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SUMMARY

I. Title

A Study of Tectonic Evolution of the southern Ulleung Basin, East Sea

. Abstract

The Cenozoic geological structures and the tectonic evolution of the
southern Ulleung Basin were studied with seismic profiles and exploration well
data. Basement stiucture of the Korea Strait is distinctly characterized by
normal faults trending northeast to southwest. The normal faults of the
basement are most likely related to the initial rifting and extensional tectonics of
Ulleung Basin. Tsushima fault along the west coast of Tsushima islands runs
northeastward to the central Ulleung Basin. The Middle Miocene and older
sequences in the Tsushima Strait show folds and faults mostly trending
northeast to southwest. These folds and faults may be interpreted as a result of
compressional tectonics. The Late Miocene to Qautemmary sequences are not
much deformed, but numerous faults mostly N-S trending are dominated in the
Tsushima Strait.

The Ulleung Basin was in inital rifting during Oligocene, and then active
extension and subsidence from Early to early Middle Miocene. Therefore SW
Japan separated from Korea Peninsula and drifted toward southeast, and Ulleung

Basin was formed as a pull-apart basin under dextral transtensional tectonic



regime. During rifting and extensional stage, Tsushima fault as a main tectonic
line separating SW Japan block from the Korean Peninsula acted as a normal
faulting with right-lateral strike-slip motion as SW Japan drifted southeastward.
During middle Middle Miocene to early Late Miocene, the opening of Ulleung
basin stopped and uplifted due to compressional tectonics. The southwest Japan
block converging on the Korean Peninsula caused compressional stress to the
southern margin of Ulleung Basin, resulting in strong deformation under sinistral
transpressional tectonic regime. Tsushima fault acted as thrust fault with
left-lateral strike-slip motion. From middle Late Miocene to Quaternary, the
southern margin of Ulleung Basin has been controlled by compressional motion.
Thus the Tsushima fault stil appears to be an active thrust fault by

compressional tectonic regime,
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Fig. 1. Tectonic map of the East Sea(modified after Jolivet and Tamaki, 1992)

Fig.

Fig.

Fig.

Fig.

Fig.

and the study area outlined by heavy line. 1, continental blocks; 2, oceanic
crust; 3, oceanic crust and extremely thinned continental crust(ruled); 4,
thinned continental crust. BTL, Butsuzo Tectonic Line; IBR, Izu-Bonin
Ridge; ISTL, Itoigawa-Shzuoka Tectonic Line; KPR, Kyushu-Palau Ridge;
kyb, Kita Yamato Bank; MTL, Median Tectonic Line; nkr, North Korean
Ridge; ob, Oki Bank; TF, Tsushima Fault; TTl, Tanakura Tectonic Line;
skr, South Korean Ridge; yb, Yamato Bank; YF, Yangsan Fault. Pb-~Zn
and Cu-W represent the metallogenic belts offset by the Yangsan and
Tsushima faults described in Sillitoe(1977). 13

2. Map of ship’s track with locations of 6 exploration wells in the study
area. Heavy line segments with number show location of profiles illustrated
in figures of this text. D-1=Dolgorae-1; HG-1=Hagi-1; HM-1=Hamada-1;
K-1=Kokubu-1, O-1=0ki-1; Y-1=Yamaguchi-1. 15

3. Bathymetric map of the Korea-Tsushima Strait region. Contours are in

meters. 17
4. An example of single-channel seismic profile with interpreted section
showing 5 Units, such as Unit Q(Quaternary), Unit P(Pliocene), Unit
ML(Late Miocene), and Unit MM(middle Miocene and Older) in descending
order. 19

5. An example of multi-channel seismic profile showing sequences that are
divided into 5 Groups(X through D)(after Itoh et al, 1992). X through

K-Group sequences are strongly deformed by compressional tectonics.

