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SUMMARY

I. Title

IT. Objectives and justification of this research development

In the Korea Plateau, a continental fragment at the continental margin of
Korea, structure of continental rifting associated with the separation of the
Japan Arc and subsequent opening is well preserved. Accurate interpretation of
structure, age, and deformation of initial continental rifting in the Korea Plateau
will provide important constraints to addressing the evolution of a back—arc sea
at the ocean—continent subduction zone and the mantle dynamics as a driving
force.

The objective of this study is to interpret the processes of back—arc rifting,
break—-up, and spreading associated with the separation of the southwestern

Japan Arc from the Korean margin.

M. Contents and scope of this research development
o Interpretation of seismic profiles from the Korea Plateau
o Computation of crustal and upper mantle structure of the East Sea and

surrounding land regions using ambient noise tomography

IV. Results of this research development

The South Korea Plateau is a remnant of continental crust at the eastern
Korean margin. Multichannel seismic profiles show that the South Korea Plateau
preserves fundamental architecture of back-arc rifting associated with the

separation of the southwestern Japan Arc in the Neocene. Rift basins in the



plateau are filled with distinct syn- and postrift sequences divided by a
prominent break-up unconformity as an erosional surface. The crustal and upper
mantle structure computed by ambient noise tomography indicates that the South
Korea Plateau defines the limit of rifted continental crust where rifting occurred
with asthenospheric upwelling and depth-dependent stretching. Therefore, the
South Korea Plateau underwent the entire sequence of tectonic events typical of
a passive continental margin from syn-rift subsidence, uplift, erosion, and
break-up prior to the separation of the southwestern Japan Arc. Break-up at the
Korean margin may substantiate successive episodes of back-arc spreading toward
the arc in response to trench retreat. Directions of extension recognized in the
Korean margin and the inferred position of the southwestern Japan Arc before
separation suggest that the southwestern Japan Arc moved to its present location

with a significant amount of clockwise rotation during back-arc spreading.

V. Application plans from this research
The results of this study will be used to the preparation of the proposal for
IODP drilling in the Korea Plateau.
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Figure 1. Physiography of the East Sea (Japan Sea). JB, YB, and UB (= Japan,
Yamato, and Ulleung Basins, respectively) are back-arc basins. NKP, SKP, OB,
and YM (= North Korea Plateau, South Korea Plateau, Oki Bank, and Yamato

Bank, respectively) are fragmented continental crust. The rectangle indicates the
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area with detailed bathymetry shown in Figure 2. A-A’ and B-B’ are two
transects along which shear wave velocity structure down to 80 km depth is

computed (see Figure 6)

36N

S0 JBL K
KIOST ¢

KIGAM A 1A

L A
+4 Major normal fault
'~ Normal fault

y = Reverse fault
! x Line of break-up
| I | |
129°E 130°E 131°E 132°E 133°E

Figure 2. Detailed bathymetry of the eastern margin of Korea. The white and
red tracks are reflection seismic lines in the south Korea Plateau shot by the
Korea Institute of Ocean Science and Technology (KIOST) and the Korea
Institute of Geoscience and Mineral Resources (KIGAM), respectively. The
locations of seismic profile sections that are referred to in the text are
highlighted as thick lines and labeled with a figure number. The inset shows the
configuration of faults associated with back-arc rifting and the line of break-up
(modified after Kim et al. [2007] and Kwon et al. [2009]). The arrows indicate

the direction of extension inferred from fault configuration and bathymetry.
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WSKP and EKSP are the western and the eastern blocks of the South Korea
Plateau. BB (Bandal Basin), ON (Onnuri Basin), and OK (Okgye Basin) are rift
basins in the WSKP. HB (Hupo Basin) is a rift basin south of the WSKP. HP
(Hupo Bank) is an uplifted rift rim of the Hupo Basin. OB is the Oki Bank of

