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P FH malelol 98 o=E P HY AP A
Hf AT FUH BT

B3] At 22 Yoll= AA o] A= A5 Aol A Aojgk= Ao] o7 FA2E B4 HiE
RO}, Eho) ujg o] YR of oafjA], o] Q2] XA W AFLELTH] AT-E g vlol"rt TR F2
3] EEQE 3187] g AF UL 2RE AT S tlolE = AT BREA Y] 25 dEu
11, o] & FalA Aget B8] Yo 44 EE2AY AFE HolA AR v 3851 o] 82 5= 3l
th 2 A= A3 diolEE 719 e &2 ghE0%] TRIDENT &% glojel 9] afjdat tjEo] A&t £
el A ZAF7HA] =335 A A 9 AFEF Hlo|EE o|-&sto] Aget HAHEX] Q] 328 WE 25 e
Wizt $E gk 2 A A, Aghat 23] &, 2 299 Aol A 2F 2,000 kg/m’ 2] mj > e xS £
S 2 3k AR AFo] 2Rt RS ERIstE e, ol o] Y EHEA el Af FER Y] E4F
7Fs/g0] vl Eoh= AL Al g X2 A 3§ F4= 2] (Central basin) F& A< 2F 3,000 m o] wjet
71/72}7](Cretaceous/Jurassic) & &of] A8t 1 o]t oF 250 km’ 0.2 Behgth thE L ZokE 7|9
Bz 28} oF 2,500 mof $A|5HH, 1 Huli oF 300 km’ 0.2 HehEth 2ol ERg Aght 229 st &
A 58 dol"+ $19 A7 23t AWAdo] w9 wrhe AL BAEa A FEEA] EAE Halolgh
3o B F thE AYE X Fo| 2T 7HsAd o] wi$- Eoh= AL BoE

FR04: B3t At B2), @3lpa, A3 S84, 334 5 =9

Sungchan Choi and In-Chang Ryu, 2018, Spatial distribution of hydrocarbon reservoirs in the West Korea
Bay Basin in the northern part of the Yellow Sea, estimated by 3D gravity forward modeling. Journal
of the Geological Society of Korea. v. 54, no. 6, p. 641-656

ABSTRACT: Although an amount of hydrocarbon has been discovered in the West Korea Bay Basin (WKBB),
located in the North Korean offshore area, geophysical investigations associated with these hydrocarbon reservoirs
are not permitted because of the current geopolitical situation. Interpretation of satellite derived potential field
data can be alternatively used to image three-dimensional (3D) density distribution in the sedimentary basin
associated with hydrocarbon deposits. We interpreted the TRIDENT satellite-derived gravity field data to provide
detailed insights into the spatial distribution of sedimentary density structures in the WKBB. We used 3D forward
density modeling for the interpretation that incorporated constraints from existing geological and geophysical
information. The gravity data interpretation and 3D forward modeling showed that there are two modeled areas
in the central subbasin that are characterized by very low density structures, with a maximum density of about
2,000 kg/m3, indicating some type of hydrocarbon reservoir. One of the anticipated hydrocarbon reservoirs is located
in the southern part of the central subbasin with a volume of about 250 km’ at a depth of about 3,000 m in the
Cretaceous/Jurassic layer. The other hydrocarbon reservoir should exist in the northern part of the central subbasin, with
an average volume of about 300 km’ata depth of about 2,500 m. A comparison between the TRIDENT derived
gravity field and the ship-based gravity field measured in 1980s shows us that our results are highly reliable and there
is a very high probability to detect another low-density layer existings in the northwestern part of the central subbasin.

Key words: North Korea (DPRK), West Korea Bay Basin, hydrocarbon, Satellite derived gravity field, 3D gravity
modeling
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1. M

