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Abstract: Normal faults are widely distributed throughout the Jurassic strata in the northern Sichuan Basin. However,
their genetic mechanisms are yet to be clarified under the continuous compression from foreland basins. A detailed
characterization and comparative analysis of faults at various structural locations is conducted using 3D seismic data,
and the major controlling factors, genetic mechanisms, and multi-phase structural superimposition process of the
Jurassic normal faults are investigated under a compressional tectonic setting. The results indicate that the Jurassic
normal faults in the northern Sichuan Basin are a product of tensile strain caused by the folding and bending of strata
during uplift. These faults exhibit a uniform and scattered planar distribution, forming numerous graben structures
consisting of two or more normal faults with small throws and short displacements that dip in opposite directions. The
strikes and numbers of these faults are controlled by the compressional directions and structural phases of surrounding
thrust belts, with normal faults perpendicular to the compressional directions formed in each structural phase. The
Jurassic normal faults within the northern Sichuan Basin are formed in response to the intracontinental orogeny of the
Longmenshan, Micangshan, and Dabashan mountains. Stratum folding and bending formed during the formation of front

uplift lead to the development of these faults, with multi-phase, multi-directional tectonic activities in the superimposed
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structural zone resulting in the formation of complex normal fault assemblages. The Jurassic normal faults in the northern

Sichuan Basin are associated structures formed during uplift and deformation in a compressional tectonic setting rather

than resulting directly from compressional stress fields.
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Fig. 1

Schematic diagrams showing the locations of 3D acreages and orogenic belts in the northern Sichuan Basin (base map: present-day

structural map of the bottom boundary of the Upper Triassic Xujiahe Formation )
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Fig. 2 Characteristics of the Jurassic normal faults in the Longgang area, northern Sichuan Basin
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Fig. 3 Characteristics of the Jurassic normal faults in the Cangxi-Jian’ ge area, northern Sichuan Basin
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Fig. 5 Statistical map of normal fault strikes of the Jurassic normal faults in the Shaximiao Formation in different areas of the northwestern

Sichuan Basin
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Fig. 6 Schematic diagram showing the genetic mechanisms of the Jurassic normal faults in the northwestern Sichuan Basin
a. FEBGERE o 2 AR A (H SCHRT 31 MER0) b, W BRETI R 25 I W72 2 B RHAE (B SCHR[37 1) 5, d. ZWIBPEE T IERZ 2 F A

IR

W 22— AR AATL . LA ] X ek 2 A T W )22 2
A H B ] B RO I A, 2 MR 2 e A
R AN K IS AR R B A A 14 8 o A KR B
(1 E 750 K T M A R b 2 A R AR AL X S
DX 5K N 339 B Fp A B I R MU I i J2= e i
BRIVRSEHBAWNRAR . 5N 205 it e
HH R BT SR e IR T, R T R R TR A B A
Ji RN R BR TN RS AR T AU Z ] LA 5K
I AR T3 T AN —3, Ja — W S AL I AN R E 247
T B TE W2 6 AL, TR A 5 5707 1) L 2 R IEWT)=
Hih THUZ KA T 55— A5 1 LR (& 6c, d), 5t
AR LAY SE AR T i) 52 B 0 Xt F 0 1 W JE A
AR A B UB A5

4.2 HFREWLKITE

ST LI EWRSE, @ 1 AR S R IE W &
R F R E AN R = 2 ) B A
DISCA&, M BAE R R WA —2, Wik & 1)
UCHYFPRMERE B o 188 A ik 5 i By = 040 79 7 1
TR : OIEWTJZJ7 18] 55 24 30 v Wy B¢ 107 10) 3 L, F

FEX RGN T =A A 1= B Ly s £ 385 2 i 7
A RIEFTT , Al LU XS AR B 1 W J2= A 75 3 ik i) 2
FEHAIR QIEW)Z 5 2 1) 3 )2 45 AR Oy 1) AH DG, 7T
VAT A3 A [R] 77 11 A 3 222 18] 4 28 0 ok i ok S TR 2= )
SelE .