the Southwestern Japan Arc.
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o7 Zo| glojxw ZAo] Wgko g 120 km, 28] L2 70 - 110 km ©|t}. ESKP
o= FA Ha3 ridgeEo] NE-SWHEO R ZojA] low =1 A}oloi= trough”}t
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ek A JEe] dhuln FRIFE N-Seo] Zo] wgfom Fi AA Tojd

o Aol AbgH thEAld BT AR vhet 2ok (D) S gl
AKIOST)7F 3= 1424 53 ofF 450 kme] e u 23 (2) a2 =}
AATAKIGAM)o] A&d FF= 409 1400 kme w3 ZzZd (Fig. 2).
KIOST #At#:i= 19999 &gl Eolr g Aer 2902 690 in'9 oojas,
i FAVIE 56 Al ~EWE ARSI A7 A A S99 A
Z4zF 95 2 50 m o]tk KIGAM AEE 200193 20029 ¢] &3] 25 ¢4 de A
02 1254 in*9] oozt 80 Ad ~EHME HU7 FANR AESATE WKSP
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Tx2E2 F¥Hoz gae F gl KIOST A8 Edolx A%, gAZZA &

BT, 5, oAb AlA, glal 457 Ak

|

o

_14_



AR AR = 20070 8EF-H 2009 7TE7A] B Foyl o] AAH 323709
Fefed A A 7EE dSggolth o] gl = o] AEE o] &3t FaEet
L FW 819 3-D s FEE 100 km 29| 7HA] ambient noise tomography 2 5-
B A48t} Ambient noise tomographyE ¢ 3t A& x4 2] 2} WS Zheng et al.
(2011)el A= Eo] vk

3-4. G tA|elA 2z ddd HA g x

AollA Z QA = ut, bR R oA F)ukge] flo EAEtE B A EL o}
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Zol oz W= o] °of 25 km Fo] SAREAE AT (Fig. 2). SARLA ol A

Hme WHEEA S} vt R aRe] Afr] ko] welet ARdE R A H o
ATt ol 77 Tastal W HANE HAFHEZE syn-rifte} post-rift A
ghal B vk SAEA A syn-rift A= whEE Aol wlE] FX| R post-rift

FA9) T Aol u L,

w E

O L L L L L L L L L L

T
10 km
14
BREAK-UP
UNCONFORMITY
OPAL A/CT BSR
OPAL A/CT BSR

Two-way Travel Time (s)

03-A

Figure 3. MCS profile showing the layering of sediments in the Bandal Basin in
the western block of the South Korea Plateau (WSKP). The inset shows the

uninterpreted profile in the range from 1 to 4 s. See Figure 2 for location.
ESKPo| A, ridgeE< w4 o

=
F-28¥ AAL 53 AFAE o] Fo] ridgeE Alolddl F trough®S @FA4et). 7+

zkel troughs< ZEpAAY Wake]l detxx Ferh vUsAE Zaaded
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ESKPe] dF9 HoyFEX9t  troughs 9

7

syn-rift ¥ post-rift ¥4 &S YEIWE &9 I3 & 119

ZEo] troughEUol &l glee &

T AY (Fig. 5).

A7F Agkzoln] WSKPolA ¥

F A2 o]Fol7 ¥

10 km

Two-way Travel Time (s)

v

BREAK-UP

UNCONFORMITY

Figure 4. MCS profile showing the layering of sediments

OPAL A/CT BSR

in the Okgye Basin in

the western block of the South Korea Plateau (WSKP). The inset shows the

uninterpreted profile in the range from 1 to 4 s. See Figure 2 for location.
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Two-way Travel Time (s)