A&t B-2|(West Korea Bay Basin, 713 10]|4]
WKBB)= E3}all 2] 9] 5& H-2.° 2 (North Yellow
Sea Basin, 1% 10f|4] NYSB), 11 & HZ&2 2F 36,000
km®olc}. Ahate] & F3L9] ®alolgHChinese
Bohai Basin, 1§ 19|4] CBB)2.2 o]o|R|H, 5
< 53Ho ok EXoF dAE ] ioh=E 2™ 1).
A F7HA] BFef X vfo]] o5k, ARtahe Asfoto] I
23l S- A1 (Mesozoic and Cenozoic) £4]¢] 5}
U224 1At} A-7FE E]oKPre-Cambrian) HA]
¢o] 7|¥tete 2 /e o] 1L, 1 15 S48 E
ZZo] @1 Q= AL 2 whobE 11 Qlth(Massoud ef
al., 1991; Ryu et al., 2000; Choi et al., 2015; Son and
Park, 2015). A|5= 9 ©/JulRAL ALl OJ5HH Agh
dhofli= T2 oFo] BElSle=4r(hydrocarbon) 7| 223}
= Ao 2 B1EQ o (Massoud et al., 1991, 1993),
o5 Eglprat 2 74E 2|9k S(Cambrian strata)
AR FH2Elr] S(Upper Jurassic strata) Ao $1%]
B4 QI A0 2 Wit RS oA HEG
glo|glo]] oJa}H (], 17 2014 Well 606; Massoud
et al,, 1991, 1993), = 71| 9] w2t A B9 Y77t
M2 The 2AH A4 Ao et} 1 3e)
sl A 37](Tertiary) Y- -4 44

(fluvial-deltaic lacustrine) & A|Ago|A Tl

NYSB : North Yellow Sea Basin
WKBB : West Korea Bay Basin
CBB : Chinese Bohai Basin

GB : Gunsan Basin
YS : Yellow Sea
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7 : Boundary of the NYSB _ -

C] : Research Area

100

02t

T A, S Afe= oftE 2|2 2o E
e Aol Fades Aoz ddE ot
(Massoud et al., 1991, 1993). 4 A| 28] @0 A
5 F2] 718kl A A E ket AR FEt
7] 3 FEop| MIEYFTOR ol FHIS S 2
o]Z I THSon and Park, 2015). 224 AJ3Hgto] 3
A5 02 v W7 53} B3re] 2] $1%/3)
T otk AHEHEel BAIR, Beleas] 24 &
2 ajobg 9i7t 3R el AR 2o Tt
7} A7 o] Roi 2] AT ek o] o)A
A3 % AREE Aol aoloRE S
UM SAHE S dlolele At HAE
A& 3 g 2 25 wefsh=t WS F
s g g Aoz 7= Aok

2 AFe 439 HolHE 7o s k= F
2%} ©]o]E|(TRIDENT gravity field)E 7| o] A|
T8 St A2 Sate B A4S B
Ak 52 B2 199 33949 UE P& md
Fe AR . o] & FEiA 1E et AlFel
ofsfiA 2HlE 12} 3 22342 Q] T3l ao] A
3 1 YRS 3R A A 0= Ao, ARt
A WA geleead) 92 3 O 24 e 3
7¥starat gk TRIDENT -2 H|o] & 9] 94t 3
A& YairE FEEA W4 (curvature analysis) Tt
Euler deconvolution H4]-& AMESIG oW, EZE
Topography

(meter)
3700
=

- :Faultiine @ :Well 606
Kilometer
300

200 400 500

: Hydrocarbon deposits
(Massoud et al., 1993)

Fig. 1. A simplified map of the North-East Asia (a) and a topographical map of the northern part of the Yellow Sea
and adjacent onshore area of North Korea (b). The location of the study area is marked with a red line in b. This
area belongs to the West Korea Bay Basin (WKBB) and the eastern part of the North Yellow Sea Basin (NYSB).



3R =9 2o ol HEE o =F M

2|9 31F ¢l 2 BdYS Y S
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2. Metak 2x19| x|E

Al B2 Bzl i Babers|
o] & A Aol FEHTH 1). Bt 42 75
mom] §ARO 2l Bk A3 ok Bx|of Aol
Ik AMekehe B A2 Qolzk o 30 kel A3
QtollA A/ EjZE] oA FAE £Ao](Choi
et al.,, 2015), 12} A4 AL A A zHe] gt
FEo whEael Al g o A U
(Massoud et al., 1991, 1993; Ryu et al., 2000; Son
and Park, 2015). T3+ A3Ht Bx]= 1Ad) 54
o} Ao MARHE 7Nt g e, §

