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ABSTRACT: This study aims at revealing the structural characteristics and triggering mechanism of the
soft-sediment deformation (SSD; up to 2 m-thick) structures that occurred continuously (>200 m-wide) within
the black mudstone strata in Dalgibong area of the Cretaceous Gyeokpo Basin (or Kyokpori Basin). The highly
deformed black mudstones indicate that the deformation is generated by gravity-driven slumping on a basin plain
environment with low gradient less than <1°. The SSD structures, consisting of fold, thrust and normal fault, show
different geometric characteristics at three sites (site 1 to 3 from east to west). The folding at site 1 predominantly
occurs in the middle to upper part (from 1 to 2 m-high) of the deformed layer together with syn-deformational
faults (thrust and normal fault), whereas folding observed in the whole layer (up to 2 m-thick) at site 2 and 3 without
the faults. Fold vergence at site 1 and 2 is toward east, but is variable at site 3. Scattered directions of the fold hinge
and axial plane of the folds together with diverse vergence directions of the folds indicate that the folds can be
classified into a non-cylindrical fold. The inferred paleoslope direction on the basis of the Fold Hinge Azimuth
and Interlimb Angle Method (HIM) is ESE (120°), and it is toward the Buan Volcanics locating the east side of
the Gyeokpo Basin and is inconsistent with paleoflow direction inferred from a previous study (north- to
northwest-ward; Kim ez al., 2003). This envisages that the triggering mechanism of the SSD is closely related to
volcanogenic-slumping, which was caused by volcanic-ward tilting of the basin floor during and/or shortly after
volcanic eruptions.
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AR E| A HE (soft-sediment deformation)7-=
£ B 547 B HA 9ol E B SIS T
g rlad EAEo] W3t 2 (liquefaction) T}
A2} 2Hgfluidization) o] &J3l FAJ= ™, |23t HE
2= AR AbRe] $3)o] T2 AR (stump), 4]
E|%2.2) 5} (overloading), 13 $AT] T2 %)
9 =9 183 A ZF-F(major tempests) 5
9] vt Zhg-ofl ofaf 'Y 4= Yth(Owen, 1996,
2003; Shiki et al., 2000; Montenat et al., 2007, Morett
and Sabato, 2007; Owen and Moretti, 2008; Alfaro
et al., 2010; Alsop and Marco, 2011, 2012, 2013,
2014; Moretti and Ronchi, 2011a; Owen et al.,
2011). whEhA EFEA] oA QAEAHF =
o] 7rd & FA71%o] it A2 EH FAIY &
A F2EE(C, ARl WE 5o 51, AHH,
HAFAE S52F 5)% S8 A=A A
(oll, AF, 2un], 2 5)& AR 4= om, ol=
A W E17)2 L 229 2SS ofafsh=t] §lof
a3t AR E ATl ScHOwen et al., 2011 and
references therein).

HHEATL B St BA UR e A
Aol et B550) S5 A o] S
AZ& oF7] Al7]H, o]23t A Ko RbE 2|59
EE59Y = A X7 A (seismogenic slump)=
ot AAEHHPY LR E EAZHE Holl 4
AlZ1th(Neuwerth et al., 2006; Alsop and Marco,
2011; Berra and Felletti, 2011; Ettensohn et al.,
2011; Kog Tasgin, 2011; Kog¢ Tasgin et al., 2011;
Moretti and Ronchi, 2011b; Odonne et al., 2011;
Owen and Moretti, 2011, Rossetti et al., 2011;
Doughty et al., 2014). E|ZEX|7} A== 5o &
A Y5 E= Qo] A o] Ehlket 3HikakE-2 B A5
AE9] A2 a8 HAA 9 FA T
83t J&S & B o 2KSimith, 1987; Branney
and Kokelaar, 2002; Kataoka, 2005; Manville et

al., 2005), BHiEEC] e 22 A7 GFF
AY BEXF4E Yol ALEHUPTRE FAA
Z 4= Qlth B3 MRS St Bl nfaephd
< upaupy A g} oof e g€ &
22 AES)ol Y3f shit FH A2 FE
o8 23she 27 AE(block tilting)o] WA
HoHGottsmann and Marti, 2011 and references
therein). o|2|3t ]3] FF 24 W A& ¥
3 Ee HHEY f50 58 9 & 5
o= Eotal, AMERAGF A2 Wt &R =
H ShAFRRE-0] o ol tigt A= vt Aol

