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Fig. 1 Tectonic framework map of the Cenozoic basin in China (after Wu and Wang, 1997)

and evolution model of Cenozoic tectonic stress fields
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1—Sea floor spreading zone; 2—basement strike-slip fault; 3—subduction zone; 4—basement fault; basin and its borders;

5—suture zone; 6—platemovement direction; 7—extension direction (Pre-40Ma) ;

8—extension direction (post-38Ma) ; 9—the studied basin; 10—rift basin; 11-—other type basin

P T 2R B A b ) T BT AL 2 B A T OR P TR A R
CELAE A AR Y PE LR O 19 16 21, 4 P B IR 2 %2 32
PETRF ¥ Al B 5 R o 5 i CAllen et al. 1997
Qi and Yang, 2010), & ¥t W BF 5% % B ( Tong
Hengmao,2010; Tong Hengmao et al. , 2013), fJ
55 8 T 2 b, AR AL A b AR N B b [ R - R
e 2 b B A A Lok 18 4 32 37 1 37 1 1k B A AR DK A AR
BL P : 40Ma AT Cily 35t 0 46 38 1) S 6 5 R AR O
li] fij1 Ji » 38 Ma AR CHf BT T 22 4 Dy 3 R AL 1) fif €
40~ 38Ma(AH 24 T ¥ 1 15 FE 3L 1) E. 5D 2 o g 4% il
(R 2o I o B o ) 36 1% Bl AR X BT . WL R SR
T AT AL 52 45 T B R B A .

2 RPE A= S AR R R BE K

2.1 RMAZHERBEE
o T 240G A N 3 B2 B AF AR e A W R
(Tong Hengmao et al. ,2009a; Tong et al. ,2010),

LG 3 v LUJE B 3 b S R 28 B B 7 )2 (Tong et
al. , 2014): O e £ ¥ & B % W B ( weakness
reactivated fault, {8 FR 5 1% Wi 2 ) 5 @ 56 A7 14 38 A K
Wr )2 (weakness related fault, B FRAHLWE) ;@5
SeAE ¥ i JC Kk B JE 18 Wi J2 (weakness unrelated
Colomb fault, fAiFR A WT)2) . 5215 Wr )2 I WY SE A7
) T TE BT T 0 0O R R E TS A A 3 T
HHOCWT JZ 15 e A4 3 T T T A7 ORI 2
T ] 2 .

HY T S A A 3 T Y 7 RS 32 A e T o 2
SN BT 2 AT LR AT B E ) Y . BRSNS 5 5
FH (T3 SCIR) S AN [) 7 16 5235 Wi J2 1) 9 ) 5 1) P
WT 2 PP B B A — B, AT L IEWTZ (0=80"
W B 2 B U7 1) Ok A W2 B g AR AL R RD
AHI IE W2 (60°<<w<C80%) L IE &L T /2 (30" <<w <<
60 IEFE M W7 JZ (10" <w<T30°) FlE 1 Wi 2 (0 <
10°). AR AR SR A AL R B 5 kR



o BT

EE
1756 http://www. geojournals. cn/dzxb/ch/index. aspx

2018 4

B T AH DG W 2 B A 3 T

BT B % AR A E B e T RGN 2k
] 55 f1 8 7 1) 1) & A1 o AR SCHR HS T T 2 M T 1Y
e 7 AR A [ R A IR 20, 3 I AR 40 DB J2 5 1)
iR 7 1) 1 06 R L 4T 2 B A b 1 T 2 R AR ) 43 SR
JEAN R 5 A DX JA] : DE W12 X (a=807) L IE Wi )2
X (60"=<a<<80°) \ IE #HH Wi )22 X (30°<<a<C607) | IE
W2 X (10°<<a<T30%) FIE W W2 X (a<<10°).,
TCAE o Iy P A R o A R [ R L AT B b o) 2 5 b D
J2 B BT AT T

fif & 7 1A

A G Y

Fig. 2 Extensional strain ellipse diagram
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Fig. 3 Fault properties prediction map of E,s* bottom in Nanpu sag at the stage of

NW direction extension (a) and N-S direction extension (b)
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@O—Normal fault; @—oblique-slip normal fault; @—normal oblique-slip fault; @—normal strike-slip fault;

©®—strike-slip fault; ©®—extension direction; @—late formed fault (not yet formed)
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Fig. 4 Fault properties prediction map (N-S direction extension) of N, g bottom in Nanpu sag
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(@O—Normal fault; @—oblique-slip normal fault; @—normal oblique-slip fault; @—normal strike-slip fault;

