CrossMark
& dick for updates

A28 R] A 528 A 3%, p. 355-371, (20161 6%) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 52, no. 3, p. 355-371, (June 2016) ISSN 2288-7377 (Online)

DOI http://dx.doi.org/10.14770/jgsk.2016.52.3.355

el iR 2T AFEA 9 £TEEA
A7z Aol 5437

— o =
[ 2]
i =

et Eaf tisE HET 99 AR AT ESE A A A2 AR o]of ke = A2
o] MBS s 4s7] Y5t oF 3,150 L-kmo] th5-Ad e/dutebal Atz o] die] eduhaA, 212 3 wgdut
& 2HE AT SBATEARE Aol HARAES F2 7 S5 Abl] A A|di(basement
lows)ol| £33, £2] W HAFE2 FARARHAE BAZ st 4719] w|7HA B (megasequence) 2 -
"} o] STHEL 71E AREAN AlFolA 24 E n|ehy S Aok tiulsiEE, 242} o 2 A|(MS]), &
2 ALA|(MS2), tho] 2A|(MS3), E2t0]| 2-Z2Ho| LEA|(MS4)] S22 et AAFR2E F2 AFE
SRR M BINEE-E AABE= 71REe] S8  ofof A AESE0] o eAS7HA TEsi, A
TEANME TR} ATTS0] ST AT IAH LR yepdtt. Bhde, AFEA o= FEge] A
o FRIFA] Fi F2 2 1B AASET FHTES0] vho| AT EEH o Jlom 49 SEolMe
FRI AAF27L gle AR Bk IR AN S MRS S FEHE 7IEL 2 6719
sutdel ==l 42 21eH 7B, Shkek-EHE E3AI(B2), WHiSe 39 EH3(SD),
oF-2/d SE2S(S2), SHUAEHZ(S3), AT E= SHIA|(S4) T2 A Er). 0|9 Z2 A, AT
Z 9 eulit BAARE E3l6lo] AFER 9} 2FEGER] o) 3t A L2 waabg Tt ol AAE g3
79| HekE A g st AAISHATH

ZQ0]: o, BATEA, 2FEER], AFER], €87

Chang-Seong Koh, Seok-Hoon Yoon, Dong-Kweon Lee and Hai-Soo Yoo, 2016, Tectonic evolution and depo-
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ABSTRACT: This study focuses on the tectonic evolution and depositional environment change of the Jeju
and Socotra basins in the southernmost continental shelf of the South Sea, Korea, based on the analyses of seismic
stratigraphy, geologic structures, and seismic facies on the multi-channel seismic profiles acquired by KIOST
(Korea Institute of Ocean Science and Technology). The Jeju and Socotra basins commonly occur as the local
basement lows surrounded by large-scale basement highs. The basin-filling sedimentary sequences are divided
into 4 megasequences (MS1-MS4) by regional unconformities and their correlated conformities. The
chronostratigraphy of megasequences from Eocene to Plio-Pleistocene is established based on published
biostratigraphic data from the existing hydrocarbon exploration wells. Geologic structures in the Socotra Basin are
characterized by rift-stage normal faults involved with basement rotation, and subsequent folds and local normal
faults in Oligocene sequence interval, The Jeju Basin, by contrast, shows predominant occurrence of reverse faults
and folds within Eocene to Miocene sequences. Based on the acoustic characters and reflection geometries, 6 types
of seismic facies are classified, and interpreted as geologic basements (B1), volcanic-sedimentary complexes (B2),
inner-shelf deposits (S1), fluvio-lacustrine deposits (S2), coastal deposits (S3), and volcanic sills or volcanic edifices
(S4), respectively. By integrating all these results, we present the reconstructions of tectonic evolution and
depositional environment change in Jeju and Socotra basins.
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Fig. 1. Map showing tectonic provinces of the East China
Sea region. Modified from Lee et al. (2006) and Cukur

