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Abstract: The hydrocarbon transport effectiveness along faults is a key factor influencing hydrocarbon accumulation and
enrichment in moderately shallow reservoirs. Assessing this factor holds great significance for the emplacement of
hydrocarbon exploratory wells in medium-shallow reservoirs in the central Sichuan Basin. This study focuses on the
Shaximiao Formation in the central Sichuan Basin. Following the analysis of fault distributions and origins, we assess the gas
transport capacity of source rock-rooted faults, investigate the fault-sand configuration and its evolution, and reveal the
controlling effects of fault-sand configuration on the migration and differential enrichment of gas, based on fault activity rates,
compressive stress directions, and normal stress on fault plane. The results indicate that the reverse and normal faults cutting
through the Upper Triassic Xujiahe Formation and the Lower Jurassic source rocks in the central Sichuan Basin serve as the
source rock-rooted faults of the Shaximiao Formation. The reverse faults, among others, are governed by the tectonic
compression in different tectonic movement periods, whereas the normal faults are formed due to the differential subsidence
with uplifting and sagging in a weak extensional setting during the early to middle sedimentary stages of the Shaximiao
Formation. The reverse faults, Longquanshan, Jiao-1, and Jianyang-1, as well as normal faults in the central Sichuan Basin
exhibit high transport capacity during the Late Yanshanian and the Late Himalayan. Considering factors such as fault size
and the hydrocarbon generation intensity of underlying gas sources, it can be inferred that the Longquanshan and Jiao-1 faults

play the most significant role in hydrocarbon transport. The source rock-rooted faults in the central Sichuan Basin are mostly
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of the inherited type, conducive to the continuous gas charge into favorable sand bodies in different charging periods. In

contrast, the Jiao-1 fault is of the inverted type, exhibiting different gas charge directions in the early and late stages and

allowing for natural gas charge on both sides. Major factors governing the differences in natural gas enrichment include the

size of source rock-rooted faults, fault-sand configuration, and the hydrocarbon generation intensity of source rocks.

Key words: fault-sand configuration evolution, quantitative assessment, transport capacity of a fault, natural gas

migration, Shaximiao Formation, Middle Jurassic, medium-shallow reservoir, Sichuan Basin
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Tectonic location (a), faults at the bottom boundary of the Shaximiao Formation and block division (b), and the Triassic to Jurassic

stratigraphic column (¢) in the central Sichuan Basin
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Fig. 2 Typical sections of the Middle Triassic to Jurassic strata in the central Sichuan Basin
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Table 1 Classification and distribution characteristics of faults in the central Sichuan Basin

W= 25 B Wi or KT,

I AR R T 7

— KW | B A e s

B BT | RE VE 22 K, EE | I T XS AR, Rk X He i | e SRl T2 A O D

MR |HEKEER | K 22 D25
o | R R AL .
L N \ TR 2%/ JEAEE | KOS, NE i SW i | B 10— % 72
W ALK LR |
TR Y

R | RS U N T2

1b 1 0—20%5 1 W7z

B DX 38 5 R 1 3 0 48 R W i i
T AR BN SO A2 B Z2 08 38 1Ll | < VDV =41 A4
g i B 25 22 777 1] B AR 3 BF R, e 1 1 B RLPE A R
R —H AU X A 5 FURE A 18 5 33 b T T4 Tt
f 2 b, fth el B A AR TORR L AR DUAR , OF &
T ORAURE R T 23t , B A e V4 1) AR T A9 4 5 207

6] 52 JIIE L T NW i)y 3 B9 H & 57 1%, B Al NE (] Al
NNE [r] 38 W7 25, 0 S L1l DX 55 s It 1) 57 )1 b
DX, HAZBRF I T B ARAE , 20 SR L BT 2= A R4
K(El3a),

W LU, it 25 T Pl DR P 4R 252 1) A 2 ARG
BEREH: , ZRe T 111ty A A 1 i B0 A i) R 3 e

\

Fedmbi

.qﬁm‘ ’/‘ ’/‘ " ’ »

VU1 WFFE X 7 i 1EIT)=

Wik = EVTREH LS5 1A
CHANACRARRKS KA

P30 v X = LK 4Ry i DR T B 58 7 T A (R B2 T A AR a4 SCRIR [ 34-351)
Fig. 3 Maps showing the tectonic-sedimentary evolution and fault evolution in the central Sichuan Basin (tectonic stress and depocenters
after references [ 34-35])
a. M= b, PRD e B A AR —ER pn



1710

A 5K AR R R

545 %

FERE—KA 17 [ (R & 55 I T B 5E XL R 4
FRAEHBAE I, T3 WE [8] BT NWW 6] A8 3, 38 e it
HKMNE Mg 2 o BRI 2 R e i, R
J1A 1) NW e Z 35 72 Je 1T IHAE BERUDR @ L RT 208
JRCHT BTN , S e 1] i sl gk — 25 i (181 3b, ) .
SRR, ZR 04 S L AR R A A T I RER AR
FHANE T DU 9 T NS T 55 I T, Je ] s Be
TF U6 6 BR , 78 JEHT SO B 1 BT A9 AT I, B R Bk T

