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L.

SUMMARY

Title: Activity of Quaternary faults and slope failures

offshore the SE Korean Peninsula

II. Necessity and Objectives of the Study

1. Necessity

- The Korean Peninsula, located across the East Sea behind the

Japan Arc, has been regarded seismically stable. However, record
high earthquakes in the catalogues of Korea have occurred in
and around the SE Korean Peninsula, causing serious concerns
among people.

The estimation of the maximum possible earthquake magnitude
and the recurrence interval of large earthquakes requires the
accurate information of faults such as their slip rate. The
scarcity of Quaternary sediments and the weathered surficial
sediments on land precludes the investigation of the structure of
major faults and their Quaternary activity.

The Quaternary sediments are well preserved in the sea, which
enable us to investigate the structure and Quaternary activity of
faults with the help of the equipment and the stratigraphy
established on a regional scale.

The Yangsan fault, on which the 2016.9.12. Gyeongju Earthquake
occurred, extends beneath the SE continental shelf between Goje
[sland and Busan. The assessment of seismic hazards by the
Yangsan Fault requires reliable determination of parameters for
fault modeling such as Quaternary slip rate, fault length, and

others that are incorporated in computing the maximum



magnitude of earthquakes expected on the fault and their return
periods.

- The continental margin offshore (south)east of the Korean
Peninsula is a transition from the continental to oceanic crust,
characterized by frequent, concentrated occurrences of
earthquakes. It thus is important to address the correlation of

geologic structure with seismic activity.

2. Objectives
- Determination of parameters for fault modeling and assessment
of seismic hazards on the Yangsan Fault
- Interpretation of geologic structure associated with seismic
activity at the continental margin of the Korean Peninsula.
- Investigation of distribution, characteristics, and triggering

mechanism of slope failures

IlI. General Scope of the Study

1. Summary of researches underway at home and abroad
- Review of fault mapping in Japan, New Zealand, and US
experiencing disastrous earthquakes and the study on the

Quaternary fault activity in Korea

2. Modeling of activity of the offshore extenstion of the Yangsan
Fault
- Computation of a Quaternary slip rate from the horizontal
displacement of the base of the Quaternary sequences
- Computation of maximum potential magnitudes of earthquakes
expected on the fault using parameters including slip rate, fault

length, fault width, b-value, and others



3. Study on the occurrences of Quaternary slope failures and their
activity
- Analysis of the occurrences of slope failures on the continental
slope
- Descriptions of depositional characteristics and age of mass flow

deposits on the continental slope

IV. Results of the Study

1. Modeling of offshore extension of the Yangsan Fault

The dextral slip rate of the offshore portion of the Yangsan Fault
in the Quaternary was computed as 0.73 + 0.07 mm/yr, consistent
with the long-term dextral slip rate of the fault on land over its
history.

2. the maximum magnitude of earthquakes (Mmax) expected on the
offshore fault ranges from 6.1 to 6.3 and from 6.5 to 6.7 for fault
segment length of 8.31 and 21.1 km, respectively, as the fault
width increases from 10 to 15 km.

3. The return period of earthquakes with Mp.x approximated from
empirical equations ranges from 650 to 3,000 years

4. The consistency of the Quaternary slip rate with the estimated
long-term slip rate on the Yagsan Fault may enable our results to

be applied to the entire Yangsan Fault zone.

2. Occurrences of slope failures and their activity

The western and southwestern slopes of the Ulleung Basin show
contrasting patterns in occurrences of slope failures and MTDs,

which appears to reflect a difference in the size of slope failures



between the two slopes. On the western slope, a relatively smaller
volume of sediments was transpoted, resulting in limited occurrences
of MTDs on the slope base. In contrast, on the southwestern slope, a
larger volume of sediments was transported and reworked, leaving
much larger traces of failures. We interpret that changes in sea level
are the primary cause of the slope failures on the western and
southwestern slopes of the Ulleung Basin; tectonic activity,
dissociation of gas hydrates, and sediment inflow are secondary

causes.

V. Suggestions for Applications

The recent increase in frequency and magnitude of earthquakes
in the SE Korean Peninsula and its offshore is becoming social
disquiet. We, by linking the results of this study, proposed a
research in the next phase to investigate Quaternary fault activity in
the offshore area from Busan to Ulsan and were awarded a grant. A
governmental R&D program is under way and scheduled by year
2041 to investigate active faults on land. In line with this program, a
R&D program will be launched for mapping offshore active faults. We
plan to participate in the offshore program utilizing the results of

this study.

_10_
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_~Observations, data analysi~,

Laboratory
experiments
™

Field surveys
of fault rocks

Fig. 2-1-1. Research approach of IEVG to elucidate the physical and
mechanical properties of seismogenic zone and the generation

processes of large earthquakes.
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Fig. 2-1-2. Exceedance probability within 30 years considering all
earthquakes (JMA seismic intensity: 6 Lower or more: average case;

period starting Jan. 2010) (from http://www.j-shis.bosai.go.jp/en/shm).
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differences. The immediate predecessor UCERFZ2Z California
hazard model is shown for comparison. Maps show PGA 2% in
50-year exceedance. Units are in fractions of the acceleration
of gravity g (A) UCERF2. (B) UCERF3. (C) RSQSim model. (D)
Map of In ratio of UCERF2/UCERF3 shaking hazard. (E) Map of
In ratio of simulator/UCERF3 shaking hazard. Note that the
simulator is even closer to UCERF3 than UCERF3 is to UCERF2
(from Shaw et al., 2018).
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st Q)88 JHstItth (Kim et al., 2016b) (Figs. 2-2-7 and 2-2-8).
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List of studies conducted by KIOST that commenced

before 2018 to study offshore faults around the Korean

Peninsula.

Table 2-2-1.
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Fig. 2-2-6. (Left) Seismic profile and its interpretive line drawings
showing an offshore extension of the Illgwang fault. (Right)
Locations of Quaternary faults offshore south of Busan. The faults
constitute a duplex-like fault zone occurring at the releasing bend

of the Illgwang fault. (From Kim et al., 2016a).
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Two-way ravelime (s)

Two-way traveltime (s)

Fig. 2-2-7. (a) Seismic profile showing an offshore extension of the
Yangsan Fault and (b) its interpretive line drawings. The inset in
Fig. 1-6a is the enlarged portion of the profile denoted by a

rectangle to show fault structure (From Kim et al., 2016b).
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Fig. 2-2-8. Locations of the Quaternary faults in the study area.
Fault F1 is interpreted as an offshore extension of the Yangsan
fault. Faults F2, F3, and F4 are interpreted as Riedel shears.
Epicenters of earthquakes are superimposed. The inset (lower
right) shows the estimated axis of principal stress (from Kim et
al., 2016b).
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A3 d1E 8 W8 H 2

3-1. S dSs AR 47] ols& ATAAE 871

Qajutetol olAba|EIAtRL AAIAIA RE HE FRIt 5.0 Hop 2 A
Ao| AP5 WASEAIE hA|TF BhNbe dERo|A AASEo] WA S

a0
Ho &0} (Choi et al., 2014). st¥tzo] J=Ho|A 714t %EEVJ IR
=t

il
s 9= %%k, waF oRAl, Eaf, AyrtEoa o] 2olA olq( ig.
2016 99 120 eIHteo] FERoA WASH XAl X|AHE ole A4
224 (ML 5.8, Mw 5.4) (2016.9.12. M, 5.8 X|Zl) FAtHSTHof|A 2 85}
At (Fig. 3-1-2).

2016.9.12. M 5.8 xmol TASIHA S A4
ol At ojn =% 10:‘4
= 9]) ol &=(slip rate)
2 A e G
A7t AAl9) Ao ret WALV E Aste ¢ gh Hiapolty
(e.g., Anderson et al., 1996: Youngs and Coppersmith, 1985) SHA] gk,

¥ol 749 AxAFolnE 47] H o] AR Lol 9l Wat ope}
4 502 ojgste] 2ASH Mooz TUEAGo| ofat B

o
959 o582 Aste 2ol
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N
30, nik

stRH: = 01]/\1 ﬁ T2 4710 RrEAo R HEstHA fa5FolEo
253} Riedel shears® JAIE TEA|AES HA5HYI T

o] AqolAs BT Z2OUASZRE FAUHS HES IR &
&2 Foldth o] A Qdll, ol T mRodES
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= Kim et al. (2016)9A ArESr m2upd-S3} oA ARESHY] SArH



110°E 120°E 130°E 140°E 128°30'E 12900°E 129°30'E
1 1

50°N

40°N

30°N

I:l Miocene sedimentary rocks
[:I Miocene volcanic rocks
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- Cretaceous volcanic rocks
I:l Cretaceous sedimentary rocks
[: Early Tertiary granite

Fig. 3-1-1. (a) Map showing the tectonic plates around the Korean
Peninsula (from Kim et al., 2016). The rectangle indicates the
area in Fig. 3-1-3. The arrows indicate the direction of the
maximum compressive stress in  the southeastern Korean
Peninsula inferred from the slip analysis of Quaternary faults
(from Park et al., 2006). PA, PP, and OP = Pacific, Philippine Sea,
and OKkhotsk plates, respectively. (b) Geological map of the

southeastern Korean Peninsula (modified from Ree et al., 2003).
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Fig. 3-1-2. 2016.9.12. M;5.8 %A%l sequence 9] ZRIYJX|et RA7]L
(from Kim et al., 2018)

sHtE o] X|ASHH e wo] HiEo] 9Jou 2 (e.g., Ree et al., 2003) o]
of #aiATr dgeitt. shr=o] J&

£0=7 OF Ao vsi Hoxe=
dF0] e Aot Hreo] g3 oA NNE-SSW ®ges 4dd

7hA; EESh L2 A SAolA oF 190 km o]z dE 3ot

Kyung, 2003), Chang and Choo (1999)= stgtx JzHo] =
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Two-way traveltime (s)

Two-way traveltime (s)
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B-01 ~ B-125 3MF=0] g5 ti53ollA 2f2f 201490 2015\ =5
o} ARR3E S92 2000 joule 8ol AmAHRA 2% A0 R Wulsg
(Fig. 3-1-3). & ld 9 o=xld At 77 159 2%9] 7]27o|g2 o
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sH3ITH (Kim et al., 2016).