20

6. An example of single-channel seismic profile with interpreted section
showing 4 Units(Unit Q, Unit P, Unit ML, and Unit MM) that are divided

by geologic information of Dolgorae-1 and Yamaguchi-1 wells, ——————91
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7. An example of single-channel seismic profile with interpreted section
showing 4 Units(Unit Q, Unit P, Unit ML, and Unit MM) that are divided
by geologic information of Hamada-1 well. 22
8. Time structural map of the top Unit MM(middle Miocene). Contour
depth(in second) are below present sea level. l=thrust fault(sawteeth on

upthrown side); 2=normal fault(bar on downthrown side);

3=fault(type uncertain); 4=anticline, showing plunge;

5=syncline, showing plunge; 6=monocline, showing plunge. 29
9. An example of interpreted seismic section showing 4 Units(Unit Q, Unit
P, Unit ML, and Unit MM) that are divided by geologic information of
Dolgorae-1 well(modified after Park, 1987). Right side of section showing
the folding structure and the T'sushima fault. 30

10. An example of single-channel seismic profile with interpreted section
across the Korea Strait showing the Tsushima fault as act thrust fault. —31
11. An example of single-channel seismic profile with interpreted section
showing evidently folding structures of Unit MM  that is
unconformably covered by undeformed younger units. Note that mass flow
sediments showing chaotic seismic facies(ch) occur in lower slope area. —32
12. An example of single—channel seismic profile with interpreted section

showing depressed trough filled by thick sediment. 34

13. An example of single-channel seismic profile with interpreted section
showing strongly deformed and uplifted Unit MM with faults and folds
structures by NNW-SSE compressional regime. Note that massflow
sediments showing chaotic seismic facies(ch) occur in lower slope area. ——35
14. An example of single-channel seismic profile with interpreted section
across the Korea Strait showing slightly deformed sequences compared with
strongly deformed in the Tsushima Strait. 36
15. Time structural map of the top Unit ML(late Miocene). Contour

depth(in second) are below present sea level. Note that hatched areas
indicate outcrops of pre-Unit ML. 1=thrust fault(sawteeth on upthrown
side); 2=normal fault(bar on downthrown side); 3=fault(type uncertain). ——37
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16. An example of single-channel seismic profile with interpreted section
showing the Tsushima thrust faults that cut through sedimentary layers
from Unit MM to Unit Q. 38
17. Time structural map of the top Unit P(Pliocene). Contour depth(in

second) are below present sea level. Note that hatched areas indicate

outcrops of pre-Unit P. 1=thrust fault(sawteeth on upthrown side); 2=normal

fault(bar on downthrown side); 3=fault(type uncertain). 40
18. Structural map of the Unit Q{(Quatemary). l=normal fault(bar on
downthrown side); 2=fault(type uncertain). Water depth are in meters. 41
19. The structural map of southern Ulleung Basin. Normal faults off SE

Korea occurred in basement and folds and thrust faults off SW Japan
including the Tsushima Islands formed from basement(?) through early Late
Miocene sequences. The map is compiled and synthesized, in addition to
Fig. 7 in this text, from the following : Shimada(1977); Minami(1979);
KIER(1982). 1=normal fault on basement(bar on downthrown side); 2=thrust
fault(sawteeth on upthrown side); 3=Anticline; 4=syncline. 43

20. An example of multi-channel seismic profile with interpreted section
across the Korea Strait showing normal faults on basement overlain by
thick Cenozoic sediment(courtesy of KIER). 44
21. Folding structural map of Tsushima Islands(Shimada, 1977) compared

with left simple shear model by Sylvester(1988). En echelon folds in
Tsushima Islands have been produced as a result of sinistral strike-slip

along Tsushima fault. 46
22. Summary diagram of tectonic evolution of southern Ulleung Basin with
tectonic role of Tsushima fault. Width of the tectonic activity bars are
proportional to the displacement rate. 49

23. Possible basin evolution across the Korea~Tsushima Strait in southern
Ulleung Basin. TF=Tsushima fault; T=displacement toward viewer;

A=away from viewer. 50
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Fig. 1. Tectonic map of the East Sea(modified after Jolivet and Tamaki, 1992)
and the study area outlined by heavy line. 1, continental blocks; 2, oceanic
crust; 3, oceanic crust and extremely thinned continental crust(ruled); 4,
thinned continental crust. BTL, Butsuzo Tectonic Line; IBR, Izu-Bonin
Ridge; ISTL, Itoigawa-Shzucka Tectonic Line; KPR, Kyushu-Palau Ridge;
kyb, Kita Yamato Bank; MTL, Median Tectonic Line; nkr, North Korean
Ridge; ob, Oki Bank; TF, Tsushima Fault; TTIl, Tanakura Tectonic Line;
skr, South Korean Ridge; yb, Yamato Bank; YF, Yangsan Fault. Pb-Zn
and Cu-W represent the metallogenic belts offset by the Yangsan and
Tsushima faults described in Sillitoe(1977).
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A e AAARE o] 83 YrHTamaki et al., 1982).
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Fig. 5. An example of multi-channel seismic profile showing sequences that are

divided into 5 Groups(X through D)(after Itoh et al, 1992). X through
K-Group sequences are strongly deformed by compressional tectonics.
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Table 1. Stratigraphic correlation of the study area and adjacent area.