et al. (2012). The box denotes the study area shown in
Figure 2.
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Fig. 2. Locations of 2D seismic data set (sold and dotted
lines) and drilling wells (white circles). Bold solid lines
indicate the locations of selected seismic profiles
shown in Figures 3 and 5.
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Fig. 3. Interpreted seismic section showing major strati-
graphic units (MS1-MS4) and their boundaries (MB1-
MBS5). The chronostratigraphy is based on the correla-
tion with two drilling wells (Fig. 4). For location of the
seismic profile, see Figure 2.
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Fig. 5. Interpreted seismic sections. (a) MS1 and MS2 mainly occur within half-grabens of basement lows, whereas
MS3 completely covers the underlying Hupijiao Rise. (b) The large-scale basement faults are recognized along the
margins of basement high. (c) A series of basement faults occur in Socotra and Jeju basins, and the large-sclae reverse
faults mostly occur in Jeju Basin. Angular unconformities are recognized along MB2 and MB3 in the Socotra Basin
and MB4 in Jeju Basin. (d) While MS1 gradually thickens away from the Hupijiao Rise, M2, MS3, and MS4 commonly
have fairly uniform thickness showing a sheet geometry. (¢) The seismic shadow zone is recognized in southeastern
part (Jeju Basin), where the sequence boundaries are uncertain. For locations of the seismic profiles, see Figure 2.
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3] FAZ 17F| ALgo] g RIAMAE A
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4.2.1 7]¥ket R AEZ

SIuEAL T o] Y 38 7Nk A A
22 F2 ditRe] Y Aot 7)ukete]
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Epdt}. AFEGEA| A= A4FTY] AF 7
A& w2t 5-A, B4 FFY AEsEol T
9= glom AfZol= oF 15~20 kmz EAH
TH1E 6a). 53], ©A AAFAA= < 1.0 secd]
FAYRE 2= tiFR ] JgdSo] BEEL, £

% AFERREX|Y KT Hateh EXEd
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A Yiol= AR 0.3 sec 0|51 YRS 2= &
TR JAF=o] T2 JAddSH U UFe R
AR AY A= TFe 2 HAR Ao WEET
(L9 5b, 5¢). wEbA] iR HAdFTS ~FE
ZEA] FAdol| QlojA] TS (master fault) O 2 £
O AAE o|F UL, AR ARFT S ol LAY
gk 719kt E53) Ao whE TS (synthetic fault)
2 ukgFckZ(antithetic fault) &2 Heolth $j9} 7+
2 F2EL & JfEA(rift basin)ofA dEHoZ
TEE= EA o2 dvfA Qlr}(Prosser, 1993).
AFEA e 2T EHEX = Y AY F
g350] WEEHA| ¢=tH ¥ 5b). Y& vehts
AASES AFEAY AARANA S5-dA4 B
EEE-AaA e W) 9lom 20 km o]4
9] ol 5 Zh=tHd 6a). L2}, B33+ 2%t
2] YA}= 0.2 sec o512 Zhom o]of whE 7|yt
& EEFAN 9 E53HY FHE FE8HA] Yt
o|AY AFEA = e FAGSTS Tt & 5
AYAE Kol 7|kt E5EE 49 23 Eg}
EA b R AOE tha ThE S Bt 2™
5a). TUH O R E uf, AlFEA|= £A9 7|AE +
Aokt oA dFEgo] AR o|HAE At
o E= WALl AR FEIE o] FaL Sl o]
= TR EETE A HYEY SR 3
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Fig. 10. Time structure map of MBS (a) and isochron map of MS4 (b). Contours in sec (two-way travel time).
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AZp7o] SARA Lol ENE 4887
(@A) BHEALE AN Ao AT,
olefet #A)o] oA oA WohiA|(sag) & 5 4
SItHKingston et al., 1983). BHJukAlR 9] Agto =
RFEA] Mol chaf o]} 2 S e i
AT gt AR Fo| &= AFRA A=
UEeES U Qiteutis Ages
g ZA o] LAISHA Lojitd A L2 Helrh

422 E@% AAFE=2
SZ7IR AR HAS HollAs 7Rkl A
FE AEES, 45 qISEH ol duE &
Z50| BEHEt 23 E2HRA] A FqA = 7
FFol A e - 12|11 Ba-dA 3 A
20| T REo] 2tk MS17kA] A= A9k MS2
oMs F2 I bRt F3tE o) weE g
550] FUHTHLH 5b, 5c). tht= o] FAGS]
e oA MS19| B3 S2 WivH 55 A7
FEZ Yehdth o|¢t 22 HH5Y] Fehe
TS FAZNA drtA oz wEE, g3 9
3 7IRkgre] £533d 9 Ytz vt =<l g3

|

rﬂ'.

