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Interpretation of geological structures and stratigraphy around the
Kita-Yamato Bank in the East Sea
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B3 SFEA BB A% JehollE W FusGME hEAZE DALE 4 2GS BUR AT
Z, S4BE 59 228 47} AW JlehollE WAk soloA) ko] BHA Dr)Hee] oJs) AHE LE
AR, BARNME $4, SRl Dol U HAZ ] A7 w43 Wsetn vk dFANe A= o) g
4 Azhase wgtem, 27 vloleMo] $EEA7 Yol et iRz Bdel AR Suiste] A7 A%
stk ASEs B9 DA ewol sl tEN7 B oAt ZARE $4 DI FuEel oa) Sel %
A AT D WATE FASTE wRe] HHchie] AR 3] WY AUSEL 2 A7Ed WP A 2T #A)
A7, 9AE 3% 2 B o) A% ABYHBRA PPHAT, AT @ w7 F 1) F2AY ) B
SR Aels ol 123 FAY vlol oA ¥E T2A o2k HARo] Bol glow, $A DY HHFo= 24
Hi F99 Vo Ive B0 Fuke SR e s Audsd o Wasel itk 3448 B4 4
o] Aol thne Aaeel oal BHE $BP4Te H47aE neizet,

F20{ : 530, 7|eh-obul= W, hEX2 5HE, BYAT SN, 47, opal-Alopal-CT

Abstract : The study area in the East Sea is located on the northeastern margins of the Ulleung Basin near the Kita-Yamato
Bank. The research area provides the important clue to the development of Miocene basins which are characterized by the
normal faults and volcanic activities related to rifting in the continental crust. Kita-Yamato Bank is a small sediment-filled
graben which was formed by failed rifting in the Early Miocene. The basins rapidly vary the bathymetry, depth of acoustic
basement and thickness of sedimentary layer. The tension in the study area caused the extensional lithospheric deformation
before/during the Early Miocene. In consequence, tectonic forces resulted in the depression or subsidence of basement from
continental rifting in the Kita-Yamato Bank followed by the opening of the Ulleung Basin, and caused the onset of graben or
half-graben structure bounded by large blocked syn-rift faults. Afterward no significant tectonic deformation exists, with the
consequence that post-rift normal faults with small heave were formed and reactivated by the resultant forces such as tectonic
subsidence, sediment loading and volcanic activity. The Cenozoic sediment layer has a maximum thickness of 1.0 s along the
center of the graben or half-graben, which overlies the consolidated acoustic basement. Seismic units V and IV supposed to be
syn-rift sedimentary rocks are deformed by both the volcanic activities and numerous basement-involved normal faults induced
from extension. In the uppermost layer, slump scars resulted from the slope failure are recognized.
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Fig. 1. Physiography of the East Sea. Contour interval of bathymetry is 250
m. UB=Ulleung Basin, YB=Yamato Basin, JB=Japan Basin,
kyb=Kita Yamato Bank, kyt=Kita Yamato Trough, nkp=North Korea
Plateau, ob=Oki Bank, skp=South Korea Plateau, uig=Ulleung
Interplain Gap and yb=Yamato Bank. Modified from Tamaki (1988)
and Jolivet et al. (1991).

140 my@ =728 @A 4 130 mE ol ==E9e e
F34} gsFite daso] Sle dg diEAzhie] &
7S iAol E5EES NS /R e
718kt 253 (basement high)®] BE|E Reo|i AT}t (Tamaki,
1988). B3l ZAW o A HAMANA = A
(dredge)Z A3 92 o] A= 6dThd o]l s
EFEYS 2 28t wdY a8 dones e (eHwd
ol3h 44 Al Ad)ez A=) Y} (Hoshino and
Homna, 1966; Gnibidenko, 1979). 7|El-ofnlE wWi=ie} FALSH
TZE Hole Al AHT S sk 2 ey
ABEEL Rb-Sr A& whgoz oF 199)dolA 279d HE
o) AHES zr=1} (Lelikov and Bersenev, 1975; ©]&¢] 9],
2000).