e Aol YX|3E wioly] AZEA| = BF
A TR B SRl B R e 94
H 34 F3Fo]FE A (lacustrine strike-slip basin)
2 o4& A Yrh(Kim et al.,, 1995, 2003). XL 3¢k
ojo] A A 2w 24 Arke AEEA7} o277
120 kmol @5h= bekere) A FFgtelel 9
A5 glom, AU HA sk dgro 7
AE AZER] 2] AEZE|Z(Kim et al., 1995, 2003)2 F
QSHARQLE] TheFet SATY E= S (stratigraphic
unit or formation) 5 sluto]| X == A2 BH1
[ AcH(Koh et al., 2013). o]= EXFH 2] sHiHE
o] B9 P} FA Tdo] A- A Y=
TS A Tk AEZEA] Holso 34 o]
&S Holl= 2 74 oF 2 m9 53727 88
FOFE oF200 m o] A&KA o R x5l glom,
o3t o]t W) FFF2E= oFF Aet FAMH(<1°)
A st 58 & At (gravity-driven slump)
of 9J3f ARG WA= A A|gttHe.g., Alsop
and Marco, 2013). & & tollA SHE o|d H &
I 22 aL o]} FAlof W SATHS 2 A
YPE(ATS, $H)o TEas BHATE o5
o] AlollA] 5502 24 Hrkelo] o3 W4
= A A5t o] 2|3t P 20 Wk B E0]
35S WO R 720X IAMAE whEt /-55Hd
A HPTERE FAT Aoz FAHnt mebA o]
e AL 7] AxE S B2 A 2 e BRKE WA
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71H) 9] F&Fo 2 Q18] (Klimetz, 1983; Engebretson
et al., 1984; Watson et al., 1987; Kim et al., 1997) &Y
oF7] == F A% A FFols 2 EE
7} 34 A 3HAtE FE(continental arc Vol-
canism)o] EHHs1A] Aogtom, 1 A3} HE-HA
A BB TR Ao ol
Bo(FFREA, BFEA)E Yet ekt 2]
2} E‘*_J 45] Z B 2] (nonmarine sedimentary
basin)2} Tiere] H7eksel SAISkRs FAE
tHKim et al., 2012; Chough, 2013 and references
therein; 13 1).
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Fig. 1. Distribution of Cretaceous sedimentary basins and plutonic-volcanic rocks along major fault systems in the
southern part of the Korean Peninsula. Independent Cretaceous volcanic mountains occurred along the NE-SW-trend-
ing strike-slip fault, named Hamyeol Fault, in the mid-west Korea.
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THS(FETS)= T B WA 299 51
HQA ARG FAIBHaL Qe 1). T 7t
Aol o] A A ez Ak 242he ShkeEA7

chere skl ol HAeko.2 ol 2olA Jlow, &
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o) SHIIAIE 217 471) SYAR SRR
SH41), A eAlBhAle, SImshiel, ShekEES I
o2 JFHEIFHKoh et al., 2013; IH 1). o] F 7}
2 72| BATRRES HEhA] Yo 3
U 47 S o =0} HekalHo] 242 of
20 km} 10 kmoj] @32 2). Koh et al. (2013)

o), BHEEY (B S o vl S o)
AFBE), WA, TS i BT SR 2
A 5L TAR B 9710 SAS(EE Be
2 TR, Sl ALY, SFAS
3|, H32-g3)%, AEE|E(Kim et al., 1995, 2003),