NW-SE [ a1 WE [m] B985 T 5, X B s A #4 15 in
DAk (1 3d) o
2.2.2 EWE

WSS X B IE TR E 2R E TS IE AL, LY — B
%, 7k 0] 22 R HL 22 805 H i S A i) — 380 A 1) by
NE [a] SW J7 [ , 1F W J2% B8 RS 1955 20 56 138 2 7 0/ )
I BIRFEE I (32 WA A, R AR AR R TE 1) R 7
TE W2 9 0 A 5 FE A R (& 1, B 2) o RIS IX
TEWZ A IR SR — U AR SRR 53t DA 55
TR T A RE -3 25 S UURE 7 2 4% T 5 IX VR i 4 /Y
EWUZ TR FR R o EEAEE R - O AR )1
T A T I SR v Y B TR i AU AR B X L
S5, T AR VD B L TR A DL e T
S, AT XA H S S0 Ak 7 11 34 o i 20T e X
51 P I S 014 o 9 S 57 sk 1 R AR (5T 3D,
Kl 4) , 28 5 7 A= A TRl or i 2 S L - 3000 W R4 i
@ WIS 53 BT AT UL (1 4) , 32 22 S THRE S ), B 91X Y
ERL S T3] (o) 22 0 3 BT 1], T 32 32 IS i 5 2
ORI UES DR R (AP ANPAR E i e | k= AL S Z N AT

1] (or,) 225 Jmy Ry s A 1) 2 B, TR I T 2 50
Jey ER Ry 38 A 1) AT 0 A B IE T 5 B M NE 6] SW
7 1w, 32 AL TR ) 5 2 W ) , 1E W)= AR Y
B Wl 50k JEE AL 1 AR 55, I F] BH Ll X 2
WriHR (E2) .

55 5 BTN DU 1] %53 1) DX S8 i T 5, 2 A AR
SFPAN =R IS, P BT REEA T ST
SR A R i DA O ) e e — SR SSORE T, 0 1| 43 e 7
T~ PR e T Y S E A R 2, A i
Ji s T L2 AR L DA R 1 s DA rp - B R 2 1
TREBEMRRERTBL. PR, 7R Y o 13736 A 340 B 7 b 7
SN A YA 1 R XA RE K A il 2 S R Y
AR, SRl P 585 L ok PR SE B R B AR T
JO7 R st B B R R o RIS AE R ip—H T i o]
[ P9 17 A 5t IR A 4 5K 3 I 1 G ) 1B o 23 M5 B
FERLSK N F1 375 NI 1A W B AN 7], AN [R) 2 b AE T
BT BOIE RUBR T 32 Hu 52 /K P Sl RS2 R A, ik 52 3]
Fe I (] 32 B3Iy B3 72 i 2 B B A TR 0

3 W) TR RPN
3.1 BEHSEERIFN IR

3.1.1 B EREHME

Wt JZ 15 Sl A W R TG sh e BP9 5
Bz AR Z G IR, A2 BT )2
B S B, A K 7% 18 3 J2= ORI 1] 55 075 1T A4 00 i (T

TRHE \ \
BN O B O B[] L] [es] 29
TR Ls'Hb L2 KELW R= WWE  ROKERS PEERS RANERS KER RN

4 ] DX 03 i 4 IE )2 i PR A X

Fig. 4 Genetic model for normal faults in the Shaximiao Formation, central Sichuan Basin



ol

XUFARAF . st DX P PR 20 e v 182 i 4L T2 A R S PP

1711

5a), WiZTEShECRITR AN

V, =DIT (1)
A VoW ETE S 3R, m/Ma; D oy W2 v 25 (AT
i o R AR ORR ) , m; TN WHZ 6 SR, Ma.

3.1.2 Wi@iEE Ak

— A Ry BT A I Sl B T A L T B
JEA5 1R G S AN B Sk o SR, WU W R AR
L0 B DT B AT A 2 s e S LB A A, LRI LA
B e o AR T M SO0 SR AL S 50 4B, 45
W TET OE R T 2 5 e BT 2 ) AR Y R
(B 5¢)530 ST T AH L B 315328 2k SR BT 1 1E
J73(E 5b)

p=HXx(p, —p,)X g X cosa (2)
AP p W I TE R J7, MPas H Ay BB T 2R 8 TR 2, m;
p. N L7 2 ofem®s p, S B JE K % B
1. 01 glem’s g HE I, BUE 9. 8 m/s*; o 9B JZ
M,

3.1.3 RBREERAFTmESHEAGX A
EC 50y N Y & Y A 0 TR [ o 8 [ e e LR = D

JEAHE P TR ) B RN T SRR R B AR AT T2
GHABIWEEY/TOY 37 E S R ENUE 5 Sy NE
JE R 17 18145 Wi J2 A 0T T AT, W2 Y TR
PIPAEORR S 5 B R R A A R TR s
o ShA AT X R 32 I 717 1) 5 W72 5 1w ) Sl
£ /NI A T B8 5 e AR R g
AN [RY BT 23 5% 7 F) 38 e R/ N SRR b T2 i S
REXI 4R 3 AP O, Horh e £ 0° ~ 307 A R 4F, 30°
~ 60" NHI TS, 60° ~ 90° Ak Sk 2% (F 5¢) .

