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SUMMARY

I. Title:

Tectonic structure and analysis of fault activity in the

Yellow Sea

II. Necessity and Objectives of the Study

1. Necessity

— The coastal zones of the Korean Peninsula are densely populated and host
major industrial facilities.

- Geological and geophysical data have been collected from the East Sea
(Japan Sea) to investigate the tectonic evolution of the sea and fault
activity. As a result, it has been suggested that the earthquakes in the East
Sea are occurring along the structures created in association with the
opening of the sea.

- However, the Yellow Sea has been rarely investigated in tectonic evolution
and fault activity in spite of the recent increase in frequency and magnitude
of earthquakes as noticed by those in the Baekryung-do (M4.9), Boryeong
(M3.5), and Heuksan-do (M4.9) areas.

- Sedimentary basins in the Yellow Sea were created by fault activity. The
current occurrences of earthquakes are interpreted to be observed on the
basin—-bounding faults. It, therefore, is required to understand how the faults
propagate, grow, and react to each other and to address the present crustal
deformation.

- The evaluation of regional earthquake hazards in East Asia necessitates accurate



seismotectonics. We need to know accurate structure of the Ilithosphere and

understand dynamics of stress distribution and release associated with plate motion.

2. Objectives

The objectives of this study are:

— Descriptions of the oultline of geologic structure and properties of
earthquakes from historical and instrumental data

— Derivation of research projects and pertinent methods for understanding

seismotectonics of the Yellow Sea

III. General Scope of the Study

(1) Analysis of the tectonic setting of the Yellow Sea and characreristics of the
earthquakes
- Brief descriptions of seismotectonics of the Yellow Sea
- Inference of epicenters and magnitudes of earthquakes in the Yellow Sea
from historical records
— Comprehension of tectonic sturcture of the Yellow Sea from gravity and
magnetic data
— Tectonic evolution of the Gunsan Basin
(2) Suggestions of the methods for interpretation and investigation of

seismoctectonics of the Yellow Sea

Mapping of Quaternary faults and evalution of their activity using marine

reflection seismic surveys

Anaysis of historical earthquakes

- Analysis of earthquakes using the Korea—-China network

Invetigation of tectonics structure of the Yellow Sea using wide angle seep

seismic sounding data as a Korea—China collaborative study



- Integration of gravity and magnetic data to study tectonic structure of the

Yellow Sea

IV. Results of the Study

1. Outline of seismotectonics of the Yellow Sea

The crust of the Yellow Sea, averaging to about 30 km in thickness, is
estimated to have similar structure to that of the Korea Peninsula; however, it
has larger thickness variations. We interpret that the Yellow Sea is
characterized by more active occurrences of earthquakes than the Korean
Peninsula because the sea was created by vigorous continental rifting since the
late Mesozoic, which resulted in the emplacement of well-developed sedimentary
basins. Is appears that the crust is slightly thicker along the southern part of
the Sandung Pesninsula that i1s the estimated zone of collision of the
Sino-Korean and South China blocks. A zone of slightly lower Vs is present
near the Imjin-gang belt, implying to define the continuation of the collition. It
1s not certain whether this slightly lower Vs results from continental collision or
the presence of melts. The northwestern part of Gyeonggi Bay, which is the
area of recent earthquakes with magnitudes of 5 or so, is characterized by a
zone of lower Vs. The extension of this zone southwards to the Gunsan Basin
may suggests the presence of a fault zone associated with continental rifting.

The historical literature shows that earthquakes with inferred magnitudes of
about 5 occurred in the Yellow Sea concentratedly in the 16th and 17th
centuries. The majority of the earthquakes occurring currently results from

strike—slip fault motion and has the P axis trending ENE-WSW.



2. Suggestions of projects for seismotectonic study of the Yellow Sea

(1) Investigation of Quaternary faults in the Yellow Sea and their activity using
the seismic reflection method (6.4 billion won / 6 years)

- Mapping of Quaternary faults and analysis of their characteristics in the
zones of frequent earthquakes including the offshore area of Baegryung-do.

- Analysis of the age of fault motion and tectonic implications based on deep
drilling and seismic stratigraphic interpretation

(2) Analysis of historical earthquakes in the Yellow Sea and their activity (150
million won / 2 years)

- Investigation of the long—term pattern and characteristics of earthquake
occurrences based on the analysis of historical records over the past 2000
years

(3) Korea-China collaborative research to investigate earthquake characteristics
in the Yellow Sea and tectonic implications (1.8 billion won / 6 years)

- Operation of a temporary wide-band earthquake network

- Analysis of activity and mechanism of earthquakes and crustal structure

(4) Investigation of tectonic structure of the Yellow Sea as a Korea-China
collaborative research using wide—angle deep seismic sounding (3.4 bhillion won

/ 4 years)

- Wide-angle deep seismic sounding using ocean bottom seismometers and
multichannel reflection seismic survey

- Interpretation of the crustal and upper mantle structure of the Yellow Sea

(5) Interpretation of tectonic structure of the Yellow Sea from gravity and
magnetic data (150 million won / 2 years)

- Integration and reprocessing of gravity and magnetic data

- Production of gravity and magnetic anomaly map of the Yellow Sea on a
regional scale and tectonic interpretation

(6) Investigation of tectonic structure of the Korean Peninsula

- Crustal seismic sounding using exlosives (4.9 billion won / 5 years)

_10_



- Analysis of receiver functions (2 billion won / 5 years)

V. Suggestions for Applications

The recent increase in frequency and magnitude of earthquakes in the Yellow
Sea became a matter of concern. However, geophycal studies have little been
performed to investigate the fault zones that can induce earthquakes. Nor have
seismological stuties under the collaborative framework of Korea and China. In
this report, we outlined tectonic structure of the Yellow Sea based on available
but limited data. We, then, suggest research projects to investigate
seismotectonics of the Yellow Sea. The research projects are subjected to
review by the Korea Meteorological Administration in terms of significance and

can be conducted with financial support.