20161d0], o] Amt7| Z¥S ol&sto] FUHAQ TR emdsS o
ottt ol ZEOYsLS C-01 ~ C-15 1gjar D-01 ~ D-07o]th (Fig.
3-1-3). Ed¥Hs], =2} D-01 ~ D-07&, 2= Riedel shears”?t AF
Ebe TEAIAES BojFl A-07 ~ A-14 Abole] 5712 e} ggjonz
=4 7170 250 ~ 300 mQ) AWUF LRTAS| grid WE 4 Yotk

AAAGY Sdn zrndSoN Hole SAE2 MY AdEHE O
2 JAAE=ECD. ol5 4719 ©l= ofdjEH U-1 (Pliocene and earlier),
U-2a (Early Pleistocene), U-2b (Late Pleistoene), 2] U-3
(Holocene) o]t} (Flgs. 3-1-5 and 3-1-6). Z2}o]QA|Q} Z2}o|AEA ©Y
=52 (i.e., U-1, U-2a, and U-2b) &ZQl Q5o g Zlojx|1 F/HYXH
o4& = of ¥F2-5t0o] upbuildingyt outbuiilding®] Ay A 7] 2 9FS 0]
=0 (Yoo et al., 2006). 239l fault F12 A& A Zeto] At 47] &
7] E]AZ9] up-to-the-east sense of throwsS Yolzo] 02 & 520 ¢
5 gsur o 8 ool AU, oS SA7 Gwos wae dolE

o8 7lojR|: 7S 7iolsly o|ajdt EAL =& Z20] UXxog (X, O
o

MU

_|TTOC o 1 =27 a —— T T
& Ne= AAISH (Fig. 3-1-7). @5 Flof {sl #Held %*175‘
W R2E 47] £A19] ofe) AAWolnR FATEO] 47] 2% o5& A

AFsH7] Y5l AF3-E]= offset-piercing points= ARESH 4~ QlC,

_34_



0.0

o
£

Two-way traveltime (s)

o
N
L

Two-way traveltime (s)

S
¥

Fig. 3-1-5. (a) Seismic profile C-08 and (b) its interpretive line
drawings. U-1, U-2a, U-2b, and U-3 denote Pliocene, Early and
Late Pleistocene, and Holocene sequences, respectively. Reflectors

R2, Rp, and R3 are bases of U-2a, U-2b, and U-3, respectively.
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(b)

Fig. 3-1-7. Model for movement of the Yangsan Fault. (a) Before and
(b) after right-lateral slip in the Quaternary.
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=0M &4 ez YEd Jlojt. & 79 S50M Z2 &0l
S e § AL 5% wet A Wt gtk R29) kolg 7ats bl
At = A

-01 ~ A-29%} C-01 ~ C-072A o]z Zm=ZujUojA

&5 Flo] gH=idoA Jg3s] Aoz Wdstil Riedel shears?t & Q1A
gt

S0l & Fe RAo] FEEo] siaHe Eolo B2 F7]9 WES
dorjoz Ma g AltoA g sgnt maujdox Hol: FUT F
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Fig. 3-1-8. Along-strike elevation profiles of unconformity R2 on the
upthrown eastern (red) and downthrown western (blue) blocks of
fault F1.
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A dlold 7 77k R27EA19] Zlo] 100 7S sttt R27EX| 9] Zlo]
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3-1-4-2. 0]=80] BAsA

T o™
olz&= Aist= HloA

piercing points®] 4 ZFzF2 7+

Z =504 Hst offset

ZololA] grgol Aty sPgstact gh

Lo 5 tES2 dieteigol Leitt tetsid 2 =2 2A 27|58 ojo]e
Nl ZZ|7FA] riftingyd} 0] 9] marine transgressionof 29Jsf A= o] EJAZ
o] Aro]A & th (Kim et al., 2016; Kojima et al., 2001). A o|A R2
+ 0.2° Bt A2 FArz QsfZor AMAs] ZojRlct. 4717F AlAtE o
global sea level& JAX|UFE =900 (e.g., Miller et al., 2005) o]Z1& R2
7} uitE &olA WSolee AAlsi dpAlele n AL oz ue
M=ol gEs| e AlFoltt. Hed2 Nt GERolM T 2 &
Aol SAoIA GATEL sioria] Y57 sH7E ot AgEch 453
2 | oF 1.0 X 10" E9] E|HES ¥R (Yoo et al., 2018). wahA,

L -
) @5 Fl9 928 % 229 94%5F 25 717} A HE 717 S

—

=2 T LN
oL siLie] o]ELEo] oj5) 02 & L23} A% 2= 7k R20] o] Ao] S
Y JE2 0hEA 9ot (2) 88 Alpsxos AYY FEAI0
m3Fs o g #o]lu g (Pondard and Barnes, 2010) 7t3@dA9Q] Q423F &=

of o3 grEolAE AL FBRolS W Fect. o HES W, R2
s

ol A7 offset-piercing point &2, B4 ZaodZolA WA S
+ MY siIATEAIY, R27F 4L O 22 F2 A&5H Zolo AATkL s
AEo.

FFolse= AAtE o R29 AAlS 12{shA] gttt Thof o =2 $A]
o e & & £50] ols 5 2 0ol5 2o ¢ =2 A=Y HAAS Uk
O ols&2 oA Aite 21 Bt o 2 Zlojth. Bdnt Z2nds2 R2
of ofefo] F=2 UEU= BFAMQ] package’t, B]F OEAEO] s o}
U ARG, EAeE &dn S0l A ¥sHA] s o &4 URAS
2, 24710 SAYAIEER AF5] PG d&4do] &0 @5 F19 & &
=5 ol RAAYH R29 AAR 4T =g ApEACo=® Jojux] Aottt
U E 5 Qo E3E B4 TRAIEEC] 99 22 54452 1YstH F & &
= o 25 72 =0l AolE 2T A=r §71et Aol LA
gortty 2 4 ot @35 Fle met ©@5¢o] A0 7p7ken IAlY A
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2 drag’t §ltt= 212 oblique-slip®] /0] n]efsttt= 212 AlAlet
Seto] QA 47] 1o} ARl WAL R2= YEEA] 47]9f AJA; A]7] -5<t

Y AWl obd 2 Ak Al 47] 27lo] 4R st e B
2o AW ARNTES LSt R2E 4717 ARTE Fo] FAEActn BE
7ol Efgsict. webd, 0.73 mm/yr2 ANE 47] o] 58S Haglel 2 7
o]

3-1-5. =9]

3-1-5-1. o]5&9 9|0
Scholz et al. (1986)2 XA|xlo] A= ©F9 olse=2 722 AAZ 3
BHe=g2 B =519t interplate, intraplate (plate-boundary related), 12|
1l intraplate (mid-plate)2 4] ZFzk 0]500] >10, 0.1 ~ 10, Z228]1 <0.1
mmo|t}. o] FojA, FAHFO HFe AFTFE=, olsso] BoHEH A A
A|9H, plate boundary-related A|%Xlo] WAst= =0z 2 2 QIrt shdt
=9} W S8 AUsh: BB o] 9t back-arc A|olct.
K]Oﬂoﬂl\i A2 ol £9] Vp= Weh thermal convectiong 8 E5h=
AAlstth (Kim et al., 2015). Tata|, GAFH=0] =

E

L o 1o
18 nSE

Fol £ AL )
7l B RO W AN WS AT WAYS 2o 2
ks Aol AHY 25 gougee] ALkt 57 - 37 Ma (Chang

and Choo, 1999), 51 ~ 41 Ma (Song et al., 2016), 22]1 1.4 ~ 1.0 Ma
(Yang and Lee, 2012)o]t}t. 9fAthSo] AR O 2 LA gF HOS St
Hako] QAR FAHSO] HoE dEE vl 425 5ol 9 A
BEtt (e.g., Chang and Chang, 1998). At £74 Qo= IAIHS Y
kinematic & 123 BXAXO QARG HOJI 25 Ma 7HK] A&EQSE A|
Alsttt (Cheon et al., 2017).

ZAA 27104 opo] A F7I7HA] STES] HE diF FHRME=
back-arc rifting, breakup, 121 back-arc spreadingo] 2iAisto] A
AE2A 7 dojdq Ut} (e.g., Kim et al., 2015). Back-arc riftingof|A]
spreading= HI=9] GARS E-W 4F9| FH A sto #en 1
T GA A2 et AAETer o] Tl NW-SEQ] A%t o] UAlst
¥t 14 Ma ol 2dd o] FA d2 Fwob it AAStHA FaliofA
back-arc spreadingS HFH9Th (Lee et al., 2011). 7 Ay}, shEte =
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&S5 EM N-S (52 NNW-SSE) gFoz 530] opo] A F7]| 7
Seto] A} AR AlZ] (~5.5 Ma) ¢ R=E et (1) ©F5 gouged] AU
o 153 EAA H xR FE Al7]of] (25 ~ 5.5 Ma) sligsts A=
AAISHA] 3 stdon (2) NNE-®&Fe] ditdsolA Sst= &4+5% ol&
< 9 AlFx g5 %A genz o] AP &t ESse 45 ol
< UG B o] st dutdse e45F ole2 471 o
Al Aot WHedl olZl2 5.5 Ma Aol oHtEo] FERel SRS oA

ENE-WSW #tsFo g2 OowE orx=adyt Ha =} (e.g., Park et al., 2006:
Kim et al., 2016: Lee et al., 2011).

oy HwWe uijz ATES wel WAF 25 ~ 35 kmo] 95xeF
o]l=L2 60 ~ 25 Ma 12]1l 5.5 Ma ~ dxjof (&, gstod 40.5 Ma) A6}
AL e o] A9 AA $RFH ols Wil i gl o
0.61 ~ 0.86 mm/yrolt}. F4atHZe] tiss ALRANA gt o5& 0.73
/e ol Welel @ AAIFICE. chAl ol 4710 YAIEe] FEL Eraly
Cenozoic 0]% UAIE=9] long-term &=} consistentsttt.