RS Sl FAA EA = e HE Y

Formation Lithology & Petroleum Density

T Pliocene | Ss 80%, Sh 20% 7900
Miocene | Ss100% 202(2
Kg/
-5004 (Kg/m*)
i
g
-1000- =
0
[+¢]
Pal Ss 40%, ‘:
— aleocene| St30%, >
6 Sh 30%, Seal rock (Iigl?rg) Z,
5 -15004 5
E ()
= S
3 5
% 2000 <
D ) -
Ss 60%,
“| sh40%, Reservoir | 2350
s -
-25004 5
Upper £ |Ss 5%, 52450
i O | St 5%,
faasad [, | Sho0% Source (Kg/m®)
[i4
-3000

Ss: Sandstone, St: Siltstone, Sh: Shale  RS: Ryung-Sung Formation
Source for lithology : Massoud et al. (1991, 1993), Son & Park (2015)
Source for Density : Choi et al. (2015)

Fig. 2. Stratigraphy of Well 606 (for location refers to
Fig. 3) modified from Massoud et al. (1991, 1993) and
Son and Park (2015). Densities of each layer are esti-
mated via layer thicknesses, which are provided from
the petrophysical analysis of the Gunsan Basin (Choi
etal., 2015).
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9] @7}ER|(intra-continental rift basin)2tal &
A tHSon and Park, 2015). o] ENEA= F=
TR AR dojjof e e AFE g olr|et
T o] ESHE (platform)o] WEEH Q] 4f5T o]
2 Qs A ol ofsiA EAlE Aeg, &
3ol o3t B5-FA W] FHEA| -t (graben)
7 B E = Heds AlFsh7 | = st diE A 2]
o2 oA A= F43] JA7sHA =i, 17E
X2 FAL S A Bl & Eo] ZolA &
ek 53] $8 2AREEO] Lot o], 37| S
et A7) Aol R7de] F4 3] LojutA] AAY
o] FHiE ZFA =k & E oldell= Al
oF AT O] A FA o] AR ERECINH A
g (9L, A7z &l 9t &7] FHetr|et
Z7| Wot7] Ft, BA 9] $& AARe B FA R
X TA WF WA= 5 B3 dadol |
A gt At P o] BAEA 7 DDA = T4
o El&gkso] ARFEGITE o]F TEE2 1A37] o
L Ao} & 3N Ftol| A B3] of AJFHt £4]
o] A E4gF FHE HAISHA =t olet
22 AERE EA= 29 A 9 1o ofg &g
Aol oJste] WEsigl om, AA37] St €4
7ol osto] Al&stod Zlo)7t S7FsHRATt ol 2
< AR dHIT 52 AN 3EAY B4 B
AT Ftoll Agat EA= ¢ 10 kme| o] 2= F
A S AT EA8 50| = EHE §
€15 2k E it Massoud ef al., 1991, 1993; Ryu
et al., 2000; Son and Park, 2015).

AR 229 FA = A3, 2Tl EQ A
SRt E S, A TR o|Fojx 7]
At WA= 28 A719] RS 7RI e 2 St
I Yol &7] F2t7] B &S (Upper Jurassic strata)
o RAFon Ect 3] A2 HAo 5
B 34 o hekEo] SABH, SR ARRE A
= o)d HEgEo] A}, A th) 4 of
Aol SAlsteE 137 wjEol] AgHt 229 &
Shpd F Y (basement)2 o] A S0t} £
F2t7] B4 S(Upper Jurassic strata) 2] oll= #7]
ol Bl & (Lower Cretaceous strata)o| %]
ok o] wol7| o) SR B4 EL b K
o1, Al elere] Bo) Welglon, R A