©®—strike-slip fault; @ —extension direction
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Fig. 5 Fault plane assemblage in rift basins
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(a)—comb structure; (b)—broom structure; (c)—en-echolen structure; (d)—parallel structure;

(e)—parallel interwoven structure; (f)—bifurcation structure
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Fig. 6 Comparison maps between fault system distribution (T60) (a) and sandbox modeling result (b) (after Tong,2012)
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(@O—Normal fault; @—oblique-slip normal fault; @ —normal oblique-slip fault;

@ —normal strike-slip fault; & —strike-slip fault; @ —extension direction;the number in (b) is the order number of fault formation
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Fig. 7 Sectional structural types in rift basins
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JCAR AR E 1) 9 L 3 2 43 A 1 1 2 (SCHk Tong, 2012
g 2) 1) B CT70 OS2 R 1D« 3% W 2 76 F T
AR LA HESAR T 43 A1 1Y W72 (T 6a) , i 4k
“HEZAR” T JZ AE X Ry 2 5 W2 ) A i 4
B ONIE R R SRS T70 PR RCSHE S 5E AL
AR ) e R 2R G 1) Of LB 6 SR Tong, 2012
Hy & 2D, JE fi 4 BE AL 38, Skm AE fK Dl 5.5 ~
12. Tk, W7 J2 1 55 (7E g A0 1] o0 J B 309 ) DA AR 34 1 B
JEFEAL D TE W7 2 GRR 43 a2 AR 1F W7 J2 0 R 3 R 22 L &
6).

(3)— /b 3 A2 B N & B 1 W)= ] LU A (R
FURE A 6] M 0 A [R) 05 Sl A UK i 9% R A 3 A 7
FIREIDL 52 36 45 B 2 W] (Tong et al. , 2014), ZLF4 %
o — S AT N K B R Ol s 2
1 T J2 RIS A T i R A A A B4 2 DB 2R (— &% i
Z4) PR (g ) B A W (ST R
FEUR SR Se A7 A0 35 AR G T 28 S e 2 5 S A7 1 185 T8 R
(4 AR 8T )23 5 ) 56 A7 ) 385 52 1 W7 J2 A S T B, LI
JEAF AR ST 24, 5 5 A7 4 38 TC 56 1Y P A8 T )2
Ja TE B T HAS 7] 1) 42 30 BT J2 R 56 W7 )2 T8 B 1Y 2
JERF WA — M 25 QAT I n e FE i 1t 5
15 DT J22 R R O 8 )23 1 1 IO e D A0 Py 2 e T T 3.
VY T T 2 R0 A T 2 34 Oy S A 3 AT KT 2
(Tong Hengmao et al. ,2013) ,{H W )2 i) 14 Jfi 17 18
2550 HE A R — 2 (a2 L B3 IR R B
W E PR A2 R

(4[] — W7 23 75 A (] 1) ) 365 ¥ b B BB e o 2% 7
A W 2 AR AR - B N T 3 )RR (R 2 DL IX B
il JE 5 1] 1 AR R bR D S TR — 2 I R A kA
AR O H T 3a 1 3b) . g B8 TR A A A B
J2  AEILTE-FA AR [ o B B — ARk T KT 2 (72 4
Wiz 1 3a) T 7E g AL ) i e B B0 2 — 2% E AHE
W 2 (& 3b)

) AFAE R Jy 1] [R) S35 2l 9 “ IE WP 272t F
I Hb 52 R FURE ik R T )2 TR B A 2 1) 4 B T
1 A R T B 1) K S L 45 A TE W 1Y T )2 S
RN IE BT Z . #2406 31 0N L DB J2 A 0 2 B

HB 23 X YURR P AR A AR T o DRI S TR i R B =44
VORI 2 0F T B2 AR F T b 3 A S (L
375 15 Sl HA YA ) 1 Y rb /4 16 3l 5wl DLAS 3] LA
R B0 R . &5 SR SR R0 2 N AN [R] 7 1] 9 1
W JZ 7 [ IS5 Bl — b 20 2 ol A B4R

