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Abstract: From the Early Paleocene to the end of the Oligocene, Wushi Sag of the Beibuwan Basin experienced multiple
phases of extension. A group of extensional decollement faults formed during the 2nd phase of rifting, but their formation

mechanism and evolution process are not clear. Based on the new high-quality 3-D seismic data obtained in the process of
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petroleum exploration, an in-depth analysis of the extensional decollement faults in the Wushi East subsag is conducted in this
study. The results show that there are 7 extensional decollement faults (Fa—Fg) in the Wushi East subsag, which are
distributed in the near E-W or NE-SW direction. These decollement faults, together with north-dipping No.7 boundary fault,
controlled sedimentation from the 1st Member of Liushagang Formation to the 1st Member of Weizhou Formation, which
formed a huge rollover anticline. In terms of evolution, during the Early-Middle Eocene, the basin was a graben or half-graben
controlled by the NE-SW No. 7 boundary fault and other local small basement faults. The 3rd Member of Liushagang
Formation strata was discretely distributed and was overlain by thick layer oil shale of the 2nd Member of Liushagang
Formation. From the Late Eocene to the Late Oligocene, 1st Member of Liushagang Formation to the 1st Member of
Weizhou Formation deposited in the basin , which was controlled by the oppositely dipping extensional decollement faults and
the No.7 boundary fault. From the Early Miocene to the present, the basin changed into a sag basin. This study has depicted
the geometry of extensional decollement structure which formed during the second episodic rift phase of Wushi East subsag,
analyzed the growth and linkage pattern of decollement faults, and proposed the decollement faults upslope-ward migration
model, which has a great significance for solving the problems of oil and gas migration, storage and preservation.

Key words: Beibuwan Basin; Wushi Sag; extensional decollement structure; structural evolution; oil and gas structure; marine

geology.
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Fig.2 Summary of strata and tectonic event of Beibuwan Basin(modified from Li ez al., 2012)
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Wi )22 4 S 17 1 ) T 1) KB (km) e K% 25 (m) I5e K% 22 P Ab A3

Fa E-W S 2.9 1500 PG5 6 5 1B 2% 34 4 19 oz
Fb E-W S 9.0 810 Wi 2 s AR Fd i EdL
Fc E-W S 8.9 1000 KR

Fd NE-SW SE 2.7 750 SRl

Fe E-W S 22.0 780 s

Ff E-W S 6.3 380 AR

Fg E-W S 5.4 680 s




+

U 45« PSS 7 5% M0 I A ke A i B ) s i 9 A A B L B B R X

.
BT 2515
W Fa E w Fb E w Fc E
1600 800 - 1200
1400 [~ e 1000
_ 1200 X 600 900
E 1000
EHiRA 800 400 < 600 %
& 000 — T \ 400
400 200 / \{
200 / 200 -
0 - olb—— = 3 0
0 500 1000 1500 2000 2500 0 2000 4000 6000 8000 0 2000 4000 6000 8000
#H B (m) B (m) B B(m)
w Fd E w Fe E
800
1 800
600| 3 \
E S 600 \
T 3 b 2 A %t 400 400 —
= I
200 200 it
N
0 B ‘ T~/ \
0 500 1000 15002000 25003000 3500 0 4000 8000 12000
PE B (m) #H 2 (m)