BLAEY, AL, WAL T2 A
BREGOR ST} oS ST FHR

E A= 25 Le Bas et al. (1986) TASE(total al-
kali versus silica diagram)®] v]gZg] ALQ9] &+
T Yol A=, A Zg3 ol A 2 H Ao
Z 9] SHRIMP U-Pb 7HH# A= 2F 89+2.0 Ma
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Fig. 2. (a) Location of the study area. (b) Geological map of the Buan Volcanics (modified after Koh et al., 2013),
showing the bedding trace of the strata of the volcanics is parallel to the elliptical-shaped volcanics and dipping
toward the north to northwest. The Gyeokpori Formation is located on the western margin of the volcanics. (b) Aerial
map of studied sites (aerial map from http://map.naver.com).
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ojge R FE0] lom, FEHA(EHHE)SY
o] o] Sl A= o} Yehdth(Kim et al., 2003).
Kim ef al. (2003)2 E| &2} B2} 232 53l 4
E2FEE (1) % Y(subaqueous talus), (2) 4
21% B 9(delta plain), (3) FAAK 2 752} 42}
= APH(large-scaled steep-sloped delta system), (4)
AZFFANH 7)1 A R- A A2 (base of delta slope to
prodelta), (5) 2+ T2 2 5-02)7 A 2k
(small-scaled nested Gilbert-type delta), (6) 2R
o] A28 A A"(small-scaled delta-lobe
system), (7) 4% H(subaqueous fan), 1231 (8) &
2] el (basin plain) S2| cjeye HgH o= PR
R, OS2 T4 TN A WL AbE/ v T AE
(slump/slide), F--2Hd 27 (cohesionless debris
flow), &AYsHdebris fall), AUEZA TUE A
B (low- and high-concentrated turbidity cur-
rents) 9] theret HH2tgo] ofa) 4 Ao

45tk Kim et al. (2003)2 B Auto] el
< JEAHES e T 4SS 2A S
AA|Z(lower succession; 0~215 m)<} A AAZ
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O] E|ZA 7} MubH o2 52 9] J& 7Rt ol A]
£ 8%, 55 2 B WFe s, BX|9 55 7}
AR oM & 2P FA e dEdks
B ojZtH(Kim et al., 2003). o] 3t 11932 Wk
AxzaS EHH FA AeEEQl 229 vl (basin
floor)o] & YA BAZ OS2 7|03 1 £X|9] F
A ZA4 A (depocenter) EZF 22 Wgol| 9]X|5kaL
AR A A3

22 7(|S Ddg

sokshiieke] wiel QX Fe) @ 1574
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Fig. 3. Equal area lower hemisphere projection for bedding of strata of the Buan volcanics (a) and Gyeokpori
Formation (b), showing a cone or elliptical cone-like shape defined by concentric spatial distribution of bedding
dipping toward the interior of the volcanics (data from Koh ez al., 2013).
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2 7M1 BEO 2 ANSHE PP BeiFw v
9, 55 A2 5594 FFE 7L BAZL
2 AN PEE Boltl(1Y 2). o5 22 A2
£ sk FR A%, 389 BE} s del
(great circle) B r}= % Z(apical angle)o] ¢F 30°
Ql ofz] o] ¥ (cone)d] TAFES HIAthId
3a). o|2et £F A= A|F EX FE|7L Fetshit
& SHFE Tl SutetA HAA = 2 7] 2ga
SARRHE AN T A FALOE FAR 2]
P AT EEZe F2YFAE JAAHEHH 3b).
olalzt Zul7|9e] A% BEE sleletd BAA %
590l % Z5F(buckling fold)o] opd 3}
AHA19] B E 7ol ke 23R AF AE
o 7]Q1%t A o & Herglch(Park, 1997).
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Fig. 4. The photograph showing deformed mudstone and conglomerate layers, which distinguished by undeformed

mudstone layer between them.
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(Neuwerth et al,, 2006). Wby £ AP M o 72859 F%eg, A5 A5 AR 9
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Table 1. Summary of soft-sediment deformation structures at each site.

. Fold Fault
Thickness Do of
Locality of deformed = PP © ;
Y hinge and Interlimb Vergence Thust Normal
layer ! angle
axial plane
NNW-trending at upper

. ano o E-verging NNW-trending at upper part of the deformed layer,
Site 1 <lm 10~30 30~70 dominant part of the deformed layer WNW-trending at lower

part of the deformed layer
Site2  ~2m  >10°  10-30° DSE-versing ; ]
dominant
Site 3 ~2m >10° 10~30° Diverse - -