SR b X B ANTR] Ty ) B O W R S —
oy (&3 FIE 4), v BB IE W ZE RHE IEWZ IR
R W2 I IE E W B2
3 LB A W R R 8 IR 2 M LA

AL

S0 7 b T 2 0 A 52 A% S R A A R R xE LA
PG L AR A 2 ST AT T 2B A 3 T 2R R
i 1 0 A 19 B i8—Anderson Wi J2 B
(Anderson, 1951) J& 3L F 4 2140 Ay . i 78 A [ 7K -
RBP4 D5 2 WK 1S E) S AR
T 3 A AE S SRR A N AR Y
Anderson W JZ B B TR 52 BR E 2 AN ZAFAE .
) SCI 2 A 2 e ) 3 2 1 1 2 4 A
Tong Hengmao et al. , 2009a; Tong et al. , 2010,
2014; Tong & Yin,2011) 8 Anderson W2 = )
BIo1 By S BAT S A Al 3 Y R 2 214 T AR R X
FEIE , LR 7 1 BT 224 28 G614 0 A1 R AL 10 R A A A
PRI ] 34 ] DA 215 B2 i R O HL BB B8 1R 47 b 130
I o 25 RSB i a2 - T T SR B A A2 Ak I 2R
FGE AR 5t R 2 < A () 282 o At A (i) — 2R B A 3
P P8 AN [) X dk 5 A ) 368 19 0 A1 A 7 2 S 2L B 4 3t
T 36 T Al Ao R rp A R O 1) 7 AR R A

3 DA AR - R 2R A U A R Y L
ARG INE 9 AT iy R IE XML EF A AT LA
H48 R 3 A7 i

(1) W J2 A 1) A BT 278 CRL A& e 5 | 35 P Al ik
MW E RO,

(2) W J2F-Fil T 52 2% 2 R 4 B T2 X (R AR 7R 5 |
B PR R E RO @) .

(3) Wt J2 I8 i A A A7 1 2 2% 1 I -8 K 2R ()
FEAET|F PR W Z R ERAO~O),
3.1 WEEMMMEREEH KR

o [ K R S 2L A TE A R LT AR E 2 T
[a] B S Wi 24 (Tong Hengmao et al. ,2013), 74
B M1 A7 - O LAV g HE T2 L 7R BOy AR e L
ARl S AE W s @ LLRA & B J2 o AR i B 1 1 5
FEWT 2L OTEFE L MTBA T 12 43 A1 1Y A6 4R 1] S A7 W 24
(15,2 5.3 5H 5 SWE. K 3. #ipitLl
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ok (38Ma k) , 1 Jig i phy b P -1 AR O Il B Dk ke
A 1] S G VS - AR O 1l AR AR T (R 2R TG
E,s* 1) T B W 24 34 1 S 32 390 i Je 1) S A7 A 3
TCRE o H AR R R 2 A M A7 R T R R S AR
T« FE RS S AT T 240 S I TE 1 7

R AE T UG IS A 6] 5 1) /) SE A2 4 2 5 )5 I
1 Bl MR UTE 6 A7 3 52 00 T2 L e A7 ) 3 A O
W 2 F1 55 5 A A 1 TG O I JE AR T 2 (Tong et al.
2014) . BT 52T WY J2 O T S A7 AL 3 T 20 TR
Hop= R e F e AE M 1 (Tong et al. ,2014) 5617
A 35 A DG I )2 55 420 )2 3 AT EA 28 (Tong et
al. ,2014) , T P A& W7 2 5 it Jé J7 In] 2 B (Tong et
al. ,2014) 25 I WA [ 7 ] e T )2 o AR 40 fif 2 g
AR IR L 2) o 33 SB[ 5 ) (4 08 22 o o 55 4 & 7 ]
T BT O R W2 B A SR T ) A Y
WIS S MR R A IE W72 I R )R IR R
W72 FOE W R (& 2) 0 o A2 TR W R AR AR il
T W7 S0 3T D 2 R O DB J2 R A6 W72 AR A R IR
G, XRERL A AR G b A B . D4R 2 s PN T
LR E Z R0 PR 500 072 40 55 1E 602 R E W2
TEBHE W72 |15 W B2 RGE 1 W72 Can b v ) i) P
BT Z A 4 5 W7 )2 45 CAn &l 3a, | 3b, B 4);©
[Fi] — 225 1l 1) AN [ 111 53 174 30 5 K J2 % T) — 1M1 4 19 A [
MW Z L FE W E R R G 2 G ) R A AR R Y
25K 3a, K 4,

(ELAS 10 T 10 2+ 663 2 i 1) 5 1 0T )22 e R A
AR IR IF AR &8 i N IR . X
T e A6 8 18 7 R T R 7 g 4 o 35 % R N )
AT T8 11 AE T T J2 4 PR o Bk B0 0 W BT )2 (g XX
TER)  TATT 5 W R T PR R TR B E W W R AEAE
B I 1 26 S 70 2R A T 2 F il v T b P )
75 7 %4 2R GBI T LK 3% 3l ) A6 b AR 1) I 24 2 He A
B 1) Bl Bl E TR R (IR AL TR 0 SE T
JZF).