Figure 5. MCS profile showing the layering of sediments in the eastern block

pa
<

BREAK-UP
UNCONFORMITY

A0

10 km

v

of

the South Korea Plateau (ESKP). The inset shows the uninterpreted profile in

the range from 1 to 4 s. See Figure 2 for location.
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Shal o] SRl 1 dule] AAAY X ZF-F = ambient noise tomography ©ll
ALrE s SEFZXEFEH 538 F vt (Fig. 6). A4Y A& FAE
A ESYH ZAAs7] AT A7 FAE 5+ /9 transect A-A'F B-B'&
upe} e WEs & 5 vk 97)eld A-A’ transect: FholAloldl A FEE
AXH dA dEAEE AU B'-B transecti 45 ofAlolol A FE A}
To IE%S Adr, EFEANA BT EAE5H ol= ol AW A WA
(OBS) ®AMZH-B 156-16 kme] zlojolA H3tA &4t 44 dvk (Kim
et al, 1998). St o] A Foix BE EdE5HY o)== Hit 28 km=EA 538 %
o7 7kAA kebzlth (Cho et al, 2006). ©]& &% EAEHWE 2lo]= Transect
A-A'E wg #3539 £% 29 37 - 38
A, 37 - 3.8 km/s contour B 7 st
A E Qv o] M2 A dAFeR B =
7F 359014 4.0 km/s2 A8 WalE FHI (eg, Vuan et al, 2005) Q=] 8T},
Transect B-B'& w&} 3.7 - 3.8 km/s contour H¥&E GEFX HPo] %A
olA 12 - 13 km ZlololA vetn Setie] WEE & offe A 30 kmE %o
It} Seama and Isezaki (1990)2 H&EEA 9] Q& F-EolA A3 Aol

1ttt o] A YolA OBSE o] &3A 18 E3E &EdHdoe Zol= 12 - 13
kme]t} (Hirata et al., 1992). Transect B-B'2 u}&} YR E-x|9] A& x| oA 37
- 38 km/s contour Mol & YElUE B35 BdEHHT w2 12 -13 km
olol Al Yty rn® o] Aol Azto] s dxAds & F AUTh S-3 R T x
= Azte] FAVE SRtE2RE A 7bA oF 15 kmE w4 8] GFoble HojE
v} (Fig. 6).
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0 f S ~——— — A~ — k
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Figure 6. Vertical profiles showing s-wave structure along transects. Upper: (a)
A-A’ and lower: (b) B’-B. (See Figure 1 for location) NKP and SKP are the
North and South Korea Plateaus, respectively. UB and JB are the Ulleung and
Japan Basins, respectively. The 3.6 km/s contour is estimated to be the boundary
between the upper and lower continental crust (from Cho et al., 2006). The
Moho discontinuity in the Ulleung Basin (solid line) occurring at 16 km depth
(Kim et al., 1998; 2003) is in agreement with the s-wave velocity of 3.75 km/s.

The Moho discontinuity elsewhere (broken line) was inferred to be represented
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by the same s-wave velocity. The average thickness of the sediment cover in the
Ulleung and Japan Basins is 4 and 2 km, respectively (Kim et al., 1998; Hirata
et al., 2002).

OBSE o] &3 A5 g@Aduedis 5249 7ol of 10 km=zA Ad2<l
m t FAL AL AAFAY (Kim et al, 1998; Kim et al,

2003). 3FARE A 742 vhga o] I EAO A F93] g teltt (1) A4S &
A Seop HRFTFE o)A A A G 29 3o Tt AE-F E-EFoE
dEel slow (2) alFEA A 29 39 Holol| sdsks Azl 2C7F #A4
A AAR e A EA43}F (Kim et al, 1998). 3] Azt 2CE 1 kme 77 W

EATS A7 AA—A WwES SRt AR =AYES AAET (Su et
al., 1994). FAxafo A ofde &5 HAste alFAA fodA A LA
(Conder et al., 2002). Kim et al (2007)> X" 93] f2¥E dF9 ofFd9
|5 wEol dntxme thRFHFN SR