= . N0 occurrence

N=14

S

Fig. 5. Characteristics of fold geometry at site 1. Outcrop photographs showing east-verging (a) and west-verging
(b) folds. It is noteworthy that the east-verging folds are mainly occurred in the middle to upper part of the deformed
layer, while the west-verging folds at the bottom. Stereographic projection (lower hemisphere, equal area) of fold
hinges (c) and axial planes (d).
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3.1 ZAXIE 1 Gite 1) SEHEUY WL FEY TRl 1 2m T &
Bold BEdel 9N 2 12§70l Bel WFHor Udgsm glom, A% 5L

N21°W120°SW

N=4

Fig. 6. Characteristics of fault geometry at site 1. (a) An outcrop photograph showing the coexistence of NNW-trend-
ing thrust and normal fault in the upper part of the deformed layer. It is notable that the spatial distribution of the
faults with two contrasting kinematic styles is controlled by a detachment located at the center of the photograph.
(b) An enlarged photograph of thrusts cutting through axial surfaces of asymmetric folds. (c) An outcrop photograph
showing WNW-trending normal fault and shear-band boudin in the lower part of the deformed layer. (d) An enlarged
photograph of the shear-band boudin with a dip-separation of ca. 3cm. Stereographic projection (lower hemisphere,
equal area) of thrusts (e) and normal faults (f).
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(2™ 5a). 9] 971z (interlimb angle) of
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Fig. 7. Characteristics of fold geometry at site 2. (a) An outcrop photograph showing recumbent, asymmetric fold
verging toward ESE-direction on a detachment. Z-, M-, S-shaped parasitic folds are well developed. (b) An enlarged
photograph of hinge zone of the asymmetric fold. It is notable that higher order crenulation fold is cogenetically
occurred parallel to the first order asymmetric fold. Stereographic projection (lower hemisphere, equal area) of fold
hinges (c) and axial planes (d).
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% B4T3 Fu0] Uehte we, B4 £90]
5% A el JEEe 29 shre] 22 0
S 6f).

32 ZAKIHE 2 (site 2)

o] A2 gols FAFK YR8t Jlom, =
XA 1of) vj3] FE=7} aﬂ(ok 2m F7) Ze
2 dEHA 0] 22(Z >100 m) FHF27F et
Sl S 24 131 08 B35 B
et AHEQl 530 Vet FelE 4
o] 33 7R e] o7} sl WrhRETt 7
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AaTolH, Aur o2 AAYe] e A|AE)
£ 955 IY(ESE-verging) 2] 50| At
t}. o]of $=HtE 7] <5 (parasitic fold)2 F 5=
Of QIR FA A MAE 53, A+ @il Al Z=}
o 4, 1R WA= SA 4 el o
AAROE 7 o] 20 A W} wiojel o
A% % 727} PAAHIY 7a). MAE H30
AR F = ARG HYPS FFe= wFA
(crenulation hinges)E©¢| ¥=3) JcHTH 7b). =
30 T2 AL $T AR ARRe B
F10° m|gto 2, 3 elsI(recumbent fold) 0.2 &
FHHa® 7a; Fluety, 1964). 539 7tz
10~30°2 X Y5 (tight fold)0ﬂ g 523
7] o] WFgH(trend) & BE S A WaFOR 10° v
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Fig. 8. Characteristics of fold geometry at site 3. (a) An outcrop photograph showing various directions of fold verging
well observed compared with other sites. (b) An outcrop photograph showing gently curved fold hinge-line is well
exposed. Stereographic projection (lower hemisphere, equal area) of fold hinges (c) and axial planes (d).
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o2 daA thFossen, 2010). RAXE| w2t
A2 OE 539 715kEH FH, £ 18 R
T AR HAES 5o, ol
Ateof ofet B2 &9 5ol st At A FH
9] 55 (single-cell flow; Farrell, 1984) R.t}= E| &
E9| E5tE@Ao] 71913t thAl R-5(multi-cell flow)
o] &J3 FA4E AL 2 34 Er}(Alsop and Marco,
2014). ZAA 19 B3] HHO R 2 Fuel &

IIZRE Holk ZAAA 29} 3L AR o2 wo
SYRPREL WG A, o] F H<o)

H4E $50] Bt AW Ao S A4
]_

o] HAS AN 5 AT GHEAAY
1) 283 3 £ 9o gukEo] Uk top
NS TEANAE 2% F 45 AR MAE
&3, A% et sk e 42 2 54
&350 7151t ) B4 F 30 Aol