_11_
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Fig. 1-1. Distribution of earthquakes recorded recently in and around the

Korean Peninsula.
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A2y =UL 7Is/eY 8

e A0 we) TS B ATE LFol WA Aotk Wiy Be
ekl QR kel ANABAS setsts] 9l B AE FHOE ol &
el ANAATEE W3 A SY3} WA T 5o AAFH AFE 5P
3tk AAFEE AT 98wt FHe WFRSAHNSEe] A stk of
Pt gelelt: Zragow FaEE MARGINS 59 Q7942 +483 3)
F98 AT FAANG Solnd et gk

(National Institute of Water and Atmosphere)7} 19991 o]% Z=3)&}a1 v} (Lamarche

&
=
et al, 2000). Whakatane A7t A4t} e S5 o] Ayaa] FJAJE Aol

] 3ol kg = K| Zbal Akl ofsf Al WS wha Qi) 1987 Wakatane A7Fti7b
Fgo g A oA Ax 639 A Ho] wrAEte] KA ol £ARS Q13 B 9l

uhebr] Whatakane #|7-the] BISHE WA ¥ o] AR 542 thge] oid
El

e e el Stk () BES0] WA 4EAes stm AdEe] Wi
(fault system)® HAH=71? (b) ©2e] Assh Aol A7te] wet oj®s| Wel=r)?
(¢) W20l oj|y) om W& Agaterl?

o] ZAPIAE TEAY B45 v 1sa (35 KHy) A% HA9w, 1ela A%
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Fig. 2-1. 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)
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Fig. 2-2. Crustal P-wave velocity (Vp) model derived from deep seismic sounding
in the South China Sea (Qiu et al., 2011).

3. The Global Seismic Hazard Assessment Program (GSHAP)
UN2 Azt kel H<s3k o] digh F8H Adoa= 1248t
1990-1999°] 7]1%+<& International Decade for Natural Disaster Reduction© = A4
Atk o 7]13E]t GSHAPS A dsto] Ao 243 ddd s 4341717
el AR AFA AAES AAAF R FPEAT. o] FAAA vgd Z2
7HA S AR Al E AT
D AR E7et vlelgpulo] = - AARX I (AAARAIH-1900), 2719 AZIAR 713F
(1900-1964), L&l A4l A7I= #5E 717F 1964-FA) s AN L&

Fr

FretaL o B w o] 231t

2) AR BT - BRE AN, AAAATEY, DA, AW, B9

o mapping, AZWA] ZAH F4, AAGAG ATEGLs wg

o
)
ofo
ol
o
&

3 AE - MR v ATz B 724 40N dygdE aysta Azl
ofsf op71E dES AF FAst] A Av)ek A A des AL



4) AR dAdel AL - FoH 717l A X s (ground shaking) <]

AAFsEe] seismic hazard mapS 2HA.
GSHAP3} ## % A& & http://seismo.ethz.ch/GSHAP/o| A4 A4S &=
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A3E g9+ =

02

g ¥z

8o = AgH o)At Hafo] AAAATZE AFAHRES T3t Ao A
T ANERS Moz Auadrt 2HdE Al AXAAFRE T
B3yl Y3 Hog AFHAES =& JVEFLERAAE JIAEAT. 1
o], 3o A= WS A7t xE FHEy] A AFHAE AlEAh

1A Adle AQAAANTE A A7 A%

1. Ase AR AATZ AL

7h AE

nE RPEE Y oF AR FHOE B UgiEo]

of el e AFE SR vk Ak SR 19019 eAos} FFow

g By FALE B @R S 8ol sale §5RANA AGFRE T3
i FEe] AATEA S FHEte Sl LAstE Ao 5AS w4
v Atk (Kim et al., 2003; 2007; 2010). o]d H]&| Alafol A= OBSE o]&3 AF
Bt gAbE FaskA Kt A4txE 48 FHshA Rshal gtk o] Hal
Aol As dEF Foo g AIANA 7158 ARARE o]&3HE ambient
noise tomography =8 73 Vszk& sfAsto] Aafe] A zta A5 dET%2E5

Fotal o]e] ANAA T ovE At

g Aele A7 4R wE 7=



tomography Z5-8 A4t 70 km zlolol 9] Vs el Aol A AlFx% Ao]

& HAFEH (Fig. 3-1-1-1). s3] A5 AHFWEddA Vs7b dajdoz s A
2 Falo 493 At AYddlelA FHd <% (asthenosperic upwelling)o] £
3 FEHASS AASL F, FaldAes AFasUd dfFrr @ty B F
ATt ofel HlE M= diHom FFASUelA iyt @stx] Zsirbar &)
A Ak Aol A Faell 77k dEREE A ©F Subei A OA] WEo] S
b AS F5T & ded o] AL BX 9] WAl continental rifting¥ #HE Ao
2 B F v Twd @WrEe] Fke] fAshE BAEA A E WMEo] st

Aow dAE= ddo] ol v AR 4HEAI7E continental riftingol 9]
3l FdE o ute MEe Adsom A HT AenteeA SE= Alolo] EA)
gt WES s TAEAY BAZ AAE AAst @sjntel] vl vhA oFg
Aol wla & 2agr] Mo s A d

30 km #ZoleA o] Vs sttel ghitwel w3 1E]al Asfe] s F A<l
Rowel zZlolE AAIET (Fig. 3-1-1-2). &3l A tifE2 slgAZoln=z
Vse] £&7b g A yetdt E8 e &AM OBSE ol &l T3 BE
Heol zZlol= ¢F 16 kmlHl o] Zlolo] dFst= Vs 375 km/solth (Kim et al,
2014). Mol A} el zlols Feet vh/AR V7 375 km/sql gho= 2
232 30 kmit €omf ymx A9 theF

i
o,
=
flo
=t
[
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N
lo,
=
=
=)
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Fig. 3-1-1-1. Distribution of s—-wave velocity (Vs) at 70 km depth computed
from ambient noise tomography (after Kim et a., 2014). The scale bar

denotes Vs in km/s.