P4 3B Z Fa-Fe (7 B —HE 2 &

Fig.4 Fa-Fe faults throw-distance diagrams of extensional decollement faults

SRR T83- T80 Rilly v 25 M (0 204 T83-T72 M Rtk 22
33 BREEEDHEEESHT
ST 5 o 2R 3 9 45 4 e URR AR iR AT T 3
R IR, SRy T S e R B A 3 R AN (] R BT A 0
P BS/URE N TNV R VA S A S VTR P O o 3 [ = 2
AN TR) B3 DA B S () 3B AL 189 3% 2l ok AT T Ge it 4 A
v B — I S ) T A b Ry I, R DA MR ) I L
J2 LI 1 — i Sy SR A W BT 0 R A% AT
B AN [] s 10 390 R A () A b 2 19 oty % 22 0 A Ak A L 4
A5 11 [) — 4% W7 )2 45 S [) i 2 10 7y 9 22 IR B 4k
A &, I8 ] — b 23 4 A 358 038 L HD AT A5 3 —
55 W J2 A (] b 2 30 FR B I B 060 B R ot £ i it
SN A R Pl [ B e N s [ A A )
A Ak (L 4) . 3 3 43 A FE LA IR 25, B AT 8 5 1E W
J2 09 4 K Ak 7 8 (Muraoka and Kamata, 1983
i ZE e 45, 2009 2012). W 4 7] LL &
2, Fa b 2 0936 3 S0k L7958 25 55, JF s A
T B0 3 R, 5 — R R AR AR i — B (T83-T80) it
R 399, 0 ) AN KT 22 78 B 0 3l JF DA T i — B
('T83-T80) , 1M A4 Bt 1% A #4) & — L FIE 3l , X 7 B
65 W2 R g AR TR 5 B R K R AR AR T
T B (T72-T70) YLAL I I, W7 2 09 2R B A PG Be
S ZU G B, VY OBE B B SR T AR B . TR — B
(‘T70-T60) UL R 1 Fa Wr )2 KA 7R B & 10 3
Fb W 2L 78 i — BE (T83-T80) Al il = Bt (T80~
T72) UURL I, H 74 B A B D (0 35 3l o
Fb 2 W~ AH B AR /N2 A A AR (K 4).
FER — B (T72-T70) Ui AU 101 17 )2 58 20305 2, 1)
P P AN ST /N W7 2 A B RO R & R B IR B R

=24
57

=
s OE R,

LR TS3-T70 M) Bl il vg 22 40 (AR K T83-T60 Ay ity #4522

EARBIFIRE 5 . AE T — B (T70-T60) UL B 1,
W DT 2 7 B A /b d T Bh A, B AW R A 1R B

Fe W7 J2 76 i — Bt (T83-T80) UL 4 Inh 1 ok 1%
gl . 7RI = B (‘T80-T72) Ui FLHT M Fe Wi )2 4 Wi A
AH PN B /N B2 A T B4 IR 2 Y b BRI AR B
e 2 [8) WA A AR 2R R B J2 355 Bl FL P R g 5
(E 4 Fo). 768 — BE(T72-T70) if 30 bhr )2 3 20 3%
B, RIS kB WP AN R B i RS S
P — Wi 2 . Z B B gk R T B 2 9 3h AR 5 P
55 09 4 5. B — B (T70-T60) UL ALY, b7 )2 78
PG A AR BB 3 Ak TS B ) A 55 T B

AL R )2 O AR R, Fd W )2 R — B
('T83-T80) Ut AL i JH 5k I 4hy oi BN 1% 3 , P4 B Ik
REBEWE SR (K 4 Fd). 8  = B (T80-T72)
UURR B 0] Fd W7 )2 gk 7K =k e . 7R B (T72-
T70) A — B U0 B W1 8] Fd W )2 45 1k 75 3

TE— B (T83-T80) UL AR AT 1 Fe Wi 2 C &7 1R
162, IET Fe Wi 2 0y 3 4577 & B /MBI, hig B
(T2 % B e MR AN (K 4) . FE i =B (T80-T72) YL
TR 3 45 Wi )2 & i T #2300 . H 8 30 3% 5 10 49 1 2o
L B AR s B AR sh i Rk SRR
YW 2 Fd AR TR 902 A2 — B (T72-T70) i) #1722
Fe i8R iE 3, H W WK 6 2l 19 75 Beth & 26 T 10859 1
W68 AR — B (T70-T60) UL AL EH ], Fe B v v B
A IS5 G Eh A A 5 R0 Bl . R FORI Fg i
T 5 R AR ER % X G 52 TR R A 2
BT, B2 N AU Az TR bl DT S 3K
W 2 4 2 B 1) A B i 2 PR e AR SCORAE TS .