AMENA FHLR o5k HAEY 5ol s

XA, DZAL =221 9 ARG e 555
B A== A A Z

AHE| A HP Ao RtbE o] PP E = dF=2
8% AT AR BEEY f5 W3kt
A3t whgfo 2 didsh= Wh, SATSHE FARY
F F2 vt Wgko 2 draddteh(Maltman, 1994;

Stranchan, 2008; Debacker et al., 2009; Debacker
and De Meester, 2009). ZAFAZ 19] 37 B&E
= ‘El‘lﬁéoi 7:1/4&(] %_M-E]-qu. == Hh‘s}:og 7:1
o}‘i"ié’. % Zl/\l o}ﬁl, ol %7%01]*1 tJr’QE]% 7] °P§}
2 oot & QX gch vk WRE X150 SR
et 45 A1 AREE g How
o FAE §50| 9 shzul, ol el o
F4 95 9o euse HYBS F98 A3
YoM & Sof whet thefst HygagS e

o]0 o
=1

& ®H o} (e.g., Alsop and Marco, 2014).
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5. DZAAL

od
ol

HAd
Refol ojs) A ol ok HAEE 1 vl
TRt FEHY S0l e B S ES F
il Hje, oleigt AA g e 7|5t 2
o} IS ThoFst S0 K 2] APH 2] AL HRHE
= E1ze) §5 U sien] W) Agwol gt
THAlsop and Marco, 2014 and references therein).
olzig A W $52 918 WYTE Pyl
EAAY WAL Hid= W [Mean Axis Method
(MAM); Jones (1939)]2} S £ 2] W [Seperation
Arc Method (SAM); Hansen (1971)]0] &2 AM-H
oA gtk g o] WSS AU AN
¥R Ex 0] FUT 58] o) AFR 2L
FAJotaL HEFHZRRE-S W= Bk 520 HgK(vergence)
& ARpre ute QA Wkejof gk 71
o] HA|Eol Ao} Fhek. WetA of5 WHL &=
X] 2 21 0] HFgko] HAME]R] okl 017@@]— H}sF
< Holz Aol ARt 28 7, & A7l
A oo A HEe 4 vesd %?.—Ol
ok x| ol Al 488 4 Sl ko] o
Z] Strachan and Alsop (2006)2 953 53+
H|9EE 53 ) %) Szt o)7izte] A
[comparision of Fold Hinge azimuth and Interlimb

angle (HIM)]S 53] Atelo] oJ] 4-53He =4

ol

ﬂi-‘?i_l&o?n:r
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of v T3 A Y FE S AN
shic. B4 AFF £320] WEo] Ak H$, Abd
2 wet fEoHE HARE T2 1Ko Aol
QY ARG Go] 7lA7] whel] 43
AR (&2 %)o) Al S)ao) girk. Wby 2
7HA 0.2 Thokeh W9k ZHs olizke dAska
515 27Ho) WK T X2 W9 o TR

g
1)

Lo

T3, o] F w3 TS AT A1
3} tHStrachan and Alsop (2006)2] 21 10a]. ¥
B U5 420 A9, RS wet §ESE
AEE 37HE YA o] whet A AH-S Y
2ol ZFA T, T A3k R &T A9 8]
3ol o3 522 DA (tightness) 7} E2HS
o|-§3 Ho|th &, W3S 7 wol vh= AL
A SARAE B8 E W 55 XY 3dgo]
ol 439 WA} 374510] iz dasit
B, SA 5014 Hol A48 53 7179} Bue
Aoz gastel BREsL st oize
1ok olch. b W25 £3e] olaHl

S5 AR YA o3zt Jex meke oz}
o APHE] F HA U EE HHE olF R LeE

g0l Zhaste gukh Valel BEopelg Kol
t}Strachan and Alsop (2006)2] 13 10b]. 3}A]qk
Strachan and Alsop (2006)2 A1A]| okQ]of| A =4 =]

HIM Foia hinge azimuth & interlimb angle

w,
N=42 e
2
>
60
s + +
Q
E |+ + o+
= + ds
3 2| + + T + ¥+
~ +++
S |+ * +
= [T ++E 4 N
Strike 120° Stﬁke 3Q00°
T T T Ll T T T T T T T 1
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Fold hinge azimuth

I Inferred transport direction

T Other possible slip directions

Fig. 9. Hinge Interlimb Method (HIM) plot of fold hinge
azimuth and interlimb angle data, suggesting a pre-
ferred slope direction of 120°.

