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Analysis of earthquake activity in the offshore of the Korean

Peninsula using the high-resolution seismic survey method
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SUMMARY

I. Title:

Analysis of earthquake activity in the offshore of the Korean

Peninsula using the high-resolution seismic survey method

II. Necessity and Objectives of the Study

1. Necessity

- The southeastern Korean Peninsula is characterized by frequent occurrences
of earthquakes, being structurally dominated by the Yangsan fault system
consisting of right-lateral strike-slip faults. As a consequence, the fault system
is a subject of debate in terms of current activity

- Although the southeastern Korean Peninsula hosts large population and densely
built industrial facilities, land seismic works have not been systematically
performed to detect the presence of a fault zone associated with strike-slip
movement and to identify fault structure.

- Distribution of stress and deformation within the crust is primarily controlled
by faults. The correct understanding of crustal deformation necessitates the
need to investigate how the faults propagate, grow, and react to each other.
Unlike a land region subjected to erosion, the sea preserves sedimentary
structure. Therefore, a marine seismic survey can provide important
information of the presence of faults and their structure by delineating the
detailed structure of the subsurface consisting of sediments and the geometry
of the faults.

- Considering that all the faults belonging to the Yangsan fault system extend

offshore the southeastern Korean Peninsula, the distribution of faults and their



geometry, if any, could be defined with the help of marine seismic surveys,
which, in turn, can be used to evaluate fault activity by incorporating
stratigraphic analysis.

- Although Korea is known to be a seismically safe zone unlike neighbouring
Japan, academic circles brought into debate the contemporary activity of the
Yangsan fault system. As a result, a public concern has been raised as to the
safety of the sites of nuclear power plants of Wolsung, Gori, and Uljin and
other industrial complexes in the vicinity. Taiwan, Turkey, the U.S., and Japan
recently experienced significant damages from earthquakes. Because
earthquakes of middle intensity are reported more frequently than before in
Korea, public anxiety for earthquakes has grown. The press, agencies involved,
and the academic circle expressed concerns and sensitive reactions, however,
any scientific result has yet to be presented. It would thus be the most
fundamental and essential research to analyze the earthquake characteristics
and evaluate activity of faults in the eastern and southeastern Korean

Peninsula where nuclear power facilities are densely located.

2. Objectives

The objectives of this study are:

- Evaluation of distribution and characteristics of faults associated with the
activity of the Yangsan fault system in the continental shelf area of the
southeastern KOrean Peninsula.

- Interpretation of fault activity based on stratigraphic analysis.

IV. Results of the Study

_10_



We acquired over 360 km of high-resolution seismic profiles offshore the
southeastern Korean Peninsula to investigate deformation by faulting using a
sparker system. Our most significant result is the identification of a fault zone on
the southeastern continental shelf of the Korean Peninsula that evidences
activation in the Quaternary. This fault zone, 4 km wide and 8-9 km lengthwise,
is bounded by an offshore extension of the NNE-striking Ilgwang strike-slip fault
in the southeastern Korean Peninsula. The fault zone consists of very steep faults
and fractures that clearly offset Pliocene and Quaternary sequences vertically,
about more than 7.5 and 3.75 m, respectively. The faults identified in the fault
zone form a structure similar to an extensional duplex at a releasing bend of a
strike-slip fault in plan view. Vertical displacement of the sedimentary sequences
increasing with depth from the Quaternary to the Tertiary indicates persistent
movement on the faults. In our preferred interpretation, the reactivation of the
NNE-trending llgwang fault in the Pliocene and the Quaternary development of an
extensional fault zone is the direct response to E-W or ENE-WSW compression

that is inferred from earthquakes occurring in the Korean Peninsula.

V. Suggestions for Applications

The southeastern coast of Korea hosts large population and close-set industrial
facilities that draw escalating concerns about active faulting with the occurrences
of earthquakes in the Yangsan fault system. Although distribution and
characteristics of active faults have been investigated so far on land, little has
been obtained except the estimation of the loci of well-known faults. In this study
we performed a high-resolution multichannel seismic survey offshore the
southeastern Korean Peninsula. We mapped faults and analyzed their

characteristics and activity. The results of this survey can be directly utilized in

_11_



the development of a neotectonic model of the southeastern Korean Peninsula and
its vicinity that explains and predicts crustal deformation. In addition, they will
help develop the earthquake hazard evaluation technique for the sites of industrial
facilities including the nuclear power plants in a manner well suited for geology
and earthquakes peculiar to the Korean peninsula.