3-1-5-2. X|X19] Ax}| 29} ghl =7]
Lee et al. (1998)2 AAIX|Al Z22 0]85}9
RSN YA

(

FolA LEh s ot

-3
&, SHR|EE, 229 B

— -

52 A 7N BER YRtk 2%, 59,
=2 Aets] Aolstx] Yokt o]5e Kijko (1990)9] maximum likelihood
method2 o] 8&st0] B2 ZoF TJaly Jd&x BAo|A 9AsE & 9l x]X]
o] Rl = Zt2F 5.2 + 0.49, 6.8 + 1.14, 78] 6.0 + 0.842 FA5IY
of. SHtZoA FARKA 552 AD. 271Xl A& 7HX|S (Lee and Jin,
1991) Z@isielolAo] 7|22 wolxx| gronz sl AHYHHL Bla
4 gt

oL TEON WATRSE AAY AHTLE (Muw) AT S5
Bungum (2007)Q] utility program (“moment slip’)2 ©0]835}9C}t o] o
1282 Anderson and Luco (1983)1} Youngs and Coppersmith (1985)9]
2EEY YRS At

Mo 012 W4 5 53] ©50] Zojet Zo, o5 ARl o3t
x8

oAt #AH 8= (Klinger, 2010), 34 &%Htt. ols& <9

(1) @59 do|: £gols T52 dvtdoz ©F9 bend?t step overd 9
27Ee #tez v o] Ao Klinger(2010)2 A|#9] oAyt A4 8
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=X AFg9 kinematic inversion@=2ZYE O %5t glip distribution9]
patternC 2 ¥ E| 2 [{JH9] Zdrol= =0l BA™O] x|t Zo]7} ~ 25 km

UGS AAstF Tt o] AFOA o]lz&S AARE T35 Fl1o] 24 Zol= #
o z2mAdSoA ZAAst7] ofdoh. O35 F1& wThebA], AAQl 243 AAIS
2 Q=g I §F dA= step overz UEH = 7102 Hols FAKo|t
s XN ]_Hl_—_ I:l[:E—]jﬂ
=2 T . T —y

et (Fig. 3-1-3) &% 7% o] Wats 212 Ut
T52 A= bendo oJsf QIAIECTH o] A S{Fe] Zol= 21.1 km =2A]
Klinger (2010)7} AAlst &5 229 zdfjZole] o] 4 %t} Riedel
shears+= =0 Yoix AdAQl HIFS UEIHEZ (e.g., Ben-Zion and
Sammis, 2003) & 2 BZHOo] Zo]2A] Riedel shears’ UER}= Zo]
8.3 km= 1125}t
(2) @59 & hteet RHS|AAN HFA|ZY FFoA A%le] F1d7Zo]
= - ~ 10 km 24 15 kmE @A %=t} (Sheen, 2015). Tapa] X1¥7)
o]= 10 ~ 15 km=& A5t} ©=0] Zo]et =2 th=09] length-to-width
ratiog sk dlof AMESIRATH
(3) b-value: Kim et al. (2017b)=25E 0.98=2 Ast¥=r] o] 2 7]
AZIAt = 9] K-means clusterg ©]&3sto] shte F&7e FH{H
A" Aot
(4) Slip-to-length ratio: AFZ= ®31% Z¥ol 1.0 x 10° ~ 10° (Bungum,
2007)2 AHEsHATt.

& W52 Bungum (2007)014 A[Zbo] thsl o= IIREE As
2 AMgssCh

DAL Muort B5E0] met HEFOR F71Me Holo] 1 gle o
59 o7t 8.3% 21.1 km o @ ©3F o] 1004 15 km=z Z7tgrof| o
2t 2+2F 6.07 ~ 6.25 12]1 6.47 ~ 6.65 B o]t} (Fig. 3-1-9). Anderson
ot al. (1996)2 X|Alo] HTARS AFgor] 9sl thed o] o Zhut
regressiong A|A|stF T}

L
Relada)

ol

Mmax = (5.12£0.12) + (1.16+0.07) logL - (0.20£0.04) logSR, (1)
A71olM L2 @59 Zol(km)o]H] SR ol&& (mm/yr)o|t}. o] HAMNZ
Agste ©50 Zolzt 8.3 1 21.1 km ¥ T Mpay 7 27 6.02 ~ 6.37

J2]1 6.46 ~ 6.90 ojc}. mHElgjo2HE st X 2ol H+= Eq. (1)=
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we 73k ghal AYs] UAlst SAbdA A £ A U
249 3t (Lee et al, 1998) QARSITH mepy, GAEES 8y Axy
ol HHEst Mw 7.08 EA 9t AFS WA How Bt

AR BRAET] (Tred)= 22 A= 0]85Ho] A4St
Trea = S/SR (]-)

o7]olA]  S& eventd slipez o3y o] AAtEILh (Hanks and

Kanamori, 1979);
logio Mo(=p e A*S)} = 16.1 + 1.5 M,, (3)

o 7]olA M, p, 22]3l A= ZHZF seismic moment, rigidity modulus, 1
23 WAOITh Tk %19 F@7t F7Het] wet log-linearstd]l Z71st
=0 (Fig. 3-1-10) ¥ HAAA A o =53t Zvp g}, gref 50 Zolrt
8.3 kmO|H Tree= Mpmax’l 6.5014 6.72 F7}aro] w2} 1,000 ~ 3,000 <]
Wol2 uolh ZWHoR, e YE USSR FiTEe HEu U
dato] xF QAL x| Atk sjAECh ol QI upet o], of
Ao #3F olFa2 Fayoltt AF 4§ =2 olgaS 7HISHY Treadd
o] °fXF &ol= Zlojth.

Riedel shears= &9 AN 7] Y= SA0IH (es.,

Katz et al., 2004). etdo} = 2u}Ad 59| B5=9] SHA| oA, Riedel shears
7t o T2t FAEHE e 7Y EAUSE=2 (A& =91, p-shears)
TASHA] 2 siRen ©F AAES] WT AlZ|oA 27]o] UErE & Qe
HAYLE LASH] 2 siTh. 2t ite F5 tifaolA ArE3s
g5e A4g oz B

_43_



7.0

Maximum magnitude (Mw)

5.8 |

Fault length = 8.3 km
: = = = = Fault length = 21.1 km
5.6 : i
5 10 15 20
Fault width (km)

Fig. 3-1-9. Relationship between the maximum magnitude of
earthquakes expected on the offshore extension of the Yangsan

Fault and fault width.
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Return period (yr)
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3-1-10. Relationship between

the

return period and

7.0
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maximum magnitude of earthquakes expected on the offshore

extension of the Yangsan Fault.
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PAEE 5% APRAN de naly egnt DU RE 47]9
955 01588 A

A} st= 8.3 km 24 Riedel shears?t AT L71o] Zolojnf tt
< Stie 21.1 km 2A ©Fo] AMor Uehtes 1ot EH0]
10 kmolA 15 km=z F7Feto] wet o] 5 o] oo thsl A=
6.1 ~ 6.3 72]11 6.5 ~ 6.72 AAtECH

L AEARA FAA S AREStY et AdiE ARl EART]= 650 E
A 3000 Hoz godoz AA9 Yol a2 AT

=

_L‘u
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3-2. Back-arc rifting FZ2HH {F3 FHHIE SFHEI]
neotectonics
3-2-1. A&

ol 54 HEY AddY $E= sfoltt (Fig. 3-2-1a). sol= A/
of =7l ofxlof 2EREH oy oz dojd UrtHA FAdEAT
(e.g., Tamaki et al. 1992). YEBA w7} QAA|, o€/ BalF =Ko st
ot 2Ellso] AAIEAL QRIS thge] & Rdo] VT Rl =7 QI8E T
ATt (1) Y2 BEo] F5Re GARL ofxor 2E=RE ZIZ2F ShAA] et
I AAEo g gldsto] Z2|= AW (e.g.. Otofuji et al. 1985), (2) L&
et Qoo r AFYYT FRYXUA AAXCr dHOoZ H3PsHA o
SoIAUTh (e.g., Jolivet eet al. 1994). Q] shte &7 EFHEE U2
Fe7F B2jE]7] AJARE ofAlol 2 EQ] Qe gHAM0lY] Wizol, $RE
oy} x|zt xS B&sk ot (Kim et al. 2015).