A7 FRIQ EBEA S} onfERA]e T2 B AFd o
g A7 DSDP ¥ ODP A% A5 ARE FolM o7 &
ksl A= E=E (Ludwig et al., 1975; Honza, 1978; Ingle
et al., 1990; Tamaki er al, 1990), B&&A, 7wtel Zof, A
AFF A7 Q3Pd o5 EA A7 3D Wix] Hekd
Aoz vjoksith (Tamaki, 1985, 1988). I7A¢ e e A4
3l7] 3l ©18-3k ODP AlFF 799 7IE-°ltE W= @7
o] FL AT (grabem)?! FIE-okRlE | F (Kita-Yamato
Trough)oll #AXI8HH, =4 <F 2,071 mollA AlF3IA} (Ingle et
al, 1990). A5 B2 B9l B¢ G7l (failed riftyell 2
St AR TR AT 48 AT 22 H5Ee) 5A38H
9 2 Fz e eled lon, olF Al o] o
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Fig. 2. Bathymetry with seismic lines around the Kita Yamato Bank in the
northeastern Ulleung Basin. Locations for seismic profiles shown in
other figures are indicated by heavy lines with respective figure
numbers. Contour interval of bathymetry in the study area is 100 m.
kyt=Kita Yamato Trough.

%% @3 Ajog Ay F& ZE FAF Aok 799 Al
SlFeA S slasled Tos B TAE AEE
o] 284 SA7]|Y HAHEY HATz T g4 &
A% T2 A& AF). s)HHE} 1,084 m7A] 4
HAEe FZ vlo|oH ZIRE ERARY F2
ANHE, 4EZ FE, FE 2 72 JEYH ZEdY
(porcellanite) 2. = TAHS] Atk HEY (turbidite), FEAFE
(slump)ell &J3H HAE B 2P gitgo] Esi, A Zotol| &)
ke sRblEe] A wlikE AR 100 molAd JEepdth m=3
BAZY e E2ulo]E (dolomite) 7 olg} Ee]R 42 ¢
A&l 7he W3lr = opal-Alopal-CT FAH & &33-80
dAaE ks FEsh HoFEi itk Fof AHE 468 m (%F
2] AL 2-12 em/kyr (BT 7 cmvkyr)olth
gho] 2EAMlol| WAgon, o] oAl
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A A FSHAD 53|, FeoptE o] fAg
ODP A& AFE ]88 F UE=E gAF 40| 7450 3
on, QREXZ E5= £5EA £ ¥ YE-obE 9=
F9 o) g FHe] ARE A FE5Fo=H, e A
AR ANAFze) EAZH FHAER Y wEAFE ¥#E &
Ue F23 FYRE FASAT g B A7 £ dlelof
ulE w3 Fdsdere] HEEN 2 AT 5L 9l
At o] AFE F3A T YY) NARFAE olEiEla, o U
o7t AFA A3} A} ERE Holk WEAZ IR &
9] BAL dRlo g F3 A4 BHY AFR Yo =8-S
=

=
+ gl Zelek

ofTX| U EAIEN

dTAG 2 STEAY 5Tl HARske JletoiE WA %
=, 2F32AL T2 HHEAE 2FeT ¥ 13 2). 7]
BhoprtE Wadd] Sle aR EAEs sHEEe] e F
Aol oF 458 m7kA| A, 559 dEEAY 2TEAE A
AHE E5EAT T2 FAUL oF 2,800 mE PRtk &
Z2| FJetolntE sFuielM e E5-dx] WEe e 93
S AR B (ridge)t Aol AL Fo] FAA EEHL
o

2000 48 F=EdATd FHATA 2T seAd &
45 BALE AAlEk] F ol 420 line-km®] ASE HE53IE
dl, BAEAS deste] Al e wet 1074 SHes 43
ath (2™ 2). BAR] A7l £xE 5 =EE #A8IeH
AXEZAHE SAst] GPS AZHE ol &SIt AR AE B4
3} A2 & o]&3sly 4 HE A]2®¢] Landmark Workstation
Gre 71Ee AFF E TAE AR5 AlHE tElE AR
Z M3l = 7F Ao axE TxE Mg 2 SRS
A 7ol olg HAEA Y& Fslo] AR R AAT=E
g THsT