In Korea demands for coastal construction such as bridges and harbour facilities
are increasing. The high-resolution seismic survey system will be effectively used
as a prerequisite means of mapping the basement structure for these construction

works.
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Fig. 2-1. Reverse fault along the eastern margin of Japan Sea. (From a PPT file by
Yukinobu Okamura, Geological Survey of Japan, downloaded from the internet)
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Fig. 2-2. Interpratation map of geologic structure of the Whakatane Graben, New
Zealand, showing the major active faults and the positions of the multichannel

seismic and 3.5 KHz profiles (from Lamarche et al., 2000).

_23_



13 "=

San Adreas @& FolA A= Al i B IfE U= vlm> US
Geological Survey$} 2o AT 7o) AQkilA] Bdul EALE Fa)ste] EAT=e] B
ZE 2Apskar o (Fig. 2-3). 53] San Andreasthaoll 9|t 187} & Aelaxy ot A
-, W& E(strain) @] partitioning™} <2 Mol FGH A=l oJall AA L] H7E7] =)
G oJHth o] Ao vFAd Y A S Tl 9GS BEot 7= IEal A
853 FdE 545 A3k ot (eg, Fisher et al., 2009).

2 s o
LA D Province-%

bounding =3
ault system &

LLE-B)

600-1000

1000-1500

1600-2000

A000-2500

FROT-0000

S000-3500

|
L]
||
L]
L
i
LI
0

2
g
=3

Fig. 2-3. Active faults offshore California (from Fisher et al., 2009).

2. = A7 FF

ot
-

FHolA FHNGY SEETY] XS AR AL ddFA Y AMAE 7

sb7] IRt Lo ARET s gstdol A 71 elM ATHIE A st
i gAE Tl 95 EEok FFEAde A7eb] Slal 20083 3€5-E 2011

&
A7HA]

o

“_&



3

o

i
i

No

H

W 398H 20159 2€7HA] 7178 A

sjo] Tz A

TxE 97

=

<3

2 didEs b Al &

Ao

S
=

tem o] HuAolM I WEs Me

J]

753

_25_



_26_



A9k Ak o

-

fetAlob Yol 9
gols FFEZ 4dHA AT (Ree et

=

S

1

HGSA 7L 4719 E5da<= 19

4

g

2 190 kmo]e] Aol& 71x
u

b

9tk Lee and Yang (2005)-& o

J

S

=

Apolel FaL oA Sl

Fet

=
-

=

o
01:/\

dTNE = e 3 A

232w

g 7158 AZIAIL 5 5.002 24

H

=7

his

gttt (Kyung, 2010). $hab=e] ga oA 7}

A 3 A

3l9t} (Chang et al., 1999).

o}. 204 7]

2003).
Aol 2y

1

k<]
pi

o] Foyx dtt (Fig. 3-1). 53

L A
AddE A

A]
al.,

—

O

o

ofo

oju

O

N

F4 9| Ay

=
o

Aggel B

da# aRle] HE=w

g ol

Ao webA e o] T

T

) .

3}

°©

°

Al A
Hjj 2]

o

FA =<

°

o] 1,300l 4 500 kadp A&

=
9

o

=
(<]

)|
~

o

o)

13

Q

o}

EchRAt

o}k (Lamarche et al., 2000).

S|

8

ol
)

Ho

ol
<0

o] AAH O FAHA E3}

A7} AT A Aol

A

[
2
oy
i
"

H
ﬂn_ﬂ

0

!

~

o

!

o] Aol FilEe] Y Akl

| Zaeme s 6w
Aoz melt (Fig. 3-2).

_27_



shel ATA Gy F A4

o =
= T

of ATelME TR W

T -

o
et
© g
4o
AR
2 x
2o
AU
2

km ~ —  Principal stress axis
0 soo Eurasian ) -= Stressinduced by
Plate J India-Eurasia Collision
) {
J X ‘,
B-{ - Amurian r

Plate ? v

Philippine’
Sea Plate '

|
120°E 150°
Fig. 3-1. Present-day stress field in East Asia (modified from Lee et al., 2011).