=7 AR mAYNEE AR ol A, Hdske Ao ER Y BE
&8 =mo] WEHe=H o AF 49 uRE WY B ofy#l (Currie and
Hyndman, 2006) A7 ¥+ sl FA45 FAYZC} (Kelley et al., 2006). Jolivet and

Tamaki(1992)= &S24 A& AHolge] F-FHatrhal A3 »f lvh. spA 4

AA] dFollAl BFEE A= oldryy 1 A7 Fouy AF AE o]l M-1
M-27} &8 & & Atk (Fig. 7). §Ao] 93 #Hs4d $dx 24
H AL HAEo 4o/ i=d HAE sealingl 93 A sdo] 3y o
A o] A 7 HolxE Ao R Hilso] 9t} (Currie and Davis, 1994); € &
g oEek Ho tiFFo] Aol Aol gle #HIHE=E AFddrt. Kato et

al.(2007)& deep tow AHAZ AL&3lo] SFER Q) FUdHFoA EEA| oA F<l
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A Aoldt wid 29 Aol dee FAAE 15E Aol
<o) BEA dFoolgtar AAEATE AFAA o] Aol AE Fig. 7oA M-2&2
FAE NG A olge] Aot}
1600
38°N
1200
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37°N
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36'N -800
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129°E

Figure 7. The Ist vertical derivative of total intensity magnetic anomalies at the
Korean margin and in the Ulleung Basin (modified from Park, 1998). The inset

shows total intensity magnetic anomalies.

Keen(1982)& 3HHY 550 Fo| A g4 2ke] 2517 A A9 + 9
= HA A 15 kmde A dume] qEFUTE AW g g
54 A48 B4 S48 ele] Fagse BT (Kim et

al., 2003). webA A Ze] FA7F 15 kmel =il Hoigh ghobxl (5, riftd)
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§71= AZbo] grobAal zIA uf dfo] AQvix|ste AdEA BB AY (Braun
and Beaumont, 1989) ¢fdol Aol o8] FH¥E= 7tEy 3% 52 Zolo w
?} Y#}#]3= depth-dependent stretchingol] ¢J3| (e.g., Franke, 2013) ¥Aj3gtc}. 3h
HHro A Fale AR s Ak (1) SRl A zbe g eelA AR 8
FAzZtowm 9o lew (2) FF-AZeA p-oF s-3 &= Z47F 54 - 61 1L
it 31 - 55 km/s® F2 GG oer A o sHEA oA A2 6
6.8 Z1g]al 36 - 39 kmy/solH (3) AFAANL FHoz ytHA FAVE Het 10
km¢-& Hol £t (Cho et al, 2006). St A= $HlEe] &%y sd3 x4
Z o] Fojx ooz Fig. 6914 3.6 km/s contour’} s A& FFHF-A|7he] 9
% AAE vekivaL sjA s o] A, g A eF A b2, ShHbRE ol nju
s w, 2 km oJstE #A] ghobl whH ARA AL FATE AA WEHA] Ekes
& 4= Q) o] FME Sk A|e X HE o] depth-dependent stretching-s 4HF3}
Rom ofAe] YEZER Ao Fr|d FIs] 7| ae AAT

Ay Aol M-1& W] qF FHFoA qEAIESY] 7| AFE ue A
ot (Fig. 7). ==& FFolA AztEg = di&HAde] 59 spib+%
AstiA qrE7E 2 ARERE I 3 o] Wl (Kim et al, 2003). M-12 #59
sPAbrzet oL A7 2 dAstnE AR e A Aol dojd s A A
ghvbar B o vt (Fig. 2). M-1& A3 d-&% wW3ko=z wdso] QxR M-2
LE-dA s 7RIt M-29] WEe dEEA

HSEH(N40°E) 9} (Seama and Isezaki, 1990) € A 3t} &5 FX| oAl 2] M-27} 3] A

iy
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Figure 8. A horizontal slice of s-wave velocity at 70 km depth in the East Sea

and surrounding regions.
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Figure 9. A schematic diagram showing sequential episodes of back-arc spreading

from the northern to southern parts at the Korean margin in response to trench
retreat that led to the separation of the southwestern Japan Arc. (Modified after