JCARE 1) XE W= B8 32 T 1) w7 5 £ 4%
i, BT B R i — R e AL
i DI 1T LR 2 3 A, LRI B 203 b = e
VP 7R 1) 390 B e 7 A M T 1 MR A A
TEALAE 1) IE BT |, 2 FE 2 AR, 1R 2
B ML DX H A AR B e 1) 1 5 1) L DR 2 D
B AU T I AL B A ARG AL, AR A BB Be
BAIETEN T R ESS (B R —oo il X
AT R 1 o T T LK e I o RS Al 4 s e B B ] g
FEAE R S5

R A2 AT, SRR L DX AR Y 1] DB
AR B I o K G L i WAl 3 B R I ) B
Jie 1) G 5 1) 7 J  AEAR R AN 220K L i BT T 2%
I R R HORG AT & AR 2R Y 1] IE W) 7R
A 1) e B M DX DU K G0 2R Y ) TE BB =, B4 1%



488 £S5 KRR R

546 5

b DX PR & AR i DL ST AR VY 1] 4 3, - 2 B HCE R T
B

ML 20 W 300, P DR L L Ay s el T A 22 D i 2
IR, A2 AU AR -rg 74 i BF 42, e & — &AL
P~ AR 1) B RE - rh WA 3 o 120 R IS LR 2 AR
KFACVGE [ IEWZ 7R eI —] I X R 2 K
B AL ERUR R BT AP m A R L O
WAL AR AE A T 2 ), (HL ) DY AR MK 1) R
2 o i i DU 2 AN A

tET i — R, AR R EWZ T 2k F . H
TR i D bR 2 T 1) AR AEAE , KA 1 32 FLR2 IR AR
AEPEIY BT e o I B AV B ROR , R 2 e i s IX P
LTRSS BRI ACAZRE 1 BRI X . RLAEARZR il
OBk SuN TS S W ST ED AR D 4
TAUARZR I IEWTZ o

i i — T b, R L LA s i R 2l 7E 2
IR — BN ACVEE R 4 TR SE R B I A 5472
TR} 2 Ml N ST A R i R R AT IRE I 2433 ~
12 Ma A2 B 5 I —iA LM X o %0 A 1) g AL 4
TE T b 3t DX JCAE DU AE 1) 48 4, B0 AR 2 R A 2R
AGE MRS, I A T AL E 1 ERUR

VAL, PR 2 28 1E W72 02 38 L 30 LR s P4 o
ARNIEY SOslIESN NI peatiml i LT VAL E Ss
ZW 2RSSR M & XE T A )
ZRALICT PRy BRI R R IEWT R S . LIES
JE RGBT I I3 3 N W R R G Pl 2 Y 14
i A AR I A 7 B B DA T (19 3 e W SR el
A DR U BE WA AR . ARE R IE W 9 B
G S RAEAFAERE BB 26T, BF RN 3 A B
T LIX P 28 W 228 T DA A 1 A B B 2R G

5 4

1) NP IX AR S R IEWZ , LSSl 2 250
TE I J2 2H RSP 3 S 45 A8 DA R, A [ A 3 3 9 X
Berp, FEA T AFAEFEA — B AR X B b IE 2 5E )
o AL BA W 22 57, S B 5 b JZ A 38 8 250k o Ak
Fey 3t (o7 B HAT B o A DG A

2) IEWUR BIE LT D B R 5T A RS
SRR K I AR, 5K AR A V- _E B K2 S B A
ik TR T K/ NBTHE A MBS S5 . IEWTR BB A
JE BTN Sy 5 B EARS R e B 7 5 PR 2 e
A PEA A I

3) JPEAE 3 XA AL TR Tl oK AR EL i
i P T A RS R AL, 22 D) T ML —
POHER 223910 2207 18] ORI B i, T2 1 Mg e o X
SIRMIEWTZH 5

2 % x #t

[1] WU Xiaoqgi, YANG Jun, WANG Ping, et al. Gas source of the
Middle Jurassic Shaximiao Formation in the Zhongjiang large gas
field of Western Sichuan Depression: Constraints from
geochemical characteristics of light hydrocarbons [J]. Energy
Geoscience, 2024, 5(2): 100263.

(2] 8L, Fem, HRm, 5. Wik R s A AR A

PEZH A DU IR AR S el S (D], A5 KR e,
2024, 45(3): 752-769.
FANG Rui, JIANG Yugiang, YANG Changcheng, et al
Occurrence states and mobility of shale oil in different lithologic
assemblages in the Jurassic Lianggaoshan Formation, Sichuan
Basin[J]. Oil & Gas Geology, 2024, 45(3): 752-769.