2516 HiEkFL#  hitp://www.earth-science.net

54T 3

4 R i i A v AL AR e B

A T A 2R A R AL 1 A LA 2 R AR
K s i 5 A M (B 4) |, 25 4 4 b R [ s 390 )
)RR (B S), KB W ZE A K AT a R
A7 76 B0 M RF A . 76 i — Bt (T83-T80) Ut B i 1
(E 5a), EYS W2 Fa b B S 65 Wi 2 i 82 19 07 &
KE R AEIEAZ ] T 65 W2 R Ui AN Y 5
TEIZ B Fb /Y 15 2 5k B AR 55, W BE R K AL T
100 m, Fe R & (K 4, 8 5a) ; T ¥ Wr 2 40 Fd
Fe W &3 5 b 3 b J2 41 5¢ 4 A0 R R E |, 3
JE Fd A58 Z035 30 s Fe P4 B R 16 3h , v B L v BEAN
KRBTGS, K EH 3D HARELN/NKZ . A
THRBERBAWZEE SRR, PEEMARBRLRT
14 BT 22 006 2 /N (I 4, ] Ba) . B Ok U, 76
— B ('T83-T80) UL BLHF H , T 3 Wy 22 4 5% K03 8,
LYW ZAPR Fali B AR KB R ATHRE F .

FE I = B (T80-T72) M )2 i B 3, I+ B I

JZHM 3 %W E Fa Fb Fe i ,Falli ZEI1EL T ;
Fb W7 J2 B v B A /D 306 sh Ah |, A 30 0 sl 45 1k
(B 5b) s Fe Wi 27 R WAL AT 19055 1 76 sh (&1 4,
& 5b). T 3 )2 41 Fd #1 Fe b, Fd W7 )2 % (K 75 3
A H R — BE(T83-T80) A Fr i 55 , {8 78 Jay 3 475
g3k # 29 180 m. Fe VG Bt A K & o, PG B b
BERN AR B R ST TE B B 3 4k /N Wi 2 A B
WA, 78 = B (T80-T72) It A1 I A 1% 8 2l —
W 2. Wi 2 0 B o AT R R T kR T
AR 3 a7 /N2 (B4, Bl 5b) . 78 I By Bt
o i RG22 R AT DL T BT R AL g sh o
FEE Bt (T72-T70) 3 2 BT U (181 5¢) , 1
Iz VRir J22 AR 3 DR 2R A 0 O sl R R T B B R
e LYWZE Fali 2 2 BOGRA T, Hg B AR B
KA W2 Fb 2B EFIGER, IFLD T W
PRS00 ST 1 T J2 3% 8 O — AR BT 2 B s Fe btk A
T A B s B MR Ok AR B sl KT B
(FE 4, 5c). F 32 Fd G sk ) 2 B0 H A

i 1] (ms)

M-700

600

—— 1 N 13 B 1 T B
K5 2K S R A
Fig.5 Plan view of fault growth and development
a. i — B (T83-T80) , Z BLUL BN I Fa P4 Bt 3y, Fb & i 1% 3, Fe A& 3, Fd 2 BUE BRIE 3, Fe P EBANTE 3, b o5 B b BE R Be i 3l
b i = B (T80-T72) , i B UL BN ] Fa 7 45 1% 2y, Fb P BL & 45 1% 2 AR Bid 8, Fe b WU BGIE 3, Fd A2 B M Fe P B R BE 85 e 0 —
B (T72-T70) , Z BL YU ) Fa &2 BE (Fb &2 Bt (Fe &2 Bt (Fe i B Je R Be i 8, Fd A B 1k 3 . d. il — BL (T70-T60) , % Be it 1L 1
Fa Fb Fe Ml Fe W7 Jz Jay #8355 1 3

B [i(ms) N

- I )R B )W) B



T AEE - U A A [ A T e R i A 1 T AR 2 R L R R R
71 2517
WL T % T T %E
R I 6 2 160 42 S
E\ Z
8
& 7
%,
8
10 W .
G e T 1 i T - e = G e
=
S : Q) QS S
() F ¥ )2 K& (b)) Bl Wy 2 0% 3%, L m i 2R A
R T 17 2 0 7 B A 5
P R——————
3 YU T
IR AV J/  LRWE
S 1 W B N\ o J 7 2
B o B U T S
e WA= R ' GaEe
_ AP ZH — — 2
WRIF O wwtn—p — SRR
S—— " —_— B
wp 1 HH AR — BRI VT i = I 1 e
B GiBaER —_— R R Q : QO
A TO0A ¥ 45 1T

