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Muti-variable Sequence Stratigraphic Model and its Application to
Shelf-Slope System of the Southwestern Ulleung Basin Margin
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G2 47 SAE HAA) AF A (systems tract) AL, WE X F9] HH o) o5 FREHE 7] FADHI ¥
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Abstract : This study presents multi-variable sequence model for a broader application of sequence concept pro-
posed by Exxon group. The concept of the multi-variable model is based on the fact that internal organization and
boundary type of the sequences are determined by three varying factors including 3rd-order cycles of eustasy, and
tectonic movement and sediment influx with 2nd-order changes. Instead of Exxon group's systems tracts, this model
adopts parasequence sets as the fundamental building blocks of the sequence, because they are descriptive stra-
tigraphic units simply defined by internal stacking pattern, reflecting interactions of accommodation and sediment in-
flux. Seven sequence types which vary in number and type of internal parasequence sets are formulated as as-
sociations of four types of accommodation development and three grades of sediment influx. In the southwestern
margin of Ulleung Basin, the multi-variable sequence analysis of shelf-slope sequence shows systematic changes in
stratal patterns and the number of constituent parasequence sets (i.e. sequence type). These changes are interpreted to
reflect temporal and spatial changes in type and rate of tectonic movement and sediment influx, as a result of back-
arc opening and closing. During the back-arc opening, rapid subsidence, continuous rise of relative sea level, and
high sediment influx gave rise to sequences dominantly of single progradational parasequence set. In the early stage
of back-arc closing accompanied by local contractional deformation, different types of sequences contemporaneously
formed depending on the spatial changes in tectonically-controlled accommodation and influx rates. During the sub-
sequent slow back-arc subsidence, rise-dominated relative sea-level cycle was coupled with moderate to high sed-
imentation rate to have resulted in sequences consisting of 2~3 parasequence sets.

Key words : sequence stratigraphy, stratigraphic model, stratigraphic analysis, Ulleung Basin, sea-level change,
tectonics
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ESEA FMF dEFUE (38 DE @4 4 200 m 0]
&te] tjF-87} 200~1500 m Ako]e] FAA} HEAIHOZ o]F
oA lom; 1 HEell= oF 8~10 km T2 E|AHEo| A=
o] J= FAE Feje HHEX7L YA g} (Park, 1992). o] ¥
HEAE 37] AN F7] vlol e Mo Fale] A3t §
A Ao, shtxel QB dr2RE TFHE HIAEE MY
MM BEFFom AHlste UEFEARE o|F3tt (Barg,
1986; Chough et al., 1997). A|\F 104137}, o] X Hdjrje] ZA]
AT (Nester et al., 1989; Park, 1992; Yoon, 1994; 2 %5-&, 1995)
T2 A9 A1 AstAA, gl olek AAE A
Fo| A o] EH A e] Wstdg WilozH, S 7t
Fg estra o)) 249 AL 5 £FEA
1 JEIEY A7 ASAE FEr] AT EH oz
8] = o gkt

AT HA A2 ZAEA =, 19603 o] F AGPF o] 2 A
A NG SATEA B0l AR A (sequence
stratigraphy) ©1& (Vail et al., 1977; Wilgus et al., 1988)1} o} 2 n}
Bo g AYPY SA| 2 (Van Wagoner ef al., 1988)0] ZWA &
£51 gtk 22y o]l $X1F Rle FE AFEH O <t
AE 3, AzpAgo] gedh thAY At USFRFe BHEA
g ez sto] AP Ao2 M, 23 JFE X Az
82 F HAAAR ATH AES T8 ¥FE 58 gds
Zdo)t}. wel] N FzH 5o gt Me|EY FHF 9
A3 el AFA EA40) Hg3striole TAIZE A 53,
ETEA GAE HEFTARE A 3-vhd ol w3 FAEH
2o whe} Ag F2A EEE w2 A Go)7] wiZo] (Chough
and Barg, 1987; Yoon and Chough, 1995; H%5¢, 1995), Z2] &
A& BABHE WEEe HAAAS e UE o= ATFx
5ol g A 7|ere A7 - g9 HAEFTFA A A7
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Fig. 1. Location map of the southwestern margin of the Ulleung Basin
showing bathymetry and seismic tracklines analyzed in this
study. Contours in meters.
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AENEY AL o] 2D 7122 F FAEAC] At