The rectangle indicates the area detailed in Fig. 3-2. MTL = Median Tectonic
Line.

_28_



SFE T (Kim

gttt (Ree et

714 miel Al F7174A 2t Al

o (Fig. 3-D. 3vt=

}

9
yal

A

Fol oF 15 MaZdoll &

371

9

o AW wol sk} WA, ey wo

ERE

9

A

-

)

ke
T

3, Mzo=

9

=

o

|

o, &g aLAl

[e)

3o
“

TE=

et al., 2015). A|ZFE 9] ¢tfo] H&Z o7 o]%

2. A2 84
Izanagi ¥o] ofAlote] of
al., 2003). ©r

ol A

Mo W ok m o W
T o W g b
g = £ W oI
M e Ao T B
%= . B (|
S I
® ox LT
X% )
A _n_ﬂu < o 7
Gl W_ () o o
oju _ oF % ,m_AVl
G I
T I
o M ﬂm )
-2 X )
IS i
o 0
™ MM e

stao mM3=qith (Hibbard and Karig, 1990).

201D). #H <9
__(])‘

3}
71 &7] wlol @A A7FA NW-SE 18]
Zonenshain and Savostin, 1981). o}&-2]o}¥t2]

o W
= q <5 9
Ho o L B
— o o &
X ()

J)) i
W o+ 3 o
W = °
2l mﬁ m
T o) I

1

°

a|

Zx
&

QJ:

=0
o

ST
o

[
F

LS|
4
A+

Bl

9

epAobtoll thaf gt

o

T3
ENE-WSW

o}F-eol e WEOE

o
T

1

| .

Al o]

=

o

-

2 SSW W
HelE Bt (Fig. 3-2).

2w vlol oA 79 HHZd @8 YOou 40 - 2

L —

—

]_

=
-

3tar o} (Taira, 2001) (Fig. 3-1). Lee et

B Aol n f3

02 o%

eol

°

3T

=
_29_

SER

=
=

F olFolAM tiFEe]l AR = + A (Chang

o} -2 o} 3t
é_é

3 Grlote] FEAGOT THHEE
%

ko3
T

=
=

d (Lee and Chung, 1999) o}%-gjo}
g @ Aol Wk

ghol A ©]

T

3T
1

].

gk A2 .
[e)
}dth (Chang and Chang, 1998).

2 o]
A A
2§},

=

km o]Fo 2 ¢F 35 kmol

45 Ma®] rhyolitic tuff

o ¢

c]):}‘
25



et al., 1990; Ree et al., 2003). 3FA| Tk FAtZ=2] A Ho Zo] Iz 25l
GZHe d F2AHA EAE JAASI7E FA &t mEkA 19709 Y] 27 A=

RS} AT Aol ERF o2 HM8/IE HAT Reedman and Um (1975)
of H3he the wxel A% Adie W} 4

Aoz ATFHA X ST HIol, dBTFFY @S9 electron spin resonance

(EPR) 542 47]° @52%F°] AMese AAF0 (Lee and Yang, 2005).

t} (Inoue, 1982).

Yoo et al. (2006)2 3HHE=9] dEulE5o EHHH AFo FAE Zgo|AR
B 47|22 EBEFSI(Y. AAFHo=Z, 7+ Ge= AV F AIEHAY FXF

sigmoid-obliquedt Az +=3 (progadational)e] S-S Hols=dl o|HL FHZF
lH WEol gk vhEo 24 HoliA uiEog SAd A v 7HR
olgfoll A& Zg}o] e A ©9= lowstand systems trackC. 24 EZHAh o =
g}o] ~E A G4 =2 lowstand, transgressive-to-highstand, A=t A
regressive-to-lowstand systems tracke=Z o] Fo Zth ZFglo] A2} Eglo] ~EA
4SS B R HA FAYAE HAVIESFS 7Y EEA @92 F N

24 stues T dESl, v sty lintke] 55l EAdY 238 5

N

2

A= E2ZA &9+ landward transgression &<QF shorefavce erosion®] ZA}Z A E
A E transgressive deposits® o] FolA Qlth g thF R Y= TEA d9= F