3.2 MEFHAEXSTASHANK BN

b 7R BRI 3 A AT 2 W L o [ AR - e R R A
FEVR AL 35 )25 Cln g 22 MR Y B, s°) L W7 )2 K B 5K
R - T4 A A R E T A (U 3) 5 b
WERMEZAL A FE B R )2 (T &
MIFA ) Eyst K LA E 2D 2 7 b 16 {0 R |5 gE AR B
AR )

BT I Lo (38Ma Do), 24 fft i Jy 1) H Jb PG -
B AR 7 1 Sk 3 p A T  SE 3 (40Ma DART, o BT
TH: 347 5 thE TG PG - R AR 1 A R B D TR B W )2 4 4

Dz A AL AR T Y Je A W B . A g B TR L 7R
AT R A 1] i REAE T L 3k 2 S A A 3 DR A3 CAnds
Wiz, 1 S r)E 4 S W RS 52 =R s,
MR RIS (N 2 SRR 3 SR L A
ARG W2 AR AS )2 R R (K ).

A5 T 2 P A A [ IR Y 22 St 2 S B
JEASTR) 18~ T 20 A R 2 O R IE 2 IR E
W 2 FE T TR (R T 2) 5 RS T2 QR )
PL—ZE [0 A BE R, - B S IE L S R
AR 03 SR 385 2H B OREAE 19 PR 4% 5 A7 Wt 224 [ 1f
I St AT RUE R 7 SCIR7 i 2 5D 5 @ 24 JeAE il i
L5 A JRE T 1) R4S I ST A A A G W TR R A SR
HEZ AT E I 80 HE 51 R 4 3 5 O 24 Je A7 4 3d AH
KW JZE 5 PEAS W7 2 22 SUHE — S I Chn g 42 VTR Y 2
S 3 SR Z ] WL 4) e R O
T BVIR7H G @ 4288 XA BT He B A I, — i
TE B 5 1 Ji& 7 1) 3 B R W2 AT HES L TE R <P B
R QY7E (Ui E Y7 IE) X7 (4§
EAXTE) VIR (R VD) (Bt 2
K ” 2 ARG SR R b T A R A T
H3 (Ma Xinyuan et al. ,1983; [l 78 Bt 4% ,2001) , H
B PAL TR A M A SOR 35 IR . ©F B AR
T 7 KA AR P A Y R B AR S (H R 2
T W 2R AR R R R B Bl E TS
3.3 WIEEHMENERHN-ZXRBBEVF

4 365 il A 2 W e [ R e T 2R 6 A BT 2 T A
FNE AL A 28 R R E 2 =7 1l R & iy 4fl
A [ Ao Ji 7 1) O 48 3 78 0 38 I L AT SE A A T S A T
A R R TR e,

H I 2R T S 11 2R B AR b A R A AR 3 A 8 [
¥ v Jr w2 & i (Tong
Hengmao et al. ,2013) :40Ma VL gij (il 57 tH F0 46 Hr
) R A6 P -FE 4 J7 ] {1 & , 38Ma LAk G i 24
W 3 EE A T e R (I8 1,40 ~ 38 Ma CHH 24 T i) 13 5 7
Mo B, 5” ) S I g A T A S I B B s 4 3 Y Sl AR X
B o RIRTE Se Al 38 2500 T 1Y & 0 4 i A2
TR AL AT LA G B A B v (] 4R T 8 224 B 46
Wr R R GE AR 22 1 5 J 26 B, T HLAE 221 L DR 75 3]
R AUL 52 36 1 B Tk 0 T 9B T 4 M R AR 1M1 B (Zhou
Tianwei et al. ,2009;Liang Jie et al. ,2013) . Jt&R T
23 b G P A T RG (B 6, Tong et al. ,2009a),

W JZ= B -3 3 A 05 TG B 1) b, T SR A A B
O3 AG AR E AN 3 — 1Y TS A A 3 523 T 2 A
HH S IB 2 45 52 Se A7 4 3t P ) o S OB 1) B I JZ O A
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FETE S35 AN — Pk s gkl b 22l T AS R  o v
b B BOAE) 35 A T 5 2 1) 22 S L R 0 1) 8 A [ L DA &
AN RV AR 35 J2 0 2 P o 1 22 S 3 AR ) b T )2 0 A
FEHERRMZES,