Fig. 3-2-1. (a) Plate boundaries in NE Asia (modified from Taira
2001). PA, PP, and OP = Pacific, Philippine Sea, and Okhotsk Sea
plates; SI = Sakhalin Island; ISTL = Itoigawa-Shizuoka Tectonic
Line. (b) Physiography of the East Sea (Japan Sea). The red

rectangle indicates the area with detailed bathymetry of the
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Korean margin shown in Fig. 3-2-2. JB, UB, and YB = Japan,
Ulleung, and Yamato Basins, respectively; NKP = North Korea
Plateau; SKP = South Korea Plateau; OK = Oki Bank; YM =
Yamato Bank; SI = Sakhalin Island; NT = Nankai Trough: JT =
Japan Trench: KS = Korea Strait: TS = Tsushima Strait

22 2 5.08 0 AFX|gE, sttt o §3H = X|Xlo] HIEAsHA WAYSH
=  AYo|ty  (Fig. 3-2-2). st Ois&HFE9 A7) AAFEXR
(neotectonics)E BT & olgflsl7] A= SBE A|F+R 50 sl ¥

&t
=

ohel AZFx27E dAfe] AEAY v of B A AVEE=AS olsH

133°
| Magnitude
¥ <3
3-4
38° 4-5
>5
T
(o]
O o
o ° 8o
37 1KOREA,
(o]
| 8e,
O
. &
36N xxx Zone of breakup
o 4 T Major normal fault
* “ Normal fault

Fig. 3-2-2 Detailed bathymetry of the eastern Korean margin with
the overlay of faults associated with back-arc rifting and the
zone of breakup. The arrows indicate the direction of extension

inferred from fault configuration. The epicenters and magnitude
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of the earthquakes that occurred at the Korean margin from 1978
to 2016 (from Kang et al. 2013 and the Korea Meteorological
Administration) are shown. The black line is the location of the
seismic profile in Fig. 3-2-3. WSKP and ESKP = western and
eastern blocks of the South Korea Plateau; UB = Ulleung Basin;
BB, ON, OB, and HB = Bandal, Onnuri, Okgye, and Hupo Basins,
respectively, created by back-arc rifting; OK = Oki Bank. Focal
mechanism solutions are from Choi et al. (2012) and Kang et al.

(2013)

iS55 Adxet S0 tish dEstR e,
oF

=
S 2=y RO AME Qosiry. & BuA9 "SdE 2|mg] o]H9]
shate &3 E Y JA dE2dx 9X] (Position of the SW Japan Arc

at the Korean margin before back-arc rifting)” AofA] 91555, shitx

o} Alol FEAIY, J2n YRAE o] ARA AW FUWAL F
o SR SAA WA ARIEst dYE e AAWE He 5
192 SR gepd B ATdAs UA dBAR0] AN 8F
DU} AT 4 U P GEFURY ATEA weto] tfs) 5] 7]
2311, PV PEEULNA FA] BASIT A AFT ADIES YA
7| mA} gict

3-2-2. Y= EFER] A TE A3}

3-2-2-1. Z@B0| X7
FUIE IEAWELE WY (42.5NojX] 40NZHA)E EE (40°NOJA 35N
)z FAEs, 217

Pes-gd wRE g-w wgoR 1A pad
(Fig. 3-2-1b). gt chgxwzel s Alde shitzel Swet Agstol
RG] Bl St ChEEUER S92 JHRICh T gERUE BE
L 52 gSRAMRE SN AN Lrex YiEdoR AR ox



22 sIAES eI ojg} fjrdoz stk Cgawy &
DA FQ st=2iX] &8 (North Korea Plateau, NKP)°} &5+
AAS A= st=2X] Y2 (South Korea Plateau, SKP)= ¢l
F SHARIE S HERdT hdte QI Xt FUeh dHFxE e
SKP= EA YEEE9 F2j9F #Rist A4z RY F2]g o]
X2 o]Feh &AL 4] =2to = siMHT. SKP= tA] &
o] X SIATX] =& (eastern South Korea Plateau, ESKP)x} &
ol A% sh2tx] E¥ (western South Korea Plateau, WSKP)
doldty. WSKPoA= 2|t 40 kmo] £3 7HAl= SWUL 2ZE A7}
Ist=g|, O & ¥ B2X] (Bandal Basin), 2%2] 4] (Onnuri Basin),
A &R (Okgye Basin)7} ti®Aoltt (Fig. 3-2-2). ESKP+= 100-120 km
olo] BE-da] Waroz 71 AttEE Ao ofs] A} pRET. £a
oAl o B oles BL 27 (1020 kmpo2 Wzl W
Qeio] A4gl Aol EAolct. olidt Mol Zat vk KL Al2(horst)
o} x7(graben) AlAEI0] AAQl geEolct. WSKPO] $E BAE -8
Waro2 wekel £ E(15-20 km)o] 2JLE x|Folct.

WSKPY| 2lZE A|ge 2mE 7x9] MNA FHAAS 2ET Qck
S Alge elsuare )
Q= (Fig. 3-2-2): ]
2ol F71E ShEF A|Zbo] Y& ol HAEACR F= dder 49T 4
)t} (Jackson and McKenzie 1983). WSKPQ] 2jmE S-=1} H3E FE .
2 58t A2 g A9 Fxst= =0k FE (domino-style)?] FHF
271 4 2] AuiARl tiAYEol2t= Aot (Kim et al. 2015); 2]
- Waro W A Wl ofs o

o
=
(S

U
e
7
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71202l FAlo] B Aol HASES ARt O Yol 9l 2=E o]
5 AT 552 o2k WAF vhtAs e o|2ox Qed, ot o
AlZlo) =8 AFgo]l fIE A2 ouletty. SKPO] °F 15 km A2 FA=
=oje deflo] ATE Agu dgol stuAzo] AFAoz shsolAlt
depth-dependent stretching 82 Esj| 2|2 &A= (i.e., rifted)
A2t A-& UeERHT (Kim et al. 2015).

SKP FHo] ZSEA= THte iAW QIASH AMojEdor sdw
E| X2 K]0l sfgstct. o] AaigUe] EAS offo] 59 A7+ <F 10 km9]
H A AASH SAS 7FAl=] (Kim et al. 2003), o] UuPAQl &R ztE
oF 2-3 km A& ¢ £ SF0|H iAW XXAE o] &3t AR s}

& UERE=E, o]

At 228A| ool Al7ho] &l 9o} sjUR|Zte

+ SYAIZF 2B, 2C 22]1 307 A=l APAQ sFAI e S-S UE
7] diZolth (Kim et al. 1998). o2 A¥tAQl YA ARG FAE 574
< NG EAet e 2% o] H|HUA (Su et al. 1994)5 1P
o, A aEEY =2 WE 259 9= T2 €= 4 (back-arc
spreading)ofl o5l s A|Ho] A/GEU7] el Aoz sHAET (Kim et
al. 2003). ol2|gt AT SEE A9 AHdUst= HezRE 59 U2 &
o] 2o] WEHFE FAstY RA4FAE 5771+ a3t a0loz A183)

~ 0

7] o]tk (Currie and Hyndman 2006).
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Breakup unconformity

N

Two-way Traveltime (s)

EAN
1

Two-way Traveltime

5 o e S,

Fig. 3-2-3. Seismic profile showing the structure of the Onnuri Basin
in the western block of the South Korea Plateau (WSKP) (see Fig.
3-3-3-12 for location). Note that domino-style normal faulting is

a dominant rift fabric. See text for explanations.

=T SR
o3+t (Fig. 3-3-3-14a), o] A|&e WE2 UFE FXA5t= 5240
Fusitis AL oujgt}. o¥s A WEOhRL Gl ESE
son go] MEE B0 mAe AL FFElele ol Zheng et
al. (2011)2 A]XIXt=2] ambient noise tomographyS ©]85t0 =59 =

5%, i, QRASS A T I 4 A PRBE AR 3
o

AHY Suta&w wols AASIECH 70 km AEoA Q] Suf&rl Shty T
g&s3aHEs g2t A&: Aol 47 st A g & 9=, o+
Sde 2EZdy AXZEe] b WEMRO s fEE dd &5
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3-2-2-2. Back-arc rifting®] 4o

B2 QRde Belo] ARabgo] disiAL wato] WAY, Eelst LA
d AlEC disiME Bkt AlZIE T2t Ingle Jr (1992)% |40 si4ol
Aol A5 Bl =SSt Al 37] (Neogene) A|59 E|HA|RE ©]-&5t
backstrippingt XWEJ (geohistory) A2 AAIsIL, o] viFfo=z &
sfo] R|txet & A7 (tectonic and thermal subsidence) TjEE T=%o}
Rt o] mE2 (1) S 2AM 27] (ca. 32-25 Ma)of| 2Jm&o] A|AE AL
(2) Oro]eAl x7] (ca. 24-18 Ma)o| spreadingyt A|ZF &% (crustal
extension)S £l X|=o| w27 A7tsto] 2Q Sdr BX|7F FAE YO
™, (3) tto] Al F71&e Aol Al&Eo], (4) 10 Ma 7 &5l FRolA =
4sxoz g7)7} AlREQITHs Aelo] Astabge matsi)

gRGRY BnE £A HEZN AT 7x
(radiolarian), £7I% A&+ (pollen flora)u} e 1AYE3]
7] ZAARE] A7] opo]Ao] £sh= Zloz HHAY (Tsoy et al
2017). 28] G4 dEAx 07] A= (Oki islands)?] T3l (Dogo) Ao
Rmsts ohilolal EAUOSL 24-20 Ma S9t0] S5 2 3
Al7T0] Bl Zlog 7]ZEQl=H (Kojima et al. 2001), 8F& 2ZH2
of SiAIATE olAlof oju] AJATE|QITE Fot SHUtE HERet JA AZA= At
oo tjjst/»Alut ¥ (Korea/Tsushima Strait)o]gt= &£ uwlcirt Aot
w0l (Fig. 3-2-1), o] si@oA 5ol sl A4St = (trough)9] Z|5HE E
ASA7E 271 ZaAlolA A7] opo] Ao siEertt (Minami  1979;
Inoue, 1982). ol2j3t H5S S5y, UL 2Ly e Fhe thE7HL

=
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Velocity perturbation

H T
-1.50% slow fast 1.50%
(a)

100° 100° 100° 100° 100°

50°-

0 500 1000

20°N

Fig. 3-2-4. (a) P-wave velocity cross-section of the mantle along
transect A-A’ (see Fig. 4b for location) from the GAP-P4 model
(Obayashi et al. 2013) available at http://csmap.jamstec.