(31 XUSZR, (LA, /M, % 1R A Pk 2 GEvd 3 i 4

J2 i S A O E I (D). Al S R AR I B, 2024, 45
(6): 1705-1719.
LIU Jingdong, REN Chenggang, WANG Xiaojuan, et al.
Quantitative assessment of hydrocarbon transport effectiveness
along faults in the Middle Jurassic Shaximiao Formation, central
Sichuan Basin [J]. Oil & Gas Geology, 2024, 45(6) : 1705-
1719.

(4] PR&FE, L. Velar, 55 . Wighnh )i Vo s Bos ab 4 UBR

s B R L] B B, 2013, 27(5) : 1137-
1146.
CHEN Dongxia, WANG Lei, PANG Xiongqi, et al. The
controlling of fault on the tight sandstone gas migration and
accumulation in west Sichuan Depression[J]. Geoscience, 2013,
27(5): 1137-1146.

[5] 287, 00, Bfedk, & ATE IR BUR DA ORI 2

RHAE B RAR AR AR —— DA 1 2t P L R R U
S RO I ] R, 2016, 36(7): 1-7.
LI Zhongping, RAN Lingbo, LI Huaji, et al. Fault features and
enrichment laws of narrow-channel distal tight sandstone gas
reservoirs: A case study of the Jurassic Shaximiao Fm gas reservoir
in the Zhongjiang Gas Field, Sichuan Basin [J]. Natural Gas
Industry, 2016, 36(7): 1-7.

(6] 4%, BAak, JFISCHE, 55 JIVY B AR B VO VR G 20
S I BURE T S OB T R AR AR ()], RAAIMIRS
k&, 2017, 40(4): 1-8.

ZENG Yan, LI Huaji, ZHOU Wenya, et al. High-yield
enrichment laws of Shaximiao Formation tight sandstone gas
reservoir of complex “narrow” channel in Zhongjiang Gas Field, in
the eastern slope of west Sichuan Depression [J]. Natural Gas

Exploration and Development, 2017, 40(4): 1-8.



F2M pis

1,25 . DU M 0 i A i e o DX BB S A AL ] 489

[7]

[13]

SRAMEE, WEI, RACTL, A5 PO SRS AR Y R VMR
4 22 WD 2H R AR AT A ORI L B s ()], R AT,
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.

SRS, R, N E R SRR A
[J]. RS, 2022, 42(1): 1-11.
ZHANG  Daowei, YANG Yu.

SRS )15 A ST 1)
Exploration  potential ~and
development direction of continental tight sandstone gas in the
Sichuan Basin[J]. Natural Gas Industry, 2022, 42(1): 1-11.
BN T ) O A L e A S VR S D S & |
BT[], RASHERRLE, 2023, 34(9): 1581-1594.

SU Nan, CHEN Zhuxin, YANG Wei, et al. Features of normal
faults in Jurassic strata in northern central Sichuan Basin and
favorable exploration direction [J]. Natural Gas Geoscience,
2023, 34(9): 1581-1594.

B, BRATHT, BRI, S5 el LT R A e et A 3 AT
500V iR A R E L), R A R, 2003, 9(3)
402-410.

JIA Dong, CHEN Zhuxin, JIA Chengzao, et al. Structural
features of the Longmenshan fold and thrust belt and development
of the western Sichuan foreland basin, Central China [J].
Geological Journal of China Universities, 2003, 9(3): 402-410.
BRATHT, AR, DA, 45 Jel il oWl JL Be il B A AL
PR AFIE [T, HiFF4, 2008, 82(9): 1178-1185.

CHEN Zhuxin, LI Benliang, JIA Dong, et al. The Cenozoic
structural deformation in the northern Longmenshan front belt[J].
Acta Geologica Sinica, 2008, 82(9): 1178-1185.

BIESF, UK, B, 4. DI G s R e Sl <M. dE
5 BRI, 2019 175-190.

WEI Guogi, JIA Dong, YANG Wei, et al. Structural
characteristics and oil and gas in the Sichuan Basin[M]. Beijing:
Science Press, 2019: 175-190.

WL, VAR, REINERS P W, 45 K il—3U i 1 220
A (9 34 5 PR« B K (U=Th)/He 4Ei% 0 5% [J]. sk
242, 2010, 53(4): 912-919.