Aol = HE = 55(South China block)¥ % 3HE = (Sino-Korea block)o]
71 F719F Egfolotrrle FE3F A=A AAV AT o AA=
Qinling-Dabie BeltZY-E Sulu Belt®} Imjingang Belte] d#olelx FAsta Jrt
(Fig. 3-1-1-3) (Chough et al., 2013). 30 km Z°]dA Vs &&to] ~(Fig. 3-1-1-2)
g A9Ed Eve guS Aus Sulu beltd] dFstE Aol FREG W
Vsgts HoleH oA F59 ZAA=EA A7 FAV S7tedes o drh
W 3] Vst dRAMES) AAdEE S BT Sulu Beltsl JXGEE

AelS A A et} o] A& Hong and Choi (2012)

b AAES A4S Sl AAG FEAASG AT SFARE, Fubmol A H Sz
L

ook Vst s 7HA e A 47|=e HFHd SA-dEWdes vrehued o
Zle] A zre] 79 el AFdA = By atrt

| AR AFZ29 s|AelA T3 A ZREwol wg F3A Was AJom
S0l JAFHel F e Aol wAT ksl A otk A AlF
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Fig. 3-1-1-2. (Upper) Distribution of s-wave velocity (Vs) at 30 km depth
computed from ambient noise tomography (after Kim et a., 2014). The

scale bar denotes Vs in km/s. (Lower) Fault plane solutions in and

around the Yellow Sea (Hong and Choi, 2012).
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Fig.

3-1-1-3. (a) Paleogeography

of

the Late Permian. (b) Tectonic

reconstruction of the Sino-Korean and South China blocks in the Triassic.

(c) Tectonic reconstruction in the Jurassic. Note that the indented South

China Block collided againstthe Sino—Korean Block along the Qinling-Dabie,

Sulu, Imjingang, and Namhae-Higo belts, forming an offset along the Tanlu

Fault and the South Korean Tectonic Line. (from Chough et al., 2013).
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(2005) & o2l dg-AEel o =AES gttt o] T AAH(2011) HARAI T

AR Agle] Ty AR AEA), mEAl nEAbde, 2AGRAS FuEd

e

M, FAUYY), DA S AQNE AR, A4 B4 @E Feo 2 A
25559 AR/ TP MHA912)9 AR, WHAEEA FFAARAA7] &4
(1998) 2 ©1715H005)) £AE ZHF AP 2, KIIIA), WHEGE 1), ~
SN, RAHEGAND), FHAROLSE), BEEEDR) 59 A7 712 A8, 1 9 12 23
A ANGFEGAT) SAAD, W B E ), SRR, B
(S Q), WEE LI W) 3D, B A R) B AR v
9, BAAEN R 59 AR 5SS Zgsa glvk
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3-1-2-1>% 2t}

g % qAxAEE

F3o qAAR /1% BC BAZIAA Azl e, Ak Aol e ®
A %ol A AAReE g Pristan, AH e Ada & 5 k. 195040
of Eolet AXNAFE HIFES Al ArreAe Aol A3 v Fel uF A
AAR 2ALE F38l 19560l FA] ANESS EEA
%% Chronological Table of Chinese Earthquakes(1956) - Seismological Committee
of Academia Sinica

x*% Catalogue of Chinese Earthquakes (1960) - Prof. Li Shanbang

o] % 19713, 1983y A E3to] QAT I o] T AAX I FAH THE]
1987\ d7FA] wkzkElo] gko ™ =7FX] A = (State Seismological Bureau)oll 4= =t}
St Ag AR} BAS Tl AR, oAF, A, AT, et R HF 55

X33 A8E5S £ Ay st BC 23CHE AD. 19114d 74x] A 5 475

Al M= o] FHoAM M T AWEs FH AT

2o As T AR A%

AMel F& Al it s gelAM R JAAN T vt 7152 AAE
(2011), == 7152 STHo7FAA=(199%) o257y st <iE 3-1-2-1>2
Feuet GARE ROl 71 SE As Akl A B M= IV o] 739 AXAR
& YWERHaL vk iR = VI olake] T4 gt A et 2 oA <
o Feo] A AxRE FAHE Jkolmze A oy rRe] HIbe of
He Aot ddHor X Aol oEste] Hrlekdlr] wiitel A xlo] A
FolA LAY stedte At Tkolz HIMHENS TheAol A webA qf

B | ol BAE9e sbedel adn ¥ & vk GARAd ww Asddgt
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Fig. 3-1-2-1. Epicenters of the earthquakes in the Korean Peninsula that

occurred from A.D. 2 to 1904.
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<Table 3-1-2-1>. List of historical earthquakes from the Korean literature that

& 2011).
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<Table 3-1-2-2>. List of historical earthquakes from the Chinese literature that

are inferred to have occurred in the Yellow Sea (74 A&, 2011)
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Fig. 3-1-2-2. Locations of epicenters of the historical earthquakes that are

inferred to have occurred in the Yellow Sea.
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inversiong =3 of#le} o] 26714 Mw 3.2 ~ 509 AXLAE ZAAs AT

AF8-% seismic datat™ KMA$F KIGAMo] %3+ broadband stationol A <
SE Ak 2001 oA 2008 Akolel A ML 357519 local A% #xl 19
= AFEsith #SH W9 A8E dEdEstar 1 s FAH 2% resamplingdho] A
| AbEetth BE #S5 A S dei ZEE g2 10 - 20 s ’HE A
|3k a1, 20040526 A el tisiA = 20 - 50 so WS AE&ATE o] A
A dojz 1D &% FZFo thdle] frequency wave number integration method=
o]-&3to] Green's functions AL 1A 5 kmelA 500 km74] 5 km 1t

Ao 2 Green's functiong A Al moment tensor inversion©l] AF-&3Fth. zHzt

Lo

A Aol s A moment tensor solutione Rhie and Kim (2010)¢] Table
1o 71A5o] 9tk AA-HE moment tensor solutionS 3haf 9} Eafo A WAt =
9 A7S Aot s FEolsdES A At It (Fig. 3-1-3-1).