Tsushima Strait . QOki Strait
This stud .
Age (modified after Minami, 1979; area 4 (Tamaki et al.,1982)
Inoue, 1982; Itoh et al., 1992)
&| Holocene A Formation Q1 Layer
E Unit Q
2] .
&/| Pleistocene %‘ B Formation Q2 Layer
G
Pliocene a C Formation Unit P P Layer
Late D Formation Unit ML
(3]
s|2 M1 Layer
&8 K Grou
2 |2 | Middle p
= Unit MM
N Group
Early IR+ SRS M2 Layer
Paleogene X Group
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A13d w3 A

of

e 4B 4 wiFo FoUE MY EAZRAN HBEE ASduie ad
3 e A (marginal sea)F 3to|th(Karig, 1971). T3 AFHo =2 =A 3
A A F 4E EA, ofntE £A, 231 &5 EA7} 3l (ridges)d AR A
(Korea Plateaw)E=2 74 EA=HEA SH3o= 4z dds) It 1). 3%
oluyf HARASL B dxrt FHAof di5eE FE 2E o Fdd ol 3
= WEA T ZZE ol (Tamaki, 1985; Jolivet et al, 1991). &3 BEZd £x3
dE EAE 3 2AE F /M =7 29 dis4dx: 713 Z2o] 3500 meld
o o2t HAZF FA< < 2 sec(two-way travel time)e]l’d(Ishiwada et
al,1984) 02 E Xt EFTZ ofnlE EX= ok 3] o3 AR X
Y= Hd 42 oF 2500 m olT, A 15 secelide] HAIF o] 4o gl 3
2 7lwrgte EHAHER AT (basalt sil)o] AT EE o]F 1 QM Tokuyama, 1987).
el Sl &5 EAE 3 A dAd ozt 52 dE EAe adu o
7181F o 23 HFZEe ofntE E X9 242} EEtt. HuF4le] 2200 m BEo]
3, §AHZFe] EAE 3 sec oldolthlee, 1992). £SEX ] 23rhukgte] Zol=
ZEA F4FolA A <F 6 sec. o]FE Hlth(Lee, 1992). 8] AR EX 9
A S37Ivgke] ol oF 7 sec. oldolH, olrtERE AL <F 5 sec. 2] HolE
B RITH(Tamaki, 1988). EHAZ3IR e 7Nt £2 34+ F(volcanic flows} sill)
2A otE BX9] 7|Mer} fAMG Ao R FA3T AtH(Chough and Lee, 1993).
AdB Bl 3H AL FdA7F 478 F-E(sea-floor spreading processes)ol] 2]3
A AQ #EAZYo) EHAA 2k 8 kme FAZ FARHIsezaki and Uyeda,
1973, Ludwig et al, 1975; Hirata et al, 1992). &} olrlE B X9} £2 2z 3
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Hol Azt PSR 24 Ak FAA(Y 16 km) X3 or A A
ZA(OBS) BAF A3 fEdAZe 77k AEE Bolx o} oA =9 F
o] CH(Hirata et al, 1989; Kim et al., 1994).

T FAHL "H Y ol FEAlol WEAFA HF W F(trench)S ukat
37 A3 A (subduction) ¥ E7) 2-&-(back-arc spreading)@ A o2 HFzhAlol o)
59 FREZ UWEAAYREIF Hojx] JYrhEA A7 w3 dE A (back-arc basin) 2
A h(Uyeda and Kanamori, 1979; Uyeda and Miyashiro, 1974). &2
F 47 g AFlUESE s HA oo R A1 . AUAE A
g4z WE &Fe] thololF e (diapiric) ‘d5EE-(upwelling)o] 23 A F5A z}He]
ga-go] dojuniA wizd EX7F FALIE FFsAH(Karig, 1971). FHA
= o] Ad3Fd &5 (plate kinematic motion)o]&(Dewey, 1980)-2 =¢34 A%
(overriding plate)o] Wd ¥ (underriding plate)?] A9 %4 (mode)d] W& I A
(hinge)d ¢} A& S (roll-back) %o &% Wiz £ A4x +8=2 4Y
3l tHTamaki, 1985). AW A2 % (India)R3 ftAlol BIe] 2E6) 23 Y
5 W% 28(intracontinental deformation)2 X Tshear)X 2] WAL o}7]3lH
o] AR& watA] A2 wordA QE]l¥ EA(pull-apart basin)®] FEE )
34 EA7 dA4ddn 43l gti(Lallemand and Jolivet, 1986; Kimura and
Tamaki, 1986; Jolivet et al., 1991).