39] olghtt B4 B ol W] SAJsHE 1
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o)30 4ol MALale] 431 olgtat Algto] 4]
siot. AAH O 2 BhE W] 52 He AFAE
T3 QlojAl Az 25 olztal EHTh SHE wiof
7] & X759 1A BHER T2 FAH
Ue AL 2 7 EH, I A= 2o 2,000 mof o]
£t} 0]F 5,0009H Fete] EHEFo] FTE
$7] wor] 9 T A XF2 AFolth wbA
S W o}7] 3 flofl= of @A & Fo] AT wA
2 EAHo] gt} o 4] F& A=A o]ek, Ak,
T Ao o]RojFon, TR EHER I
FAl= 2t 750 mof| o] 2t} of @A|F flofl= ol
Al T AFH o2 SejaA| Fo] EE &7
IA| S %, 254 SA 5 O =HAE stollA
et Ao m ZX] 9 SR = vl FAUA
3,000 mof] ek 2 ek, A 84 549 A
A= lol oA, Befol oA Bl Befo] AEA| X%
o] 24T PAR BAHo= RO Ydw
sH499) A1, ok W o|gro o] RolA glom,
I FY) ol ¢F 700 mo @3tk (Massoud et al.,
1991, 1993; Ryu et al., 2000; Son and Park, 2015).
SJolN g 7 HHze] UES el RS
Fe RS oA 1 Fas B £ sl
o}, e} A 22 o] JhEes 24e Y
T glolg7}t gl7] WiZel, Ao Azt Bx]et
H|3E L2 E 7H 4 EX] oA AAE 7 7o)
¥ 2 o]l & HsFATHChoi et al., 2015). 13
20| Hol= AXH, &4 WH9] B+ Yr+= Choi
et al. (2015)0] A A&t upe} Z+o], 2,350 kg/m”, 7]8t
¢(basement)?] U= 2,650 kg/ m’2 24z} A3
5t3ic} o] = HlojE =32t U= 72 B
sl=d| 583 ¥ (constraint) 2 AM-E A o]t}

3. Mgtz 2X|9|

mjo

SF7| kot

ol-—A

HI
H

¥ ATE Ploh) ASE TRl Hlo]El: 1980
dd] o8 gAf iHe.g.,, GECO-Prakla of Norway)
7 eat 7129 U A SRkl eelg =
}slo] TS o] F TH(Son and Park, 2015). o] ghAlu}
EHA} HlojE = oo ofg|o](airgun arrays)E Al
£3}0] oF 562 EoF 7| 2E|9l00 0.002-0.004 %
EEERUETE P

Sgnkate) AT WEeld 45 72 wd

i
Eal

((LE 3a)2 AgHatoll= 715kt 9ol §1X|5k= A
EAE0] &3l A 37T Y] ARA 2 Lol
AL & 5 ok 5F AEXA]|(Eastern Subbasin, 1
g 3bojl A EB)&= &2 2= Liugong Massife} &
g3 Q= HhE, AAEX]|(Western Subbasin, 1% 3b
o4l WB)= £Z 2 2 Haiyang Massife} @i Q|
t}. $UAEX](Central Subbasin, 13 3bojlA] CB)
= 55 WY dStE wEbA 553 A&l Y
H Fxo|t) E=3 7 242 23 7|4k (acoustic
basement)2 oF 3.5 22 FUAEZ] Yo Ho|n,
B2 Y AE 2EAGIME 2t2H 5 29420 22 7]
wlere] Zoj7} Z} 48A]) HshH 1 FAt 27
GH( 29 3b). E3F Liugong Massif ¢ Haiyang
Massifo| A= 3 719keto] 2of 1.0 22 Veht
£, ol o] AQoll= EAFo] AU eF2 54
ot YR Ezsta gloke A on)ith

o|e} ZE S 7|Hete] R ARNte] EF
A0 thgh 324 W 2 BEES skt
U9} tjEo] 71 £ 23t M4 (constraint) Q1 £
o 728 AHel=d] e FaT 4TE T Rol
o, 22U} AatRtolARe 4-2Jo] BA|(Vp-Depth
relationship)of| i3t <77} 22 H o] = B4
2 Afahgtol A oF 200 km WZo 91X|5h, A4}
3 9 512 Rust etk Ao SARE 2o
BRN AAE £%-Z0] BA(Depth = 1911
Vp + 965; Choi et al., 2015) o]-83}] S3F 7|9t
ool £ B s 7o HEE AXbsigt 1 21,
71 AL X2 % AEAEA Hd 2F 8,000 mej|
goad, 5% 9 A& A8Z] YollA9] 3 7|5k
o] Hat Zol= oF 2,000 me} 4,500 mE k2t A
ATE| TR’ 3b). Bl Eo] EHEX] 9 58 axt gk
= Ak 1A, 24t 2R o 830 F=RH(BA)
-Z1o](Depth) A 4(BA-Depth relationship, BA
= 0.005 x Depth + 25; Choi et al., 2015)0] ARE-E
Art. 22 Scoll A Wol AT, o BALe] I3
A ARE $2 9 HE sRAY BRgke o 5
mGalo]w], Zol7h AT 0.2 UL Fof £EAY
o} T a7} gk oF 25 mGalo|tt.

