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Characteristics and origins of structural deformation in the Paleogene
in the Western Sag of Liaohe Depression, Bohai Bay Basin
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Abstract ; Research on structural evolution and dynamic processes in the Western Sag of Liaohe Depression is significant
to not only oil and gas exploration, but also analysis of the evolution of Bohai Bay Basin and Tanlu Fault. According to
seismic interpretation, analysis of the relationship between fault system, deposition thickness and the characteristics of
fault intensity, it was concluded that the Western Sag of Liaohe Depression underwent two-phase deformation superimposi-
tion in the Paleogene. The early Eocene extensional phase including an initial fault depression stage (Es') and a strong
fault depression stage (Es’) resulted in the NE-SW-trending major normal faults and half-graben filled by the fourth and
the third member of Shahejie Formation. The later Oligocene strike-slip phase during Dongying Formation caused the
right-lateral strike-slip of the pre-existed basement faults and the formation of new normal fault arrays in NEE-SWW
orientation. A structure style with transtension subsidence in the south part and transpression erosion in the north part
formed during this stages owing to strike-slip displacement. The transition from extensional deformation to strike-slip de-
formation occurred during Es'?. Regional field analyses and sand box simulation results show that the Eocene extensional
fault system was controlled by back-arc extension stress,which was triggered by subduction roll-back of the oceanic Pacif-
ic Plate from the Asian Continent. And the Oligocene strike-slip fault system was controlled by dextral displacement of
Tanlu Fault, caused by the collision of Indian-Australian Plate with the Eurasian Plate.
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Fig. 1 Sketch map of structural units in the Western Sag of Liaohe Depression (a) and the structural framework of

Bohai Bay Dasin (b) (3]



TR , S5 TR 3 M T T P S A v AT 2 A AR I AR R

A T900 T1000 T1100 T1200 T1300 T1400 B
T T T T T T

0 Nm

B/ km

C T1000 T1100 T1200 T1300 T1400 T1500 D

Y% /km

£ T800 T900 T1000 T1100 T1200 T1300 T1400 T1500
T T T T T T T T

Y% /km

G T600 T800 T1000 T1200 T1400 T1600 H

% /km
N )

wn

1 T600 T800 T1000 T1200 T1400 T1600 J
T T T T T
Nm

8 L F,

K T400 T600 T800 T1000 T1200 T1400 T1600 L
T T T T T T T

g /km

8 f

Fy

[Es | wma [Be | »=8 Yo BB EBd | g LT W L]

P2 T PG 0 1M1 A K 8 ) v () e oz DL TRT 1)
Fig. 2 Seismic profiles of the Western Sag of Liaohe Depression(see Fig. 1 for profile location)
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Fig. 3 Evolution maps of faults in different periods of the Western Sag of Liaohe Depression
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Fig. 4 Structural evolution profiles of the Western Sag of Liaohe Depression
P 6% - KEWZF,. KSR P BEIMTR  Fr BILWZRF . WG THIZ  Fis. S0UW0E;Fye. TATEZ

AR B RN Y S B R AR AU
AU Ve W R A A 8 2 2SR, )k JRE R K
1600 m'™' i #£ 5 % ¥ W 42 22 B U0, JEEE Oy
1600 m, [ AE W 200 B RAROE T W=, 75
il ES AAEWTZ 89 & &, il i 4 iy B T vk A5
15 Hh P B A e T LR B2 10,5 km™

3 HaE AT B

L] P 11 4 Je Tl v v i A AR 2 b v i —

AR N7 AL 3 B, S R AL A -5 T T S
WAL R, A T 2 T AR AR Y
18 BN Bl 7 2 MU AT TR A BT 58 AR, Al
G 3 AL DALV — R AR i AR, S 8] o
VERT, TA g #8125 3t i 1 12 B A 1 W I 2
M m A iAe Rl 9 3 Y S 3 2R R e T b
AR = JCALZR A A A R B e A S RS2 b
PR B AR A 57 55 5 — RO T 1R 3%, FUx e 4
&R G RBHGEAEN " @ R, SR
YRR A it 1 2 st A U R A i # St LB 1



14

TR A T T P S M ot S 2 A U AR S AR A A 57

Je ST Y RS0V PR T T B e R — R AT A d M
JB T WSl 24 2, AC AL AR 180 A5 15 B 1F W 2 A4 43
DI P L3 A A S S ) IS B S [ o N e 2
B e R — WCIE Bl 43 72 A B 25 om0
@ g A e AR, A R b 1 (A, ARl 2R
P 1] T2 A 25 2 4t S B N T2, B PRI B
TV R 1) I K il Al 5 AF w72 £ 6 B
RO LR 3 R S B £ R < I M
R R 4o | VS SR B VR 4 T8 4 M R O P HRURS
FEIR I T B 2L B 1 T, o S DR AR e F) 0 oo 5% I o A
s WO B 2L R 7