AYH L£EEAY ATEH AHANE Bl ¥ Fow o
Fe & Aolth. ol AXGA £ AToME EXBA o
o 9Zstel YuHoT Aed F Yk UFAF EHFA B
e AN, olF TERA PR UEFUR HHZY 3A

Holl 4g3jel, o] Ade) A4S FYHHo) BJW FLas
¥R WA Pk ATAGY FARAE FFHA)
P2 A7 19835 H 1993 Abololl VI1 R7ol4 AS@ thF
A BTG L )2 AR o ac (29 1),

]
RS

2 @ o #{) o to

(=)

tE 1o fr W2

EAEAM 712 Jliga J|1E 2

A 2047 FE £xHEA Tl i A9 (o], Van Wagon-
er et al., 1988; Emery and Myers, 1996)2 Z%3] 23, ‘Ex]d
W9 H922, AT} VST EE olo) )= AT
Aol o3 FREE, HEHo|1 7|dH o7 AAHo] JE At
Z27 Z¢9] (chronostratigraphic unit) 83l A+3= &
AMte] & FoF 2 AFojd 4 vt A V1R AdE 2A
T 7R g9 4 ), AA|, HHER] TR YA
AZL (1) BAAA 5 HE (eustasy), (2) HAHA 7|9+e] §
718t AZL kgl A2 2% (tectonics), 2 (3) A E F
F (sediment supply) 5] F8 2910] I3} 3%, 3F, HH4,
23 Bd4d So) ARk Aol (Van Wagoner et al,
1988). AA7|A, HAAA si¢H HEH A AFx 5 &
A FARE FFEE HYE] JAHE o) Yo He-Hy 3
A& Apole] 833 (accommodation), 2XH1 A 0 2w A
Ao HES AN, HAE IS ol 8T ] ATH
A, FUHLR %A AYAE AE ARG (Jervey, 1988;
Posamentier ef al., 1988). 5= o|21d A 7}X] H3&gel F, &
3] A F7149-8 2 HAAA TH ¥F i) 535
FHR HHEHE HHZEE YA HEE 7 1 5Y A,
XL, H-A F)e] vEEHE e drke Rolth. ufEkA
X Z FHGe 2AH BASH P4 S doire 733
Q1 NHEA S foldle 718 24 REg AP 5 Aok

olglgt 71 ol AYA @9 £AFAM BREde 0=
Exxon Production Research Company @-7gEo) 93] AR
Z (Vail et al., 1977, Wilgus et al., 1988)0. 24, X|FZH o7
AA = e A dEFHE, 53] vT Mg dEFTHY-
oA HEE A HF ST A5t AFF B4 g A
olth. o] A FHAEAZ] EAL v|wz wHEHo|n Yy
4 2 F3E Bole Aol ol @ &AL 100~3007hd
ojate] RIEAE Zt3 Fr|F o WstsE = W3lr|de) HAA
Z &9A WE (glacial eustasy)o] 2]3t Ao =2 LAY
(Posamentier and Vail, 1988). ¢] E.dojlA] utE-H Q] FAe] 7| &
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& FAS (sequence)olzt 313l 3, ol Bz A @A
& 2e, AdH e dAEY e Ao dEAold, 4E
£ Aol olo gulsEle A@HoE AAANNAE
202 AP} (Mitchum ef al., 1977). 3714 EREL )7
= F4 2 Ad (truncation)dt W75 w22 SAE 222 95,
AFe 4% (hiatus)S Bole, 17le 33 Arle & #E3}
=de “?}E} (Van Wagoner ef al., 1988).