3.2 EMER

3.2.1 WEFEH®kE

TG OL T, S SHCY] JZ Sl R OR
BB ST o T8 1] F i DXAN [R50 W 2= 3 30
AT, R BT = A BN SO — e 0 T 4R
F,— 2 TN ZRWURTEIZ YA I 3l A
R 6) , Bk 1 W= MU Hirmls |y, (H iz ) =&
GEA T ARE Gk IR R A KA A S B, kLU 5
R S P o I L S A s S A )1
O IX A A i U A T A8 Bl , 25 SRR R A A T AL, 46

7 RS

Jef71(0) i S
s \
0°<0<30°| % \O/F i
\/
5"
30°<0<60° s
%
"L/
iy
Y
60°<0=<90° T~ — %=
/!
c \‘VT

LN [=] =]

= =

Wrddtty DRI A7 75 1) A v

BI5  JHhst DXY Jei dLW2= A S T 5 s R
Fig. 5 Schematic diagram showing the calculation of the transport capacity of faults in the central Sichuan Basin
a. W2 AT R SCHESEG b, WTIRIE R I A OGBS . IR RN ) 7 18] 5 7 285 1) DG 2R
(& D W2ty 9 25 ms H oA W ITEUECR 2, s p I 1E ), MPa o S TZ S, (°) 56 2 DI 32 e 1 g I il S W02 06 T 2Z [ 1992 £, (°) o)



1712 M K R R R 5545 4
MR EEAR T 1, 1, 1 K, K, E N-Q
T T T
H AR Ma 200 150 100 50 o
WIEEN | BeED L WL 01 RESREE | ol

CIESLENS
WA
J11 W6 25 53]
2 A

N vb 3
2R

W J= 5 T 3 TR

T B ) Bl

T 31 ) ) bz Ul

(%)
f=}

553
f=}

G EE %/ (m/Ma)

f=}

=~

o5

A H G TSRl 2

MOW = faF Bl R B

Bl6 1]t DX 33 S AN [ 20 531 W J= 4 15 3l i 3 QA X2 HG 5 SOmUBIOR 28 7 5 P Rl U 275 STk [ 30, 40-411)

Fig. 6 Schematic diagram showing the activity rate evolution of faults of different grades and their relationship with the hydrocarbon

accumulation in the central Sichuan Basin (source rocks and hydrocarbon accumulation periods after references [ 30, 40—-41])

B ARG Z I E 5 N — I R =KW=
TERG 5 3m S ) 0 6 AR B SE  FEA1

AR P — 1] i X AU 2 A e A A AT
B Jii 2 R AR SCBGRU 23 Ar 25 50 #) aT I S 4
FE IR FE B AR I D R - R 2 A el A
ZH AR DA IR 2 T A S — I 1 S R At
U 2B MR 2 4 O SRR AR ], X O B RV I 2
PRIt T ARGy i) ) o R Al 5 ¥ 1 i 2 K AR SR i
WG, S 5 1 2 ORI — M P 2 R o (R )
A R R e 1L SR B W 2 B R
ARGF AR DL R SE R (B 6) o Horp, — 28I )2 S
FEIX BT, TSl B, 1l T =B SR
KIS R ARE GV R R LR )Z |, Dy 32 B S W
JZ 3 Z2ERN = 2RI Z D IE TR, 1 Sl R v AR eI,
PR3 W7 J2 30 R B e R R R ) e 1) 0 Y
VR 1T 22280 J2 0] 3 20 RAR s M I VR T, 32
Wi 25 IR AR 7] A1

3.2.2 Bi@iEEA

T SRR A B, W TR Y 32 ) T O gl
/N W2 A R RE AT IT R P — B AR
T = T A 000 2= 490 M L (e i R JEE S )= VR

B ECAE) KT 50 %, W4 p (WrTfT 1R 7 )<5. 5 MPalif,
JENTFRVIRA ;24 5. 5<p<7. 5 MPa i}, Wi )2 40 T2 72
HIRAS s 4 p=7. 5 MPa i), W2 3 PR . I hib X
VDI ) 2H b 2 o0 6 T I T b DR 3 Wi b
JZ e R T 50 %, 18 T R PR AR, A%
W J2 (%) W7 T8 E ) TSR SRR B 1 R S Rk X R £
W JZ i PH X B & BHD PSR OAFW)Z VR
Wb — BRI 2B, 432 3 B Wi i 1E i 3
KT 7. 5 MPa, B & 8L 3 S b2 22 4 F Wi AT
FEIN (B Ta, b) o XFF 4Rk X B IE B2, 3H58 0 Wi i
BRI ZHUNTF 5.5 MPa, A FHF R RAS i BLvb — '
B F 10 A AL TR B A, BT A2 B
SERH(E Te, d)o B TIA MBS Z W i 74k
Ja R ZORES MR BB IR B B, T LA A Rt DOk
S FORITTRT PH DX 3R %) 30 W7 23 A W J2 e 10— ELAG T 3 1A
AR 6T IE W2 AR H A Y Wi R ) 5 R Z ]
I ZR, FIBTTE 1 600 m IR AR X, Wi)2 T e Ab -2
BIPA—EPIRES BT AR St DOR | 5 12 45T
HRRAS R IEWT 2 7 T AR 2051 5 1 f i

3.2 RBEEMAGTEEELG L F
DX 3 3 R R g T 1) 5 W7 J2 5 1) 1) S £ 255 i WY T



6 XA, AF . N LI R 2 Ge v
L OB MLRER a
1800 F :
|
1 b O Yo B EL
5000 - | 85 b ZH IR B
|
i
L i
2200 ml 6 BRI B
E | ]
2a00f M|}
|
i
2600 - i
| —m— D1
} LIEO) =
2 800 I 1 1 1 1 1 1
6 8 10 12 14 16 18
Wit 1F i 77/ MPa
400 | c
800
g 145 O ALRRERE
@ 1200 -
=
1600 95 P IR B
85D LIRS B
2000 - i
—a— Q5 IEWZ
A.TQ%II?TIE 1 1 1
0 1 2 3 4 5 6 7