CHANG Yuan, XU Changhai, REINERS P W, et al. The
exhumation evolution of the Micang Shan—Hannan uplift since
Cretaceous: Evidence from apatite (U-Th)/He dating[J]. Chinese
Journal of Geophysics, 2010, 53(4): 912-919.

Mz, RIER, TR, 4. B0 LIORK G -0 & R il
T i R O 3 T S Bl KA R AR e [T ], bR A
1, 2010, 53(4): 920-930.

TIAN Yuntao, ZHU Chuanging, XU Ming, et al. Exhumation
history of the Micangshan—Hannan dome since Cretaceous and its

tectonic significance: Evidences from apatite fission track analysis

[15]

[21]

[J]. Chinese Journal of Geophysics, 2010, 53(4): 920-930.
YANG Zhao, RATSCHBACHER L, JONCKHEERE R, et al.
Late-stage foreland growth of China’ s largest orogens (Qinling,
Tibet) : Evidence from the Hannan—Micang crystalline massifs and
the northern Sichuan Basin, central China [J].
2013, 5(4): 420-437.

RN = A AR L L i A — e B I B AR T D .
JHR s R EE TR, 2006.

LI Zhiwu. Meso-Cenozoic evolution of Dabashan foreland basin-

Lithosphere,

thrust belt, central China[D]. Chengdu: Chengdu University of
Technology, 2006.

SR, M, 2, AR B Ll R SIOE A 3 R L EE
SAHTLT]. HuBRSEAR, 2010, 84(9): 1300-1315.
ZHANG Yueqgiao, SHI Wei, LI Jianhua, et al. Formation
mechanism of the Dabashan foreland arc-shaped structural belt
[J]. Acta Geologica Sinica, 2010, 84(9): 1300-1315.

WANG Ruirui, XU Zhiqin, SANTOSH M, et al. Formation of
Dabashan arcuate structures: Constraints from Mesozoic basement
deformation in South Qinling Orogen, China [J]. Journal of
Structural Geology, 2019, 118: 135-149.

A, PRAE D, VEERE . 1 AR b DX R - % T sk oy T ——
K H B AR 2T ], R I 5 %, 2016,
40(6): 1145-1153.

HU Di, SHEN Chuanbo, LIU Zeyang. Basin modeling and
thermochronological constrains on the burial and denudational
history of the northeast Sichuan Basin [J]. Geotectonica et
Metallogenia, 2016, 40(6): 1145-1153.

Mot (s, 01, 4. IR Db DOE g s A =& i
LSk ) 36 72 T I [ JRE S R HG b o SCLY ). Ay 38 5 1™
%, 2017, 41(3) : 433-445.

CHEN Longbo, HE Dengfa, WANG Bei, et al. Dating the
tectonic deformation since the Middle Triassic for the Tongnanba
anticline in the northeastern Sichuan Basin and its geological
implications [J]. Geotectonica et Metallogenia, 2017, 41 (3) :
433-445.

SHEN Chuanbo, MEI Lianfu, XU Sihuang. Fission track dating
of Mesozoic sandstones and its tectonic significance in the eastern
Sichuan Basin, Chinal[J]. Radiation Measurements, 2009, 44(9/
10) : 945-949.

YANG Zhao, SHEN Chuanbo, RATSCHBACHER L, et al.
Sichuan Basin and beyond: Eastward foreland growth of the
Tibetan Plateau from an integration of Late Cretaceous-Cenozoic
fission track and (U-Th)/He ages of the eastern Tibetan Plateau,
Qinling, and Daba Shan [J]. Journal of Geophysical Research:
Solid Earth, 2017, 122(6) : 4712-4740.

ISSOUFOU ABOUBACAR M S, CAI Zhongxian, HAROUNA M,
et al. Thermo-tectonic history of the northeast Sichuan Basin,
Southwest China, using apatite fission-track analysis, vitrinite