¢

7vo] RS0} o] Wk 4 Hek(Prosser, 1993). it
A, ST9 MS2= S9 TS} glo] thAl= o4
o] Fe|= Yehdtt o], MS271 FA4E FAlol=
Fhiek Bago Qg g Hel HETLte)
FAJo] o|FAX|A] PSS A AIgtet. gHH, MS2¢9]|
A Ui AREEe 72 $3727] B3
ek o)A AEhd), Bawe ST
S (axial plane)at ko] FAFSHA WebdTh L
% 50). o= & REE FF WA TS| S 5
A Zo] xPHA (differential compaction)o] 2]s}
of gEom HolHux BHE Ao sun
(Schlische, 1995; Xu et al., 2015).

AFEA N = T2 57t 2 dHFE] EES
Yol ehde), dRkEEe slRa S A%
He AoR Hou, A7 A=) EAIR Qla 4]
otttk 77t ik B3 iS5 A
SEPET AT 50, HHFEE ST
MS1~MS3717] 352 o &2 dhd o] §ltt. 5359
e B o R AR, olEid 43
TZ27F B EE X7 AR 2ol 7] gzl
A2 H 9)9] THA| = gt ke S84l sl

Facies Seismic - : Stratigraphic
Type
YPE ode example Characteristics INiSrpretation occurrence
High-amplitude, continuous top reflection;
E B1 internally reflection-free with sub-surface Geologic basement S
£ reverberations
w
e}
(&)
— High-amplitude, continuous top reflection; . .
§ discontinuous, chaotic or winkled internal Volcan|c-se|d|mentary
< reflectors; ambiguous real basement down compiex,
volcanics
below
Parallel, low-amplitude, semi-continuous ) fMS4
reflectors interlayed with high- to moderate- Shallow marine Uppe;r;])gr’\tﬂssoz &
amplitude, continuous reflectors (inner shelf)
Dipping/divergent, sub-parallel reflectors  Lacustrine, alluvial fan,
S2 showing high to moderate amplitude; fandelta, alluvial cone, MS1
e wedge-shaped external form talus cone
&
3
E- High-amplitude, continuous reflectors Fluvial channel
33 interlayed with intervals comprising and flood plain, Lower parts of MS4
discontinuous, low-amplitude reflectors; delta, estuary, and MS2,
locally V-shaped truncational reflections tidal flat MS3
Low-angle dome-shaped, high-amplitude Ms1
sS4 reflectors with overlying pinacle e-shaped Volcanicsill, MS2'
reflection between the sequences; seismic volcanic edifice MSSY
shadow zone blow the reflection

Fig. 11. Seismic facies of acoustic basement and sedimentary sequences in the study area.
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AEo AT 7]eete] e 4). whet
A BT BLE BA7148 0|3 gl 440k
e AT R R

ol
K
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K

4.3.2 €t} B2

S B2(19 11)+= edub Bl 2o 53
71 Aol A ERlEH, £3] Fujx|ote g7 o] 71
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2 £ g B19} tha Zo) 7} Qlok 33
7|9kt AR o= XEo] #a1 A&Ado] FHIEQ
HEAPHO] QIX]81aL 71 ofgf] X F L] ALAJo] EF
5t ZE5IA Y 53] (winkled) FEIE 2= REAL
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E2EX9| X|7= Zstet EHH 365

o] RuS £A19 7] GRS Bt dojd
EME&(fissure eruption)o] &5l FA4H A
ot F2)7)) Ejmi30] waet SAIGkE|E B
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al., 2001; Kwon et al., 2009). AE~13-2] gk 77>
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ol A o]t SHAQF-EJ R E B3A|<}F 1 sl e
wof Sl A|skd s]viekate] A7 Fsi L
EREA] =THT ™ 12d). o] Aol TraE skt
-EAE EPAS B SFUuHAR Qlslo] A

= ehat ofujA7} 7alElo] AlEE) oRs oR
S|4 eK Coffin et al., 1990; Herzer, 1995). ]2} 22
FARE PZIBOIA Ui sHIgHI} o] 72tol
thH] =)= B/dubRAL oA T SR o)
Sl TA1E e Ad o] $& Hhlvlo] HRA
2 weEo] 913 o}F V10 s e 7
WEst B8] BT AE B 4 KT 122)

A

4.3.3 &dupit s1

SIS S12 2 WAl w2 AF9 d&540
23 HAFES Atolof W2 XEa} St F =
&S Hole FERt HAbE S| FaYEl = Hf