(by) b TR W E R A

P6 fil e e A BT 2= 2 AR X
Fig.6 The evolution of the extensional decollement faults
BT % 0 R B R 2 R A O R B AN O A0 SRR R B TT R B A3 S R - (b)) R SRR 2R A AR (AN Fd) , YT R AR
B LI RF AL A O SR 5 (b,) T 3872 2 () A Fe) 1L 338 7 22 AL IR i) % 7

S 1 <o o T o ) IO /N I i i £ 2
TR B W2 Fe, 15 BLETA BT R A 5 Fe 4 BL TR
B, AP B s Bh iR, AN #) 100 m, 7E P
Broovh B AR Bk R 200 B (4, 1B 5e) . 7
— Bt (T70-T60) ¥ #LIF ), H A Fa.Fb.Fc M
Fe Wb )2 Jo & 1 59 1% 3 (&1 4, K 5d) .

g5 BT IR A SCHR 5 A AR HE A R e A T
Z kT AL R (K 6) . 13 47 48 3 10 1 o i
WiZ R BT AN L e U3 = B
(T86-T8)EZRFEAIMZIE . fEHE 1 w7
W1, 5 0 R R E A/ R B AR R R R A Y
Hi % oy b B A, DT AR T R = B (T100-T86).
R D G, S A RET S W2
s, TR 2 W B (T86-T83) il UL A Uit
LR R DU SR AR, B R A BB RO AR ) RE
PE A A Ry J5 2 R U &R S8 0 1 B T ()
Sy AR T BT R R R E R TR R A

BARENMREREE ELZRFEXREI
B (o 2 0 I 22 ) IRE 30, LA T 72 S5 10 Sk b 2 49 b i
T % A e 1 5 . DSR2 (B 5) R 7% B B (5]
(E )R LLE W B 1 #EH0 T Y W2 40 Fd Fil Fe
SAUTE SN, I Yk 2 4 Fa Fb Fe 55 16 sh s & A
W WL R TR Fd A IR TS 3L {0 Fe
B3R TE BR TG 3 . bW W2 41 Fa Fb Fe 78 L By BEIT

TR TG BRIG B . WM 1 % 2B i — Bt (T83-T80) Al
T =B (T80-T72) 4 A . 7E ML B B , 7 5 Wi J2 AT 3¢
it Jre 3 MG WY 2 O e R R E L, R T B
(T83-T80) i = Bt (T80-T72) iy L L& JiE A% Ak Fl
T AL S L DR R R (K
6). FE T B T1 %8 B 30, AT AR AR T 3 R A R A Ak 2
KA AWFER(E6): (1) NHEWIEAIFILET
(Fd) . B3 Wr 24 TF 46 7, il Joe o i 7 )22 & 1) 2
AN G R AEXFP T S T, L3 W)= 4R 7 2
[ il T — B WA B TR
oD e = R A R RN i 1 B R (F R R
P o N7 [ = Rl e = LR RN T B o I R < IR
Al RE R T L T2 AR 7 5 )2 X e R &
B LT R 20w A R ) B e 2oy L (2)
T W)z (Fe) B 35 06 2 40 R B & /&, 76 3 F s
ST, R SR b3 R B T2 DL B 75 )
] 45 1 7 — BE (‘T72-T70) i — B (T70-T60)
SR/ I NED 5 AR ) = = S P N B e
Jé H IR =4 W (Fazlikhani ez al., 2016) F1 3%
b 35 4 4 57 b %5 (Jackson et al., 2009) 45 AR AL A4 3 1B
Wi 22 1) b B ) SR RS R L fE S A AR IR
AEE R 3 E RS (1) 2 % 5 Ty
SONEE T HZE R R 75 (2) 745 W2 R sk
T B 5 BT )2 T K e T 2 R B BE RS Sk i R