30,

EMIT} RiE S

EM

SEER 2 FEEe UukAR] HAHZANE BH, 27| XY
4 A7Nele $796lM 908 58] HAH1, o]Fde £4
7b g3 AE HAEo] HAHIAC (Inoue, 1980; Park,
1990; Yoon, 1994). 57| wlo] LA o]Fo) Al&e HAZE-2 v
SAM #3slM g Felu AFR (mass flow), I AF
2 (paleo-channel) 5o & EHAYPGS EFHor HIT
(Barg, 1986). 37| nlo] oAl o|Fo| = P& S5 dHE
FERA 9 2l oA §71HY SEAES At 2 A
FZH BFoda ke HEtEel salnl BEur}t GEE S
wol AT (thrust fault) €52 oPIAA TR E BEH
Al iR FARRE QST Rl 9, 2000). o= FH
HEL hie, =S B F5& US55 874 2 A
2ol SRIgoA FREEHIAUE 3, A7) F7lo BHE R
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Fig. 3. Time structural map of acoustic basement with fault traces. The depths
of basement from sea-level are represented by two-way travel time
(ms). Contour interval is 200 ms.

2 Holg %F ¥ AR HHZFL REHOZ BA (pumice)s
x3g AdES HEV R, £5HAFTE (Ulleung
Channel) 5 Asifol G o8 A8 A2t G A
221 32, HAEY olF Y Aol st Ut Al H
B3k gl HEF o3k BFAdoly B EAA (planar
facies)o] WEHo] UL, TTE} 5= FH o EXS F73AH
Apdolls FEAEY ABE H7|FE (wedge)?l HHEC] I
Hol Utk FralF 9, 1997, 1998, 1999; FAFE 2}, 1996,
1997, 1998).

ZAA o= FEFA] (two-way-travel-time)2 HT) 1.0 F
Aol EHZo] shatdEe dFoz 7)8o] At SN 9
o FAH Ak (¥ 37 4). AFAGe] FA9} HHL F
slgolA 4308 ODP Ald% 7999t 7979 ALRE o435k
(Ingel er al., 1990; Tamaki er al, 1992), A5 H& o] o4t
2 244 a3, gtz gt zF @n F2o] tig ASAd
o} e ARG T3 2R fo HAE (3] ¥
AANE Fdsrl Y8l E58A GAF Ae6-187F S AF




T3 FlEtolule WA 7 Qo] AATx E HASA Y 19

K-

SR

0
,8868

TG C 553
T4

T
90!

F
8
; 602 2
i () :
898 638,880 858,088 555,008 M)
132%30° 133°906" 133°30"

Fig. 4. Isochron map of sediment thickness. The thickness differences
between the basement and seafloor are represented by two-way
travel time (ms). Contour interval is 100 ms.

oM HAE AIZbEAM (Kim, 1981; Lee, 1992; Lee, 1994;
Yoon, 1994yl Z41& wiHlaislet. 7+ 329 Al HAFA
FAA dwtr oz AMg-Shs v SElW9 £ (termination) B
glel wet B4 7AAH] 224 (erosional truncation), 42
3 (onlap), SFFAA (downlap) 2 FAFH Fgsh=s FEA
& Zo} At @ 59 6). ol wEH, B A9
HHEe L3Nkl (2l glo) 27 vlo| oA HEEo] HF
B Aoz Y @&EY V; 23.7-16.6 Ma, k=), Gt
o Wt 7] &9 IV, 16.6-112 Ma, 234) & 7] ulo)
A EFDY I 11.2-5.3 Ma, @7k, Zeto] oA (Pliocene)
G I 53-1.6 Ma, 53, 22|27 AR Zgo]~EA
(Pleistocene) (2 I; <1.6 Ma)e] 5/ 202 FE3ICH
ArA el FFHeR vehbe BT HRYS 4ERH
FHaE9 S ve S A AR @nel Fu=E =1y
Hol AFAAE, FHEe R FTYRAM AdHoz
HEAZhH o g Yehdt), &7 IveE 3N &% Vol Ex) FER
oA dedzsA Aoz FdAshe Tkl Yehie
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Fig. 5. Interpreted migrated seismic section of Line 10 in the southern part of
Kita-Yamato Bank. The basins are characterized by the normal faults
and volcanic activities related to extensional crustal deformation. Pink
color=acoustic basement, blue=top of Early Miocene, scarlet=top of
Middle Miocene, red=top of Late Miocene, green=top of Pliocene and
yellow=fault.
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Fig. 6. Interpreted migrated seismic section of Line 4 in the northern part of
the Kita-Yamato Bank. The graben structure is well developed, which
is divided by large boundary normal faults from horst blocks.