JCHRVE 2 1) 2 5 2 2 ] — W R A AN [ B S
J2 B 1] K BE R B A AR AR KA Ak ) i AL 4], B
PRI A DL S Bk Ui B . 2 5 )2 0 — JR IR e A7
4 3 & 3% W7 )2 (Tong et al, 2012), 76 3£ € ) 41 )2
(T WHZIE AW 2R T P B — 5k & 2L W)=
(3Ciik Tong,2012 Hg &l 2>, [ b (T70 fz 512 LA
b AR Ty T AL VG- AR el i R S i pg AL 1l s
W )22 5 1) T s 32 A Jie Dy o) 45 1 A8 SR S AR PG 1] . B
TR B A Z JUR AR OE M 1Y) 2 5 W 2 e A7 i i
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GEIR o= 1 B2 % DR N ] =N 1§14
“HEFIAR 43 A5 B W2 (B 6D, 33 — 3of 7 7 4y B A 41
L AR 3] T AR 4 (9 FE B (Tong, 2012) , 45 1 5 5
[ — W7 )23 76 AN [R) A8 3 2 A 4K B8 L ) AP R R R
AL

W 23 T J80 R T8 A6 A T 52 A% 1 I -5 56 R HoAth
(eS| & PR W ZE R RN D ~@: —14
4 365 722 T 191 N AT LA A [a] BRASE L AS [ P B AN )45 )
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b W7 3R 2R 58 52 A M R AR Dt DR R S A T 24 4 A 1Y
S22 VRIS [R] 7 1] (A P -1 AR 1) A g It 1)) i e
NG R Z N . AT Z5 4 [R] — 2 A [F] X506 ) 5
AL AR KA, B2 D7 T P65 R m
(40Ma ARG F13E g b ) (38Ma LA 3 ) {1 & 48 JE (1)
B0 W7 )2 43 A R Ak 25 R S A G G A 25 R
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U 1) R o v L K i T 2R o A T B R G A AR M X
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4 g
HEAR-FMEBAEE AN ARG R 2N ER
BB X, 8 X 25 AR A1 AR R B IR R0 438 X il
SR FNIT K s K AR 2 IR ME Rk R, 9 HE R DR 2
185 75 A8 & 2 0T ) A B i — Anderson K72

B R TN, Wi SO R et
1S5 W2 E I BEC, Tong Hengmao et al. ,
2009a; Tong et al. ,2010,2014; Tong & Yin,2011)
8 Anderson Wi JZ B 514 B g 245 Je 77 4
T ATARRI S A 5, HE AEAT 5 2B 4 b A 3b ot S P
AR SO FIZHT BRAE 45 5 R i = 4 M 52 9B Y AL 3
f# AT o d 7 1 A 2R AL B e AR R 1 A S A
[Fi) 2 1, ) — 7 A [] DX ) 37 1k (M B R GeE
R A6 B A D BA AR R ARV & 57 1 AL
PH-F AR 1] (40Ma LD A1 R L ) (38Ma LD fif
Je AR T8 1) B 0 )2 G A R0 Ak 22 S 32 S OB AE
36 53 A 22 S GRALHE A PR A 1 22 57 T R R G
JSCFIEE £ 8 PN DR 38 RS0 516 7 A 36 03 A 22 S 1 Al
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o UERAFMEE X — 0 R IR kR AR
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L READ T 1 it
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(2) Hh [ 7R 1 0 2R e 4 BT 2R R 4 R e M AR
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T AR [0 R g b 1)) iR AR T 1 B
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AR AR ¥ 2 P71 AL V-1 7R 1] (40Ma DI
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Abstract

Rift basins in eastern and southern China host abundant oil and gas resources. But the complicated
evolution and distribution of the faults are the key issues to be solved in future oil and gas exploration and
development. Based on the structure interpretation of a large number of 3D seismic data and the
generalized faulting model, this study selected the Nanpu Sag in the Bohai Bay Basin and the Weixinan Sag
in the Beibuwan Basin as study examples so as to analyze and summarize the complicated fault system of
basins in eastern and southern China. An extension strain ellipse was proposed to predict fault nature in
extensional deformation zone. The results show that there are nine ways by which fault system complexity
of rift basins in the east-south China are presented. They can be further summarized into three aspects,
(1) variety of the fault strike and nature, (2) variable assemblages in the plane and profile, (3)
complicated spatiotemporal relation of fault distribution and evolution. The fundamental reasons for
complexity of the fault system are the distribution complexity of the pre-existing faults and the
superposition of extensional deformation in different directions (NW-SE and near N-S). The evolution of
tectonic stress field in different basins and even in different parts of a basin shows great similarities, NW-
SE extension before 40Ma and north-south extension since 38Ma. Therefore, the distribution and

evolution of faults are mainly affected by the differences in the distribution of pre-existing faults.

Key words: rift basin; fault; complexity; extension; origin mechanism; generalized fault model