2518 HIERRL2E  http://www.earth-science.net

A7 %

TR T 2 B AL T T SRR N TR B 2S (A] 5 (3) T B
J2 21 7E 300 B B e e 28 LB Ak AR TS Rl T RE 4 O B OR
AN -0 # . A6 W i 1 %8 ik 1, 7 5 DB )22 7 )2 1o 1)
JIGT B 58 A 25 1T 3k e e 8 )2 9 B A )
TE A e S R B b )2 R 4t 1 i g A
ReF, FYWIRAIRIES . fE B FEa ], R
W Wr 2 kB et kM. 75 W 2L a0 s 8l 4
it J i Mo o7 2 2 i T 22 0 s ) RN B R Y F e
YW EAFFRE S AT AR A BT
FUEEI9], 7 5 W7 2 09 3% 2l el 55, 1 0 T 2 19 3 3l
AH R 95 55 (1L 5) 33 uE W7 it J v I T 2 1 3 B
5575 Wi )2 09 1% 3l % U)AH ¢ . Jackson and Larsen
(2009 ) & $& i fify Jre 8 Wl W7 )2 09 B 5 s =2
Y By m s A O, X WA R S AR
b R oy A TR T B o Al L B e A ) S

IR GIERic gk s A= ORTH W'Y 9=

b, 1) SR AT SR e R AR s R IA
RGAERME R . S A REFER B (T86-T83)
OB TR 2R R A, H TOC /Y 3E [ 7E
3.07%~10.35% (BEPRE S ,2012) , 0 5 A RHEMS
BRI P8 R AR PR AE T R AT ORI . DRt By 44 15 0%
Bl Ry 2 T B A S S DR 3R )l X 3T
R RS O S AR RGN A RS
i T e MEE R (E 34, 2021; Xue et al.,
2021). W JBEAL) 1 T8 B VR BT R Sk s PR AL 1 L HL R
A PRI T ARG HB , 1 AR A% e 2 SO . ax
sk Pk 7 24 98 38 T 3 BE(T86-T83) I T 7+ Al i
TH 2R I 30 07 DL RR A D A A )2, S il s B R it
TR b A [ R B (T72-T70) BT
FRUR o R 80 AH U8 2 AT AR S = PR R R A 56 )2
RN AR A I AR X, Sy KBk A
B BB AL T A R SR 0 (R SR 4L 2018).

A R B8 [T B B T 19T (K AR 2R 45, 2013) il
13 7 [T (5 % 45, 20215 £ < SR NS R A5, 2021) 1
I A4 3 ) O 98 3R WY, T I A 3 X b A A8 K Rk A
9 IE WA A2 284 F . J2 BRI JIr & 30 0 9k /< 4 R
T3 55 0 0T A TR Bh TS A 06, FLh 2 b s
il B 1) P DA AR AR, S R & IRy
W 244 R 18 0 L PAD TR AR /N (5 1R SCAE, 20055 4
MGt ,2012) . DA e 35 the 2R 00 280345 3 thE 2R H7 , 3 o 0 2%
) 56 Z1 3% 35 BT R b 2 B R R BRI T O
VLR P 2825 8] IR R R SN R Z LR B T — &

B A P B 2R D il S % A RLs A R Rt T
filt . Bl AR R O A 45 SR SR W X s ol
A P B A g R T — R IR 4 ) e 2
148 % (K 52 FIE # i, 2021) , T8 i R B4 3l <
I (1 e 26 0, J il U 4R A9 A 1) XA

6 4Ei

(1) MR 4 T100 F1 T60 B 4~ — 2% J2 F¢ 5t 1 K
At HB VL AL Hb 5 o 2R R 4 o BB AR (T 100-T60)
FIh B % (T60-1 K ) . 76 24 BE w b, IR 48 — /)2
J7 5L T83 K 7k b %) 43 S 4 BE | %E (T100-T83)
FZEBA N1 %% O R 3 B %5 ) ('T83-T60) . #E 2 KA 1l
e b UL =G )2 B T72 dF— A R 4 Sk W
1 % (T83-T72) fnig Wi 11 %% (T72-T60).