go.jp/csmap/ (b) Horizontal slice of S-wave velocity at 70 km

depth in the East Sea and its surrounding regions
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A 27 S| IAIRE A7) opo] A x7]o] AJAESGICH, o] HA AEF
L 299 £7] @0 siget= s € 4+ Aok

Otofuji et al. (1985)% HAl L2F= OO Al 4t WAA] #A4
2 B8l YA QRARIL oF 15 Mao] 40° ol AAYFOR HHYLS A
Al5tF T}, o]= S| AlF m2AME (Ocean Drilling Project, ODP)ojjA] =5}
o] BE AY A9 Adi7t F7] polAEt s lso] HAY] =
o °]&o] AZI= At (Tamaki et al. 1992). 2L} &0 238H LA|AL]
HEL52 20-16 Ma (Otofuji et al. 1999), == 17.5-15.8 Ma (Hoshi et
al. 2015) & 29 A7l= & ¢ o|=X|¢, FA d2EE=Y AAGE oA
chal Azt
wol7loll A A 37] &7171Al9] 14l stAleto] BT JEH (Kim et
al. 2016)F YA LdEAH T (Fergusson 2003)0] Z2X €A EEZSitt= ARA
2 5% gug o £ ool AN AMst] PAUALL A
Altth. Kojima et al (2008)2 YEF=et Ao} =FEX|99 HE7]

oA

(Permian)ofl siigst= Alstel, MJA|AsH, Af2

jo

oy
9
re
)
oz
Ho
Da
>
U

AA (metamorphic complexes)?t AFHTA|ZICE S
(Neocene)o]] YA AdRA w7 Belg]r] o]Xo G-8 "sfo 2 9Jx|giglSS
9rsln (Fig. 3-2-5a), o]t dMWhE WEHel WA QRedzo] uop]
orMo] Mosgtsk BAof 7| &xst Hisada et al. (2008)9] ¢

Asich gA dRdEst noo] g% Wz xstn gl
A HAIZ olFsHI7HA] AT Fe AAYE o] SR
ofu]gi}.

.
-4
iTh)
_E_I‘
2
ﬂ_|>~l

A}

il
mo rlo

L 7
o
L
oot

3-2-2-3. Back-arc rifting o]A YAl dEAEO] QK]

oz JdEFE FO SFE A2 A 2710 FRA AJA
Elen, olet FAl HRo|AE 2mEo]l dojitt (Van der Werff
2000). kA AFPX, IV ES S5O 2ZE fLRo|A TH Q2
g =550 otfe 22]mA $7]0] HYETH (Tsoy et al. 2017 Inoue
1982). Thepy] GWEE QEAME SRoAC) FAE ejuge 2ejun 3]
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t} (Fig. 3-2-ba).

B oop =S 0
— 1o H_.t E_E = 1 = |
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= A Ho OE m _— HT_ _._._o O_ o ,.__1_ H__v\_ Fﬁm ﬂ_o_.: O_ _n__ ,m_uu_ ,al E_ " —
ol & oy o o ) o B 0 = o2 Ko ol
T 5 o BT QW WS E T T E RPURLAR R
K S m oW o ﬂ_JlmoEovwrox %ﬂ@wﬂ%&?.ﬁ
WS OE oL o QB o v B IE o i
T o= > B Ko ﬂ._v mﬁ H;M SO H_T. o m.__ - KT CERCT @ wﬂ I xmm A
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2oe) ols|uato s FojAlWA ufol QA £7]
T QJK 2 Sutsto] o5 sttt (Fig. 3-3-3-150).

Late Oligocene ~
Early Miocene

/ rifting

XXXXX breakup

Early Miocene ~
Middle Miocene

//( spreading

Fig. 3-2-5. Schematic diagram showing episodes of back-arc rifting
to spreading sequentially from the northern to southern parts of
the Korea margin (modified from Kim et al. 2015). (a) Initiation of
ack-arc rifting and breakup at the northern margin. The position
of the SW Japan Arc before its separation from the continental
margin of the Korean Peninsula is from Kojima et al. (2008) and
Hisada et al. (2008). (b) Back-arc rifting and breakup at the
southern margin. (c¢) Back-arc spreading and clockwise rotation of

the SW Japan Arc. See text for explanations
3-2-2-4. Back-arc?o] &3l

AdEAdL Fo] 5dn X|de Zolrjole To| RJUfX|E QT (Sibuet et
al. 2002) 7] Oo] Al =of &3]7] A& (Lee et al. 2011). =X|A
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N AALO] TO| AufX]= £7] Uto] Al F8F (ca. 20 Ma)oll AJATE QAL
57] Ofo]@Al & (ca. 15 Ma)oll 7Pg &&s] AFgstoict (Sdrolias et al.
2004). o] AHEiR|EE= &t B2 siE2 ARF 7H&ste] mefAlopHo] 4
BotaL, ofof] @2t 41489 (< 20 Ma) A]ZF #A] (Shikoku Basin) &#H0]
We Ac2 Ui dEde woz MsHA EQItt (Sdrolias et al. 2004).
=5 GRox $E& @3l (back-arc closure)o] AJAFEl Zio] HEE o] A]
T Al &0l Nankai sfi-of =EstHA AIFHA dHFHoz A4
Ho| AE 7] ot} (Lee et al. 2011). o]2{gt KHLE 339
ol RS T2t A|Zo] EolEx IFEA ¥MP S s, 1 ZAxt
Al EA GAIRA DY AAE (thrust)9t iARLE (anticline)7t
+ & olget Mol FERA UEHH T A AEL; HiARLRO] WU
-HE Bv H-F 0T 9F5HYZ AXSY (Lee et al. 2011).
WHE ey R SRA-dds Ee d-g wgel welolek
(Pliocene)} 1 o)) 327t EAjdirke Ade Fefolod olFo) &
Ao xoloq KTE LEO AHY W] AN FRE-AIA EE -
A gFor HelslsS AAISH (Lee et al. 2011). RefAlopEe] =&
S0 A o]& JefAopHo 2 BE IRAAM HUAoR F5F E&
o2 o]gstal QItt (Taira 2001); obf2jopHolzt F2l= Fald o] A
< 5m 5% dAoF &A1Y, et J2u JA dEEEE =t
oy obF2jotHe H|F F& FARIT Y| FYuA] ASKAIT, FZ}
Z AAle 295 UEltE 5% GAR= 8tolZ &) (Baikal Rift) Al
2 235t &% GAR= ArZ2 ™A (Sakhalin island)i} o] EO|7Feb-A]=
Q7F F&x&M  (Itoigawa-Shizuoka Tectonic Line)o2HE AR ATt
(Nakamura 1983; Seno et al. 1996) (Fig. 3-2-1a). ©™2}A] Lee et al.
(2011} Zato] oA o]& ERE T SEow o]Esh: ofTajohto £E
of olg) T @A hEE] FRE-AGA Ex S-A PF FEHol A

gttt Akt
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471 G5 52 wAtt Aite ite 5o FEE-AEA Y o
Z2lo] Argal1 9leS UERAT) (Park et al. 2006). S2%-A A 8§kl
A&Ho| tsiM = ARRIR2EEIS] AAFE (Rhie and Kim 2010)9F 19F
o] 47] &5 FAUE (Kim et al. 2016)0k= LX[etet. obA AGSi%, &2t
O| A o]& ofme|opHo] FHOo=2 O]Fdts 50| NtE HE &S
RO d=HS oprIshe dder siMHnh. ey hNte fIRFHEY] &

Y59 2284 % (buckling point) ®&o] =4 FTH LX|sH] oot
(Choi et al. 2012).

1995 o= 7|5H AIZIXAl Atge otgte S5 tiFAIHOA A
A wo] Aol wdsh wAls g molE
(Fig. 3-3-12). o]¢} gixAlozg S

"o Aol Ao WAIsHA

—

N
oo

ne
b
ol
=
oS
Ra)
=
1
=

Ir
ro
o
ofiu
Mo
a)

>
ol
=
o,

stro] RjgfjAloltt (Choi et al.

3 F0 EqASE Jog deA

A=l olE 0. HEA dEFHEL X4 Ad2 HEAIHY 7|7
E}

Wict (Falvey and Mutter 1981). &
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7oA g slstee wistel AwEy] el ow sjAw

3-2-4. A&

BESD Qb ot (1) dA YRITL JIE (EEHREZVE Pa5
7] A -2 el P 9IRSt o0, (2) $UE nyw A2
L 2 nA F71RE ofol @Al F7IMA FEE SN SRoARE
GRIIA 2AHOR WAL Tel1 (3) BA-EE Tt g-% el 3
dw e ufol oAl 710 AlRste] (4) Sefolon olFd FAw A
& APE g Beolon] olFd ANH FRE-AYA WY gEYo
2 HYEL T3 SUE uy AL AN WD Yr AR I
HTAS e 1 FME 53], OSAR JI4RE tet 2Rt A
24ge] AR AN AT Qb SAY YYIA A Fadt WA
oz sy}
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3-3. 22Hx] ABAIH MAK| EAAQ AIEEA

3-3-1. A=
A AfRAEIE OF FUER. MY AW, maesc 9 Y% A
(prodelta) Al 53 2 TN FEstn FYSA WYstE AR @4

o|tk(Hampton et al., 1996; Chough et al., 1997; McAdoo et al., 2000;
Locat and Lee, 2002; Masson et al., 2002). ©oi&x AtHAIE=
slide/slump, dEF R AHFY 22 AF-ols AE2 &0 B2 ¥ §
Aes Aol &428= olF Al7l= £8%F AR 4 & styolth(Piper et
al., 1985; Locat and Lee, 2002; Masson et al., 2006). AFHAIENC] UFA),
WA A, 3013 EAZ/g SHe dusoR siY Ag-ols A A8
o] EME Alojstth (Hampton et al., 1996; Piper et al., 1999; Tripsanas
et al., 2008; Elverhoi et al., 2010; Lee et al., 2014). sjA] AIHAIE}= Of
S SASH st AtElEAR|Holl= of2] Ho AR Aol [AA QLY
ol AFHALE S} gt FEE L7] oAM= AFHALERE APE -0l
= EAAY EHS &8st ot (Tripsanas et al.,, 2008; Lee et al.,
2013; Bahk et al., 2017).