H

flo

4. 2IZ2ld SHE HoIH

X

SR AR 9] 2k FA| o {complete Bouguer



anomaly) & AL 7] 915 Bl T2
% TRIDENT 27 tlo|BE 0185131t} ©] TRIDENT
Holes YR o2 golx 245 A 57 &
9] o]AK(free air anomaly)S 23t HAJ= R
o} A= OF 25 mGal®] SAFES ZH= GETECH
BAHGETECH group) o] AlEsh= 0] oV d(free
air anomaly) S 2HE AAJE altimetry $|4] d|o]
HE 7|Hte g 3t} A= dinta 9 3AE o)A A
331= DNSCO08 (ftp.spacecenter.pub/DNSC08) ]
™, A= Sandwell and Smith (2009)7} & 2] 3} A]
g ;o] oldoltt oY s == 22 2.0
7} 4.0 mGalo|t}. o] F &%0| o|AERHE 334

zdo] Qs BAolA(Bouguer anomaly)S 7|
Akl 7] fisiA F=o1 7 BA T (Bouguer plate) 9]
Bt U= g2 2,670 kg/m’oltk. o] e x|Zk Ff

Wed 606
------ Faultine  *

Mgkl 2| MR RSS FUH 22 645

A giEAZHe] ot Y=g Christensen and Mooney,
1995) .= def &2jA Sty 297] gzl 59
3 RRolglE AR Ao B UE gho2 of
% HEa ok weE . wak £%0] o4
of|A] FA o] F o R 9] ALES HsliA= dlA Y 2ol
ZHbathymetry)fl 2|3t %8 F3} gk Alslo] Fof
o 3tk ol SAaIA] AE B4 AWEE NIMA
(www.noaa.edu, 19 1)o]|A] Al-53h= H|o|EE ©]
&olglon, =Rl o5t FHaW 3t ALk ¢
3l|A1+=Hayford zone (167 km)-& ©]-83t terrain effect
< AAsHg) o] AAFE terrain effect ZH-2 A+
A9 WollA EF A=} oF 2.5 mGal o]l A Xty
6.5 mGal, 4 1.2 mGale] Ho|S Ha 9/} Choi
et al. (2015)-2 TRIDENT d|o]€] 9] A=) Tt Al
W3S Gobi 7] YAl FAREA] el A Al A

Fig. 3. A spatial distribution of the acoustic basement (a) and depths of the top of the basement (b), which is computed
by using the Vp-Depth linear relationship (Depth =1911 x Vp +965; Choi et al., 2015). The gravity effect of that
depth distribution (c) is calculated inversely using the BA-Depth relationship proposed by Choi et al. (2015). F igure
D shows the satellite-derived complete Bouguer anomaly map of the WKBB with a range of -30 to 40 x 10 m/s”.
The Bouguer anomalies less than -5 x 10 m/s” are generally found in the central subbasin and correlate well with the
graben structures in the acoustic basement that are deeper than 5000 m (Fig. b). Black dotted lines are fault lines.
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A &54& A g5 59 dlo|E <} TRIDENT
tlo|E & Hla £A51ich 1 A} TRIDENT d|o]
B 9] 96% tl|o|E]7} ¢F 2.5 mGale] @2} ] Qhof
A A% &4 dlolE et YXske e ot o]
= A4 SHE S8 diolg7t AdollA S5
dlojelet AL ztol7t gl TS 2 33
HojEth= A& A AR

a9 3de= ol dHY S AAX S4E o
2,500 m9] SPF=E ZH= ARt AR 4] TRIDENT
BEAlol4 A= (Bouguer anomaly map)o|™, |
Z o 2 30 mGalo]A] 40 mGale] Ho|E Ho]al 9]
t}. -5 mGal B} Z-2 BAol4} 152 gty o g
T4 2EA A YeiaL gleT, ol 3% 71N
oFe] Zlo|(2E 3c)7} 5,000 m X} o 7o 37t o
A8z 7S HolaL Qi o] HollA FH(2,670
kg/m’)ol] vl AT 02 e B U 42,350
kg/m)& 2= HARA7} 20 20842 BA 9]
A gho] Rolditt=s AS=E &3 & 4= Qlr} 10
mGal B} 52 RAo1} 52 gt og A%t
Tk S-S IR Q= Massif zone 53} Y X|eh=1,
E3| Aghke] dEZo] 9)2|5k= Liugong Massif