T3 €Y ¢H(opening mode)= Ad €Eol T3 AL BAAZA AA
F 9 REYEe] wAAFeRe HAEE APIESS LAAVIAT A
(Otofuji and Matsuda, 1983; Hayashida and Ito, 1984; Otofuji et al., 1985; Otofuji
and Matsuda, 1987)9} &3¢ A7 Z e E4(Celaya and McCabe, 1987, Faure
and Lalevee, 1987, Murata, 1987; Yanai, 1988; Kano et al., 1990; Kanaori, 1990)-2
T3 FAE e dHoE AN TG. E OB dHE FAY FAHA GAM e
BE5Add 4z -5 WFde] F dE(master fault zone)?t $1A 3] o]F o]
L4 F3ols GEFEEL HA EXNE YA 28 EA(pull-apart basin) @
B2 A9 gltk(Lallemand and Jolivet, 1986; Jolivet et al., 1991).



FH FA A7l 2716l A §AFe] EXh= dMe 47 T2 A5
H 3t §7] werlo) A Al37] 22 FAsQHHilde and Wageman, 1973; Uyeda
and Miyashiro, 1974; Ludwig et al, 1975). #HZd+t |4 2 3 2 Y=
+ B2 AR € AFENTEH A8 3 £4S 53 A AV £ 1 @
Aot 23] o3l Holx ZE|uAldA gEZEo] AJAREGon, 7] vlo]l2AE
ZA F7] vto|M7AA g et AT FA AAFGAge] A Aew &
A3 YtH(Tamaki, 1986; Chough and Barg, 1987; Ingle, 1992; Jolivet and
Tamaki, 1992; Tamaki et al., 1992).

A 23 2F5EAY AFx AF

Freiret 53 AgIEAA Y AA FRHY 2A0 GFL FI FA|Re
STEA B F4T 48 A%E Aotk HE-FA e 2Ant gEFe
Mg diEo] ntxd FEE o F FERAY &L L FoF AlsdEY. 2
Aol gEo gtz e85 wol FAE EAE d3Eolh  Jolivet S(1991)-2 E&7}
NP E2AZA AL o F F2HQ 2An @Fo] £4 FEolF 2T 3

= Zo= JAMHI . a2 B TEEFAN RoFe 2 dFe F
FolegI o2 A T §F Y GFTRAY wIEdFoz Ry 2Alnt
@2 SEFgolT S FA3NT Uk (Park, 1990). ¥HE RAInpde] W &

Z3 93 FE2EL F DFTEHQ] 2Ae @39 FAf FFolFLFol Q) A
" 4 ¢ls]E(en echelon) 722 M EE Aid F32 3k QK Shimada, 1977
Inoue, 1982). FHIele 2AHdolM g 1AA7] ATFE Fill 2Anto) F7] =t
ol Al WIAIAMEES] FHLEFS o, olul 2Anl GEMo] FH5 FolF
&2 9SS Ao M3 Qri(shikawa and Tagami, 1991). Z3) = =9
S 22T AFTze A4 93 A3 BAHAY nX &7 g7 o
T AMFLdEAY HALFORE RE EAIA i F4E& A, 282
ARG AA AEE FFEFH IAALTY AR $5L Udkd Ao = Mg



H(Kimura and Tamaki, 1986, Hayashida et al., 1991; Jolivet et al., 1990; Fournier
et al, 1994). 2Alut @Fe LFTEATE AL QAT EAZAHA A= 5 7
OlEEERETE 18T Ag dEo] JHAEFAdE FF FPolEEEE T Ao

ANEt ESEA FE duifd 22 ARz FEY AF2H FAAAE

ol
tlo

FHAAFgeEA, STEA FAd dHF APz AFxH w9 HAH

AN 4 Aok



A4R Adrz 24 2 4
A13 AATZE ¥4
Unit MM(middle Miocene and older) : th33]g o] AATZE IJ4S & A%

g 2Ad 237 dExAdye F3 dole] s g2 FSo R Qs 3T
T2 A4S A7 s ot dFAd aAds dds gAY F7

nfe]Q A AF& 2AjE G BT F2A WP WRa, Ao R |
HqS WA g2 Aoz HIEHJUMKIER, 1982). thAlld @Ay @aAx AoAs
93 T AFAFZx o] B/ A% Unit MM 9] AFFREE Eg
Z7} Wz} 2} @& Alolo] BA-HF @3Foz wad glod, ¥a} XF
Z 24 $4<& ¥ 2oAH2Y 8).