AT ZAEo] Wl vt S MIE 3P S+ IVl
ABAEL FAF FAL HHS e dAE ez F3H
oyt HxFow e 7Ue Holx vk I 19t 1
< BA FHRME s dAR d¥Ees YE,
A F4AFAE AR BAIE Bolv A9 o= kAR
U 44 BAPRLE Holrlx Jr).

o

7|utet

=)o) 23 AEE AF N BAZ A3 JEloiE Ba
o] 7Pk it o 2 FAE ] glom, o5 T3 T I
S, 4B, HAjold xmEFHo] Exsle g oivddg
(Tamaki, 1988; ©]£9) 9, 2000). =3k 799 A)&FALg4 9J5Pa
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(Ingle et al., 1990) 7|EbolE d)Fole d|+=B3} &F 1,200 m
Azl sptoz olFolzl FPrigte] EXZIT). 53] FIE}-
olelE WiFdjA mlo] A Fr]d] AT Aoz duid i
(phosphoriteys #3148 (Barash, 1986), ©] ¢14Hd& 3H=)
Ro| Mg} vlR7IA 2 7} 3§ 85 (upwelling)o] Lot &5~
YEAH S04 PSRN FE (3124 4, 2000).
AFA Y9 Srueke st ®Eo| vkapaEl EEg Wi
W71 Ee] EAoltt (2§ 59 6). mloloAl 7] 2 1 o]F e
Arz £53 4#F FFFo 7 sl BX] F4¥e AA
Fox S3rINigde] el HAHES AHPAFIL Aok

B2 V

7FF 39l ¥ 2 Ve SIivF 84 diXEE 2 E
Mezoz ggd AR vlo] QA Z7)9 (Jolivet and Tamaki,
1992) FAHE SAA G HHS (syn-rift sequence)OS WerEl
t} o] HHZE J|etolE 39 HAZo] FAL BA T4
ol A7 B2 ¥ o7 WA NE EXd F4A Exgt
t}. o5 EHAHELE FZ AL (fil)e] FEE o]FojA] gloy, 7]
ElollE wimle] BX] FEPelAN SNl dedReka,
EFZe o8 Yo FATHEL o] AR wklEo] FHy
$e-E & 5 Ut Avtdoez Ay HELL ey A
£Ado] B /PARIEZ o YR lon, HAZE SN
= WA 2 HolA] giv FHd WRAFAE Holn] RiAEEH
(reflection configurationy= #7]& o2 veldt} (28 59 6).

=3 HAHZ:N A5l BT (chaotic) 73 FFe] WA
g5 wgR nol shighe] EAZ o 7o Qs AeE AR
He} S Vo A 9A] 73 21E 9 B Al SAPEE B
olgH AlFE 799 AHelA vehbRe] fEGE HEZeeo s
(Ingle ez al., 1990) FEHT}. 53] 799B AFFol = nfo] A
7] AZ °F 24 m FAY FELE 3¢ (thyolite tuff)z}
2319d Z+E 9 (wff brecciayE Ho) ATt (Ingle et al.,
1990). o]9} 7] 271 9 F7] mloleA AAHYNE AEYE &
3|¢to] 4H&sledl, E4¢ (Honshu) AollA Uehles vlo] oA
F23 (Kuroko) Fsl3/de] 4= #dd A T (acid
volcanism)® FA+et A& =3 A} (Ingle er al, 1990;
Tamaki et al., 1990).