231

SN
T Hd

31%] 9] 3]H(e.g., fold data of the Fisherstreet
Slump)& F SAEY S GA= S835] Ued
T U= AASER e, o] B9 rtzre] Ex2of
o3 FRH= 2719 25 LAY FEEe
AAFE Attt 218
Foll YIXTE = Y] Ab BA g
e e AAL RS S0 At
oz 35k

AFA Ao BEEH= 55
= I =2 =A5 2 2y, A
= upa(ef 30°9} 210704 1§ Eo] Uepdey, m
kA TAPE Q] 23k NNE-SSW 2 d)48 4= glo
W, Ape] AL R FHE( 120°) Bl A%
A(F300°) T 9 5 S Ao Fgech &
Q7Aoo $Fo] FHO2 A Yk H 17
T EATET TS BT %N FEoze] 4
g2 A NS BE HHE0) WRRgo] A%
oA T& WFo 2 o] Hekago o A=A
= AABHH, o= FEHEELRE 7|0 X IAFES
w2} B Zo] F-55HHA 553 oo ke
52 3T A= A E

=232

=
r o

6. AlEfEM RI9l

Heop7] 34 EHEA F sl 4EEA=
gAY FHedt ol @5
250l o3l FAE =T BAZ s = o] gk
(Kim et al., 2003). ZZ F4A|H9] Fd A A= &
4 Adte A2 EA7F H A7 oF 20 kme] 7t}
A A ZPgArE el fRIsk, A4 /d = At
Ao 7 1AE Axa)E(Kim et al., 1995,
2003) Ftstiketel of ) AT F skl £
FEle Aow BWustgrhKoh et al, 2013). o]
EA)9] o] w2 px-FWYl ofye}, 4] S
Wl shieE E3 AEXEA FAY ST/
Foll 2 A o 2 FFe TS AT

AFE 2ol TEE = vt 2719 92
HAHPFTRES HE 2ol HAHE= 59 B H
A Ao 2 A==, olg HPTRE of
718 dlolle A B35 Haks, A 459
o W& 2|59 S50l gt Ay} 2R T3l 4]
Y ==l A% T8 F= A 5ol Ath(Owen,




1996, 2003; Shiki et al., 2000; Montenat et al., 2007;
Moretti and Sabato, 2007, Owen and Moretti,
2008; Alfaro et al., 2010; Alsop and Marco, 2011;
Moretti and Ronchi, 2011a; Owen et al.,, 2011;
Alsop and Marco, 2012, 2013, 2014). AR} &= 7§9]
292 Fjo} vl iwsto] o} BHE Algko) el A
oz Fe PN e HB2ES opr] A W
P20 27} 22 (<4 m; Moretti and Sabato,
2007) W, FA0] A9 HAB 5 Aol vt
ookt 2719 2|3 & (5 moflA] 4= 4] m o)
9] My x7t A EH(Alsop and Marco, 2011).
Z Alsop and Marco (2013)2 % A ZH<1°) 2] A}
RO M E 58 25 Agjo] o8] A= HuFTR
7h e 4 9leg AN, B B %
H(basin plain)of st AlPA HEF(Bouma,
1962)0] of5) W4T Ao s T ojt
(Kim et al., 2003) W] % A3 (> 200 m)o] £
QA AP PRE 7o) BHIH<L) B2 Belo]
A AR S8 =AM o] ofs HPTFE7F B4
H Aoz A=)