[e)

aa

e 2 o

A
Tt 549 2erh(ad 11). YiHes,
ofat BT SR e paAom e Ry
EL= BEx]H(basin plain) 304 #L3 EZHE
Z 221 HASA b = ek (Mitchum et al,,
1977). o|e} frAket BAdut 5442 ¢-2uet sl
9] WeljE-g(inner shelf)oll sl = AHEZ]
FoM= Baxlo] QltkYoo et al., 2004). BAJTAF
512 F2 ST MS29} MS49] A7l A 29l
=E(2 12b~d), o] B AlFsAIR AN F2 3
Al(massive) Q] HEUT AEYoZ FARY, =&
A sizhaiat 7522 431 Afstol FAfEo] 9l
TH2 4). E3+ Yun et al. (1999)7F KIGAM (1997)
NA= AFFollA FH 27 (Phthanoperidinium,
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o AsjaA) Yok Ao skt ol
A2 A2 FE S TA AR 35

o
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| HAEo] e, 27, FE w2t 2uE JA
He Xo 2 d#A Sck(Reading, 1986). KIGAM
(1997) A= AlFgolA Yehd= sz e £
FE0| up)ZE(abrasion) S 2 A2 53 =
o] Fo] FAIRE Aoz FH5H

4.3.4 et a4k S2
BuA) 2= 27 YA =2 AE 27 =

O] A4S 2 TS o] Wil FHIE &%
YA v EE o] Y= EHES HRltk (A 11). ok
2 g e)7} M2 E 4 (progradation) 3= TAFY
E| & A (clinoform) &} FAFSHA Upehdth, =2 2|+
o] SAF RER| ) 7R o] QI E ST
MS1o|A A 202 BFHTHIY 120). o] 77t
of thu] == S-130llA e 42 AlE WA
24 At AESe] Wk sHi= HEYH]
T2 Yepdt I 4). E3F o] AJFF 2EellA] Yun
et al. (1999)L AEjR|9} 7+ SAVSHA S R A|5H=
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S Bsiley £4) Mgty oA Ao Ei= HE
A7) wehe) 27 $4 BARAAE ik
2 38 (lacustrine) o] W EE o2 G A
ltt(Leeder and Gawthorpe, 1987). wehka] A4
4 529 e B = 5159 M ES A 17
o|Ht T A FAEUS 7ol =2 A
o ZAHn. Jel3 BA) AAR AHstel B
ol 13 B BEE e oo 2 &
AE EFEZo oot FAHE F2 A/4dA](alluvial
fan)/ %2 F(alluvial cone), &L=+
I3/ T AZFE(delta) / AATA] A
ta)7} A o] st el ot
HrHGawthorpe and Leder, 2000).
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A2+ (fan del-
PR
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EFA T S35 TR E O] bk
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Fig. 12. Interpreted seismic sections showing seismic facies. For locations of the seismic profiles, see Figure 5.
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MS29] &}Eofl= St A S A A|SH= erAubAat
S37} yrehpar ARl Hefeh <
At S1o] Yepdth( 29 11, 12¢). 18] 1 7|& A
E=(Lee et al., 2006; Cukur et al., 2011, 2012)| A=
7|5kt @F-o] MS274A] A%FE L MS29] 34 A
o= grf-go] LAIgt AR B ik ey

o] Qo] AT RE WY, T o =Y A%

£ T3 o] MSHA L XA gom H
A3 o EA 2 FAM glo] F2 BHOR
UEATH(1Y Sa-e). 55, MS29] 4 AARL
Fu)x]0ke. §71919] 4R} 1 Qolrk Axsk]
(78 5), ol MS29] 43727t 438 Pl

a | late Cretaceous - early Oligocene (rift phase) Volcanic-sedimentary complex

and/or volcanics

Folding and erosinal truncation
N

early Miocene (post-rift phase)

Folding and erosional truncation
N

4t

ey P A T T

BRIy it i e 1 5 | | TR SE*
+ 4 o R A A T

e A Y e

Socotra < Hupijiao_y ¢ Jeju >

Basin Rise Basin

Fig. 13. Schematic illustration for the tectonic and stratigraphic evolution of the Socotra and Jeju basins.

FP: Fluvial plain
L/P: Lake/ playa
AF/TC: Alluvial fans/ Talus cones
AC/FD: Alluvial cones/ Fan deltas

m FP/FP*: Fluvial plain/ flood plain
L/SM: Lake/ shallow marine

W

77 i

Fig. 14. Regional-scale depositional models of the rift stage (late Cretaceous-early Oligocene) (a), and post-rift
stage (early Miocene-Pliocene) (b). Modified from Gawthorpe and Leeder (2000).
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