls
Espt 2 9" d¥H vAE AHsigot
&8 2] 9] Aracid)®Z Rb-Sr 932 30 Mas}
8.3 Ma(dd4 ¥, 1999), ESR ¥9%-2130+10ka
Bl 460+50 ka(Lee and Schwarcz, 20012 X
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S@Eu)Rjo] T Qe SRAERE I &
o AU Y EE AL (reset)) A7IE FE)
A3, o] A E okloA AH3 FEuH] A7
Foll XA 3HEME 3l sl SNHERES
FHa-ale 102WsSE 330-2, 16Wweo] A 282 (1)
5-2um, (2) 2-1pm, (3) 1-0.35um, (@) 0.35-0.05
um ¥l 559 Yz @717 Basioh 4 Age
A 271w FE - 93t 739} Stokes W3
of wiglg £ f4EE7IE ARSI B3t
71 2 Qdxb 319 Hels 2dARErE AR
st RElEsdct 7 B9 A Av|e] wE 12 A
2o sl K-Ar A2y oz AgiEAS sixch
KA ArA ], Adleal 442 Nagao e
al.(1984)9} ltaya ef al.(1991)0] AMAS wpHo 2 3}
Kot KEAe] A 348 3834 (flame
spectrometry)S ol &3tk AlRE B3leiA
(HF(47%))+ Z*HHNO,(60%)2.2 &3 3+ &, Cs
2000 ppmE ¥ HMHLHHC) &AL 2454
th EAAR = U7 e7olol olxt)E} et
o] 3lERR] 180-30 YAEFHFEF LA o]}
g 7665 nnt-2E ANEEITH BAL ¥EAR
ok AR taliA] 23] AA|sle] APA RS
g1t The B0 A7) 2%0lHY o HEAE Q)
Akl ARE-SIACE. ArAe 97tolu} olAfE} =}
AAerATF L) AYRAAE ARSI, BArg 29}
olA=R &t FHA slaygow st Azt ALt
o] AR2-3F A4== Steiger and Jiger(1977)2] A.=0.581
X107y, Ay=4.962x1071 jyr, “K/K=0.0001167
(|AYE ARSI

©Euxe] FERAL By FdEFEY WY
(preferred orientation)A| 55 A3l HEFE) o
g 7} Al fiRlE EFelA 2AsIE erdEg
&, 7FeEUelE, 2uElolE, mude el
dejolE-2uglolE EFSFEIS)e dEdFeFE
(ethyleneglycoDZ 2 g}s &olalgon, drlolE A
AEAFICE 7ttt IC(A20)0= Kiibler (1984)
o] 0018)d =9 WhRE(full width of 10A peak
at half of its maximum)olt}, F 3 =9i(random
orientation)*| 5.8 ©] 854 Togashi(1979)2] W&
M3l detol= o (polytypers A4 skt
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Fig. 3. X-ray powder diffractograms of the four grain-size
fraction (1: 5.00-2.00 pm, 2: 2.00-1.00 pm, 3: 1.00-0.35
pum, and 4: 0.35-0.05 pm) from the gouge samples in the
Ulsan Fault Zone. In each sample, amounts of albite and
quartz decrease toward the finest grain-size fraction (4).
Sm: smectite, Il: illite, Chl: chlorite, K: kaolinite, Q: quartz,
Ab: albite.
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Fig. 4. Diagram of K-Ar age versus grain-size fraction for
mica clay minerals from three gouge samples in the Ulsan
Fault Zone. On each sample, K-Ar ages become systematically
younger with decreasing grain size.

D3] A AEE YRF F7] HE K-Ar 9033
< § Axe} TFHIx) 9] 4YL Table 13 7o}
FAEFS] 3R 71990 102Wse RS20
£ o7 72 AH L 325+0.9Ma, 29.2+1.0
Ma, 28.0+1.1 Ma, 14.8+1.3 Mag2 Zolxit}, E3A}
s7eke 7192 AlE 330-2% 46.4+ 1.0 Ma, 44.3+
1.0 Ma, 40.41+ 1.1 Ma, 34.9+1.1Mag Bo|y, HA
7k 7199 A2 16Wwe 45.4+1.0 Ma, 42.4+
1.0 Ma, 41.0+1.0 Ma, 385409 Ma2] HHE HQl
t}. o] F AE(16Ww, 330-2)% 7z 9= =719 o
ol 9} 7} b A7IE Aol wHE e ks
(Fig. 4).

o

52 XM 3AEAEY

ARz AR 2AEFELS 89, Ay
Foln HEFELS 2deolE, delolE, HU4, 7}
LElvolER TAETHFig. 3). 4 Y=} 2o e
53 2 9lo] FE Wil 102Wse] AL ze ¢
2} Z272 A48 AHEl|EE VBT 7F Alg
o] A% gl FFE wE & S KE i3k
AR Fe dAA BAIH(Fg 3). BE A9
Elo]E FEo] H9(060)3H842 e Ha 1.49-
1.50A 22 o|ZaA % (dioctahedral type)S 7L
& &tk 102Wse] 3§ LEHEFE Fo] H
WA 2dglo]E ¢fo] HolM ICE 4T 4= ¢l
YAt Z7= YA, 16Wwel 330-28 0.4800A]
1.08¢ YelY, dae 1M 2Mlo] F&E3E ¢
b 2217F YA AAFH R A 20 Hdg 1Me|
A3 JERdTH(Table 1).
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6. Eo| A dE