000082 000008

000092

P : Well 606

30000 50000

Fig. 4. (a) The gravity differential computed by subtracting the effects of the sedimentary thicknesses (Fig. 3¢) from

ﬂ_

ol A= FA o2 ghol 7H 2 9F 25 mGalolch.
ol o] gL g Urrt &2 7|8ko] g8t e
o, 197] g W=7t F2 EHEX 7 A ¢l
7] wj&olgtar HhEth(Massoud et al., 1991, 1993;
Ryu et al., 2000; Son and Park, 2015). §J4dollA &
E dlolgoA fEiE FA O HTE 3d) S 2R E
L2 Z3F 7|9eke] Zlolof oA ut AlLtE 5
23 g™ 30 AAS =9, £A el EAst
= 9z Bxof 93t 53 }o](gravity differential)
T e 4= Utk 19 a0l 4] Bol= AAH, o]F
Al AAHE 58 Aol gk FollA 49 3= UEhli=
Z2 32 55 9 AF L8X ], o= TRIDENT
Ao14F o] 3¢ 7]ubgre] Zolol eJaAlnt Ak
o 52 73 ket 2ok AL oujgth & o 2
R3] tobr] $iaiA SRR} Bkl whatA
= 2hS vl mate] uokth HE 2879 2ohS
2o Z 712X 2% SN2 2RI(2d 40T 5& 4
B2 & GEo 2 7FEZ X2 SN04 2H21(2¥ 4d)oll
A ROl 2, ks Ao e FAE Aol 2k
So| Wrbio e AE 5 A3 SR Fls)

A ke 2 & 47 itk o BE LA 28

e weot

K

the Bouguer anomalies (Fig. 3d). The gravity differentials along all available seismic profiles are presented here
(b-h). The western (WB) and eastern subbasins (EB) are characterized by a positive gravity differential, indicating
that the TRIDENT derived Bouguer anomalies are generally higher than the gravity effects (Fig. 4a), which means
that the average densities of the western and eastern sedimentary subbasins are higher than the average density of
the entire sedimentary basin (2350 kg/m’; Fig. 2). The negative differential revealed in the central subbasin can
be explained only by deposits of very low-density structures like salt diapir (2080 kg/m’; Choi et al., 2011) or hydro-
carbon reservoirs in the sedimentary graben, as mentioned by Massoud ez al. (1991, 1993) and Son and Park (2015).



IRH B2 Dol o3 oiSE B 25 A

A Yo Wert AA) Bt W gkl 2,350 kg/m” &
o} E3tel7) ek A& ojulsln), o] 2 Haiyang
Massif zone¥} Liugong Massif zoneS wahA| &
713 9&7t &2 A2t 5HE B o] EFHEA] Yo
o] $AEIIchs 28 A AT,

29 Wit 2 -10 mGal ©]/39] nfojy A F8 2t
o|(negative gravity differential) & Hol= X2 3
2 3% 2EA oItk 19 4de-hoflA Hol= AAH,
54 9 A5 ST} kIS0 K (WEOL, WEO,
WEQ3, WE04, 1% 4e-h) 5% AEA| AT F2
afol i 52 Aoz} RS & 471 9l ol
TG 28X o T2 A o] H]jA] FiH R U
7} 2 B4 o] EAsk=d, EjA #A] WollA o]FA
A7}k 220 23 oledZ(glt diapir, 2,080 kg/m),
Choi et al., 2011)0] AL} W=7} 2 2,000 kg/m’
Arg B o2 si= wslea A& (hydrocarbon
reservoirs) |2} 2273 4= ik, FlollA] EAI3 U]
|52 3 U 2 RAYS =Y gA F8
3 242 AHgElo] 2 Zott.

