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ABSTRACT: The Quaternary Seooe fault outcrop observed in cut slope of road construction, Seooe-ri,
Goseong-gun, Gyeongsangnam-do, is the first discovered Quaternary fault in the southern coastal area of
Gyeongnam. This study presents its structural features, such as geometry and kinematics, and discusses the
movement timing and associated earthquake magnitude. The N-S striking Quaternary fault shows a top-to-the-east
thrust geometry and cuts the Cretaceous Goseong Formation and overlying Quaternary deposits, and its slip senses
on the slickensides and minor folds in the hanging wall consistently indicate an E-W compressional stress. Age
ofthe lower part of the Quaternary deposits obtained by OSL dating indicates that the last movement of the fault,
which cuts the upper part of the Quaternary deposits, occurred after 61~60 ka. The arcuate geometry of the main
fault surface showing a decreasing dip-angle to the top, the reversely offset of the fault breccia zone, and the
reverse-sense indicators observed on N-S striking high-angle shear fractures and along laminated siltstone layers
in the fault damage zone indicate that the fault was formed by the reactivation of pre-existing fault under E-W
compressional stress during the Quaternary. Based on the apparent vertical displacement of fault and the attitudes
of cut slope and main fault surface, its minimal vertical and net displacements are calculated as 1.61 m and 2.17
m, respectively. When the values are applied to the empirical equation of maximum displacement - moment
earthquake magnitude (My,), the magnitude is estimated to reach about 6.7, assuming that this displacement was
due to one seismic event.
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(Yunseong Lee, Youngbeom Cheon, Sangmin Ha, Hee-Cheol Kang and Moon Son, Department of Geological
Sciences, Pusan National University, Busan 46241, Republic of Korea, Jeong-Heon Choi, Department of Earth
and Environmental Sciences, Korea Basic Science Institute, Chungbuk 28119, Republic of Korea)
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1999b; Lee, BJ. et al., 1999; Chang, 2001; Kyung
and Chang, 2001; Lee, 2003; Choi, W.-H., 2003;
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Fig. 1. (a) Detailed geological map of Goseong-gun area (modified from Paik et al., 2006). (b) Aerial map showing
the outcrop locality (34° 58’ 38.61”N, 128° 19" 07.08"E) at Seooe-ri, Goseong-eup, Goseong-gun.
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Fig. 2. (a) Outcrop photograph of the Seooe fault zone. White circles indicate the location of the OSL samples. Inset:
contour diagram (left) and rose diagram (right) show strikes of fractures observed in the outcrop. (b) Detailed sketch

of the Seooe fault.
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Fig. 3. Outcrop photographs showing the major structural features of the Seooe fault. (a, b) The prolate or oblate
pebbles arranged (sub) parallel to the main fault surface, and (a) slickenlines on the main fault surface indicating
the reverse movement. (¢) Fault core and damage zone observed in the lower part of the outcrop. Fault core of 20~40
cm-width is composed of gouge and breccia. Inset: Close-up view of the fault core. (d, e) Slickenlines on the subsidiary
fault surfaces showing reverse slip sense similar to that of the main fault. (f) Flexural folds developed in the siltstone
layer of the hanging wall, which are synchronous with reverse movement of the fault. (g) Fissure filling, which
is a joint filled with the Quaternary sediments. It is probably related to earthquakes caused by the Quaternary fault

activities.
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Fig. 4. (a) Schematic diagram showing how to calculate net displacement. a: dip of cut slope, [3: dip of fault surface,
S.m: apparent vertical displacement, S: vertical displacement, S,: minimum net displacement. Rake of striation
is assumed to be vertical, (b) Outcrop photograph showing measured apparent vertical displacement.
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Table 1. Equivalent doses, dosimetry and OSL ages of the samples.
Sample Dose Rate Water Equivalent Aliquots OSL age
Code (Gy/ka) content Dose used 2 10 SE)
(%) (Gy) (0/N)

1.78 £0.06 352 88+5
GW-1 (175 £ 0.06) (37.1) 156 +6 16/16 89+ 5)

2.11+0.06 37.8 603
GW-2 .11 £0.06) (37.8) 127+6 16/16 (60 + 3)