BT IE K /1/MPa

DI ik 2EL U 2 i A RO R R AN 1713
1 700 ‘ - -
Db B R B b
1800 L ]
WAL B LR B
1900 | ]
Vo— N B b A IR B
2000 |- C—
£2100 |
®
=
2200 -
I7ﬂ
2300 -
2400 |-
| TSRO
2500 - | —&— fHIFHOWi 2
. 1 1 1 1 1
6 8 10 12 14 16 18
Wi 1E 1 77/MPa
|
400 |-
A0
AN
NI
GINET
800 |- ;
£
g l200f ‘
B i
i
1600 F 95 b IR B BT
85 Wb LH IR B \
2000 F !
—A— 5 IEW)E i
—v-GHENE 1 ; 1
0 1 2 3 4 5 6 7
Wit 1F i 77/ MPa

P71 DX 932 Dk 2] 5 S T 22 1 W T S ) B S
Fig. 7 Diagrams showing the normal stress on fault plane and transport capacity of major faults in the central Sichuan Basin
a, b, —KH#iE e, d. ZHKER
(0 DX JORT B PR B R L T TR B B )

T A BE 4 — i 3% e DN W2 T O e
% W7 2= A S BE B o DU )T 2 Y 22 UM i s B
IS AN TR 5 1) B9 DX S5 e 17 7, 5 0 P 300 398 X
F‘Ff“jﬂﬂlﬂﬂ:'%?ﬂéliﬂ S . Uit (K 8) A
S, U DX G 3L ) e S5 L W 2= A DL g B DX R
il FHQD PSR AR OWZ SE 1) ANE [ 2 3 T
B SO0 i e 1 1 300 X 302 0 5 1] ANW O 3, 5 Bk
Wi JZ HAT— 52 Ty, X R AR AR AR 5 {E SR 1
W= AL B A NS 1], AR 5 98 i 5 S LB Y
DX IS T3 77 [ A7 A f1 NE [8] NS J7 [ 5678, L3004 A1) T
RAR S T, (EE ST AH RS AN 5 T 5 2 ES RS9 LA
AT WE [ (14 X355 H W 108 32, S5 W72 Je A2/, A A
TR/ T . SR A OWZ ik WE [ g
Ay, WG EN S e YT RIE e L L] D g 55 =R
[ A 7R — 7 e F1, 0 KR S AR XA 5 i B s

SR HEW S A OWr 2R TFAT, AR T RE T
X T 9E XA TE )2 o 1a] Z2HEH LA NE [ 2R &, 5
BH DX 06 W22 4 B SRR E AT AR R -

SE BRI (18] 9) F B, Wt 2 7 1 B S 30
e L A0y SR 22 i X SIS SRR TRA
FEAE LRI R AR AL A A A 5 1 s ke L
1) I 5% 111 0T 22 i S - L A QOB )2 R NE [1) 1 7 23
S A LA B R 2 s SR A 2
B EA i A sl 4 T RE T LT A O T SR O
JZFNRIF W24 SPEAT, e 5% 1L W2 187 FH OO 2 A
NE [a] 1E W7 J2 5 i 48 o nl O AS [R] B B 2 4 5 i
T304 568 555 WGP A R Ay - e 5 > e e 1) >
e LI TR D S . AR RGBSR AT 4 BT G ke 1L
RIS 5 0 A 00 R T2 1 3 A sk, Rk e R
LT 2 A0 1 COWT 2 1 i S PR RE dc s o



1714 A H R KR %45 5
e [T D]+ [+ [+ T
5 4F 55 /Ma 260 1%0 160 Sb 0
HIEE N | wE el 1] estedl 9 Renhmn | b

} o
| v D [ -
) N A o
] Y
RO /\ /{ T\ —>/<— —>/<—
. N
“ T T
i . oo
;; FRD e d - —> —>
g i 2 ™ / T ‘\
“ I/ »\l
PO — — — —> | —> __— «—
ik N 2} 7%
I R A I S I
N P
. ol
Tt % pd e e — | S
Tl " / T T \4
O R O

Z Wi SRR 107 e 7 A

P8 1T et DX b R Je 2E Ky 5% T 2 ) O 1) A5 W 2 1) 5% R 0 L P

Fig. 8 Comparison of the relationship between the tectonic compressive stress direction and fault strike in the central Sichuan Basin

3.3 AEAEFNERESHHT

LR LRI (R 2) , 11 Al DX PG 3 9 e S 1L B
JEFND N B A QD a7 B QD A5308 I J22 LR G W22 7 e 32
Ebﬁﬂﬁ,ﬁﬁ%ﬂﬂﬁ?ﬁm,ﬁﬁﬁjﬁﬁiﬁ:ﬁ%ﬂﬁﬁ%ﬁ,ﬁ‘éﬂ?i‘fﬁﬂ

i ARG LT AR E GER I IR A AT, A
)Z%M%%H?ﬁtmﬁiv SFNFRE , e R W= R
OWZ AT FE X I A SR o TR WT)Z 35 3]
I, 30T A b Ak T ) B PR 17 IE R AE I

P SRR A I S B 3 1) i S R T R AR R
s RAEH

Is MR

4 Wr-bEc E X AR

4.1 BF-RbECE A

Xt F BRI IRMZ , W0 Bl OGRS KR i
PRFE AT 25 S, AN [ - IE B 2R AR AR D



%6 XIS AR At DX R 25 e YN e 2H T2 i 5 A R S 1715
120
Cmeenseyy [l B2 v [ Sshmy A ws S i
& 0f _
£ _
5 . 7
= -7
jg 60 |- Bl H —
X
. 7
- 7
e 30 1
Je sl Fe iz RIFOWTJZ TROMZ fiT IO = MOW= JEZR i E W

PO 1Tt DX 33 Jik 4L X 3l 3 e 17 1] 45 )2 7 1 o x P AT IR 5]