, 4
F o
i q Y ’
38 v;::;?%}{m . ¥y m:u u\i‘,‘

20020017 \
20040426 )
20030000 . ,‘i i?’gm
s\ 20000118 EW!- E ()Y
36" ? ? ; T
o j
. b
W T
3 -
Lt
3> ) )
5§ el ¢ Fig. 4. Map of moment tensar solu-
34y NF S0 S tions. NF (blue): normal faulting, SS
20080631 A ) (red): strike-slip faulting (including a
&‘-——‘ 2 minor normal or thrust compenent),
Q TF (yellow): thrust faulting, and TS
i ‘rﬂ {green): a predominant thrust with a
124° 126" 128° 130° strike-slip component.

Fig. 3-1-3-1. Map of moment tensor solution.
o] Aol FgolFwhFo] stress regimeS Holal Qlth o] A <]

regional stress field& A3 R7] $3to] 7t Azl thsfiA P-axisE T3t tH(Fig.
3-1-3-2). JF-E2] A7 P-axis’} ENE-WSW Wg&ks &35ta lom 1 Hite
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Fig. 5. Distribution of azimuth directions of horizontally projected
P-axis {pseudo P-axis).

Fig. 3-1-3-2. Distribution of azimuth directions of horizontally projected P-axis.

(2) St dek Aol F T E X A9 source parameters

(Choi, H. (2010), Source Parameters of Two Moderate Earthquakes at the
Yellow Sea Area in the Korean Peninsula on March 22 and 30, 2003, Jigu Mulli
Wa Mulli Tamsa, 13(3), 235-242. Key words : A3, 745 AA, S27]F
(focal mechanism), =W E % (moment magnitude)

2003 3¢ 23¢ gt T dY, 3¢ 30¢ gt WE T s ooA R 5.0
% 48¢] TR A xle] o] 3 (Table)ot o] Slgol WAL Aol A A
3 T SR Ao A Y 24 (source parameter), A 7] (focal mechanism),
WE X (moment magnitudes)E B FLHH S o] &3t At FH AA T

2
Z ¥ (tectonic plate)®] =213 ¥ s} oH(Fig. 3-1-3-3).

=
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Table. The KMA catalog of two events.

Table 1. The KMA catalog of two events.
Latitude Longitude

Event Date °N) (°E) Magnitude
A 2003/03722 350 124.6 3.0
B 2003/03/30 378 123.7 4.8
122 124' 128° 128' 120" 122 122° 124° 126° 128° 130° 152"
A | — — | — — Rap"  4p" pe— = r— g

P e

o : 1
_l.-v‘ r
L A cem
gLl S e et
e F ‘r""'l.sm
45 s
| K AT
2w | 4_;{ _.‘J‘IPR 38
L/ ‘o". F
L. 3 ﬁ{‘.“"l a ;
\ AL ‘ st
T "N ’ PO e e | Lo e
Ny Fou ) .
A scp -'k o B B ¢
oy k-
.,4} Yig /]
[ .
32 P— — — — — y — s
2= 124" 126 128" 130" 32 22 124" 128" 28 130" k-3
(a) (b)

Fig. 3-1-3-3. (a) The distribution of broadband seismic stations for waveform
inversion analysis. (b) The distribution of broadband seismic stations for

spectral analysis.

W2 729 9% E Chang and Baag (2006)¢] 1D A7} £EF% RdS o] 43}
of AAASATE E3F WY ZlolE ANHAY Jike Sl AAAs AT AAFH
AhLAE AHEY 005 - 0.1 Hzol 571 A9y 9as sty 1
&+ frequency-wavenumber methodE ©]-8&3te] 3% tH(Bouchon, 1981). A X
3 oar A 39 23U AR Fre) du RS s FIolews
SAS Hold, 39 30¢ A AdF 545 B P-axis® W2 ENE-—
WSW WaFo = gnte 3-8 Wako] g ol dA-Aael F3atth. 38 g4kl
o3 7+ A9 moment TFEE 473 458 AAHYo, AHEY EXd o3
7} 217 9] moment TFEE 4.83 4602 ZAAFHAT

o Y AL IAHA PR Fed dAAHoR Fgie BFFRH
Y EXE g dn ady NEE g A2 71Ee] Ay =l o
A gE Aokivh QIEEeY] &S ol WGt AoR FAYY, FEHY I



% 3AE Ao A d

(3) A3 BEXRdgAe AIFE hot upwelling

(Ai, Y., T. Zheng, W. Xu, and Q. Li (2008), Small scale hot upwelling near the
North Yellow Sea of eastern China, Geophys. Res. Lett., 35(20), n/a-n/a,
doi:10.1029/2008GL035269. Key words : A3 &4, $A1&4 CCP stacking, -

WE EA5H) hot upwelling)

EAEHE FAstet Ak (Fig. 3-1-3-4). A3 &7
2 X E common conversion point (CCP) stacking
& ARgste] AE ilE =dEus oA s th(Fig. 3-1-3-5). 410 km &¢)
60 km =Ll AgsiA vetdo AdA9e] 2 F2olA 410 km

: EAEH2 s A Aolui(TZ;
transition zone)?l FAIE AX 122° AZFdM FAA velua, FZd e SHA
etttk (Fig. 3-1-3-3). Aol FA7F 7 b2 32 8 5% AgolA o
Bty A9 J AR 10-15 km B 852 FAE HolEd], olF 100°C A=

1o,
ry
w)\
B~
2
>
12
2
™
>
2
o
>
il
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Fig. 3-1-3-4. The study region in Eastern China and the seismic stations used

in the study.
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Fig. 3-1-3-5. (a) P-wave perturbations relative to IASP91 model. (b) and (c)