reflectance, and basin modelling: Implications for hydrocarbon



490 145 KRR R %46 &
prospectivity[J]. Geological Journal , 2020, 55(9): 6049-6065. [32]  JpAm. ZET 5 BALR A R AR 53 M7 Be FEAE R 58 4 b i B
(24] HLENE, BLEWSE, XHZW], 5. DU KRG IX B AR T 1 ) [D]. B TR, 2013,
RO AC 2R 1) A M s [T ). AR TR 222441, 1998, 25(3) . SU Nan. Strain analysis based on fracture fabrics and its
369-374. application in folds in clastic rock zone[D]. Hangzhou: Zhejiang
DU Siqging, WEI Xiangui, LIU Yuanchao, et al. The NE-SW University, 2013.
nappe tectonic of superposed e w structure in Hannan—Micangshan [33] ENGELDER T, PEACOCK D C P. Joint development normal to
arealJ]. Journal of Chengdu University of Technology, 1998, 25 regional compression during flexural-flow folding: The Lilstock
(3): 369-374. buttress anticline, Somerset, England [J]. Journal of Structural
(25] #wst, pBIE, AT, 4. RG] 59 Geology, 2001, 23(2/3): 259-277.
A, 1997, 17(38 T 1) : 110-116. [34] SMART K J, FERRILL D A, MORRIS A P. Impact of interlayer
WEI Xiangui, DU Siqing, HE Zhengwei, et al. The tectonic slip on fracture prediction from geomechanical models of fault-
evolution of Micangshan area [J]. Mineralogy and Petrology, related folds[ J |. AAPG Bulletin, 2009, 93(11): 1447-1458.
1997, 17(S1): 110-116. (35]  VRRRLT. T E-CoHi il o I 0308 0L A 1T 25 8 AT 25T
[26] P, BB ST, AN, 5. KON B & L 45 WiE MRS eREE (D). et o E MR R AT, 2022.
¥ BARLT]. T A, 1998, 18(HEF 1) 22-26. XU Jianhong. Guman fault-bending folding and bending-moment
WU Dechao, WEI Xiangui, DU Siqing, et al. The geometrical normal faulting and related strong earthquake in the western
texture and structural evolution of Micangshan superposed nappe Kunlun foreland basin[D]. Beijing: Institute of Geology, China
structure[ J ]. Mineralogy and Petrology, 1998, 18(S1): 22-26. Earthquake Administrator, 2022.
[27]  FNAR . ORAS LLIAS 8 o 44 38 R ik B — A Ak i Ak [ D 1. ik [36] BURBANK D W, ANDERSON R S. Tectonic geomorphology
HB . WHRER T K2, 2011. [M]. 2nd ed. Chichester: Wiley-Blackwell, 2012.
SUN Dong. The structural character and Meso—Cenozoic evolution [37] LIVIO F, KETTERMANN M, REICHERTER K, et al. Growth of
of Micang Mountain Structural Zone, northern Sichuan Basin, bending—moment faults due to progressive folding: Insights from
China [D]. Chengdu: Chengdu University of Technology, sandbox models and paleoseismological implications [J].
2011. Geomorphology, 2019, 326: 152-166.
(28] ZJmMg. KA Ih-JR Tl oh i #5828 S rse (D], b [38] IR, THRE, BREE, 55, DUJI|Z2h pa Jb il XA 8 TR A AE |
A AR (A0, 2021, S LY ] HeBeRkey, 2023, 58(1): 18-35.
ZHU Chenxi. Research on structural deformation and evolution of RAN Qi, LEI Cheng, CHEN Kang, et al. Structural styles,
the Micang Shan-Daba Shan thrust belt [D]. Beijing: China evolution and their oil-gas geological significance in the
University of Petroleum (Beijing) , 2021. northwestern Sichuan Basin [J]. Chinese Journal of Geology,
[29] SU Nan, ZOU Lejun, SHEN Xiaohua, et al. Fracture patterns in 2023, 58(1): 18-35.
successive folding in the western Sichuan Basin, China [J]. (39] Whfede, MBI, WuF) ™, 4. R L sy f ik 4 J e
Journal of Asian Earth Sciences, 2014, 81: 65-76. AR A i 29 0], 5T RE B 2 3R, 2008, 42 (6)
[30] SU Nan, ZOU Lejun, SHEN Xiaohua, et al. Identification of 574-576.
fracture development period and stress field analysis based on SHEN Chuanbo, MEI Lianfu, TANG Jiguang, et al
fracture fabrics in tectonic superposition areas [J]. Arabian Geochronology evidences for tectonic deformation of Dabashan
Journal of Geosciences, 2014, 7(10): 3983-3994. fold-thrust belt in central China[J]. Atomic Energy Science and
[31] RAMSAY J G, HUBER M 1. Folds and fractures[ C]//RAMSAY J Technology, 2008, 42(6) : 574-576.

G, HUBER M I. The Techniques of Modern Structural Geology.
London: Academic Press, 1987: 381.

(%% FNM)