Fig. 9 Comparison of angles between the regional principal compressive stress direction and fault strike in the central Sichuan Basin

&2 AR EAERH ST NEEXT L

Table 2 Comprehensive comparison of the fault transport capacity assessment in the central Sichuan Basin

N T 1

BRAEES

AR AR

AL EIE 2 S NY ON T ONE L EOZIRS: 10

W)= sl

JE U By v A s R =R I TR I B AR

WL - e SR L TR SR AT A DMTE P A sl =
828 5 W H SR - A OAF OB Z S SV, Je R il
a5 FHCOWTJZ A1 NE [f1) 1F 12 1 46

Wz DXl T T 7 7 5 1 5 W A 1] 6 A

B AT ) B i S D)2 < Tl SR L W A A
OWi)2; Kk 2B O RO F %
OWr)Z L K NE [ 1 W J2

R A b b T ) B ADIRAS ; IEWHRZEA B4R T 3 [ T

T 1777 1 s
NN ks

RIRHIEIETT 10 o — L5 W A el A A
T W ZT7 1 S _EABUS A R T R AR TR A5
T, M ELA AL A BE , AR ) e A P35 i
0 et S 1 vl X — 2R SR 0 10 8 PR S 4
BCEICHR PRI A DR OGS A - C B, 4
HBIFE X AT - AR TR (1 ) AR S 5 7R (I )
P T — R0 B BT A, G - R R AR AN [ 20 14
WML, HE— 23 b RS A ( 1) b
ZEWAC T ) FE BRI T ) (15110).

4.2 W-PEEXNRAREHBINE LN

Jilebts DO Sl A Q@ 7 FHOAP SR O U5
JZBRURE R AR IR A ik BE A7 A 25 57, IX LB T )2
550 B i LR AR o 4 W0 T i 2 X R AR s 2R
P VAR R o e S L 2 MUK i LAk
TN ARG A P A e JEE v L DX (BT 1), R
X R AR AR i S A P i [ I g S5 1L )22 X
W0 T TR - Ak R R 2 AR A AN
AR RIR X

X F H A Z AR R TR A AR 5 R A T
20X10% ~ 40x10° m*/km?, A= 44 55 {4 18 A 3 26 W )2 1) B
FRE I ZERERN, Wi-P i B R M- R R E
25 57 IR 52 M -0 I B M 25 S R R A, Ho
£ COWT JZ X6F 10 Dy — b i Ak 2 A o B — e i A ARl L
Wb A I A =, R EORIR AR R e R
103 S ELAT 1) AR 347 v A 1 R AR A T T A R
T 38 (1) T 3 DA T 2 A 2 A — AR R AR AR
£, A OW 2 FTE R\ B R b X b — B
(1) 6—8 5 BF b2, 7E W72 P AT SRR . XN
114 7 FH QO T (D 4 22 508 )22 1 Wy — b i 3% R -
M2k R TR, A7 W A AR TR Il R 3 22 S ), S [) W 2
R IE A7 25 S0 28 Ak, 4an 7 BH QO J2 %o g b
PRLRFE Y | 9 ] COWT 2 X5 R A A A% B I 75, 3k 46—
0 C VA 3 R SR A W2 — M e 8 A e U 3 e
PRSI 2N N N6 90 e s 8 S A | P AN 0/
G DX YR T2 06T I 1 A [) O — A0 T 56 3R AR U A
SR i I S PR R AR 26 98 X KRB R 7 ), I il
TR AU F 74 ) AR AR AN (L 1D



1716 £S5 KRR R $Fa5 5

F-mpgkRR (139 SR (T
AR RFREAL (T ) WHAAZ R 1) AR BET R 1) b S e

FIES

&

(0 Ma)

(5 Ma)

i I T

(100 Ma)

S

2 fFHOWE . F RO JesR LR EREIOL A FO-11/=

FL10 )1 s DI P22 (100 Ma) LUK 4 795 i 2 W —fb e 38 Ak 4325

Fig. 10 Classification of fault-sand configuration evolution in the central Sichuan Basin since the Early Cretaceous (100 Ma)

0 30km
1 .

X ”‘fskmow
‘wu ’:@1 N P

/i"-wm? ” i)damo 3 e ) J0 ~\ﬁ-”*21
ﬂ ‘A Wfﬁw Ky &?2078H1 R

= ’émms\ N “{3«12
’ ?/3%825 g’ ,

ﬁ?l
71<Aa204 i
R (TR

‘}(&9 7J<I*211 bt /\,v-\//”"~—\ h
o7 hykios }
Vot 05
A 20 e .
7?3 »’“fml

— ] o] (=] [w] =] [7] [»]

,<>.5’/|

ompdkR® R BIRKEE CRIEE FHAL B IER LN RS AigmAdke e A
AKX b i SRIEAHHLL DRLEEL

(108 m¥km?)  (10® m¥/km?)