CCP stacked depth—-domain images at 300 and 800 km depth, respectively,
for profile AA'.
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(Pasyanos, M. E., G. A. Franz, and A. L. Ramirez (2006), Reconciling a
geophysical model to data using a Markov chain Monte Carlo algorithm: An
application to the Yellow Sea - Korean Peninsula region, J. Geophys. Res. Solid
Earth, 111(B3), B03313, Key words : A&}, 3% forward modeling, surface
wave dispersion, body wave traveltime, ¥ %% T2, Azt T/, @t 9 £=

=] =
}—’ X]Z"}, }\O]'T EIH'E—)

& oo, nro AL HES st SRS TR UAARE vk el dolH
E Al tE 4 deow, deolyHet R EFAALS FA oE F i, oY
g TR AMHARE HfHer 28 5 s e AR A M 5
H Fde d7F 228 F7H(solution space)oll WE Bl ApAgE ARE AS F

Arh= Flolt. Xﬂo}% Mz RS A Eote] Falet ke g xzba G
sFATH(Fig. 3-1-3-7). 3 B2 7} Azo|A Vp, Vs, D=7}
ey = 77H-"4 Fow FAFAY. £ FXE surface wave dispersion@ body
wave traveltime A5 5& AH&3te] =314
Z83 g7t dE5H AJor] 7]F] &# X tectonic setting¥ Z A X FH=
A2t FA(Fig. 3-1-3-8), AFME ©A43 £=(Fig. 3-1-3-9), 45 74
(Fig. 3-1-3-10)7F 22 22k W9 WA =53t

=
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Fig. 3-1-3-7. Geographic map of the Yellow Sea - Korean Peninsula region.
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Fig. 3-1-3-8. (a) Crustal thickness and (b) its uncertainties.
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Fig. 3-1-3-9. (a) Upper mantle s-wave velocities and (b) their uncertainties.

1M0 M5 120 125 130 135 40 145

120

110 1S 126 130 135 140 145
05 10 15 20 25 30 35 40 05 06 07 08 09 10 131 12
Sediment thickness (km) Uncertainty (km)

Fig. 3-1-3-10. (a) Sediment thickness and (b) uncertainties.
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Fig. 3. Simplified structural map of the South Yellow Sea Basin. Afler Ryu ef al, (2000).

Fig. 3-1-3-11. Simplified structural map of the South Yellow Sea Basin.
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of\i
o)
N

Tz A42 FAstgc

24 A4, 7R 1% deld Edfololsr] Emplele s|urelE, F7] Fe]
W 47) wely] 2 HAE, A7) wely] HAF, 7] wely] HA4E @ F7] vlo]
oAl olF HAZ 5 50 w1F 5] AXHAUL. 4 RFEL B TELE
of wiee] wel FARAZN Febr] W RRE A7 AR 24 E 8w
Pob 2AeEe] dFow AP EAZ AA ¥EE FoF W) 247 24 2
0E ui 1749 B fdojd tud BA®4 HA EAuge wuxz
Ae Ao 4=
39 2 3 %Y AT P o §F AT =7

(1) 37 52¢ o83 29 A 4

(Wenyong, L. I., Z. Jianxin, X. Shengqging, G. U. O. Zhihong, L. U. Wenfen, X.
U. Jianchun, and L. I. U. Yanxu (2012), Effect and Prospect of Basic Geological

Survey Based on Airborne Gravimetry in China, Acta Geol. Sin. Engl. Ed,
86(1), 38 - 47. Key words : Bohai Sea, &3 %9 EA})

Bohai Sea®] Aol Al onshore offshore®] o] A oMo g3 F7 AL
7F AFHo2 AT (Fig. 3-1-3-12). & T8 AR5 7|vtoz 7|&E9] SA4

oMol T HARAR, A AR, A5 ARES °]&8te] forward and inverse

o
W ES AMESte]l A A4 M e skt & Bouguer T8 ol U= AW
3] YeElY o]Z o] &3t v dl(fracture)e] 91X M3 xAdeH FAH] Z
ol Tttt oW FdF TY "ALE Fote] s EFH WiE Alold EAlEtE TH

= AFar, vieel 54 Afelol A A= A FEA QD HoldA
S QIAsls Rk otyEt 4 JHS A ARl FH o] dd, 11 RS
(fractures), 2] 3 7§¢] StEd] (%= subsags) S5& 2AFAY  (Fig.
3-1-3-13).

_60_



Fig. 2. Distribution of airborne Bouguer gravity anomalies
(unit: mGal).

Fig. 3-1-3-12. Distribution of airborne Bouguer gravity anomalies (unit: mGal).
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Fig. 3. Structural interpretation about airbomne gravity.

Fig. 3-1-3-13. Structural interpretation of airborne gravity.
(2) GRACE 914 +8A&89 fH& 5% S5 vtz AAT=

(Choi, S., C. W. Oh, and H. Luehr (2006), Tectonic relation between
northeastern China and the Korean peninsula revealed by interpretation of
GRACE satellite gravity data, Gondwana Res., 9(12), 62 - 67, doi:10.1016/.

Key words : &% oFAlo}, U5 %%, Satellite gravity data)

sotrlots A HE=AIYd dE AR U o] F Ade= dEsE
o) 9]3]] StuE g o T3 EER9 Qinlingol A DabieE 73 Jiaodong 7}
A eo]oj#] = suture zoneol W A HSHA/AFEEgHor & deA vk F
el A A= sk WA o] St T A HeA THE AL T
Fo FEU/F mztx] AFHU = Zﬂ% A AEHCE Grace satellite gravity
dataset= &3 & 4 gafjol A F e AARNE WS BoAFa
ATHFig. 3-1-3-14). ¥+ AAA Fo|A 3= Jiaodong Beltol A Imjingang Belt
= olojAla e, & st Nanjingoll X 4 S= o]ofxa Slt}. o] suture

it

4
off
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L

Fig. 3-1-3-14. Collision boundaries inferred from GRACE Bouguer gravity

anomalies.