5.1 Curvature analysis

AT 77 Toll 9AsH TEAot B2y

000082y

: Anticipated area of the
P Central Subbasin (CB)

WB : Western Subbasin
EB : Eastern Subbasin
D : Well 606

000092y
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A9 AA 5 WEr £ Hol7h i 2
Z7] $JlA IE-EA](curvature analysis) B 0]
gotol UL AT ol2 o FERA
P 339 ehmRiale) ajag BHow A
3RS (Roberts, 2001), Y of o3t 22| 3
A 52 Fol)7] I3t BH o ol 7] Az}
e, B =2olA I as4de ASSHATHA,
Gotze and Schmidt, 2002; Choi et al., 2011, 2015).
Sl o3t FEEA WHE F o AN ol
517] flslAl, &S0 2 RE Eie 1, 2, 3(Z1F 5aclA
RHOT1 > RHO2 < RHO3) 2.2 o] o] 7+t 23}
o s e e Lkt F8 TS AT 2
24 o] ol2 A9l g s dk 5
Y TAE A5 o2 A4E ZF oMo £ ¥R
22 7171 flo2 s} Ycka Alztehe, o)
9] gt oA FE k= 1 ol A REXE(1™ 5acllAl
R)& 7171 959 arc segment Z A 52] @42 A
Ao oAt THER kO] I (curvature, 1H|
A dofis)e The Tt 2L Ao R 4 gl

2 2
= 20D (Roberts, 2001)

F o 1Al 919 A1 o)X} A (k= Z;;i )

Maximum

Minimum

Fig. 5. (a) Basic concept of the dip curvature analysis (Roberts, 2001). (b) Results of the dip curvature analysis of
the Bouguer anomaly field. The pairs of positive (red color) and negative values (blue color) of the “dip curvature”
correlate well with the rim of the central subbasin (CB, solid black line numbered 7) and the tectonic fault lines

(dashed lines numbered 1-6).
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Fig. 6. Results of the Euler deconvolution method of the gravity field: the deepest mass points of more than 4,000
m (red filled circle) are mainly clustered along the tectonic fault lines and uplifted zones, like the Haiyang- and
Liugong-Massif areas. The source depth of the most negative Bouguer anomaly shown in the central subbasin (CB)

is at a depth of about 3,000 m (black solid circle).
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Fig. 7. All available constraints (gravity field, acoustic basement, seismic profiles, and results of the Euler deconvolu-
tion method) are presented for three-dimensional density modeling. Thirty-two vertical sections are used, with dis-
tances between 1 and 20 km, depending on the underground complexity.
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Fig. 8. A West-East model section along the seismic profile numbered WEO1 (for the location refers to Figs. 4a
and 7). (a) Measured and calculated gravity fields along the section are presented. (b) The preliminary model is
modified with a sedimentary basin and a basement. (c) The 2" model is modified by changing the petrophysical
properties of the Cretaceous/Jurassic layer. (d) The final density model indicates the necessity of a very low-density
structure (LD) at a depth of 3,000 m for the best fit between the measured (solid line in Fig. a) and computed anomalies

(red dotted line in a).
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Fig. 9. A South-North model section along the seismic profile numbered SNO3 (for the location refers to Figs. 4a
and 7). (a) Measured and calculated gravity fields along the section are presented. (b) The final density model indicates
necessity of a very low-density structure (LD) at a depth of 2500 m for the best fit between measured (solid line
in Fig. a) and computed anomalies (red dotted line in a).
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Fig. 10. A South-North model section along the seismic profile numbered SNO2 (for the location refers to Figs.
4a and 7). (a) Measured and calculated gravity fields along the section are presented. (b) The final density model
indicates the modified geometrical properties (e.g., layer boundary between the basin and the basement) and are
supported well by the seismic velocity structures along the profile (red dotted line in Fig. b).
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Fig. 11. A comparison between the gravity differential (Fig. 4a) and the spatial distribution of modeled low-density
structures. As shown in Figs. 4A and 11, there are two prominent gravity differentials in the central subbasin, which
are calculated by subtracting the effects of the sedimentary thicknesses (Fig. 3¢) from the TRIDENT derived Bouguer
anomalies (Fig. 3d). The cause of the negative differential revealed in the southern part of the central subbasin (marked
A) can be explained by the spatial distribution of a low-density material (LD_A) with an average volume of about
250 km’. The other negative differential shown in the northern part of the central subbasin (marked B) is caused
by another low-density material (LD B) with an average volume of about 300 km’.
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deviation of about 4 mGal. The spatial distribution of the gravity differentials is presented in Fig. d. An area (LD-C)
characterized by prominent negative differentials inform us that there may be another low-density layer in this area

that was not identified in this study.
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