PLIT I v o DX 332 Jo 2L T TG B A 2R R 5 R AR A G &

Fig. 11 Relationship between the types of fault-sand configuration evolution and natural gas distribution in the central Sichuan Basin



%6 XIS AR At DX R 25 e YN e 2H T2 i 5 A R S 1717
fluid flow related to a large growth fault, South Eugene Island
5 Qél:i/lﬁ\ Block 330 Field, offshore Louisiana[J]. AAPG Bulletin, 1999,

1) 1] vl X i A2 2R DL R B 48 AL, Rl oy
- = &G ARY R-HER2EWEZE, Kb T™H
Sy =Y WP = I g S UL [ =S W 3B e = W o
A RN IE WA 3 4 I B8 ST AT AR Y SR e TR
T T DRI 2 R LE T 25, SRy VDI ek 4L 1 AR

2) Wil 2 R E A T g =S I NW-SE [1] | B ik
B — (T NS ) AT 2 A3 WE ] 1Y
FA 1 5 R 5 1 W72 o0 V3R Sk 2H DR — v 0 55 o e 1
s R -3 25 RUTRE RLA

3) 38 A3 W 24T S A AR L0 S X LU AN
A i X SR L A QO FRT PH QD 45 33 7 )2 DA KTE
W J2 25 g e 1L 300 A0 I A ) LA A e A o S
Z W7 2RISR AR AR AL 5 45 TR R B 52 ), g 53 1L A
1 W 2 Sy o 5 B 4 5 W7 U2 5 W7 J2 308 Sl ) i 3, 306 b
JZ b 3 1) S AR ES | 7 1 W7 2 7 i SR R R I LA
FiahE.

4) 1] vt DX T 2 5 018 ek 2L 9T AR 1 DT —
F0 T Y T A7 7 R — G A 7 7R P — o o B A R K
Horp 25007 2 R BN - 4k R T A R T KSR SR
AN [R) 78 3 3 1) A7 R D AR SRR 22 e T A DM 2o -
i Sz e 7R, FL A G T %) SR SR e i T AN [, FE T2
WA o] e A RAR R FE 1 o

& % x

(1] AF5IE, ke, XUodar. )2 76 4 )2 i Um0 T Ay 45
MO, PEREAmaEBe 240, 2006, 28(2) : 27-31.

SHI Xiujuan, LI Jihong, LIU Keqi. Effects of faults on petroleum
accumulation in Dongxin shallow layer [J]. Journal of Southwest
Petroleum Institute, 2006, 28(2): 27-31.

[2] SMITH D A. Theoretical considerations of sealing and non-sealing
faults[J]. AAPG Bulletin, 1966, 50(2): 363-374.

[3] SMITH D A. Sealing and nonsealing faults in Louisiana Gulf Coast
salt basin[J]. AAPG Bulletin, 1980, 64(2): 145-172.

[4] WEBER K J, MANDL G J, PILAAR W F, et al. The role of
faults in hydrocarbon migration and trapping in Nigerian growth
fault structures [ C]//Offshore Technology Conference, Houston,
1978. Houston: OTC, 1978: OTC-3356-MS.

[5] YIELDING G, FREEMAN B, NEEDHAM D T. Quantitative fault
seal prediction[]]. AAPG Bulletin, 1997, 81(6): 897-917.

[6] KNIPE R J. Juxtaposition and seal diagrams to help analyze fault
seals in hydrocarbon reservoirs [J]. AAPG Bulletin, 1997, 81(2) :
187-195.

[7] LOSHS, EGLINTON L, SCHOELL M, et al. Vertical and lateral

[9]

[10]

[14]

83(2): 244-276.

), BAERT, SR, 4. iR B A SR G P T
HRIHLI]. S bR, 2003, 24(5): 451-454.

FU Guang, LYU Yanfang, MA Fujian, et al. Comprehensive
evaluation method for vertical sealing of fault and its application
[J]. Xinjiang Petroleum Geology, 2003, 24(5): 451-454.

ol i, oM, e, . WTATE R D TR S SR AR
BT T5 3k B H BT ). A7 M5 KRR HB BT, 2023, 44(5)
1300-1307.

HE Chunbo, ZHANG Yaxiong, YU Yinghua, et al. A method for
predicting fault-induced changes of hydrocarbon migration pathways
along sand carrier beds and its application [J]. 0Oil & Gas
Geology, 2023, 44(5): 1300-1307.

A7, 2R, T T R S S S v et
Ko FER FH—— LA VIS 4 b 8 101 M B e s W sy il [ ],
M5 RIRHBT, 2022, 43(6) : 1481-1488.

FU Guang, LI Jiajing, YU Tong. Improvement of method for
timing of hydrocarbon migration along source rock-rooted faults
and its application: A case of the South Dagang fault in Qikou
Sag, Bohai Bay Basin[J]. 0Oil & Gas Geology, 2022, 43(6) :
1481-1488.

ALLAN U S. Model for hydrocarbon migration and entrapment
within faulted structures [J]. AAPG Bulletin, 1989, 73 (7) :
803-811.

EER, A, BACE , A WTJE 00 1] B PR E B O ik
(], AR S5TF 4, 2016, 43(2): 310-316.

LYU Yanfang, WANG Wei, HU Xinlei, et al. Quantitative
evaluation method of fault lateral sealing [J]. Petroleum
Exploration and Development, 2016, 43(2): 310-316.

B, 2, BRI A IRIEBITET]. e,
2005, 26(1): 60-64.

ZHAO Mifu, LI Yang, LI Dongxu. Quantitative study of shale
smear[J]. Acta Petrolei Sinica, 2005, 26(1): 60-64.

By, ZRUIAR, WSO, 5. 52 2% i et T P ARG U 20 )22
PIPEE ST L], PR A i o222 4 (A SRR 22 i), 2021,
43(1): 81-90.

CAO Long, QIN Runsen, ZHOU Liye, et al. A predition
quantitative study on the sealing of secondary fault in complex
fault block reservoir[ J]. Journal of Southwest Petroleum University
(Science & Technology Edition), 2021, 43(1): 81-90.

AT, AP, BRERT . T2 S P A R T Rl il A
(] R (ARRIARD , 2016, 47(4): 1209-1218.
WEN Zhu, FU Xiaofei, LYU Yanfang. Evaluation of fault seal
and hydrocarbon potential prediction of fault traps [J]. Journal of
Central South University (Science and Technology) , 2016,
47(4): 1209-1218.