(3) Asl HHEAS] A= 2dY

(Choi, S. (2004), 3D Density Modelling of the Yellow Sea Sedimentary Basin, J.
Korean Geophys. Soc, 7(4), 283-291. Key words : A3, 1 F5FE, SHEA}D

el HF2 299 Quinling-Dabie-Sulu & ==t X1 A EA A
| S8lA, st=r 2 A9 Fal 256 9 siAl 20006 F-E 2002
dA7kA 4" $Y dolgol 93 339 Atz 2EyS A s (Fig.

3-1-3-15). A8l AFAY Ul F olde Fz HAFI Jwek Ao A
g 2
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Fig. 3-1-3-15. Shipborne free air anomalies in the Yellow Sea.
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Fig. 3-1-3-16. Depth distribution of basement and locations of very high and

low density bodies.
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@) A3 d3o FEx29 Y57 Az

ot

S AR A4, AuS (2000), Al AAEE Aw

Q.
o] #ek ) A FEE g3, 3(4), 291 - 310. Key words : A3,

o

AR 19961 Bl 200025 =98kl Az 150,000-300,000 ©] %2
Ao AdEdE S48t Ath(Fig. 3-1-3-17). ©] F 19994 A& P2
o

ol
2 o5 A4 FY Ame HAA% Ae $4 L WU o

X

stk AkmA P Ay 26470 wgelA armolide] RMS = 0436 mGalz v
al

o df\

o
-
A
R

40
38
—
g
g,
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b1
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=
3
3
32
122 124 128 128 130 132 134
Longitude (degrees)

|
Fig. 3. Shipbome gravity suevey area of the RV "Haeyang2000' form 1996 1o 1999,
|

Fig. 3-1-3-17. Shipborne gravity survey area on the R/V Haeyang 2000 from
1996 to 1999.
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(1) T3] =&

(7F) Wenyong, L., Z. Jianxin, X. Shengqging, L. Yanxu, and X. Jianchun (2013),
Study of Residual Basin and Tectonolayering Based on Airborne Gravity and
Magnetic Data, Acta Geol. Sin. Engl. Ed., 87(4), 1137 - 1153, doi:10.1111/1755

6724.12116. Key words : A3 % & T8 @Al K27 A5, @39 AL A

2 TEAA AL AFEYTH AT 48§ 7t
= A3ssla. dF8 T8 @A AR AmE ol &kl I H A A (residual
basin) ¢} A ZtF Aol #g AFE FHFAT FT TH A5 AAY] ARE O
f3to] 7t FA 9 U} AAWe Zo]lE forward and inverse methods® T3}
o} o] uw vy} gAle} A= AR E E3] forward and inverse methodsE % A &}

(o]
=

AH 5L FHRgon FAHoR 4 Y Fom TR

(\}) Liang, R., Y. Pei, Y. Zheng, J. Wei, and Y. Liu (2003), Gravity and
magnetic field and tectonic structure character in the southern Yellow Sea,
Chinese Science Bulletin, 48(S1), 64 - 73, doi:10.1007/BF02900942. Key words : &
94, 4714, $AT A

Al Fel A 19999 AT E] "HAFS FadE AT As EE A2 Al 79
71 2709 HARAR FAEH de o' yEuth A JF A9
Z= 9y A7 A5 olddiet LAk A Holal o ©@AY ARE
5

A 2HE T, AFEA WY F4S FEHG

(th) Hao, T. Y., M. Suh, Q. S. Wang, S. Choi, W. W. Jiang, H. B. Song, X.

W. Yan, J. H. Liu, and C. L. Yao (2002), A Study on the Extension of
Fault Zones in Yellow Sea and its Adjacent Areas Based on Gravity Data,
Chinese Journal of Geophysics, 45(3), 393 - 410, doi:10.1002/cjg2.252. Key words :
A, =HAE, G

Mol A Bouguer 58 ARE Esto] @Fol e v ARE =E3AH
Shab= o] ©=th¢ Wulian Qingdao Rongcheng ©&thol tidh ApA3E A4+ 4
¥}, Wulian Qingdao Rongcheng ©&ulE  SHHFE7x] AFEHA]  gkow
Imjinhang ©=tj ¢} A2 %% &o Aoz vElyth 535 2(Sino-Korean Block)
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9} Y =EF(Yangtze Block)2 A3 P49 Wulian-Qingdao-Rongcheng ©& i,

duE A% AR vy, 28y AFE $E 3AR d3uE 4R s

of
d
o
T
T
rlo
ol
Ho
0,
2,
Q
=]
o
o
o
o

s} 2011), 20113 1€ 12 MaiA =
o] 19 54, 20119 =AAE A= Tseted3] =EF, 78 Key words: &%
19y, @]

2011 19 12 A% A& oF 200 km s oA dAg (ML) 539 A%

e".:

=8, A=,

N

o AYEHL B 20079 Sof A v, EAsack A9 AAHS @
s 2og

() You, Q, and T. Y. HAO (2011), The Onshore and Offshore Seismic
Survey in Bohai BAY and the Yellow Sea, 2011 FAA A7 A5stedws] %
=3, 180. Key words: A afl, wafint e apehal, wapid 3l o]52 Az, A A
1A

2709 RS E FAbol AXE 120789 o] F A XAl ¢t ek (Bohai Sea)oll A
A€ 5370 OBSelA Al 549 A5E #As8te] Tanlu @3S Z2A=
& &= WsL AEden dAYY HA HEY Adde dvuE Hor FE
s

(th) Yao Y, Feng Z, Hao T, Xu X, Li X, Wan R, Y. Yao, Z. Feng, T. Hao, X.
Xu, X. Li, and R. Wan (2011), The Structural Evolution and Their Hydrocarbon
Resources Potential in The Northern South Yellow Sea, 2011 374 % & 2} 3+ <¢d &8}
=93] 254, 183, Key words: A8, AlFFo], ATEE A5, ©@3l44