6.1, ERFEHES YMEA

Kiibler A[<oliMs HA L7 S7HE5 ICHo) W
olAH, WAEIE v JodomHE £HH9Y
(diagenetic zone; 0.42<), %7 ¥} (anchimetamor-
phic zone; 0.25-0.42), o3 H-d tf)(epimetamorphic
zone; 0.25>)E & th(Kiibler, 1968). ©] T+&&
A FEA ] B4, X=X (prehnitey—FYato|EX,
HHo|E—op|Ma e Mg 22t dlgd
tHKisch, 1987). #<* Burkhard and Goy-Eggenberger
(2001y= ¥=2(Morcles NappeyllA| &8993 471
wAdle] IC ZAIZke] 03309 Ao 2= 200°CE
Bt ek o g 24gle & exe Als
249 eakg HiEsid d4dyg Waw, deEfolE &
Ar o2 a7} AYzictar YA UchkFrey, 1987
Robinson ef al., 1990). 87| W&o Ayl Eol&
s71ele s, AAAA A3 Fgsk= dell
= #2& 31k Robinson ef al., 1990).

ANF g dEHAF 102Wse| 73$ 2elo]E9] A
of dAJsA SEHEZES] IC 4L BE Yt 27
H2e E7FsdAR 3% 7hest AR 16Wwe AA
HOF 048%E 1089 &2 ICE HolH, A& 330-2
M= 0485EF 06331 A= Hol £7] £49%(late
diagenetic zone; 0.42-0.1; Merriman and Frey, 1999)
of L), E3F defo|E oiE-2 1Mo 2M0] F&3t
v 4R = UAT AAHoE AL M Pt
M Fo] $MH Jeple 2o Hol deiae &
e GEEE oA AE SEAEGEY 7HsAdol
Ak & 7] 4998 o7l oF 4.7 km o]Z 2
= oF 100200°CE F45E 20% Bol(Merriman
and Frey, 1999), 330-2¢} 16Wwi= Zo| & kmolA
A2o| 27 YAEHUE AoE FALE

S 2ulglo|Ex delolEX) WE &5 ¢F¥z
AollA AAd="EE Al Z7)9] 2dElelEr) o]#H
A P2 AS 2x7F FEFE AYElE-
random mixed layer I/S—R1 ordered I/S—R3 ordered
IS —UFRl EREHEZE)Z dolstctdnoue et al.,
1988; Eberl and Srodon, 1988). Zz&ju} o] XY
o] TR AlRoME ISt TEEA @3 vigke]
o|WRHA TRE K AYElo]ES) Aol R
EREZ A" AdEe|Ert SRMESGER obd
3] Holgke 2%, F YWY FEREIEGS)T
231 H4 175°C o]dolojok drh(Henley and

=
o

Ellis, 1983). wetA] e LEZANA 2HEle| &5}
SLERAEJER Ho] i MELE LEHESE A

7t BAEAEE AT

6.2, i 22Xl = T I7Io] upE

ige| HF U Fg HEHSATI
oEHx|e] MPE R EXshs SRHEZE
Hool HME e HAGESEA WEn, SRYER
o] E9o] g 74 9% dA d5EEd)
He gdeidags dEED 54 9o sFsA o)
2 tH(Takagi and Shibata, 1992). & <HL o#HR
SEHEZEHEE)G AMEA YDA EHE
FEo] ©Etol &7 EEEo 7] vl L wA}
Adle ¥F FEPTY FHES vtk dEe Y
Epdch(van der Pluijm ef al, 2001). 22} wef &
Yol Ut s GrAAdtged ojs) FEo] AEY
o] $83] YA A#HLE BEEF AV JEl
@B 4 o1 K(Takagi and Shibata, 1992), 3 HEZ
5 B3] 2RAESE AEA JPAEE Tl A
2 o]Ht} 3 Tanaka et al(1995)y= Y& o}Fjo|A]
H

ﬂﬂ

Tl e o Qe B FEAVE 4L 5 9
WS Aot oo ubgelR A&k ICEHS
ol Aok =AIg A IO #8245 o
AR AHIAE T F glo, o] FMo)
AHe| &F EEA7IEA SAEch eyt
AE7t & =FOA tE B BR EE U
FollM MRS AMFBAI, L AlRE] ¥ o}
FALAE 715 g 7Feel U A
FARo=Z o} 9ot

AubH o2 F4fiede ©E8Fol s A5k @
FHAE s HAY olF3e 4t GEUE
A 2 o dojuAl Ackelels-ok 3, 1999).
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