i@ 240k PALolo] B GE3UI7t FEF-AEA wgoe=m dg
1 9lon] olg #Alnl @2dlzly $ch(inoue, 1982; Jolivet et al, 1991). 2:A]wn}

23U T% AFol AF AFES T3 vinziA L3 ER2E dFoti (Y
9, 10). EI2EGEL g=A AFRFZF ] AP HRamsay and Huber,
1987). 22Alnt @3 i8] & A2 v A 724 AP S ol g#HEe] Ex
AEGES A FIFEIF Z EEIa ok F 240 fJl e 240 Ex
E-F3U7t 490 B 2A0 @Fdle TPl DT LEA FI FAFe
F d3dio]tKInoue, 1982; Park, 1990; Jolivet et al, 1991; Jolivet and Tamaki,
1992).

2ok oA o] AFTBHEANM HIRF22ZA F7] nlo]eA B 317]H
HZd ATEHE, 49 AFIAd= FAF AAL AT BAE olFH AAAN Y
11). Unit MM 4% 7ZE(TE 8)oA 05 sec o138 §71AHL Ald L&
dete wl ZG AFHY FEFA AR BG4 HIerR weE BEF

_._28_
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Fig. 10. An example of s
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Two-way Travel Time(sec)
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Fig. 11. An example of single-channel seismic profile with interpreted section
showing evidently folding structures of Unit MM that is
unconformably covered by undeformed younger units. Note that mass flow
sediments showing chaotic seismic facies(ch) occur in lower slope area.



o 3 ol ZHold IZFARL FEH §rIAYGH A7
7l Aol das ot LEUFS FEAM BXe &3
A& E2Z(trough) S o]EHIY 12). WEAZL ul$ A3A 7=

& Lol &3 3 FATRI A BEE AtiaY 11, 13). vEe 3=

ol
B
2

O
_N_',
ot
rr
o

o
e RN

[t

ALEGS 7271 o fAde AdHoz AR ARyl EEda Utk
FAF R A FETERE e ddh olE FRELR Unit MMo| 73 ¢
= Wl §71 2 JALF T AATZ 9358 ¥ (shortening) A S-S AlAbsta Q)

o &3 L B3 TRAY 99 de As g H¥AHL naFn, 1310 30
AAZ s NE Ade] BT F2A e RA BE-gAwe] $AEA
g E5AG0 2 FHAA FRE-AGALTNN S-A0Fo 2 131 oA FR
F-qgAgge 2 Yah usha,

Unit ML(Late Miocene) : tigall@ el F7] nlolo A AFL B4 BHEE A
T2 HES A vA Fgou, REHo= AR ©F: D FIATRI} W )
THd™ 6, 14). 248} @3d £3de 42 Ade 37z} ggs Qo A
F Unit ML 7&EdE 55-23A 349 ==y 2a3) 3om 10 sec ©]
9] ZelE Roln FHA £ FAHARZE JPEA JojAHaY 15).

7] vholAZEAl wlg B AFAH ATz WL ol FAPH 240 EFx
E @37t £7] nlo] oA FtE A9 HEo] DA AT VAT Gy
A et 9, 16). F7] vlolAl Fete) 2A 0l gdEiie g2 el ¥
49 Ao=R Kol & M (offset)e] EBAE @202 AP} (Y 16). =
71 mtol R Hl7tA 8] FEolFLF S § A0l G2l F7) vjolos) REE @
= A% SFET S I} Ao = Hwudd

2Alo} YA o] B Unite & Unitsd ¥3FBAES o|F1 HAYH 2o
o AF AP L AR AF vl oh¢ o3tk Unit ML A5 F2E949 T+
ZAE(2Y 19 AEYE 299 2o =FAGH FYE =FAHALo
o EfjZsl HAH HA HewadA oA EEZygen £IFRAE FI 30

A,

II
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Fig. 12. An example of single-channel seismic profile with interpreted section showing depressed
trough filled by thick sediment.
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Fig. 13. An example of single-channel seismic profile with interpreted section
showing strongly deformed and uplifted Unit MM with faults and folds
structures by NNW-SSE compressional regime. Note that massflow
sediments showing chaotic seismic facies(ch) occur in lower slope area.
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channel seismic profile with interpreted section

showing the Tsushima thrust faults that cut through sedimentary layers

from Unit MM to Unit Q.