EAZe T EAE UolAle) Al AR B4 2 g
Fefoll weh A= 3749 M=z O& =HAA AT (systems
trac)Z FART (IY 2). oI5 H3A dFA = 4 7]
—AESE AR GETlonsEy] $AE BEEE
F71e AR 5w EE Bt 34HE AeEA, 3}]‘?‘*‘3
st7lele wAEel AAw RAgH], 1% s
ZYoll= Z¥zF Asid (lowstand) = UIE-E F+HF (shelf—mar—
gin) E1AA AFA|, A (transgressive) EA A AT, na<
W (highstand) B A A} QA Wy (0d 2)

ofgt ¢aFA Bdo] onlE Zy] s, WAAE S
d AEe] vE) Ao R Az EFol HAE FE W
87t viekstn YA A Waldvle 2AE Ak St &,
ostA Wstd F e AFE $%olY HAE 78 54 9
g oE BY o Aot St b 2dg A8
g 7 e AFd AV Jon, Bl HE3}r] Hd ojgt
Zzio] HEEEAE 1A HEeordt gt

OSis =X8AM 2

=AE 74 B9

&S £ LU £AFE FHIE R4E HHUA @
Al (systems tract)o]th. o] A4 AAEY Bl (HAY
B, AR Syt B84 AEAE A% £l (parase-

quence) L B2 E (parasequence set)e] A e Foff 2
2} FFol A, ‘:V‘l ol E42t ¢ab3 dlefAe] $13]q
“ﬁ’)r AiA sled BEe B AY, 379 H754 A48A 22

FEch (2¥ 2) wekA] B3 74] AFAE 7ied FMEH

!

{descriptive stratigraphic wnif)g}7] Bl 3383 sjed dEo)

7128 #4373 =AY (interpretative stratigraphic unit)® & 4
oo, oj2ig Folo EMx Fo] UL A it 4
£ 89, nElsw B agAel Ased dgAel Aty
(lowstand wedge)ol] LAl ARR (progradational)2] L43}
ZHES HAE & JdEud (ad 2), @0 due] 85 ®Hrt
S Eo} A, AFARTF ZEA] B3t SAAEY E4E A
2 #etslr] BE 3, 3459 FAEE odz el
e}, 5 G474 AgAe] BHo) N2 vpd FE gled, 4
B who M dkalgel Sl Hejvte R &x13e 24X
wg AAEFE 4A gt uheba] & AFelXE eAEY

AUIE 7160 FRALT BB PENFASE Sl AR
W ANHILA Bk ReAFHES V19HOE @AY B

x}2 (parasequence)e] HEA R AoEHH, dwd BexEe)
HA¥e (progradational, aggradational 3= retrogradational)e]]
we} P} (Van Wagoner ef al., 1988). -8, 243152 of
9 =5t AlFAtE A e Msfgl (upward-shallowing)e] El
HAHstE Role 7oA, dFrie 4% 3E s 44
2 FRA} (Van Wagoner et al., 1990). =3 AF} €A n} =}
goME FETE FE M Hio Ao R FEHEE
HAZH AFHoez w27 YXer} (Emery and Myers,
1996). Wt RS AEE @da diiolx] HHA A
of ulz} golstn AAHoz FRE & AYe FAGYeld. of
28 A3 298 A S AR B4 A ¥
T ATFE % X HHE 37 F AR dEaded o 3
A 7] B FXEA e 718 SMRALZA HEsi

HEF-HEAPE HHAR olFold ST, it
ZAEL 38, & ¥ ARYHE 58y HYE 5§
T HEE Ak JdE aieE Ry Al o e W
3 ®R) HAE 37 )Y Al mE W3l (§) Ateld v
Pyl €13 BT, TR WSS OA HAAY )
FH 8E (B) £ APZEE () 9SS T Alole) A2

AR AT} (Jervey, 1988; Posamentier et al., 1988). &, th&-3} 7
& 2o qopg < gl

Highstand systems tract
/ Transgressive systems tract

o Maximum flooding surface

Transgressive
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\ Sequence
A boundary