= transgressive-to-highstand systems track©&.Z 4] =2 mudZ o|FoA U o=
Zefol M9} 47] FAEL2 regression 71 HoF HARFEHse] #<l lowstand

wedge 2 S 7t (Yoo et al., 2006) (Fig. 3-3)
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Fig. 3-2. Geologic map of the southeastern Korean Peninsula (modified from Ree

et al,, 2006). The rentangle indicates the area in Fig. 3-2b. The solid lines

indicate the locations
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A. Regressive stage B. Lowstand Stage

i kSubaen’aliemsi;n ) l
AR B R
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Condensed Section

Formation of sequence boundary (R1) Deposition of Unit | & Il (Lowstand Deposit)
C. Transgressive and Highstand Stage D. Regressive stage
T SL
Deposition of Thin Transgressive and Highstand Deposit Formation of Sequence Boundary (R2)
E. Lowstand Stage F. Transgressive and Highstand Stage

Condensed Section

Deposition of Lower Part of Unit Ill (Lowstand Deposit) Deposition of Upper Part of Unit Ill (Highstand Deposit)

G. Regressive to Lowstand Stage H. Transgressive & Highstand Stage

g = — e e e
~ _a~ Subaerial erosion J
<8 . -

Formation of Sequence Boundary (R3) & Deposition of Unit IV, Deposition of Unit VII (Highstand Deposit)
V & VI (Lowstand Deposit)

- : Unit | & Il (Lowstand Deposits) :| - Unit Ill (Lowstand & Highstand Deposits)

[ - unit v, v & vi (Lowstand Deposits) [ : unit Vil (Recent Highstand Deposits)

E : Transgressive Deposits

Fig. 3-3. Schematic diagram representing buildup of the Plio-Quaternary shelf
sequences on the southeastern continental shelf of Korea created in response

to sea-level fluctuations (from Yoo et al., 2006).
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3. 28 =

3.1 d7AY A=

A1 2010 7N gFebate] JE o R 42 Aotk (Fig. 3-4). A WA set 5 & ZE23HY
NN TFSAE] o8] e 2o HAZo HIPH AL AT F WA seto
A5 o] AU E APxASH] S8 o] A7l d2 oF 200 kme] ZEHLE
olth, F WA sete] Az 571 N-S 43} (Fig. 3-4014 P-0104 P-052 FA))
87le] E-W Zxo=z (Fig. 3-401A KOlolA K08Z XA TFAHETH N-S A3}
E-W Z4¢] Dol 4zt |7 20 3 10 km o|th A2EES 93 SIG 2mile 2
7 A z="lE ARSI TH o] AulelA RHEoiAE BAT
500 Hzolth. ~3AE 2xvith 1000 jouleo] oUAZ WHstgom A &3
1

X
i)
[
o
N
N
i
o
rlr

&5 B 5 EQT waAd 84 5= 01 mse] MESE 1z oz a4l
stgom FAlE AlEE 80 - 1200 Hze g os wicsjx~ FEE 9ttt E-W
Ao ZEHYELS B AYY 1AdE 713 F 20129 699, 18] N-S S419

ZRAIEL 2% 7|7 T 590 55T o] HuAe] BEE Y goA H

FuFol AFHYL Ao FHHE GER oA of ATl 3AdEe
H

24 =29 A A Y5 o% ZaaAse wEd o W3N Ao
AT $= e T2 Bl FAW IFG T uAGNA AL Ho|BE ¥
A3 A% BATE B AW Aol Tasth mebd o AT AmE
Fge 54 RHAh Al 25 Bol 24 AN ZERASS Felstgnh
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Fig. 3-4. Locations of seismic profiles collected in the fault zone. The sesimc
profiles shown in this study are plotted as thick lines labeled with a figure

number.
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sttt (Figs. 3-5 to 3-8). ol& Tt ZEAUENAM dAAUA 92T F A&

dAbel ols] UsolA it whadnt FASelth S@vwEe g o] NstuA
AEH o WAL wAgel APk STV YWHOL HAW TFuA
o golA & ANAT B4 FASE AH 2dE wA2 U-14 U72 A

|

st th. Inoue(1982)= AlFAEE o] 838t tigta] ol ZHole-47] TAAGHE
BHS vk ok Yoo et al. (2006)2 = EE tEEY HAHSS o] Ao}
Hste] Fehol2-47] TAGHER TESIAT. ATFA A, ZERAEAA B
ol BAY EE<S Yoo et al. 200014 EFE A= dinls] B U-13 U-2
= Zgo) oA, U-3S 27] Zelo]|2EA, U-49} U-5E 27 Zelo|~EA, 182
U-69F U-7& Z2ZAE sfMdrt.