AR PG 30 110 9 125 2 HL A [V 2 S 1 R
R 2R 142 5 DT 2 440 25 B0 A VR VD 6 JEE 1) 1 T T )2 7
TR BRAE N U (W O L W A sk o s )= e
BET ZR5 RS, W A T i, DAL AR o 5 5
JERAFALTE - B AR BRI PR IRAY . S A
T2 A0 DX R MR 3 15 55T 98 AR L AR M 52 JE AT BE 5T A
SN LI 58 SR 22 W, S b Ib P - g AR e R
Y 5 A AR B o 5 PR T 56 b AR 3 K
A XA B A AR A LA 3 M ke 1) IR SIE K i 2 £ P
M 0 o 0 488 B B, b O 5 | R 194 £ L 2007 L
R A P 7 il A o ke R v AR A T
P s AEE A R0 R T B9 V5 4 | R R I A R AR
WA A — R R AR 2T KSR AR E BT AT
FERR AR e TR e T 0 T R R (R AL 4
RO — O 52 KO- PR AR AE VD = 18] (42 Ma) [ db
VU PG 7 1 0 e e FE K B AR B 670 km YR EG LR b
i S TR Ak, DR RSP 9 B e 1 0 o AR K T R
Rt M e ) T R 2R 7 1 A e R S O I
P B FH AT 5 0 A P b L XA, TR K
T TSI VR A O P b % B MM 2 R
V25 43 M TS 14 TR e FER BT 522, R AT LT 4 e AR
BT SR K0 DT 2 A A G A 7R 1 I T2, A4
0 U BERTY = BT

LA PG U S T T A I A B AR AL AR - bR
S [71) (1 5 DT 2 2 8 0 e S b B A A 3 4, 5 A
(R b 2R AR 1) T 097 J2 A4 I <7 0 A e A T T S R
AR AR B A AU R AR ) AL AL AR 1l TR O B i e
V=B R IR G2 b PR A S R A T
(R s 2 775 180 07 2% G AL 28— R P 7 10, i A
PEMHAE A B4 0 b 1 5 180 S b 76 1 i, e ek 60
7 WS et A A W, T LA K ST 8 W ke 1) AT K il
BRI e 72 A1 4007 AR M 7 5 03 T 24 14 A e 2 Y 9%
gl TS ERE — 38R R ) S e ) B I A i i ke
(77 ) A AL ZR 1 b AL 2R i), A S AL AR - bR
TE [ B0 P T 22 % A A e (5 %, T LG AT i J2: R 25 3

ATHEE WG 2 R BB T AR LR I T2
(1R 1) RV A P9 22 P B ST 00 0 I DB 2R 5 4 ) 22 57
T R VU 1M ) T DT )2 S 18] 2 B T ARk
JOE” , EAL AT DY 1M1 b B AL B i T A Jre vy 1
i LB i 1A e R AL s I T A R R B A R BEIX
Sl By iy S T A R ) s B b S T A T 5K HL A i

R T T 125 Sl DX Sy e T P S AR ] g 5 1]
e vy 20 208 A 30 4 3 728 AR A 57 ) Al PR S R I
BRI YD DU — 0 = J1IE B i) PR W 2R 2R 48 32 0
PURREE I, 3 77K I8 T KB AR AR v o™
A BRIV LKA FH 5 8 T 2 55 S0 B A e 1
ARG EVHE — R AR R A A5 7 A A A8 ) 5 s A
AR (E'S) o

S B Z/BL LK)

R T SRR B A T T I S0 e L TR P AR MR
PR AR S AR T 22 S BT VP AR S B AL (18 6)
BRI 2 e 3 SO Wr B, & 5 mm, i 5842
40 em, L3I IS B ik, 52 Bk A2 5IAR T A4 A
SR A GEIE . EANIPER B 2 4
FRAEHN 0.2 ~0.3 mm ) FVPJZE A T AN B
BNER . BIKEEHE 300 /04, 736 0.5 em (745
HEAT AR

SEEAENLFS 5 em 5 B-F- T PG R &) T U A
B RRA R R BRI A HEE TR 2™ A T L
WiJZ , (6 P B0 st J2= 7 A TE W2 RS ATL PR T = o BT
AL T W 2 A AT 5 R W B 2 B8 Ok T 1) I
AGEEAT, ZEIR LAV RAEALRAL TRARAS , 3L
WE PR TSI A E AR R 50 R
EVDIEAE R ERAL TR RS S B R R A A 5K
AR , F R A IRAG T AR 2o T ] £ e 98 X B
B ERBIZ.

AR AR S 56 156 U, 3R] Y R I L B MR
B A= ARG A8 T B0 25 57 V32 2 4o 1T G S M 4 114
KR TSR LR [ AT R . AR A R B
A e A T R 15 ) A R R D I SR TR W A
LIRS AL BEI SO W 2% , DU SR AE 1) & i g e 1,
(U 5 — e U b AR 1 JE R W RS2 U WAL 3] P S ]
B AR TS R T 1) R A i SRS A% A, S0 fel 1 DX Ay
J@E A I S 9] Y S 1M B b B B A1 R ), Pl
B B e sk ALV E =

S

H WA 1) A2 A, T W7 i 4 5 3 6282 Al i



58 A5 KK AR 536 %
- Ng—Nm
3 N
| Mz E]::;:f ; +
I EYY — V4 + %
Fs [/ F, // L
Fo i %— KR /| / i LL
Fi. ¥4 5 L A 7 2 a / ’ .
// ) / / + 4+ L b
Fo BRI CHD HEli R S/ / ’ . .
Fo. 24 45 1 75 I 4L 2 /7 Ng-Nm / v //
Fu R AT 2 > \ 54 , . VA
Fyo BT | N - A S
R AR
Ne] [N] ] [ = =
ZRE R

DR IR D DB FEA e gkl @?F{%ﬁ %"f%ﬂ{%ﬁ W RRER R

PSS im] Pt S 1T vl a0 2 B AL )

Fig. 5 Paleogene dynamic model of the Western Sag of Liaohe Depression
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