799 AlFEEe] AFEAC| 2JshH (Ingle et al., 1990), 57|
Hiol Aol ElFQs2 #HAlSl A AR dHEE A o
2,084 mellA EAER o2} FGE. e 27 mlo] oA
HHEL B 34 x7]9] G/ dANA HE (W5 FA4
U5 dh 2 A7 A Eo] FskA 2xuk= o] AagA A
HAHAOH, o] HAEL PHF (debris)?] ZHA AL E
TA=Eo] Utk (ngle er al, 1990). AR AHE 7PEA YA
HEYe] BAHo] Qo St Vol HEEo| A7 Aol £x
ZAA7E 493 Bol AFENE & F Uk

2 IVE 32 Vol TRIAZ slekobils s3] HF3o|
TAe BAl FYRS SHEARF T2 U 07] WA MF 24

o F2 Bx3) olE EHIFE AL FER o]Folx glo
o F]elortE Wae] &R FuHRA F vell At
I 45 @EeF o) HH S ol wgten 4%
SR o) AR FFFEE Hol7|E ittt (2™ 59 6).
BHAZ Pt e vl & Bolx] g FHE dRHS B
ole] WA= 7P o2 ehdt) HAEFol T 1kl
M ARl A%0] F2& 7% JEe] wiAPAol YRRl Qict

799 AFge] a0 olsH (Ingle ef al., 1990), 571 w}
oleAe] HAZ2 WYY (hemi-pelagic) 7= (diatomaceous)
ot 43d (calcareous) H A 2 =EA} To2 A= 3l
t}. o] F& T3 AsHolA HhEH o= ehl=d], 271 (Oga)
el Qu7iel (Onagawa) 3 tiH]En, E47 AHF A% g9t
o =259 Ut} (Ingle et al., 1990; Tamaki et al., 1990).

&2 m

¢ e 3 Il A 3s, A a7R9e) Ex3ht H
AZAe] dg EAo] A ug} tf2A vieRdt. HHEFL o
Al A 3o E MRS, Fe-omlE W] s HE
o] ga EFdE Ao FEele £HT (opaque) SAPEES B
olal Atk (IF 59 6). T A|Fo| YHHOE T BN
Hole olf e 7EEV F5-% REYe] d) Bxsy) wE
2 Fodn). FjElolE wj3d] BX3e NS AEE
A&do] 2 WS R FAEH.

M9k e 7ZAA #2913 M9 A5Sode @lAxHst
oF 04-0.6% 7Zol) SAH ZTHHEAH (BSR; bottom simulating
reflector)e] w9~ F8i5lA sl ok (2E 7). o= wgrt

ofje

o o

&

| Opal-A/Opal-CT BSR

Two-way Travel Time (ms)

Fig. 7. Seismic section of Line 2 in the southern part of the Kita-Yamato
Bank. The section shows Opal-A/Opal-CT transformation boundary
as a strong reflector. Compared with gas hydrate BSR, Opal-A/Opal-
CT BSR is characterized by a high-amplitude and normal-polarity
reflector.