Sl ESwAlo= 471 8719 BF-olF EAASo] ATHAAEISE A 4
Aol HalstA X|dof w2} x5t itk (Chough et al., 1997; Lee et
al., 2004). AtHAAE(Q} slide/slump EAA|= FF-55F AP A|9o] Z23}
9l wiwlo] oruFel AR HAZe sHRAEY BAHU] 247t et

A Qlet (Fig. 3-3-1). 25741 AR AtHdl= tiSadolA Bojx Fist
U ZF9 AMHANE] A|A®o] 4] °F 600 m Bt 712 Ao LE}
Ll GASHE: ®ife s AZd AF-ols EAATE AGAl RFez AMH 7]
25kl ot (Figs. 3-3-1 and 3-3-2). & A+t ot A4tz
of E522 Bt AY-ols HHAY HA A B 475
X

E5] Ag-ol= E|MAS HAAIZ] AFE] ©A x|

ol
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[ Turbidites &~

L o T 1 1
1HE 1°E 1E1E 1AFE 1A°E

M

Fig. 3-3-1. Physiography of the Ulleung Basin and adjacent areas in
the East Sea. Zonal distribution of slides/slumps, debris-flow
deposits and turbidites identified from Chirp (2-7 kHz) profiles
(Lee et al., 1999, 2004). Water depths in meters. HB = Hupo Bank,
HT = Hupo Trough, Smt. = seamount, UIG = Ulleung Interplain
Gap.
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i, Hitddmall izaip |
s Llonpsied scamp
A 154

W

Fig. 3-3-2. Bathymetric map (A) and shaded relief image (B) showing
morphologic features of the isolated slope-failure system on the
middle-to-lower slope from multi-beam echo sounding data. (C)
MR1 side-scan sonar images showing the isolated slope-failure
system on the middle-to-lower slope and the fan-shaped body at
the base-of-slope. For location of Fig. 3-3-2C, see Fig. 3-3-2A.
(D) Line drawing of the headwall scarps and small-scale,
elongated scarps in the head (or main) scars of the isolated

slope-failure system. For location of Fig. 3-3-2D, see Fig. 3-3-2B.
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3-3-2. A\ 7hE

= 52Xl

=
3 Apolof ol whEafd 2B FA]o|t (Fig. 3-3-1). A= A%o=z

2 (25 km
st Qlch

L AT, FNE SR EENY, 98 de 393 7]

o%

olsh) g 7

A& diEeole d-5 Uz ARG Sx W3} Sn
Trough7}t —‘%Eé}i Qltt (Fig. 3-3-1). & Trough= 2F 150 m AE9o] &
Aes Holil , Ao7F of 85 km J=Ql $x W3 FH A|JH} of
100 m @E =2 A¥s EY. 2Rl 5% sFC=2 Eo] {2
(30-150 km) &5 FAPF 9tst (<27) Ardol] Astal Qo 2419 5&
Fol= sM(Z5 %, =)t eHiF siA4to] F2sta Tt &84l B3
Zog Hafol oF 2,300 m7HA] ZoX|H, 25 FXXF FH(Ulleung
Interplain Gap)& ol €= &X|of AZAHC (Fig. 3-3-1).
U AREAS Abere oF 20-30 m £ FGE EASA gt 4
7] 271 BF-ols HAAZE Ao gesHA Fxstl Qlas HoREt
(Chough et al., 1997; Lee et al., 2004). E-55 AlH X|FHol|= AFHA}
Biet oAl slides/slumps EJ&AI7F #2sty 1 A7 AYRF E|A =0
shuatelnt BREAo] 27 Bxstn i} (Fig. 3-3-1). ol2jst Az-oE
E|NAY] Fxe AMHAMENZE s LASHRL FAE SR o=
slide/slumpof|A] A7t AEF= Holst¥ a2 XAttt (Chough et al.,

1997; Lee et al., 1999). 47] ©7] AtHAERE= XA, s)2W s7F J2]1 7}
A2BHE Ff2]7F Bt o g ARhRsto] wrAlE] 71o g siAMEl 1w 9itt ((Lee et

al., 2004, 2010; Cukur et al., 2016).

3-3-3. Atx ¥ w9

| Y5t &I SH-FAF A4 A AFeE EE5)
At ShEefrutsrr| £ Y(KIOST)e] KORNSBERG EM 120
SHE R RIAFY A LU (KIGAM)C] KORNSBERG EM302 (30-kHz) th



T SYEYIE ol&sty #=siqith. @5d &4 Ats+ CARIS HIPS &
SIPS software = &35t A5ttt ul= st gh= Sfisto]
HAWAII Mapping Researcher (MR1) A|AELS gr8sto] ESH SH-FAL
Al o]ojR|E o] &5 tHGardner et al., 1998; Lee et al., 2013). MR1 A]
A2 11-12 kHz 5935 AREShaL 2o S419] 7.5819] HofA sHAH =
AL G AleS 92 4 e JHlolt. SH-FAF &4 o]u]x]9] AtmA|Y
"l S Gardner et al. (1998)0] AFA|sHA 71&%o] 9ot
siAHe=EE]l oF 50-60 m F/A2] &|HH E|AS59 °4Eﬂ9lr e =<
= wAsH| fsto ushy ARAS AtrE 5SSt 8" ARA]
b g8le 2-7 kHz9 39S ARESHAL BhAbE|0] @ = %ﬁlroﬂi\i 22 FI
tlo] Sughe wWejeste] 7|=sl7] mEo 7]&0] 35 kiz AlARBC)
o xtag =3 & 9t
20153} 20160 KIOSTS} KIGAMS AW 7|&A|Bo] Bmstn i
N7 Borel Ay-ols EEAlA 480 ol HH2(322-719 cm Lo
s=eiqit (Fig. 3-3-20). €S9 7o HA2L st A Hxaxel
e wgstart. nlH =5 55/7252 moter] ojstel £ 1 cme] &
WL TS0] X-ray YYARE AUt BYLC 2 HAB(63 1
m)e] A== Al(seive), 22j YA E|XE J=(<63 pm)= Micrometric
SediGraph 5100 8|S 28stel RASIQIC, AP ©R B A Aol
A AEW 384 §359 UC A0 A2 BAstich 2He ol Beta
Analytic Inc.9Q} Arizona T3} AMS Laboratoryo]]A] o]&o]&ic}. MC Arj
42 CALIB 7.0.4 (Stuiver et al., 2108)5 o]&35to] Calendar A3 o=z
%t
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3-3-4. A1 L SF 54
AFAE] AlAELS ChEETOIA HolHA 24 oF 600 m Br} e A

of et o o2 7je] & wFoz o]FojZl head scarz F/J % o]
QltKFig. 3-3-2A, 2B). Head scar®] WAL oF 9 x 13 km? o]0 Headwall
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Hofl= oF 650-800 m Ao B2t 2|t 60 m xolo|tt. Head scar A
Jole= ZHT Y AL scarzo] UEUL Ql=tl (Fig. 3-3-2A, B,

and D). o]Z5& 4o’} 5 km oJyo]t =o] Ato]7} oF 10-30 m 7 &=0]
CF. AFHARE] A|ARLR A ot fo g Pxog AhRo] glon o

< At 71X 87HA] Fashe} (Fig. 3-3-2A-C). ¥32 proximal A]Hof|A
Zo] oF 2 km ©o]i °F 350 m@] Zlo|§ Zton H2 HAl st Wgew F
OFR|1L Zlo]= Fopzltt. o] FIFZ At AHANE] A|ARID; AZAE] K]
A U A2 FR9 HRsol FHe A J|ARoA Fxst
(Figs. 3-3-2A and B).

MR1 ZHH-FAL &4 o]u]x|of|A] TfL 7ot YMAPFEE Hole AgA &
gl EAAIZE 3ol EUe AFH 7R R0 Fxstal ot (Fig. 3-3-2C). o]
ElAA= o5l $Al Ata oA QAX|EX] 21 et (Fig. 3-3-2A, 2B) ]
E|NAY dole &5 Wdes oF 10 km ot} A& ARAS Ah=olA

o] EJAA|= "E‘Jé Hols EAA ARl £P3t 2= Hole FHAE EA
=02 yUeh}w Qtt (Figs. 3-3-3 and 3-3-4). e e
proximal AJ9ofA °F 20 m F7E Yol ShE %}%&E FA7E ForRH

AN FHo 2 wedged PEIE EQITH(Figs. 3-3 a -4). o] EAA+= st

»4

o] ol FlE Holb 7319 gAY AM WAL Bolc (Fig. 3-3-4).
S22 Bolk HAEY stvot o2 8F £YFo] Hustid) o £Y5
o B ARolA RHEE A4A Bl HAAE ofd (Figs. 3-3 and
3-4)

3-3-5. HAY R HAY R

5% vpgoz 11749 gaygoz Bae
i siAM 2 & 3-13F Fig. 3-3-50f AAISHA 7]=stqitt.