(2) 3 /7 7 3 i A J 0 B0 M 3 DL B
(‘T86-T83) Il A Y J& 2 ¥l 01 &y 8 B 1w (4l )
16 75 22 1 1 %5 By B it N-S Ja) (9 4 2 3 5 R AN
TE W R E R TR T — B
(T83-T80) % Jfl — B ( T70-T60) YL FL , & L T W
MR Z A R S IR E A R H T K &k
PEWT 2k ek MW M B R M NS W
JI W7 22 AT, TR T B A A A0 3R

(3) 1 Wiy )= i k& BA d 52006 25
R B R8BI 28 Sty b Bk (U8 W& sh M iE 8
SIS/ URE - T T & T R = T T e SN (R S i
JZ 41 Fd Al Fe 7£ it — Bt (T83-T80) | il = Bt
(T80-T72) & 3, I+ Ml 7 W |l & & 0“0
B B i - Sl SR ST AT AT S
JZ Y W W2 Fa  Fb  Fe Wi —BE(T72-T70)
FH — B (‘T70-T60) JF¥ 4 16 o I £ 45 40 B “ 42 0
KUMEMER . XMIEMEZA T 75 MR
JIGT R 1 T A Jr B2 AR % 35 Bl 23 [a) R e DL RO
W J2 2H 7 T 6 11 s 1 3k 3 ik A R 4

References
Ai, N.P., Ren, J.Y., Qi, P.,

and Geological Siginificance of Extensional Decollement

et al., 2009. The Redefinition

Structure Systems in the Qikou Depression. Geotectoni-
ca et Metallogenia, 33(3): 343—351 (in Chinese with
English abstract).

Back, S., Strozyk, F., Kukla, P. A., et al., 2008. Three-
Dimensional Restoration of Original Sedimentary Geom-
etries in Deformed Basin Fill, Onshore Brunei Darus-
salam, NW Borneo. Basin Research, 20(1): 99—117.



E Ea

U 45« PSS 7 5% M0 I A ke A i B ) s i 9 A A B L B B R X 2519

https://doi.org/10.1111/j.1365-2117.2007.00343.x

Bai, B., Kang, H.Q., Cheng, T., et al., 2016. Gravity
Dcollement Structural System in Offshore Basins of
Northeast Brazil. Marine Geology Frontiers, 32(4): 31—
36 (in Chinese with English abstract).

Fazlikhani, H., Back, S., 2015. The Influence of Differential
Sedimentary Loading and Compaction on the Develop-
ment of a Deltaic Rollover. Marine and Petroleum Geol-
ogy, 59: 136—149. https://doi. org/10.1016/j. marpet-
2e0.2014.08.005

Fazlikhani, H., Back, S., Kukla, P. A., et al., 2016. Inter-
action between Gravity - Driven Listric Normal Fault
Linkage and Their Hanging - Wall Rollover Develop-
ment: A Case Study from the Western Niger Delta, Ni-
geria. Geological Society, London, Special Publica-
tions, 439(1): 169—186. https://doi. org/10.1144/
sp439.20

Hou, G.W., Liu, H.F., Zuo, S.J., 2005. A Study of Distri-
bution Characteristics of Petroleum in Niger Delta Basin
and Their Controling Factors. Oil & Gas Geology, 26
(3): 374—378 (in Chinese with English abstract).

Hu, D.S., Deng, Y., Zhang, J.X., et al., 2016. Palacogene
Fault System and Hydrocarbon Accumulation in East
Wushi Sag. Jowrnal of Southwest Petroleum University
(Science & Technology Edition), 38(4): 27— 36 (in Chi-
nese with English abstract).

Hu, L., Li, C., Jin, Q. Y., et al., 2021. Experimental
Analysis on Influence of Plastic Formation on Charac-
teristics of Fault Development under Extensional
Stress. Earth Science, 46(5): 1749—1757 (in Chinese
with English abstract).

Huang, B.J., Huang, H.T., Wu, G.X., et al., 2012. Geo-
chemical Characteristics and Formation Mechanism of
Eocene Lacustrine Organic-Rich Shales in the Beibuwan
Basin. Acta Petrolei Sinica, 33(1): 25— 31 (in Chinese
with English abstract).