Fig. 16. An example of single



. @EFRALE AHE F-AEEe] SASA 2Ed i

Unit P(Pliocene) : tigtalE <] Unit P& X159 ©¥o] A9 gloy, XHHo=
@3 L FI7E7 43 2 o™ 14). 4% Unit P 7+2%d 9431 F7]
nlol @ H7AA] EAAoz dgdsd W HEF-gdA WEAEY EZrl AlgAn 5E
Z-g g 4uidiA ZolAHaY 17). F7] mhe]Ajd] o]olA Fo| Al Tk
T 2A0 g3UlE EE S wol FA4E 3729 A2 HYY E2E §Fo)
das JAHY 16). 2Avk e g AR FEREAA FTFER4IE(ETE 17)
FE F9E =FAYE AAER 9 & L AMEFEAQeR FE HdEdrh
ZA 92 drlti(Hamada) 81 A 05 sec W&o FEAHo] BEF-FAM 4T
o2 ugy glon, Al 3 EAS F3 HEEMIEFOR HA gojA= Erxrt
22 Aot STRAEE 25 sec ol Holg EAUth W AMEAYe FF
ZAEE BaMgstoz HA FoAe BT HQA GEFTRAY dEFt2
NAZ F-Awake] HAAA AF FASHA EX30, AFA Q] EF-FAUFA
9] TRAE e G Eo] dgd Utk

=0
-3

Unit Q{Quaternary) : th&-2A|nl s of w3t A47] A2 ADFLZERE F=2
SE5AGd 423 a5 dF APEe] Z3FdA F2E IS AHEATE
(slump scars)E2 EAEHE 11, 13). o= ©5o] g8 d2g e
(g 6), 2411 Yol b F-AEEAde] G5 E0] $AHA wE EXF
thad 18). 97X Q ZYdHole BF-FA9 ©Zo] A was gty A}
d2giE A47] 32AAE s SHols Aoz gAT AT AA Fed
HY 16). 2Ant @3tie] B2dyge 372 I E2EDZ] HHUE

Bolt aAlnl SHEUE T A47) SRR FELAL v Aoz Amdch
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A23 AZ+=x 4

N3-2A 0l Y2 ANAFZE(TY 198 7184 2EF W& PY RAH)
Ao AATFEESG B A7AAS T3 FA8 oM (Shimada, 1977; Minami,
1979; Park et al, 1981; KIER, 1982; Park, 1990). th@ai@elr 2l 23 7lwgt A
AFzxEde d¥9 JIFTE7E BEJT. 23 e Fasse -2
Folar, 4 g AAFEL EF5-GA W¥oE i ot AgF TR
g 32 2Ant gFdgie dg WEkat A dAstw ok &27] 2Ant g
2 FAYSOZ2A SEIAANAN 27| ool AlEd ST EXF A A
Ak olst A Mg dBo] FEE By BEadHo YFRo=z olF ¥ u
(Hayashida et al, 1991), & FZ4Q1 2A8 @3l AdESY A 5 FFo
T 55 ey, olnf <l o+ Z(en echelon) A= (normal fault set)o] IHuk

SSEAV SEZ"E v 94 AGETEYL Aolw, 2An dEieo) T Mg
YEZ 7uigtel B2 d 48 GEFoR AR o]E AVEEo] F7] nt
QAR HRE AFAH RTRLT S Bol AFY §719 g EAEGRe2 ¥
T Ao=m gAY, %7] 2AAnl @Edle E FEA G wEg BE-gdA
Wake] FAFH A T A= FE A (pull-apart basin) FA BP3S T3
ARl fAge T BEdl(master faul) 2A $5FFo]FL 3 Aoz JHAHY
t}H(Sillitoe, 1977; Lallemand and Jolivet, 1986; Jolivet et al., 1991).