5ol leholls W ) siode] AT U HASA S 21

2 FEEAE U 2] BSREA SHE AorMe A58
A3t AEH O Z epdt). o] F& wiE 7o) SVl wE A
73 Wsjol o3 Aow AYFE Bo] TR HAHBAN &
AHEe= A3l Zrh dojut BEIF oF 20% BE T
&l AFHTE (Hein er al., 1978). &, ol &4380) 23
AgjgPdo] wWahks AAAAN F27F (diatom test)y?] ] H
BZohfol] MAlshs Fe)aEdelolE (cristobalite)’} HAE 2
Folt} (Ingle er al, 1990). ©]$} 7Fo] opal-A (amorphous
silica)ollA] opal-CT (cristobalite)22] Ho|AA el o$ 7}t 2=
o] edsl drlEEHY AL Uegh 2 st g g4
71l ule} AE-EIe] deEs Aelzb g4 AR Ao|r).
°]238t opal-Alopal-CT ZAHL ofnlEEZ] ¥ F|E}l-oluE 3
=, d=tiAE X3l Ealdl de] Exdke AR 4EA
o} (Kuramoto et al., 1992). B3] F|elorl& & Folre s
W3} 410460 m TNA ZAHE] Vel 435 m Zolol F
23 opal-A/opal-CT 3AIE B (Ingle et al., 1990), ©] %ol
o e} AEZ)Y AF} (biogenic silica)7t EANFS & 4
Ark.

H#% HE (diatomaceous mud) EHAEc] EXde= AFe ¢
HEtks AER%0] o8] opal-A%A opal-CTES| &4d2hgo]
JHAEIT)E (Riech and von Rad, 1979). 7|ElolulE 33 2 of
nfERA A A1E AAES Tt AFLE EXS (T
HY g2 7P AEdAd] A3 &2 AU ERE )
FAZNAY SEFAAZEG AERHe] AEAA)eERE A
Z2daE =AY 4 At} (Kuramoto et al., 1992). opoEREA]
of A& AlFF 794X & olE AAIF srHst 293-297 mol
A vehal AEFerE 36.5Co @@AEY dgEd dde
oF 8 Ma), Al5=3 797914 sist 299 mollA A2l w3t
222 36.0°0CE YEeRdtt AAIZS Q) Adie oF 8 Ma;
Ingle et al., 1990) oFlE EAo4 7] A7d AFAE 13|
2 u), J]elolntE d|ZoME opal-Alopal-CT AAIEY L5
46.0°Col™ A<l Adle oF 64 Ma (o]l /2 F3
Atd (Kuramoto et al., 1992).

799 AlFFe] AgEA0) 2J3hH (Ingle et al, 1990), vlolL
Al F71 g EetolA F7] HAEL FE oY, HEY
(claystone) 2 ZEZQoZ FAE] ok 7= ¢ Ak R
AE (plankton)e} =2 ME WIS Holm, 4o &4V
2= 749 o] HA3Fe g2 fV1ES s I 3 3
Fox 7rEF o2 AAE YEA (bio-facies)? AT -2
& £ ik 7 9 HEFNole g FeA A 129
Wb W= Hol=d], wkAbHe] Wy o] YehA|E A4
L2 Ha ZEulolE 2oz AlEHY, T3 dRE A
(authigenic) B9 % 93 (nodule)s FHdhe AR d#A
A} (Ingle et al., 1990). ©]E]s EZrlo]E FZF (dolomite
stringen)= H&ZUollA AErohs &5 S7k8le] 7t A
9] RIAIEE AR

Er 1
7 e 57] E709A (postrift phase)ollA] A A8 H73sPH

N

A gl HRFo g HAA e EeleloM Ftem FHHU.
FIelomlE WA Bx)9] Fa7p & At 4REe AsAdo] %
Z3la FFo] gk Ha wAFEE B, 52 JA3TH
AZ gowA gz 2x3c} (28 59 6).

%52 (transparent)?] REEolA FE|7t & Wedt JHFo
29] Wal= A 2B Wl uE oz JREe it
2 v)3o] TRk} FEE 7lHEA A RS S
Hol Holx] ¥e FHT wAPAS Hole AL AEV|Y gy
(biogenic opaline)*l Z7] @&e|t} (Ingle et al., 1990). ©12{$
AENY G Yegs AAA SAMSG kel xlels &
A ez diAF s Fs e FAH At eyl F
T Mh= 748 AEs) AgAlo] ot vl 93] 4A +
Heth

799 A|F2o] e oJ3PH (Ingle et al., 1990), Z2to]
QA %7) FH 2L FRAAE (diatom)yS To| A3 AEA &
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