B2 ER oA EHES F¢, B4 AlA"H o T
g 383 FY FE A 52 T2 F 49 A
Z-g &Fo] SA|ske] £4] ¢ BiEo] ZlojA| = E 4
AR (depocenter) 2 ©]F3}A] Hh(Miall, 1984).
AxZYS W &9t 935 &5 2420 =
ZEFR| 7} T-AollA FEE-AEA ez 5
ol sl #2171 = U2 HojErHLambiase
and Bosworth, 1995; Lee, 2011). =3+ 32 &|F9]
IR ST = AEZEA Y HHA 5 WA &
A&0 2 drghe ’H oj&oH(Kim ef al., 2003). ]2
gh25H 9 EjA5hA A A AEZEA|7HE
WA BAFoz ]9 Higo] 7]l Rl HA S
A7} o] kel YA H Ao 2 3l A Hch(Kim et
al., 2003). gref Z29] gHof wE E4 FAES
O] 7 Ar-go| WAste] 4] FHoA A7} A
ST, 452 EASAHAIR] & WA EAZL
2 §3551HA AHERHGY LS vhSolopit &
o} SER|TE Hol5-o] A E AP 27T EA]9 F
AR W EAA g ek Rl G e &R
71 &% AP Of3f P E= A AFEN7EEA]
BASSO JAEol 7190% Aoz sj4sr] of
Hoh

T AL DIZAN 29 2 AMEHSIAISION 557

Aw 5z ool A2 23} BA7)o) FAH e
Age] Sl Rolshaieke g sHilerRe) B
Zeto 2 LA E o] 9] o (Koh et al., 2013), o]t
=42 yekspigto] clapet SAHEET gl o3
shkrRgol Wl YA Zejstz shaHc
(Cas and Wright, 1987; Gottsmann ef al., 2008
and references therein). ©]2|3t Zrd|2t] sAHELE
2H-g-2 Zd|2} | shof] Y3t mianpEs B-eA| 5
o, 1 A3} upaupdre] 3¢} ofof] ik g o
280l 3l Azt FH X T2 B0 R =7
= A3 7-50] TASHGottsmann and Marti,
2011 and references therein). wetA Hol&E-2] A
AR AP T ZE FAAAIX AR WgFo] £
9] ElFFAA7) ofd Rtk irE o s 71&o)%l
& o] BHFAY HIFZRE oF7] AR A7}
3Hite] E& ©E 59 Aol o8 FHE o+
Uee A Tk olet SRS TE A5
9] &2 3Hte] 3 7|7HA] A& E o] Btstiket
9] X A 7+ HA o] FetshitelS aFdl
Z 7] BmeFo g A3 A o2 weETH( 1™ 3).

SHARE ARbE 0 2 A 2% HR A EH
Y {52 FFTFY AT HFoE AREA]
T AL 58 T AFE7E YA F52
Q1 AFEj ] B W37} s Ao A QL
t}(Butler, 1987). &3] At ] Ut (toe of slump)
e AR EE 2 zHol wWAlg 29 5y
(radial lateral spreading)©] W37 =&, o]
3 R WAL 55 WAL AFAE FAo)
A A4 715FHAQ) WY TR AL EE R0 of
H& A3} Fch(Strachan and Alsop, 2006). w2}
A golgol Y] dEE Wk A RS HA
2| Q1 IAFH O wigFo] opd ALel o] kR oA et
e 357420 59 FY 7Hs4E ok % 4
ZRA W AHEAAY TR et FA S
45| e 9 9 B3 Aol A = 2
e AR OE S50 dAEHHY LR g =
7Rl ZAPZL g E| o] Aof & A o= AR ETH

7.8 E

wey] Beraiiiehe] A Zbatel] 9ix)sha
Qe AZEZ] AZZ(Kim ef al,, 1995)2 F2 2



558 HE) -

A= AT o5 Uioll FAlE o Skl
2 FHEoglen, 229 APE 2y 23HKoh
et al., 2013)= AEZ| o] FekeMitere] et 5
AT & shtell 23S BojEnh ol%t skt
Ao T X FF H BASHE HEF
S AEZEA 9| A B HHA do] Spikat-E2
TS Bol WS UEidnh. A2E22] B4 o
ol Feshe AAEHHF RS o A
oJ3j) B vl 1=, Lee (2011)2 o] HF
Aol AollA Fo= 283t P osf
o2 st 7, Kim et al. (2003)2 E|
o] 2l S4E Ao HHs
o 4712l A were g el
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Fol 2 Q44 QA el g AHEA
FRE PP &g AP RO HH FA7] wl
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TE7HEShE SA2 o] W32t ofF Akt
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