Unit MM(Z7] mle]le A 2 17 833F)2 2A s3] gL quET=z9
SFZFR7L BX e v gigeigde A 72 d1¥L 2x gud. I4F
A FZ$5 (compressional tectonics)ol} o3 A F¢ dEAIFoRAM F&9] FTH
F-AMEAGA B0 2 7MRA -4 W3] §F @ EA2EGESTRIL A3}
A 22 AR JHAHIYE 19). FHox F7]| mloles z71A @yt 3
Ztgo] B Aoz AlgdtH(Minami, 1979). AFHL F= g9 BA-ZFF
M BEZ A9 P87 @goz olFIdA AFS AFIAFE A= Mg
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2Alal G2 240 Ho nAA7] AFAde] oEE F7] plol Ml wHAA
ekl FdgFol dolton, o] Wl A FElFI FA AFHo] 8T o
2 #)AM3c}(shikawa and Tagami, 1991). =3 Al A Z7] nlo] L Al7}A) £
F7& AAE(Taishu Group)o.2 TAE A0l HojAe F2 BE-dA W3ke)
FT F& 2A0 @EUY Fg FFolF T g 4 A8 FFo0=2 HAIY
t}(Shimada, 1977; Inoue, 1982). 2:A|n} Aol W23 3 L DS 29 49
G4 A(left simple shear) =@ (Sylvester, 1988)3 AFH|NE F3)] 22Alvl A9
E}ol4i(Taishu) &T°] &5 FEolFTo] s 13 2L & 5 UtHaHY
21, AY 424 29 3 L 2F(bending) NATFTZY W Fidz XA
ERZATNE F7] vpolAd Mg ARAE Y AAWE JALE ATZLFo] Yo
%eS AAFTH(Faure and Lalevee, 1987, Murata, 1987; Otofuji and Matsuda,
1987, Kano et al., 1990; Otofuji et al., 1991). o]l A3 AR A = 735 GAdA 7
Brhe A4 (ductile)®] ®lmA A% A H(non-rigid)ZA 4E] o g3 A
AFPE AlARREE UTH(toh, 1988). et Mg dE Ex9 Fa3 FA43 A\T
AALE JALTE A i AT AF7F BFAZORE o F3AA A0} 3
AR 3 gFHol FEeAe Aolx, v A B9 EFE Ae EF
Hgo g olFsdA FTERA A Aol ol ZFe=R HAMEY
(Hayashida et al, 1991; Ishikawa and Tagami, 1991). 7] vlel@ o] A d Y&
o] JAAIJHRA FAEK A7} BAHFo Rl ol XAnt HYPAH] EX3=
HAZo] 8] ¢S 33 (compressive stress)o]l FE3HS AHoln, o]  Unit
MM(Z7] steleM 2 17] HAF)] AFHPL o7|AAT oldl 2A]nl @30
E2EQET ¥4 Sy FHolF 5% FAL AR FF5EY. Ad o8
9] nAA7] AFAF}E F7] vloleAm Mg R =3 (Nohi) AHe] IALF
ok7te] zolE Hen, ol A9 ZAH g (plastic bending)ol &3 =}
B4 3] [8e-F(differential rotation)-S AlAMgHCH(Itoh, 1988). Y& =] XA 3
ALF L& 2Anp @3 B g ofz}t 2An} Yo dFI} FET-AGA Wt
A T5&e T-A4 e AFAFRY ¥z Al dig F2 dueol 2 5 AUt

i

Mo

_45_
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Fig. 21. Folding structural map of Tsushima Islands(Shimada, 1977) compared
with left simple shear model by Sylvester(1988). En echelon folds in

Tsushima Islands have been produced as a result of sinistral strike-slip
along Tsushima fault.
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53 (Unit MM)3} 33 BAF 33 #A(3H 4, 11, 13)8 o518 F7]
nfo]Q A} olF A47] EHFo] W Aot F7] wlelAl HFHFL IR AFH
Hln3ld A9 AdE A ey, RE3A AFEEF A oFd aFF=xvt
Ao A Fe] BF XY @I 7MY g FIE F-AWFge=
ol -5 e AFEH YA FAFS AR AT EF 2A|0E
He ZgoleA 2 A4 FAXMT ALY FAME F-A BRY @F FERHoz F
B g8 Uy A7z g gL B2 AoE A" ol 2Ants|H ol
HIZAE AFZE EFo] LA golvxn doke AAE L2 5 U 53
A e GETELAL F7] vlo] AR 7 ohe} FatoloAlst A47] HAHF7A &
2ty makA 240 gEFde AR R A7EEH 5 9g2 T2
Zo g AHAR (Y 18).