Jackson, C. A. L., Larsen, E., 2009. Temporal and Spatial
Development of a Gravity -Driven Normal Fault Array:
Middle-Upper Jurassic, South Viking Graben, Northern
North Sea. Journal of Structural Geology, 31(4): 388—
402. https://doi.org/10.1016/j.jsg.2009.01.007

Laubscher, H. P., 1988. Décollement in the Alpine System:
An Overview. Geologische Rundschauw, 77(1): 1—9.
https://doi.org/10.1007/BF01848672

Li, C.R., Zhang, G.C., Liang, J.S., etal., 2012. Character-
istics of Fault Structure and Its Control on Hydrocarbons
in the Beibuwan Basin. Acta Petrolei Sinica, 33(2):
195— 203 (in Chinese with English abstract).

Lei, B.H., 2012. Review of Methods with Quantitative
Studies of Activity Intensity of the Growth Fault. Ad-
vances in Earth Science, 27(9): 947—956 (in Chinese
with English abstract).

Liu, J.B., Xia, B., Lu, B. F., et al., 2010. Comparative
Analysis of Inversion Structure with Its Easily Confused
Structures. Geoscience, 24(4): 744—748 (in Chinese
with English abstract).

Liu, X.F., Dong, Y.X., Wang, H., 2010. Antiformal Nega-
tive Flower Structure in Nanpu Sag, Bohai Bay Basin.
Earth Science, 35(6): 1029—1034 (in Chinese with Eng-
lish abstract).

Ma, X.Y., Suo, S.T., 1984. On Gliding Nappes and Multi-
Level Detachment Structures in the Lithosphere. Acta
Geologica Sinica, 58(3): 205—213 (in Chinese with
English abstract).

Man, X., Hu, D.S., Fan, C.W., etal., 2021. Study on the
Origin of “Antiform Negative Flower Structure” and the
Difference of Oil and Gas Enrichment Law in Wushi
Sag. China Offshore Oil and Gas, 33(5): 32— 39 (in Chi-
nese with English abstract).

Muraoka, H., Kamata, H., 1983. Displacement Distribution
along Minor Fault Traces. Journal of Structural Geolo-
gy, 5(5): 483—495. https://doi.org/10.1016/0191-8141
(83)90054-8

Ren, J.Y., Pang, X., Yu, P., et al., 2018. Characteristics
and Formation Mechanism of Deepwater and Ultra -
Deepwater Basins in the Northern Continental Margin of
the South China Sea. Chinese Journal of Geophysics, 61
(12): 4901—4920 (in Chinese with English abstract).

Wang, H.R., Fu, G., Su, B.L., etal., 2018. A Method to
Determine Preferential Pathways for Hydrocarbon Mi-
gration in “Lower Source Rock and Upper Reservoir”
Combination and Its Application. Oi/ & Gas Geology, 39
(6): 1237—1245 (in Chinese with English abstract).

Wang, J., Luan, X.W., He, B.S., etal., 2021. Characteris-
tics and Genesis of Faults in Southwestern Pearl River
Mouth Basin, Northern South China Sea. Earth Sci-
ence, 46(3): 916—928 (in Chinese with English abstract).

Xu, C.G., Fan, C.W., 2021. New Exploration Progress
and Thinking of Offshore Large-Medium-Sized Oil and
Gas Fields in the Western South China Sea. China
Offshore Oil and Gas, 33(2): 13—25 (in Chinese with
English abstract).

Xue, Y. A., Zhao, M., Liu, X. J., 2021. Reservoir Char-
acteristics and Controlling Factors of the Metamorphic
Buried Hill of Bozhong Sag, Bohai Bay Basin. Journal
of Earth Science, 32(4): 919—926. https://doi. org/



2520 HIERRL2E  http://www.earth-science.net

A7 %

10.1007/s12583-021-1415-1

Yang, X.B., Chen, Z.Y., Man, Y., et al., 2017. Sand Dis-
tribution Mechanism of Liushagang Formation in East-
ern Wushi Area. Fault-Block Oil & Gas Field, 24(3):
342— 345 (in Chinese with English abstract).