1718 Al R AR R M R 455
[16] AfIWet, M, BBy, 55 . a5 2 B AT 5T 3R ok passage system in the northern part of Liaohe eastern depression

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

RKIERFLT]. AMERKTHTT, 2018, 39(3): 454-471.
FU Xiaofei, WU Tong, LYU Yanfang, et al. Research status and
development trend of the reservoir caprock sealing properties [ J].
0il & Gas Geology, 2018, 39(3): 454-471.

Fe, PMESE, IR, A5 0 A 2R e B B AR S
WA —— LA PLA H S ] [J]. B < H, 2017, 24(6) :
760-765.

WANG Long, SUN Futing, HE Juan, et al. Integrative evaluation
of fault sealing property for complex offshore block oilfield : Taking
PL Oilfield as an example [J]. Fault-Block Oil and Gas Field,
2017, 24(6): 760-765.

JONES R M, HILLIS R R. An integrated, quantitative approach
to assessing fault-seal risk [J]. AAPG Bulletin, 2003, 87 (3) :
507-524.

SR 3 LR A 15T b DXAS ] W7 2 i < FE T iR ) R AE
W 5IRIT]. A SRR THRT, 2022, 43(3): 528-541.
HU Wenge. Study and practice of characterizing hydrocarbon
charging capacity of different fault zones, Shunbei area, Tarim
Basin[J]. Oil & Gas Geology, 2022, 43(3): 528-541.

E e, Dhg . W) bR R e R R R A [T ], AR
R4 (ERBHF M) , 2003, 33(2) : 163-166.

LYU Yanfang, MA Fujian. Controlling factors and classification
of fault seal [J].
Edition), 2003, 33(2): 163-166.

Wbl RART, PMVARKE, 45 SRS RBMEIE BI04 S hE
JiE BN [T]. Pl KA 2 i (A SARE ), 2022,
37(6): 38-45.

PAN Zhonghua, WU Xiaohe, SUN Yaoting, et al. Quantitative

Journal of Jilin University (Earth Science

evaluation of fault-sandstone transport capacity of upper member of
Guantao Formation in Chengdao east slope [J]. Journal of Xi’an
Shiyou University (Natural Science Edition) , 2022, 37 (6) :
38-45.

BEACE, Aisfe, AR AL iR G I A PR 5 R
WRLT]. A EA A, 2008, 13(4): 1-7.

XUE Yongan, DENG Yunhua, YU Hongzhong. Progress and new
knowledge of exploration for oil and gas in Bohai Sea area in recent
years[J]. China Petroleum Exploration, 2008, 13(4): 1-7.
AL, B, W, A P P L Xk — B s
BN 1A BT ). kA, 2010, 31(2): 204-210.

LEI Yuhong, LUO Xiaorong, PAN Jian, et al. Simulation on
hydrocarbon migration and accumulation dynamics of the first
member of Yaojia Formation in the west of Daqing Oilfield [J].
Acta Petrolei Sinica, 2010, 31(2): 204-210.

KT, XUSCHT, REF, AL IDITZRES M R AL R
PR B H M B B RS ()], A R i (A AR
Ji2), 2005, 29(5): 19-22.

ZHANG Weihai, LIU Jingxin, WU Zhiping, et al. Paleogene

[25]

[26]

[27]

(28]

[29]

[30]

[31]

and its effect on hydrocarbon migration [J]. Journal of China
University of Petroleum (Edition of Natural Science) , 2005, 29
(5): 19-22.

e i, S IR, gk A, S5 o [ VU B 4 5 4 DX T
J2 00 G D R A i SV e A (D] M EREL 2, 2005, 30(4)
459-466.

KANG Yongshang, ZENG Lianbo, ZHANG Yijie, et al
Formation mechanism of high-obliquity faults in platform areas of
Chinese western basins and their control on petroleum migration
and occurrence[ ] |. Earth Science, 2005, 30(4) : 459-466.
W, i, TR, S W2 U8 AR (SGR) K A Kz i)
PR R )], KR U ER B2, 2005, 16(3)
347-351.

YANG Zhi, HE Sheng, WANG Jinxi, et al. Shale gouge ratio and
its application in the fault seal estimation across the faulted zone
[J]. Natural Gas Geoscience, 2005, 16(3): 347-351.

A7, INRISC, B AR . e R 1 D — A O 1 i R R
TR ITELT]. AR, 2014, 43(1): 79-87.

FU Guang, SUN Tongwen, LYU Yanfang. An evaluation method
of oil-gas lateral transporting ability of fault-sandstone configuration
in Nanpu Depression[J]. Journal of China University of Mining &
Technology, 2014, 43(1): 79-87.

BRI, E/NA, BRUS, A5 01 0 b ksl PR B R VR
Jii AR A R A R R R BARAELS ], KRR Tk, 2022,
42(1): 12-24.

YANG Yueming, WANG Xiaojuan, CHEN Shuangling, et al.
Sedimentary ~ system evolution and sandbody development
characteristics of Jurassic Shaximiao Formation in the central
Sichuan Basin[J]. Natural Gas Industry, 2022, 42(1): 12-24.
7 AN I I Ut s e R 2 WU e R ]
SRR A B R 1 L] P A R, 2021, 26(6)
98-109.

YANG Chunlong, SU Nan, RUI Yurun, et al. Gas accumulation
conditions and exploration potential of tight gas reservoir of the
Middle Jurassic Shaximiao Formation in Sichuan Basin[J]. China
Petroleum Exploration, 2021, 26(6) : 98-109.