7E %w Aol AN Aze AR Ameh AFacle] B BHL F
Ade] ATxA Ask HPe FESAG Aa B9 FEl
Gl ant £ ol @ Aog e

:?L_‘,
>
:?L_‘,
IS
411
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(2}) Xu, Y., and T. Hao (2011), The Curie point depth of the Bohai Sea and the
Yellow sea area, 2011 FAA A F}eAgstawrgs] =53], 178 Key words @ A
<, magnetic data, 2|5 (Curie point)

ket Aol 4 EMAG3| A =% magnetic dataZ5-E curie point depth
AabetAth. Aafolld AeAl Zol= oF 20 km= UESEAL, oA = oK
o} EA el = AR hot upwelling mantleS AJAFSFE 3 Abo] A&l o
A A = AT

Ll

(m}) Qin, J, and T. Y. HAO (2011), The Moho Depth and Structure
Characteristic in Yellow Sea and Its Adjacent Areas, 2011 F7|# @ 3}8¢d gt
3 224, 182. Key words : A8, H5olrol SHAR
HEolrlol Ao F¥ s, Ad Fx AR X]?gﬂ A5
<

B BE go|9t Azt Frld i AT AE ubgstol

(\i

01

mlm K

5}

01—%

32

o},
4

!
R E&

<

(Mp) Kim, H. R, and M. Suh (2011), Localized modeling of crustal magnetic
anomaly attributes: Yellow Sea area, 2011 FAA A F}erAststd g3 223
184. Key words : A3ll, magnetic field

Regional potential field anomalyS R 49 g sl= A28 WS A A Ak A A
AR UHEs A&t AslE FAHSE FolAlol A9 magnetic fieldE &
A ekt

(A HAO, T. Y., S. HUANG, Y. XU, Z. W. LI, L. L. ZHANG, ]J. L. WANG,
M. Suh, and K. Kim (2011), Two geophysical understandings on deep structure
in Yellow Sea, 2011 FAA A H}stAde=dxs] =54, 177. Key words @ A3,
a7 7%

TER A7) A5E EWE A AF=gA A4S S8 99 A
7] ARE EAY W ANy BRIy e g ubEAL A
oA A3 FZ(linear belt) B2 ©hZ o7 A 5

_68_



TAFEA] = A& 9] Northern South Yellow Sea Basin® &9 ¢ x5t Jo

Al H554EA], TGA2EA], GALAEAZ UHAT (Figs. 3-1-4-1 and 2).

ZAY Zo INEE ¥ BE I L A7 2=}
A A = AHE FAEFA =T (Ree et al, 1996; Kim et al.,, 2000), 7] =
Al o] T XY 5% FHFA Izanagi o] Yol A=A (Hsii, 1989)

o WE WiFel B EA47F A4EAT (Liu 1986). F FHFAAR g
(rifting) 7} 1= o] AAH7EA] A LH A= olwf Fall, &3, FF =, Tz =)
7b B H AT (Hst, 1989). M dll= dEA Aol I8 B2 5o £A= o] Fo
A ez FAe] A wEIgo]l Aol AXAATEE olsfsh= Hel 7]

el Abgolth, B3 TAHEAE Sevtele] Q@ g 2 HARAc|nE 1

2
Yi et al. (2003)0] W= FIAFEA o] w2 A 6749 HAHor FES F
(D) FrEkl F71)-webrl o) 27 AAAE, (2) Bl oAl-T 7] ol eAle] A,

(3) F71 oAl w719k JA, 4 Al 3 4, (B5) 27] vho] A ¢

s
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Fig. 3-1-4-1. Major sedimentary basins in the Yellow Sea. Locations of the
basins are from Liu(1986) and Zhang et al.(1989).
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Fig. 3-1-4-2. Structural map of continental sedimentary basins between the
Tan-Lu fault and strike-slip faults on the Korean Peninsula (Shinn et al.,

2010).

g, 2AEA 24

TFAEA = A F7HA F 5709l ¥AF Al F(Haema-1, Inga-1, ITH-1Xa,
[IC-1X, Kachi-1)7} 3= o] FAgH T3 A5E AFstal At (Shinn et

al, 2010) (Figs. 3-4-3, 4). A 4S5 485t SAd 7] o] §3
Folup masae) o]&o] ojHA BE(pollen) BAEL ool A4S FeAd

(Ryu et al., 2000; Yi and Batten, 2002; Yi et al., 2003). Kachi-1 &A= A5
oMM F7] mo] A o] %9 F& Gt o T sk WMoty S Apelo] F
AetH e 5HTd Ao hiatusE HAth IIC-1X F(Fig. 4o E¥3hHS A< 3%
e AlFEodAs 7] vtoleAle] Fo] iyt sk FAZE 8

(Shinn et al., 2010). IH-1Xa &3 Haema-1 &2 %7] ulo] oA FoA F 7]
FEld FAAFHES] ES2)7F g€tk Kachi-1 &5 A9 tb& A[F39 »f

ool oA AFe thA webr] AF} RAFL o F BALAY oA F

o?.i
Ef'
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o® FET F oy woloAl FI Hlwste] A FHEo] WA EgAs)
(Ryu et al., 2000).

Fig. 3-1-4-4(Shinn et al., 2010, Fig. 4B)= Haema-1 &% Inga-1 &< 7}
A2 B4 do=x S37|Rke ESI, ES2E HEoF1 At Haema-1 Al

o

f

N

Fol A BHels= ESle] gEZom AwA oed-wmels] Fol wWg FAgw

27sha BS2el o8A @48 AL FAG & Ak

Block 1
"KOREA
‘ Block 2 |
Block3 |
km )
0 50 160 -

123° 125°
Fig. 3-1-4-3. Locations of multi—channel seismic profiles and exploratory wells

in the Gunsan Basin (Shinn et al., 2010).
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Fig. 3-1-4-4. Lithology and biostratigraphy of exploratory wells (Kachi—1,
Inga-1, IIH-1Xa, Haema~-1) (Shinn et al., 2010).