Yue, P.S., 2012. Research of Petroleum Geology and Pe-
troleum Resource Potential in Niger Delta Basin (Dis-
sertation). Chang’ an University, Xi’ an (in Chinese
with English abstract).

Zhang, D.D., Liu, C.Y., Huang, Y.J., 2013. Analysis on
Decollement Structure of Qikou Sag and the Petroleum
Geological Significance. Chinese Journal of Geology
(Scientia Geologica Sinica), 48(1): 263—274 (in Chi-
nese with English abstract).

Zhang, J.L., Meng, Q. A., Zhang, C.H., et al., 2009. A
Quantitative Study on the Growth of Boundary Faults of
the Xujiaweizi Faulting Depression in the Songliao Ba-
sin. Earth Science Frontiers, 16(4): 87—96 (in Chinese
with English abstract).

Bt /R 325 & Tk

WRE, AR ENE, MG, 25 2009, 1 111U i R AL 15 2R
G5 Y JE S e HoHh RS . KM B 5 T 2, 33(3):
343—351.

PTG, REdt 4, B2, 45, 2016, VG 4 b 350 v 4l 23 s o 7 3
T AE T A R EREAE L R ML AT Y, 32(4): 31— 36.

B 3, XURH, ZEMEAS, 2005. J& H R = i 91 2 1o i < 4%
AR AR B b IR &R A S K SRR M R, 26(3):
374—378.

BAMERE, XBE, SRHHT, 4, 2016, 1300 [MIRA ZR IX 0T 2R T Y
FGE 5 TSR . PG R AR SR (A AR BRI, 38
(4): 27—36.

FAMK, 224, &R, A, 2021, R 5T S M2 0
KB ORFAE R W Ry ST 4y BT . M ER BE2E 46(5):
1749—1757.

WA, WEAAKRE, R, 4, 2012, L HBYE 20 UG 40 W AE
WA ML T R AE RO B AL a2 i, 33(1):
25—31.

AsFroE BRI AL, R, 4, 2012, JLER L 4 M K 2 A N g
TIE B I Xy AR AR . A2, 33(2): 195—203.

WFEAE, 2012, A K W7 R E i R O ST 2 O VAT
. M ERRLA R 27(9): 947 — 956.

XU, R, BER, 5, 2010, M S S IR B G
BIXF A BT AR R, 24(4): 744 —T748.

X Be Ul # T ES, AR, 2010, BV Z b B AR G 60 IR
TAE R 1 . b BRFL2F, 35(6): 1029—1034.

DA E, RAS M, 1984, 1B KA A Bl N £ )2 W

WA, 58(3): 205—213.

Wibe, BRI, JER, &, 2021, 40 I FG TR IR A AL AL
AR R AR SRR s ST b i LR, 33
(5): 32—39.

FEE, et , 08, 45, 2018. Fa i b &0 bl 4 R K TR 7K
MR PROBL D A BT . M ER B B 2 R, 61(12):
4901—4920.

FuEk, A, EEGR, %, 2018, A R s B
% AR T R Ak S R AR LT, 39(6):
1237—1245.

FEF, 28k, A, 4 2021, w9 AL AR R VL I A VS B
BEW SRR 5 R HE . HUER B2, 46(3): 916—928.

AR B, WA, 2021, §E M P AT i R H I A
e SR b ERE FmA, 33(2): 13— 25.

Mok, WRRIE, W, 4, 2017, 140 2R X IR V0 e 2H #b 2
W ALH . WrHOh AW, 24(3): 342— 345.

M TE, 2012, J& H IR = ff1 P 7 b b 5 47 AE 22 il <098 DR g
TSR (246 38 30). i KR

TRARZR, XM, BEE W, 2013, B 1R W AL 3 T R
Xof 1 ACHb BT S b T RR 2, 48(1): 263—274.

KET, R, KR, % 2009, F510 F R 5 BT 6 G
5B K R AR Y E B AE T . MBS T 2K, 16(4):
87—96.

e

i