2.11+0.06 32.5 613
GW-3 (210 £ 0.06) (32.9) 128+6 15/16 (61+3)

"Numbers in parentheses are those calculated using saturated water contents
*n/N refers to the ratio of (the number of aliquots used for data analysis)/(total number of aliquots measured)

Sykes, 1978; Ha et al., 2016). o] Ao A= A%
A A7) GEol AMEA FHHE dFol ohy= A
H g5Ye 2o Sl disf oFfiet 2ol
71&staA} gt

AR, Al47] EF ARG F DS A
Al47158 Hohe = oAM= AZelA|ut st
2 45 ZojA= "BHE 7|skE Hol=h|,
ol 7]&e Big A47] dSEolAE &3] YA
e E4oln. of2fjt A Hsk= o7l &
glo] vl 3] A7t &4 9 71kl A= 71E FdE
w2t sjas = vhE, S0 oFtt A Al4715
Ae o8 B3l dsdhe Ad M= B52
gt afjad Ao s FEH 24, F d5HES 4
st= oF 1 em 7719 24 d3uAd= =58
oA A& A TRt A' IA A=
At (lithostatic pressure)o] 2ol njuZ 2] A4
7| AL Wkt kgl ojs) thau|azt
FAE7] A gt whebA Al47] TS A LA
A A71SH ok A2A dSHAdE G5
o] HolF A= A&dh= ¢t 71EY TS|
A7b F GSHS wEt 5 ST A Aes
FEh AA, k=7 3Ho A 20~40 cm FAE B
ol &34 Y= F ESHE 7Ie o= At 9
g g5 d7E shike Ae Sk P 2
Aok UA, AR = 5 S5 FF FA
ok 117k0) A B G} 2|50l PAISH EEE
Bk oy} S7tolut oY BARY EdLHS W
2hA &= ko] WAste] A4 H Bz} X
o] AdH & 5= tFH A FRlE= AT A
FrARHA -4 B3 dE= AAIShe 2A410] &

Z 1. =

T o

AEth whabA Al47] 3 stolA 71E s
o] ART} FAlo AR oH, o]F F AHHH L
2 up A7 B2 e oFdiE whet W
ZFE o] A7) gFo] wIst A2 S Hct oAl
A, A471% sH(H9] 1)S] OSL AdiSA 2xt, &3
PR §X5 GW-1 A 2= T2 F A|R(GW-1,
GW-2)¢] Hl3] eaid dAdi7t &= glen, ol
7|18 AS2E0E FAE TR Y] HFE0]
A47] G55 o< T AP R Al47] EHE|
99 234 7Fs A4S wiAE 4= gich
5.2 sHtTQ| H47| SHHE

A7) FF A YA HlA ERIE A=) 7]
51} 58] ApR o ZASK EEH 188 54
ko] Hoj4=38-3-8-& A A8 (R"=2.5; Delvaux
et al., 1997), AESGH | AFE FTUT O] X ZAA|
=S S8l B 55 (n-%) B3 AR 3

H G5 AFgE Hof -4 B HiegE-
< A Agttt. OSL A& B8l Aol Al47]
(Y 1)9] A= 61~60 kaZ grEF o,
£ A5 AR Adsia e ©50 H3
7] &0l o|Et} F7lof WSS AA gt
w2ha] AFA| S YL 61~60 ka o]Fo F-A &
FY 4538 Aol U= & 5 STk

e o sk Al47] G552 tAIF S
2 = XZtefE wet JFEo] Wast, 1
A of| wet 2572t o] thar Aolsh tiFio] &
-A BEFe] A =8-3 2 (OHmax) = A ATZTHKIm et
al., 2016). ©]<} g7 Cho et al. (2014)2 HE|TZS,
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Aol gt A7|m| A2 BAE AAsHG e, o]
53 427 eEztenRy 7o 18l £
E5-AdA] BFAdS syt E3 Kim et al.
(2016)> RHFE=9} Q1 Sl Hof| A WAYRE F Aaqf 2L
A Ao g)gt @R 7] 28} (focal mechanism) A2
o} A E o SUEY ARE FeStol, WA B
vhE AJZhRe] B Hojrrgeo] FHE- A
A vFgko] okl e " yslgl o, o]t S8
PN AF2A FQ NS g Fne] AF A
2t 43t A-frepAlolate] 3ER R HokE S
2] (far-field stress)o] SJE A= |45t ot
ZhA] Al47] & A AR GA] o] AT A F-A
WA FE5-AEA WY gE-SEeA oA 71E
of ko] slo] 54 0.2 AfEet Aoz BEEr,