Kim et al., 2007) (a) Positions of the southwestern Japan Arc and the fragments
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of continental crust when back-arc opening initiated. KP = Korea Plateau; YM =
Yamato Bank. (b) From late Oligocene to early Miocene times, extension that
propagated from seafloor spreading in the Japan Basin caused rifting in the
northwest-southeast direction in the ESKP and the northern part of the WSKP.
Meanwhile, the southern part of the WSKP and the Korean margin south of the
WSKP experienced rifting and break-up in the east-west direction. JB = Japan
Basin;, WSKP and ESKP = western and eastern blocks of the South Korea
Plateau, respectively. (c) In the early to middle Miocene, the southwestern Japan
Arc separated from the eastern Korean margin to its present location with

significant clockwise rotation. UB = Ulleung Basin.

_28_



M4 & A= 24T 3 o7k

41 ATNE BE G4E
4-1-1. A4
(1) =2A4 A7

Z| A}
SASIIE ehE#™ | Vol.(No.
A 8 e e e =A% | Vol.(No.)

sl SCIT-

Mt BaA AN A AAgEE ARt 24

(2) =] T 4
w9l SEL A7 L EEL I
Evolution of the eastern
margin of Korea Ist Korea—Japan
2012.4.16 |associated with the 4 3+ marine geoscience| = Al
opening of the East Sea symposium

(Japan Sea)

b EA9 A3

A4 [ AY W G, A5 | Ad Ghak
Fa9 | A | Ay | oAb | ek | | o | FEd | da | e
(Wb - 7] AeAd 4
&7 @24 o) 7] @A4E vEh
= 9] Sl 59

(th A7l Fd A

_29_




szady | 2ol ys | wso)w SRE SRR SR
AEEES

4-1-2. AT 532 2 GAE (AlEx, 13 pt, 34 200%)

Az - S A | 7EA 9l
Ny @ BAR Z0 =R 7A@
%] = 47 944 171 1100%| 1%

= A 100% | 100%

4-2. L7l =

H 5 & A7 Zutol &A=

o IODP Expedition 3462 T3 #H3lo] salo] A Fx4 AFE $3 APL2

AAe] B5F A

.

_30_



I-|| 6 NN

(e B |

MO
ok

Braun, J., and C. Beaumont (1989), A physical explanation of the relation
between flank uplifts and the breakup unconformity at rifted continental
margins, Geology, 17, 760-764.

Buck, W. R. (1986), Small-scale convection induced by passive rifting: the cause
of uplift of rift shoulders, Earth Planet. Sci. Lett., 77, 362-372.

Cho, H. M., C. E. Baag, J. M. Lee, W. I. Moon, H. Jung, K. Y. Kim., and L
Asudeh (2006), Crustal velocity structure across the southern Korean
Peninsula from seismic refraction survey, Geophys. Res. Lett., 33, GL06307.

Conder, J. A., D. A. Wiens, and J. Morris (2002), On the decompression
melting structure at volcanic arcs and back-arc spreading centers, Geophys.
Res. Lett., 29, GL015390.

Currie, R. G., and E. E. Davis (1994), Low crustal magnetization of the middle
valley sedimented rift inferred from sea-surface magnetic anomalies, in Proc.
Ocean Drilling Program, Scientific Results, 139, edited by M J. Mottl et al.,
pp. 19-27.

Currie, C. A., and R. Hyndman (2006), The thermal structure of subduction zone
back arcs, J. Geophys. Res., 111, B08404, doi:10.1029/2005JB004024.

Falvey, A., and J. C. Mutter (1981), Regional plate tectonics and the evolution
of Australia’s passive continental margins, BMR J. Aus. Geol. Geophys., 6,
1-29.