= E]JAZ (mass-transport deposits, MTDs), 2) A
(turbidites), 712l 3) ¥ YA E]AF (hemi-pelagic sediments)Z
53} =tk MTDs & 5719 EjA™AAro 2 LA =T slightly distorted soft
muddy sediment (facies SDMS), moderately to highly distorted soft
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inhomogeneous, matrix-supported
o] MTDs E|Ag

and

muddy sediment (facies MHDMS)
soft mud-clast gravel (facies IMG-a and IMG-b), and clast-supported
disorganized soft mud-clast gravel (facies CDG).
o] Yy Aro} ez LEL Tt (® 3-1-1 and Fig. 3-3-5A
4719 EAMgo = A= massive sand (facies MS)
(facies LM),
. ol §
RSIEE)

laminated mud

Y gago
D). Metere 47fe
laminated sand (facies LS),
homogeneous mud (facies HM) (®# 3-1 and Fig. 3-3-5E ~ F)
Piper (1978) and Lowe (1982)%] X3 A9l
crudely laminated mud (facies CLM) and
A=t ®E 3-1 and Fig. 3-3-5F ~ G). §
Bt X &Sghgut AtArt dlokst A=

~

AALS. Bouma (1962),
=2
A MR 2F

TFolt}. ¥t g
bioturbated mud (facies BM)
MAF BM1t CLMS 77F Abavt =
., 2000).
2% 593
A AH(facies SDMS, MHDMS
I FSB= 59t

2 A T cHBahk et al.,
ol MERIE RF2o|A F|ARo] LR}
o] E|AXA|(fan-shaped body, FSB)+= MTDs E]

IMG-b, and CDG)o.2 & o} Qlt} (Fig. 3-3-6)
7 distal A|9ofA] &=A17F 3 cm AT 2 0%

o} SR 7Rt Abolof st

o3t =
A soft

IMG-a,
she 7702 Lpvolxed],
U AMHA Aeokfacies LM a L HM)o] A
1l QK core 16-P-11 in Figs. 3-6 and 3-7). FSBQ] At¥17te ol
AlC] facies CDG=Z JLAE|o] QItHFig. 3-3-6). Facies CDGOY|
mud clast= BFAYA E|AEZ2 LAdE o] 9Tt Proximal A|Yo|A] facies
CDGE 2 9F&(1 cm 574 0]9h) facies LS&2 ©3a] Q=0 facies LS=
A dFFo 2 oF 17.5 cm FA9] XM= U(facies LS & HM)= A o]ttt (Figs
3-3-6 and 3-3-8).
FSBQ] st& JL7to|= facies SDMS and MHDMS”} facies IMG-a and
IMG-bQt W SSHHA  UERGIL Facies SDMS and
= FA7F 10-110 cm A %]
. Facies SDMS and MHDMSof Q= U#A E]
o|A o] softst BFHAAd E|A-F0]|9 Tt Facies SDMS and MHDMSof A
o3 xo] UC Ar| Ak 43,000 yrs B.P. BC} Q= B
Hojual Qitt Facies IMG-a

9)tHFig. 3-3-6).
A2 gradualst AEHE 7HA|1L
ANE2 9
_7;3_

95&
o iy ofk

MHDMS+=
ATHFig. 3-3-5A)
3wy
SRR 3
L I MC B} Aol WA

Hol=Hl(& 3-2)
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9} IMG-b+ facies SDMS and MHDMS?Q} &g@tstAL 0L F35F JAtHO 2
Aol Q1 FA= oF 5.1-38.7 cm H == facies SDMS and MHDMS &7
B} 9t} Facies IMG-a and IMG-b 9Ho| Q)= soft mud clast= ¥HH kA
522 olfold olch

FSBO] 7} Wy x| (core 16-P-11 in Fig. 3-3-2C)of|4] FSB+= 0%
aret WL WolwA] WU HA B(facies CLM) 430 0] 9ICH(Fie.
3-3-6). WYY HXZ(facies CLMIIN 59 ¥4 9859 1C &
AGolA WE calendar A2 oF 17.0 cal. kyr B.P. o|tH®& 3-2 and
Fig. 3-3-6). U-Oki tephra (9.9 cal. kyr B.P.)?} TDL-1 (11.0 cal. kyr
BP.JOlA AAE EHEW 47| facies CLMO =g o) FSB: of
13.0-14.0 cal. kyr B.P. Ato]o| EJAE Z1o2 HQIC}

Two-way bravel time {s2¢)

Upper iransparent mass
Diffusely lo distinctly siratified mass
Lewat lransparent mass

Two-way trawed lime (sec)
o
=

1.0 Zkm

Fig. 3-3-3. High-resolution (Chirp, 2-7 kHz) subbottom profile (top)
and interpretation section (bottom) crossing the fan-shaped body
(upper transparent mass) longitudinally (E-W direction). See Fig.

3-3-2C for location.
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Two-way travel time (sec)

2km

o
©
1

o
1

Two-way travel time (sec)

|| Upper transparent mass
[ Diffusely to distinctly stratified mass
Lower transparent mass

2km

Fig. 3-3-4. Chirp (2-7 kHz) subbottom profile (top) and interpretation
section (bottom) crossing the fan-shaped body (upper transparent

mass) transversely (N-S direction). For location of Fig. 3-3-4, See

Fig. 3-3-2C for location.

# 3-3-1. FoEAE EAY 7]e H siA.

Facies Description Interprtation
Slightly Slightly distorted (or deformed) muddy Brittle or
distorted sediments consisting of soft bioturbated (facies low-degree
soft muddy BM) or crudely laminated (facies CLM) muds; p | a s t i ¢
sediment mostly, preservation of primary sedimentary deformation of
(SDMS) structures (lamination and bioturbation); soft hemi-pelagic

laminations or bedding layers: nearly horizontal muds (facies BM

to inclined up to 20° vertical change in and CLM)

inclination of laminations or bedding layers;

partly, very small-sized thin (less than 1 cm)

lenticular or wavy Dbedding layers (or

laminations): sometimes, very small-scale (1-3

cm  thick) internal faults (displacement: less

than 0.5 cm) and folds (s- or v-shaped) with

some micro-flame structures; commonly

associated with facies MHDMS, IMG-a and

IMG-b; 13.5-110.5 cm thick
Moderately Moderately to severely folded or convoluted High-degree
to  highly muddy sediments consisting of soft bioturbated p 1 a s t i ¢
distorted (facies BM) and crudely laminated (facies CLM) deformation of
soft muddy muds; either destruction or partial preservation soft hemi-pelagic
sediment of primary sedimentary structures (lamination muds (facies BM
(MHDMS) and bioturbation); some inclined, lens-shaped and CLM) with

(lenticular) layers; commonly associated with p a r t i a 1

facies SDMS, IMG-a and IMG-b; 10.0-39.2 cm liquefaction

thick
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Facies Description Interprtation
Inhomogen Inhomogeneous, mud-matrix-supported soft Strong shearing
e o u s mud clasts consisting of bioturbated (facies BM) and plastic

matrix-sup
ported soft
mud-clast
gravel
(IMG-a and
IMG-b)

and crudely laminated (facies CLM) muds:
according to the orientation pattern of matrix
zone, subdivided into IMG-a and IMG-b; some
intervals exhibiting transitional sedimentary
features between IMG-a and IMG-b

IMG-a

Orientation of matrix zone: nearly parallel to
each other within the wunit, forming one
dominant orientation pattern; nearly horizontal
to inclined matrix zone; in the matrix zone,
common occurrence of strongly sheared fabric
or lineation: mud clast: very elongated shape,
(nearly) parallel to sheared fabric/lineation in
the matrix zone: smooth to irregular surface;
less than 4-5 cm long, common deformation of
primary structures in the clasts; common
alternation with facies IMG-b; mostly associated
with  facies IMG-b, SDMS and MHDMS:
generally, 5.1-12.0 cm thick, but when the
transitional sedimentary features between facies
IMG-a and IMG-b are present, thickness ranges
from 23.3 to 27.1 cm

mixing of soft
hemi-pelagic
muds (facies BM
and CLM)

IMG-b

Random orientation of matrix zone; less
sheared fabric and lineation in the matrix zone
compared to facies IMG-a; various shapes of
mud clasts with smooth to irregular surface;
various orientation of mud clasts; common
deformation of primary sedimentary structures
in the mud clasts: clast size: 3-16 c¢cm long,
larger than those in facies IMG-a; some mud
clasts showing zig-saw shape pattern to the
adjacent ones with common filling of mud
matrix between the clasts; mostly associated
with facies IMG-a and SDS; 17.9-38.7 cm thick

Clast-supp
orted,
disorganize
d soft
mud-clast
gravel
(CDQ)

Clast-supported, randomly oriented, soft mud
clasts consisting of bioturbated (facies BM) and
crudely laminated (facies CLM) muds; overall,
ungraded mud clasts with partly inverse
grading in the basal part; pebble- to
cobble-sized (0.7-9 cm long) mud clasts;
various shape of mud clasts from sub-angular
to well rounded; irregular surface of mud
clasts; slight to severely deformation of primary
sedimentary structures in the clasts; commonly
associated with facies IMG-a, SDS, LS, HM and
BM; 25.3-127.3 cm thick

En-mass freezing
(cohesionless
debris flow) from
extensive
breaking up of
soft hemi-pelagic
muds (facies BM
and CLM)