JRAE, B, RAYL, AL U A SRR RS R VR
2 WA KRR A WL AR [T]. R T,
2022, 42(1): 51-61.

ZHANG Benjian, PAN Ke, WU Changjiang, et al. Compound
gas accumulation mechanism and model of Jurassic Shaximiao
Formation multi-stage sandstone formations in Jinqiu Gas Field of
the Sichuan Basin [J]. Natural Gas Industry, 2022, 42 (1) :
51-61.

s, 2, skE MR, 45 DUl 20 Ml & A A I S
BALL)]. MR, 2011, 46(3): 589-606.

HE Dengfa, LI Desheng, ZHANG Guowei, et al. Formation and



ol

XUFARAF . st DX P PR 20 e v 182 i 4L T2 A R S PP

1719

[33]

[37]

evolution of multi-cycle superposed Sichuan Basin, China [J].
Chinese Journal of Geology, 2011, 46(3): 589-606.

XS U g — AR AR — I A S A A (D] R
. MESHE TR, 2013,

DENG Bin. Meso-Cenozoic architecture of basin-mountain system
in the Sichuan Basin and its gas distribution [D]. Chengdu:
Chengdu University of Technology, 2013.

W, M, Y, . TN G R G T - g i
RLTUAR Y 2 7 12 5 A AR AE () ). A 5 R AR A
2022, 43(5): 1024-1038.

HU Zongquan, DU Wei, ZHU Tong, et al. Sequence stratigraphy
and lithofacies characteristics of fine-grained deposits of Wufeng-
Longmaxi formations in the Sichuan Basin and on its periphery
[J]. Oil & Gas Geology, 2022, 43(5): 1024-1038.

Wi, BRIEE . BF FHA8) b b e Ak S R 3 2 g Jal 43 (D). 3
ST RICE, 2005, 12(2): 9-12, 22.

YANG Chao, CHEN Qinghua. Tectonic evolution and tectono-
stratigraphic classification of Jiyang Depression [J]. Petroleum
Geology and Recovery Efficiency, 2005, 12(2): 9-12, 22.
AR, BRI NLPRRE, AR I XA e sl ) i S A
We—ZIIRR BRI AT . A a2A4R, 2014, 30(3) : 631-640.
Ll Zhongquan, MA Chengdou, YING Danlin, et al. Tectonic
dynamic evolution and analysis of basin-range coupling and basin-
mountain coupling in Sichuan-Chongqing region, ChinalJ]. Acta
Petrologica Sinica, 2014, 30(3): 631-640.

R, XIRAR, BRUEPE, S5 JIVEI) R 5 S TR G A T R X
TR [T ). AT ST &, 2011, 38(5): 538-551.

LI Zhiwu, LIU Shugen, CHEN Hongde, et al. Structural
superimposition and conjunction and its effects on hydrocarbon
accumulation in the western Sichuan Depression [J]. Petroleum
Exploration and Development, 2011, 38(5): 538-551.

W, TH AT R E RS B AT AERmIR BT ARG
G 22 SELT ] RERNIR AU, 2022, 29(2): 9-15.

SHA Zixuan, YU Dan, FU Guang. Difference in oil and gas
transport between lower-source and upper-reservoir and upper-
source and lower-reservoir oil source faults[J]. Special Oil & Gas

Reservoirs, 2022, 29(2): 9-15.

[38]

[43]

R, EE, PN )23 ) B PR RS ik (D).
SEAT0, 1998, 19(1): 8-11, 86.

FU Guang, WANG Pengyan, SUN Hongbin. Fault vertical closure
mode and research method [J]. Xinjiang Petroleum Geology, 1998,
19(1): 8-11, 86.

EERT, Y05, AR, A5 IR I ) P R A
BRI A, 2007, 28(5) : 34-38.

LYU Yanfang, SHA Zixuan, FU Xiaofei, et al. Quantitative
evaluation method for fault vertical sealing ability and its
application[J]. Acta Petrolei Sinica, 2007, 28(5): 34-38.
R, X E, B A, AL BT R AR A i 3
MRIZ R D IR BB TN 7 R (). hIR B2k, 2015,
30(2): 524-530.

MA Xinmin, LIU Chiyang, LUO Jinhai, et al. Method of
restoration on paleo-tectonic stress fields direction based on
stratum deformation [J]. Progress in Geophysics, 2015, 30(2) :
524-530.

TR, EWIW, B s>, 45 i M DCAN ] J5 1) W 407 1
FAMEL]. BARHLIT, 2004, 18(2): 157-163.

WAN Tianfeng, WANG Mingming, YIN Xiulan, et al. Sealing
properties of different direction faults in the Bohai Bay area [J].
Geoscience, 2004, 18(2): 157-163.

A, PR, BRI, I N R B A AU
ERR R LI i XA G AR ()] Rt
BRRLF, 2019, 30(6) : 798-808.

LI Yong, CHEN Shijia, LU Jungang, et al. Main controlling
factors of near-source and interbedded-accumulation tight sandstone
gas from coal-bearing strata: A case study from natural gas of
Xujiahe Formation, central Sichuan Basin [J]. Natural Gas
Geoscience, 2019, 30(6): 798-808.

B EAE, 2L, SKICTY, A I 1 A VS S 5 G 4 R
SRR T]. RIS Tll, 2010, 30(1): 19-22.

YANG Yuxiang, LI Yanjun, ZHANG Wenji, et al. The timing of
gas accumulation in the Xujiahe Formation of western Luzhou,

Sichuan Basin[J]. Natural Gas Industry, 2010, 30(1): 19-22.

(% FMNM)