Franke, D. (2013), Rifting, lithosphere breakup and volcanism: Comparison of
magna-poor and volcanic rifted margins, Mar. Petrol. Geol., 43, 63-87.

Hirata, N., B. Y. Karp, T. Yamaguchi, T., Kanazawa, K. Suyehiro, J. Kasahara,
H. Shiobara, M. Shinohara, and H. Kinoshita (2002), Oceanic crust in the

Japan Basin of the Japan Sea by the 1990 Japan-USSR expedition, Geophys.

_31_



Res. Lett., 19, 2027-2030.

Hisada, K.-I., S. Takashima, S. Arai, and Y. L. Lee (2008), Early Cretaceous
paleography of Korea and southwest Japan inferred from occurrence of
detrital chromian spinels, Island Arc, 17, 471-484.

Ingle Jr., J. C. (1992), Subsidence of the Japan Sea: stratigraphic evidence from
ODP sites and onshore sections, in Proc. Ocean Drilling Program, Scientific
Results, 127/128(part2), edited by K. Tamaki et al., pp. 1197-1218.

Jackson, J., and D. McKenzie (1983), The geometrical evolution of normal fault
systems, J. Struct. Geol., 5, 471-482.

Jolivet, L., and K. Tamaki (1992), Neogene kinematics in the Japan Sea region
and volcanic activity of the northeast Japan arc, in Proc. Ocean Drilling
Program, Scientific Results, v.127/128(part2), edited by K. Tamaki et al., pp.
1311-1331.

Jolivet, L., K. Tamaki, and M. Fournier (1994), Japan Sea, opening history and
mechanism: a synthesis, J. Geophys. Res., 99,22,237-22,259.

Keen, C.E. (1982), The continental margin of eastern Canada: A review, in
Dynamics of passive margins, edited by R.A. Scrutton, pp. 45-58, AGU,
Washington, DC.

Kelley, K.A., T. Plank, T. L. Grove, E. M. Stolper, S. Newman, and E. Hauri
(2006), Mantle melting as a function of water content beneath back-arc
basins, J. Geophys. Res., 111, B09208, doi:10.1029/2005JB003732.

Kim, H. J., S. J. Han, G. H. Lee, and S. Huh (1998), Seismic study of the
Ulleung Basin crust and its implications for the opening of the East Sea
(Japan Sea), Mar. Geophys. Res., 20, 219-237.

Kim, H. J., H. T. Jou, H. M. Cho, H. Bijwaard, T. Sato, J. K. Hong, H. S.
Yoo, and C. E. Baag (2003), Crustal structure of the continental margin of

Korea in the East Sea (Japan Sea) from deep seismic sounding data:

_32_



evidence for rifting affected by the hotter than normal mantle,
Tectonophysics, 364, 25-42.

Kim, H. J, G. H. Lee, H. T. Jou, H. M. Cho, H. S. Yoo, G. T. Park, J. S.
Kim (2007), Evolution of the eastern margin of Korea: constraints on the
opening of the East Sea (Japan Sea), Tectonophysics, 436, 37-55.

Kincaid, C. and P. S. Hall (2003), Role of back arc spreading in circulation and
melting at  subduction  zones, J. Geophys.  Res., 108, 2240,
doi:10.1029/2001JB001174.

Kojima, S., Tsukada, K., Otoh, S., Yamakita, S., Dymovich, A.D., and Eichwald,
L.P., 2008, Geological relationship between Anyui metamorphic complex and
Samarka terrane, Far East Russia. IslandArc, 17, 502-516.

Kwon, Y. K., S. H. Yoon, and S. K., Chough (2009), Seismic stratigraphy of
the western South Korea Plateau, East Sea: implications for tectonic history
and sequence development during back-arc evolution, Geo-marine Lett., 29,
181-189.