A7) Egfol oA 9 E A EH= U-19 BTG MEREAY B3 EA
T 7] Eol Al B9l U-2& dAZA o] FoHA ZFo] oAU A3 Bt

TR o]FojA gt olE FEto| oA W ELS AAHOE Hr| RS

o]F om FEFHo o r TG ZTol A @S U-30A4 U
© Bysta Rk AAK AAAo] FL WHARISE o|Folx glon fiFo=w
AT Fde BT U-39 s AU EZoleAel STto]2EAA
o9 Atolo] Aol st wl- FEo] & dArt U-4 YRols Asfgdd A4
B HAEE Yehs Aoz slddn (Figs. 3-5 and 3-6).

o

E2A o]F dFo] A& o] F transgression B &

erosion ° ¢J3] A ¥ transgressive systems tracto = 3|4 Ht}. U-59F U-63F 7
Ae AAHoz Yetusd gx9 oUAI7E =2 AU sitile] A& =
Hubes ¢t =28 HAHFANA dojuv= wave erosionell &8 TS0l
wave-ravinement surface® (Posamentier and Allen, 1999) sjX =t} U-7& #H=R=
F¥o2 FHHHo o HAYEIF 802U mudZE o]Foix vk (KIGAM, 2000). ©]
24 mud S9= IREES dEiolA JHE & A 9o E2RE FEETth
GEAANA FuEHE AEE HHEL AT ARl g EEEHOE gHtEo] 3

Wzl skl HAH T

i
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Two-way traveltime (s)

Two-way traveltime (s)

Fig. 3-5. (a) Seismic profile of P-02 and (b) its interpretive line drawings. See Fig.

3-4 for location.

Fle 714 F3ieH A HE @524 dFAY9dA 718 4% At 47]
10 ms (t.w.t) o]’doltt (Figs. 3-5 and 3-6). K-03

471 SA7F JAY vl sfobd WE S QA

2t 8 939 EAe AT F AUtk Flo] £7]
BARA fFer ARHAT vz Lo de

M9 trangressive SATLIQl U-69 &g utge] g EEEIRE o]& WA

al

Ao
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=A== EEYIY. EZA9 transgressive E A &2 EE
ol HAAE L AEAEHE AEuEY Aotk F2= oF 5 kme] do] ®fjoA 4
Mol ZERYEoA AAHATH F13 F2= ditisE = W99 sensed BT 1
A o] 5 Apolol A HA FA7E AEE] AT & F A JAAY Hel=
Fl& w2t 5 A 10 ms (twh=A HAHE pyt £EE 1500 m/s2 7Hg3std
3.75 WA 7.5 mel g3},

e

E A& ravinementd

o =

Two-way traveltime (s)

Two-way traveltime (s)

Fig. 3-6. (a) Seismic profile of P-04 and (b) its interpretive line drawings. See Fig.

3-4 for location.
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Fig. 3-7. (a) Seismic profile of K-04 and (b) its interpretive line drawings. See Fig.

3-4 for location.
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Fig. 3-8. (a) Seismic profile of K-06 and (b) its interpretive line drawings. See Fig.

3-4 for location.
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Fig. 3-9. Locations of Quaternary faults offshore the southeastern Korean

Peninsula.
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Fig. 3-10. Map and cross-sections of a general strike-slip fault system, showing
flower structures and duplexes developed at bends (modified from Woodcock

and Rickards, 2003).
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Fig. A-4. High-resolution seismic profile of KO05.
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Fig. A-8. High-resolution seismic profile of P03.

_68_



file of POb5.

101 S€1smiC pro

Fig. A-9. High-resolut

_64_



_65_



128°50'E 128°55'E

Fig. B-1. Locations of seismic profiles collected in the Nakdong Delta area in 2015.
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Fig. B-2. High-resolution seismic profile of 08.
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Fig. B-3. High-resolution seismic profile of 09.
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Fig. B-5. High-resolution seismic profile of CI.
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Fig. B-6. High-resolution seismic profile of C2.

_68_



Fig.

@
=
s
g
g
Z
g
Z

Geoje Sparker Line-c3

B-7. High-resolution seismic profile of C3.
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