# 3-3-1. (%)
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Facies Description Interprtation
Massive Moderately sorted, massive sand (sand contents Rapid suspension
sand (MS) 80-90%): sand fraction: mostly, fine-sand or continuous

graded, terrigenous materials and foraminifera; aggradation from
mostly associated with facies LS and HM: 23.2 high-/low-densit
cm thick y turbidity
currents  (Lowe,
1982)
Laminated Faintly to well laminated sand and silty sand; T. or T4 division
sand (LS) horizontal to slightly inclined laminations: an of Bouma (1962)
upward decrease in frequency and thickness of
sand laminae; sand fractions: mostly fine-sand
graded, foraminifera with some terrigenous
materials: underlain by facies CDG, CLM and
MS with either distinct or gradational contacts;
overlain by facies LM and HM with distinct to
indistinct contacts; 0.5 to 6.4 cm thick
Laminated Faintly to well laminated mud; horizontal or E; (laminated
mud (LM) slightly inclined laminations; alternation of silt mud) division of
and clay laminations less than a few millimeters fine-grained
thick; generally, an upward decrease in turbidites of
frequency and thickness of silt laminae: mostly Piper (1978)
underlain by facies LS and HM with gradual
contact; commonly overlain by facies HM with
gradual contact; sometimes, alternation of
facies LM and HM; 3.1 to 21.4 cm in thickness
Crudely Generally, dark olive mud; horizontally crude Hemi-pelagic
laminated laminations on X-radiographs; no systematically sedimentation
mud (CLM) vertical variation in clarity and thickness of wunder poorly
laminations; sand fractions: well preserved oxygenated
planktonic foraminifera used for AMS 'C bottom-water
dating; generally associated with facies HM and conditions (Bahk
BM: sometimes, overlain by facies MHDS and LS et al., 2000)
with sharp (erosive), irregular-relief contacts:
variable in thickness from 1.3 to 10.2 cm
Homogene Usually, light olive gray mud; on X-radiographs, G r a d e d
ous mud lacks visible primary sedimentary structures, (E;)/ungraded(Es;)
(HM) but often shows very faint or diffuse, horizontal mud of
to slightly inclined laminations; underlain by LM fine-grained
and LS with gradual contact and facies CLM turbidites of
with distinct boundary: overlain by BM, CLM, Piper (1978)
MS and CDG with either distinct or indistinct
boundaries: variable in thickness from 2.3 to
41.2 cm
Bioturbated Indistinctly to distinctly burrowed or bioturbated Hemi-pelagic
mud (BM) mud; partly, diffuse (or crudely) laminations settling under

disturbed by bioturbation; generally light gray
in color; over 70% of clay; variable in thickness
from 4.5 to 219 cm

oxygenated
bottom-water
conditions
(Bahk et al.,
2000)

# 3-3-1. (%)
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10 cm

SDMS

Fig. 3-3-5. Core photographs (A, D-left and E) and x-radiographs (B,
C, D-right, F and G) of sedimentary facies. BM = bioturbated
mud; CDG = clast-supported, disorganized soft mud-clast gravel;
CLM = crudely laminated mud; HM = homogeneous mud;
IMG-a/-b= inhomogeneous, matrix-supported soft mud-clast
gravel-a/-b; LS = laminated sand: LM = laminated mud: MHDMS
= moderately to highly distorted soft muddy sediments; MS =
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massive sand; SDMS = slightly distorted soft muddy sediment.

I 3-3-2. 284 5259 AMS MC A,

Core Calendar ages

No. Depth (cm) Lab No. AMS 'C ages (yr BP) (cal yr BP)
EEZ-08 523 Beta-463533 > 43500
UB-15 412-414 Beta-462719 > 43500
16-P-11 270-272 B10881 14436 + 48 17054 + 204

*Calendar ages converted from radiocarbon ages using CALIB 7.0.4 (Stuiver et al.,
2018)
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[ ] Bioturbated mud (BM)
- Tephra layer

Fig. 3-3-6. Sedimentary logs and correlation of sediment cores. Open

triangles on the left side indicate the ages (cal kyr B.P.) of the
U-Oki (Ulleung-Oki) tephra layer and TDL (thin, dark layer)-1
from Machida (1999), Miyairi et al. (2004) and Lee (2007). Arrows
with number on the right side represent AMS !'C ages of

foraminifera. Bars on the right side indicate the location of Figs.
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3-5, 3-7 and 3-8. For location of cores, see Fig. 3-3-2C.

16-P-11
Fig. 3-3-7. Photograph (left) and x-radiograph (right)
cDG of very thin fine-grained turbidites (facies LM
and HM) intervened between the lower and
L(J)?p;eSerart upper parts of the fan-shaped body (FSB) at its
most distal area. CDG = clast-supported,
I:lMLM disorganized soft mud-clast gravel: HM =
Lower part homogeneous mud: IMG-b = inhomogeneous,
of FSB matrix-supported soft mud-clast gravel: LM =
laminated mud. See Fig. 3-3-6 for location of
IMG-b photograph and x-radiograph.
3-3-6. E9]

ool A T77ﬂ7} o o X Eéa 51’9. o] et}
TZto] E|NEln 2 §A|7]7F glo] & A
FSB= &2 evento] EJAE AF-olF E|NAZ oA

T A=

2011; Gladstone et al., 2018). EE?_P JSHAF A EK]

H
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hu
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(e.g., Hunt et al.,
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v
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Proximal —— Distal
16-P-10 16-P-11
BM B

LS

A

BM

CDG I

5cm

5cm

LS
CDG

Fig. 3-3-8. Photographs (A and B-left) and x-radiograph (B-right) of
facies LS and HM overlying facies CDG in the upper part of
fan-shaped body. CDG = clast-supported, disorganized soft
mud-clast gravel;, HM = homogeneous mud; LS = laminated sand.
For location of photographs and x-radiograph. see Fig. 3-3-6 for
location of photograph and x-radiograph.

FSBO] stYE LYo Al facies IMG-a and IMG-bZ} Of% 74o}A| shear&

g2 R} AhiRler g2 TS Eole SA2 AF-ols EAA UoA
7¥sk HE g vre J8ols X|A|5tal QK Tripsanas et al., 2008; Bahk et

al., 2017). Facies IMG-a and IMG-b%} nsste] UER}E facies SDMS
and MHDMSE= 75t 32 dbke B Y (facies IMG-a and IMG-b) Afo]o &
Aot= A2 499 mud blocko]lk mud clast2 siA = CHMartinsen,
1994: Lee et al., 2007: Tripsanas et al., 2008: Bahk et al., 2017). o]g]
st EXE2 51E L7to] highly deformed slides/slumps F= highly

viscous, cohesive debris flowsof Qo] FAHLE PSS XAt Hampton et
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al., 1996; Mulder and Cochonat, 1996; Tripsanas et al., 2008). FSBY]
E|FA7|Eo} shRite] o efE G359 MC A A2 FSBF "
YR EAZo] At FEo] olad E|MAYZ AlAlstaL ot shE
ro] FAELL F o]go] = vtz FHuoehe Ufe A2 429 o AHEF
(residual turbidity current)7} 0% 9F2 AMPEA AMESS 7 HHFE A9
o A% ez siAd.

FSBO] JREToA facies CDGO| e =29 BiEE o] U= F-A|A]
(clast-supported) soft mud clast (0.7-9 cm Zo])9] EXS UA AEo0]
ol zEHAl LASH] A K|AlstL QItHTripsanas et al., 2008; Bahk
et al., 2017). FHjEY 9A-X|A] FAxE= AFEL7To] cohesionless debris
flowsof QJs FAE AR S-S X|A|stt}t (Mulder and Cochonat, 1996; Lee et
al., 2013). && W= facies CDGY FA7} EAAN R ThefshA YE
U= 718 ootk slides/slumps or highly viscous debris flowso] &A=
SH 41719 E#AIsEAL undulateder o ®UHO| JE Sto] HAE(S A
o7 WotElth (e.g., Masson et al., 1993, 1997; Lee et al., 1999). AHYL
o] YA L 2 ulz wetel Ato] NELEI} facies CDG ARl AR

RErere EAA7l Zoz s,

Al
=

FSBO| AbRo} s}y 77he Abdl B3| ofHo] E7e Bl vhobA
ElNE2 R0 ok AFHAE] AJAR] RO AFH Zu|7F LojubA] ok
AQoA =59 Fojs AR FE2R Yy HAZz A= Ut
(Lee et al., 2014; Cukur et al., 2016). o]g|st EASL AlH B o]X 9]
inherent 70| 459 st& 7t0] thE E|-AEo] 2 &= UlAIA] A}
22 AN mebq vl st Pzl M rhe gAmge e Aw
DA (eH) AGat ols ol ot Aoz sidd & Qloh AR oA

".
=
Rt Al REHE U2 J52 4FAIo] § proximal K| Hof|A] ALE]

A RE2 U2 EAE9 brittle-plastic g2 =5 ¢ YH(distal) A1
oA AtERZE SO o] 327t UMl ez AStSS AIAIRITE AFHALE] A
AH0] Head scar A|9oA =59 30 EAXE2(P14, P15 and P19 in
Fig. 3-3-2A) °F 70 ka & JR7IA] AFH AL @A) glo] &Aooz vhd
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g EAo] K&K RS2 Bo&EL} (Fig. 14 in Cukur et al., 2016). o]2]gt

[eNe]
=752 FSB7I head scar A|9HG @ A|Hoj| Qe oA S0 o]
=S

2SRA| MR AlRo] AbEAIE AlAelo] (&S TolAA oF 600 m
oIk, AfgAte] AlAE9] @RS oF 9 x 13 km” o]0 of
2 7ol & Peh2 PElol U ol Ac) 60 m Eolock of AlxEle
At SR Wgoe ¥Te Fol AW VARG ol Qb AF-olF HAA

%
Zol7t 10 kmQl AZF-olF EAA= sy A

F

ol vrIQRd BRI 2ol 9i s WLk Aol the gre (9F 3 em
S7) AR Aol £ zbAbolol Rt 9lct. olejd SRS -
o5 E|MA7L 2 evento] EHE Yo AT} St 7 highly

deformed slides/slumps or highly viscous, cohesive debris flowso] 2]
ol FAEY T, AFY L7HS cohesionless debris flowso] ©J5] A ]9t
ARe st P7he ARl o]Ho) ool Wrled mud EA 22 77] 1R
iyl M Ch2 E|MALEo] A XA 4 Ao WPt ke A
sy Aol M2 chE EHARES Al WA Al olF ool 2
AAlet. R ol REE WY mudZt GASH B4R
MY 7e 52 o proximal A|Go]A] AE7} WAIsto] W A2l o]
. gbHof 3t8 7] brittle-plastic W2 dh8 13t

= o distal X|9o|lA AEJ7F ARSI o]lE A7t Aidog &
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