Lee, G. H,, H. J. Kim, S. J. Han, and D. C. Kim (2001), Seismic stratigraphy
of the deep Ulleung Basin in the East Sea (Japan Sea) back-arc basin, Mar.
Petro. Geol., 18, 615-634.

Lee, G. H., H. J. Kim, H. T. Jou, and H. M. Cho (2003), Opal-A/opal-CT
phase boundary inferred from bottom-simulating reflectors in the southern
South Korea Plateau, East Sea (Sea of Japan), Geophys. Res. Lett., 30,
1755-1758.

Martinez, F., P. Fryer, and N. Becker (2000), Geophysical characteristics of the
southern Mariana  Trough, 11°50N-13°40N, J. Geophys. Res., 105,
16,591-16,607.

Miller, M. S., and Kennett, B. L. N (2006), Evolution of mantle structure

beneath the northwest Pacific: Evidence from seismic tomography and

_33_



paleogeographic  reconstructions,  Tectonics, 25, TC4002,

doi:10.1029/
2005TC001909.

Otofuji, Y.-I., R. Enami, M. Yokoyama, K. kamiya, S. Kimura, H. Saito, and T.

Matsuda (1999),

Miocene clockwise rotation of southwest Japan

and
formation

of curvature of the Median Teconic Line: paleomagnetic

implications, J. Geophys. Res., 104, 12,895-12,907.
Park, C. H., (1998), Crustal structure and evolution of the Ulleung Basin in the

East Sea of Korea (the Japan Sea) by deep penetrating seismic refraction,

reflection, and potential field data, Ph. D. thesis, 245 pp., Chiba University,
Japan.

Ryu, J. M., and C. S. Han (1996) Marine geology - stratigraphy, in Geology of
Korea, edited by R.J. Paek et al., pp.391-408, DPR of Korea.

Seama, N., and N. Isezaki (1990), Sea-floor magnetization in the eastern part of
the Japan Basin and its tectonic implications, Tectonophysics, 181, 185-297.

Stewart, J. H. (1971), Basin and Range structure: a system of horsts and grabens

produced by deep-seated extension, Geol. Soc. Am. Bull., 82, 1019-1044.

Su, W., C. Z. Mutter, J. C. Mutter, and W. R. Buck (1994), Some theoretical

predictions on the relationships among spreading rate, mantle temperature,

and crustal thickness, J. Geophys. Res., 94, 3215-3227.
Tsoi, 1.B., vashencova, N.G., Gorovaya, M.T., Bersenev, L.I., and Ogasawara, K.,
1996, Neogene to Quaternary (EoPeistocene) geology of submarine rises of

the Japan Sea, in Geology and Geophysics of the Japan Sea, edited by N.
Isezaki et al., pp.263-281, Tokyo, Japan.

Van der Werff, W. (2000), Backarc deformation along the eastern Japan Sea

margin, offshore northern Honshu, J.AsianEarthSci.,18,71-95.
Vuan, A., S. D. Robertson Maurice, D. A. Wiens, and G. F. Panza (2005),

Crustal and upper mantle S-wave velocity structure beneath the Bransfield

_34_



Strait (West Antarctica) from regional surface wave tomography,
Tectonophysics, 397, 241-259.

Zheng, Y., W. Shen, L. Zhou, Y. Yang, Z. Xie, and M. H. Ritzwoller (2011),
Crust and wuppermost mantle beneath the North China Craton, northeast
China, and the Sea of Japan from ambient noise tomography, J. Geophys.

Res., 116, B12312, doi:10.1029/2011JB008637.

_35_



T 9

1. o] BaAE AFAAALAATHNA RSP 3 F}
szl W o7 SN ARl Al a4 X 2HAl Rl o

A e wae] e B

Ay

2.0 B &S BdExs gos e A dagd

SoolA SaE FARAN AN

¥l of e,

3. FAE% A RA o] Lo
qu:ﬁm4ﬁﬁ ol gyt

e el

o] LA 3} o] S

e

o2