53 W2 S8 XEFE M

ARFES A7) sl 2o ik (Bonilla
et al., 1984; Wells and Coppersmith, 1994), H+H$
HKanamori, 1977), X &3+EZ0](Slemmons, 1982;
Bonilla et al., 1984; Khromovskikh, 1989; Wells and
Coppersmith, 199), Z|3Ea}@Zo < ZHLYSlemmons,
1982; Bonilla ef al., 1984; Mason, 1992), -8 & (Wells
and Coppersmith, 1994) 52 o]-&5k=Ho] Stk

Kyung (2010)2 2| %19] FR2E H7}5k= o2 v
H 3 Axggdoluy gAY 2= w2 &
Aol YAt7] wZell -2kt Al47] TFol
2§ o Y= AN HHE WA E o]&st
£ HTho] 7hestthar shlnh Al47] &5 A9 A]
oA g W9 Al47] G5 AXHER 9F
A1 3.1.3 Fof|A AibE 217 mE HfFe= 7t
A3la1, Wells and Coppersmith (1994)0] ]3] A
A Hepag-EaE AUFRe] ZH Al 2ge
). Kim and Jin (2006)3} Jin et al. (2013)2 o] 7
A4S ol gste] 242 SffellA ElE A7) T3
A FAGS T FATES Y A FEE AR HE QL
ok Al47] &F A A HE = S HA TEE
FxA0] A9 29 7I7HY] &= Hol5d A
@So0]m 2 Wells and Coppersmith (1994)7} A A|
3 ole] A4 5 lno] A8shs AR 3)
& AgsiRon, o) Fo A mHE AT
B(M,)% F 6.7 Jolch 2 ekzo] WMo} mul
E AUFRE gAR L ABUAES Hol Ao

O -

A O
s =
—

rak

Il

bS]

J5H - 2F3

o

2 48A lol(Hyndman and Hyndman, 2006),
AHAL Fo AHE BHE A 25FRE 42
oA Ar] HEeEe] o5 FurE ANFEZA

e AQl gho 2 =A=r).
M, =6.52+0.44logD(m) (;}_}3)
6. 2 8
A DT G A9lE] ERFARY AAAL
H LeFolA ERlE A47] &34 7]5te} -55H4
EXS A 7|AEkT, Wekt 18R 81 A

471%9) OSL dAtjg E23i5th. o2 vito s g
2] Aga} Sk A7) Sl o Eolst
T, 950 WS B AUTRE AP

1) HYAHE 3 HERL 7| E 02 s 1y
%) A28 92 Akt 1 A9l A7)
o] Rxatul, Ake 4%e] 1A 39

ARt 8 k8l AEgro] I o] ko]

LA 53 34 71512 Rolk je) o

o154 TEo] BREL, F TEULS AR
248 AAzto] ol ol @ o] 71518 B

AT RS F TGS ujeh Ao g

So) Aot e SHolA el Selsl B3zt
Yoz FHE BN B &2 7P

o] mzke] AL SolBA 7zte] 240

BIEn, Aol 9JX|3 AEG Wl 4= o

ol5A 27t Agte] o3t Felo} £To] QA

=}, o] 3t BEo] AMEH S o4 A

47] ©Zo] BN FETAHNA 7= BEo|

ANBE -2 A AT,

2) A47)Z SHR(EES] 1)l A AAE OSL AT
A A7} GW-1 A 2L 8845 ka, GW-2 A 2L
60£3 ka, GW-3 A2 6113 kaQ] ddj7} =
259100, BEAHRNA AHE GW-1 A
2] OSL At AW7] BEe5 59 7|E
2] 2] Yol Z3HE A GSo] B Akz
STk wpetA A471% S )] AT
L GW-29} GW-391 4] =2 61~60 kaz} EF
ok A47]%9] AR )7H) Aeket 5
20 LEA7)E 1 o] F 2 gerE
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