. TAEA Tk 72

TAHEAl o] 7HkQF 3= Park et al. (2005), Lee et al.(2006), Shinn et
al.(2010)° o3& X = JH(Figs. 3-4-5, 6, 7). TAHEA]9] E& AA, &

ok
ofN
o2
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ARA Y & AAE R sAUEY Zinkel AdFom o] Fo|A =
(Fig. 3-1-4-8) Park et al.(2005)3} Lee et al.(2006)2] A= 3ol Adgr o
Y % 93 Shinn et al.(2010)9] ATFAHH g 79 GFo] dAHEHoZ X
st Ad FE o ofA7A GAsHA B A A Foknt o]y g g 7w
g GFE FF5g AFx A AFE TbesAdel o B HALREA] &F
& f1A ] TSaEA Y BAE ol F= 71Nkt &7 (Haema Uplift)o]

=T FFE Lee et al.(2006)09] AFAHH AHHA e ©@FAXA Shinn et
al.(2010)2] ATAH 2 Qo] wFo] AAF A= AAA Bl EH A F

= AAHer Ho-gA WE ddSo] AstH dF-AH, F Kachi-1 &0l A5

al, 2010). F7] wpol oAl o) el HeHel Aol SASA HAN FAEAZ %
et gal7l dEE B0 HYn BEFLE A GAAW U
9 o
o] A
A wA Aol @A TAHEA ] ATEAN AL AAHew Ao WA
o}

aL 9l
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Fig. 3-1-4-5. Basement structure from Park et al. (2005).
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Fig. 3-1-4-6. Basement structure from Lee et al. (2006).
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Fig. 3-1-4-7. Basement structure from Shinn et al. (2006).

TWO-WAY TRAVEL TIME (s)
w

6

Fig. 3-1-4-8. Seismic profile crossing the large basement falut along the
southern boundary of the central subbasin (Yoon et al., 2010). See Fig.
3-1-4-3 for location.
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Two-way travel time (s)

Two-way travel time (s)
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Fig. 3-1-4-9. (a) Seismic profile crossing the reverse fault near the Kachi-1
well and (b) its interpretation (Shinn et al., 2010). Kachi fault appears to
extend to the seafloor, suggesting very recent activity. See Fig. 3-1-4-3

for location.
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Fig. 3-1-5-1. Areas for annual surveys of the Korean Hydrogrpahic and

Oceanographic Administration.
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Fig. 3-1-5-2. (a) Topography and bathymetry of Yellow Sea and its neighboring areas
from ETOPOIl. Unit is meters. (b) Geologic map of  Southeast Asia from
Geological Atlas of the World (1984) by UNESCO/CGMW. (c) Free-air gravity at
the surface from the spherical harmonics up to 2190 for degree and 2159 for
order (2.5 arc-minute interval) to represent the Earth’'s gravitational model. Unit
is mGal. (d) Total magnetic intensities at 4 km from EMAG2 compilations by
NOAA. Unit is nT.
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Earnst and Liou (1995)
e 7 N\

03 3. BT FW I AA EE HE

(Bird, 2003). <z|Ltat Mafiete ufa}
ofFz|otEe| AA Tt
=)

Intraplate earthquakes (CMT, z <= 70 km, m >= 5.66, 1977-2009.03) ie
outside the four deformation regimes of Kreemer et al. [2002, AGU Geodynamics Series, 30]
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Fig. 3-3-1-1. The location of the proposed line for deep seismic sounding in the

Yellow Sea and its extension in the Korean Peninsula.
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Fig. 3-3-1-2. Locations of the lines for deep seismic sounding performed by

KCRT (dashied lines) and additional lines needed (red lines).
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Fig. 3-3-1-3. Seismic sensor and recorder used on land. (a) Recorder and D-cell
batteries, (b) Control box for multiple recorder, (c) A sensor connected to
the recorder, (d) Recorder with a sensor installed on site. The unit is

wrapped in plastic for preventing flooding.
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Fig. 3-3-1-4. Examples of drill hole blasting for land deep seismic sounding. (a),

(b), and (c) Experiments with 1.5 ton explosive in 2008. (d) Experiment

with 0.5 ton explosive in 2002.
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Table 3-3-1-2. X3 FA o] Y& AA4Ewmx 3 AF
g5 T4 el | = o 7t g A

X|F1A (seismometer)t L] i | 20 | 20,000,000 400,000,000
7|27 (seismic data recorder)* 24-bit i | 20 | 15,000,000 300,000,000
X ZIZHEA MK H[+ X|E/AZEZ2 | & | 20 | 10,000,000 200,000,000
X FIEHEA A+ XE/ANFZ | 2 | 20 5,000,000 100,000,000
XNIEL 2 olz| M ALY ol 1 | 48,000,000 48,000,000
BEXIE Me|-2AM9 Q1| HEALZS 1Y ol 1 | 150,000,000 150,000,000
XA U 7124 2 O|SEAES | f | 20 2500,000 50,000,000
X ZI#EA 2FH| MH|-XIE2FS | & | 20 9,000,000 180,000,000
X Z2EA LK EA Az ALSX 10 m* | A | 10 2,500,000 25,000,000
GHLAHOIX} O LABHH| x ol ol 1 | 400,000,000 400,000,000
A A 1,853,000,000
XZIZ=A 2 ofH|[H| AAH|9| 7.9% 147,000,000
A 2,000,000,000

t  CHZ 2H|7FZ0| $15,000.000A $25,000.00At0|0 of2| EF7F EXSID, BZFZt e

*  Cj2k 2H|7}Z0| $10,000.000A] $18,000.00At0|0f Of2| ZE7} EX|5tH, W7t AMEH

X EESLD 10 P20 AMFES BHEL 107422 7510 Al Y.

800,000 /8 x 1274<l/H x

2,500,00094/8 x 1274€/4
A sEo|ZE0l SHES AA

53 = 48,000,000 H|A.
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