Al 53 BA9 A3

B3 G =TEAY A7xFH AR L ATz Ao RE ATz
H B7e] AuHez dEA vehd Zez AMdtiad 22). 53 240 @F
e} Arz=d FF3 wsts A3 AM3e Aol FEAY AR A b
§ F8% ook -2y HA HHEA Y WAL At o= ATA
BFATHE 23). HS4H IAZE A QA (rifting stage) 28] 2 A|( Oligocene), A%+
2 A7}-F GAl(extension and subsidence stage)$l Z7| vlo]Q Aj-F7] nlo]Q A
Z7|(Early Miocene-early Middle Miocene), ¥& 2 §71%%F 94 (compression
and uplifting stage)?l F7| wloleAM F7]-F7] rie]lfA] Z7)(middle Middle
Miocene-early Late Miocene), 28|31 nplx|2te 2 Qr&L-F TAl(compressional

stage)¢l §7] vle] @Al F7]-8 Al (middle Late Miocene-Present)7}X 2 F23}4ch.

2l=g CH(E2|nM) - g 2EAYZE ghileR RH E2H7] olde =z
ot Mg dBo] Ao TP A9 Zo] AART FUT Aot 7wtet
< i G5 AY 2 A Q¥ Exse wetr] agiFst B9 3EgEol
FE oFUL Aotk ikl A AE Aleldle F2A FHQ 2An @
(proto-Tsushima fault)?} % @550} WFgivh

AT A HAR2S HHA(X=7] olo|2M4-57| ojo|2M X)) : IR &

ZREEA A dEo] iR HE EFHo GFFoe=z o)Fdirh
adi %7] ato]@A7tA AZA AFE2-5(extensional tectonics)o] AlEHA &
ojdet. ZNigte] dRAY AIE FRE FAINNWA ALIAA FZo] o]FojAn}
(€ 20). Ingle(1992)& Fa3el 27] A F7] DA A Z7] vlo] A4
AZEETH A BTl BEAE A2 A3 Utk AR TA] A0t
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1) Rifting Stage(Oligocene)
T ———

P N 7 7

2) Extension & Subsidence Stage(E. Miocene-early M. Miocene)

3) Compression & Uplifting Stage(middle M. Miccene~early L. Miocene)
/:-::\ o . e

4) Compressional Stage(middie L. Miccene—-Present)

near_off Ulsan Korea Strait Tsushima Strait near off Hamada

~

,
//
=y /!

N\ -

Fig. 23. Possible basin evolution across the Korea-Tsushima Strait in southern

Ulleung Basin. TF=Tsushima fault; T=displacement toward viewer;
A=away from viewer.
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93 ok olUd AFE VESEE JVELTL SuUA ¥4 BZge At
AT 9FL F USUZA BV AW} A QEAAES k2t FA TR
=AY QBo] YEXLE o|FY W AUSFLER ¥ 5 FPolBL @k
@Yo B2e AVSFEL d A4S BREZ HHATHAR 19).

2% 3 87128 BHAIEZ| olojM S7]-F7| ojo|2A x7]) : F7] 8o}
oAl F7ldl EoAM AALFL FAHT FFAY ZF RS (contractional
tectonics)o] W@-2Aln} 3Pl AT vl AP FFAH 2R TS AFH
£ 9FAIANA F71 vtoleM R IR AFES WIS AA §71FAES deod
(¥ 9). gEFTTL 37X EFH2E GF2 FANNT FFA 27E2 &
B2 F7] rvloloA Z77HA] dolyiti(Minami, 1979). 15 Ma A& AF=E o
A dBo] AAREe=Re] IALE UNLH(Otofuji and Matsuda, 1987;
Hayashida et al., 1988), o] ol tig-22AIn} 3] FAH =FX &5°] UANE A
o7 AlRHAT 2Anl @R EAE @225 02 uifn, FAd #H$ FFo)
T 28S @t 240 e gEd A% FF AV AF AHE DIWA
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g4 gHEdeR HE SN FAAAM 4RFAME FepEA Unit MM-357]
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e GF5AGde RF5-EA T FHGIU FAdEFe] LEd Uz,
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W] 53 % @EFFEE FAEA 22 U AP sy bt 22
g AETELS ETEAV 27 HZH R A G ATERE LS == A
Algit}, E|AE @39 2Ant G3dl, 2410 e g d dH42 F57E,

aga 2A e BEg 5 R EXAE gETERES A 4FA ATFEE
TS UstES dudt FFA AFRLFLS Unit MM X383 34 §7)
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