Basin floor fan

Fig. 2. Sequence stratigraphic model {type-1 sequence) of Exxon group. Modified from Emery and Myers (1996).
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AN E (forced regression)2} z+o] /‘\1-1:}]7<4 emo] 51738 A A
EAE FE37o] gadtes Afoe, SHoRRE FEHE
HEL W2 H5E5-S S8t tiSApAd] JA =AY, o
= Aol JAHH T fFH e el iEAIHSZ A
2 Aot} wphA i FFolA HAZS FAEA ok i EA
E A Fgto] FAYAHA, AL 471 (oblique progradational :
oPGYY FEASHET BT (19 3B). B, SP>1Y 7
2. % 52 837 4ol H4% T3 2 IHno W)
FEE HAHEo] A|Ro] A== EH%% -
284 Z3ha F2 gAY UdlFE XY
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E7l A" (a¥ 30).
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Fig. 3. Stratal patterns of parasequence set. (A) Sigmoid progradational,
(B) Oblique progradational, (C) Retrogradational.
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Fig. 5. Sequence types in multi-variable sequence model, determined
by a series of parasequence set patterns (see Fig. 3) as a func-
tion of sediment supply rate (S) and rate of relative sea-level
change (R'). oPG: oblique progradation, RG: retrogradation,
sPG: sigmoid progradation, SB-T1: type-1 sequence boundary,
SB-T2: type-2 sequence boundary.
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Table 1. Recognition criteria and control factors of multi-variable sequence model.

Recognition criteria

Control factors

Seq. -
type  Paraseq. set Seq. stacking Sequence . . Sediment supply
P association pattern boundary Tectonics vs. eustasy Relative sca level or deposition rate
A sPG Aggradational Type-2 Subsidence faster than max. eustatic fall  Continuous rise High
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D oPG E&gﬁg}:ppmg Type-1 Uplift faster than max. eustatic rise Continuous fall Low to high
. . . Rise-dominated -
El oPG—sPG Aggradational Type-1 Subsidence faster than max. eustatic fall fluctuation High
Back-stepping _ . P Fall-dominated .
E2 oPG—vsPGV offshore Type-1 Uplift faster than max. eustatic rise fluctuation Moderate to high
F1 oPG—sPG—RG—sPG  Aggradational Type-1 Subsidence faster than max. eustatic fall ﬁlllscet;i(t)ir(r:;nated Low to moderate
F2 oPG—sPG—RG—sPG Back-stepping Type-1 Uplift slower than max. eustatic rise Fall-dominated Low
offshore P ’ fluctuation
. . . Rise-dominated
Gl oPG—RG Aggradational Type-1 Subsidence faster than max. eustatic fall fluctuation Very low
Back-stepping _ . L Fall-dominated
G2 oPG—RG offshore Type-1 Uplift slower than max. eustatic rise fluctuation Very low
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Fig. 6. Paleogeography of the shelf. Contours indicate paleoposition of
the shelfbreak which prograded north-eastward until about 12
Ma; the progradation turned northward as the western shelfal re-
gion merged with the newly-uplifted thrust zone to the east.
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Table 2. Internal organization of sedimentary successions and related controlling factors in the south-western margin of the Ulleung Basin.

Tectonic Stage I I I
Time 16~12 Ma 12~6.5 Ma 6.5~0 Ma
Paraseq. sPG (type A) or oPG—sPG (type E) or
Sequence association sPG—RG—sPG (type B) OPG—sPG (type E) oPG—RB (type G) sPG—RG—sPG (type B)
Organization -
S;zal;l:lg Aggradation Aggradation Back-stepping Aggradation
R . . . Rise-dominated
Relative . P Rise-dominated Fall-dominated p
sea-level Continuous rise fluctuation fluctuation fluctuation or
continuous rise
Controlling - - - - .
Factors Tectonic Subsidence faster than max. Subsidence slower Uplift slower than max. Subsidence slower
movement eustatic fall than max. eustatic fall  eustatic rise than max. eustatic fall
" . . High to subsequent
Deposition rate  High to subsequent moderate High Very low moderate
Tectonic events* Overall subsidence (300 m/m.y.) No data Uplift (240 m/m.y.) due to  Overall subsidence

related to back-arc opening

initiation of back-arc closure (100 m/m.y.)

*After Chough and Barg (1987)
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