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Abstract: Multiple intervals of pebbly siltstone are developed within the shale succession of the Lower Cambrian
Qiongzhusi Formation in the Sichuan Basin. Clarifying their genesis and distribution patterns is of great significance for
advancing shale gas exploration and development. Based on core observation and log data from more than 20 wells in the
central Sichuan Basin, together with 3D seismic data covering the Deyang-Anyue rift and its periphery, this study
investigated the sedimentary characteristics and distribution patterns of pebbly siltstones and established a depositional
model. As indicated by the research results, gravity-flow deposits are well developed in the central Sichuan Basin.
Gravity-flow fans are commonly intercalated within gray- to dark-gray shales and are dominated by pebbly siltstone and
fine-grained sandstone, with complete Bouma sequences and synsedimentary deformation structures. On seismic

reflection profiles, these gravity-flow fans typically exhibit three main configurations, namely lenticular, worm-like, and
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parallel high-amplitude reflection types. In plan view, the fan bodies are characterized by blanket-like and lobate
geometry. According to their genesis, the submarine fans in the basin can be classified into three major types:
reworked, slump-related, and mixed types. Based on sediment provenance and dispersal characteristics, three
sedimentary associations are recognized, namely delta (shoreline)-submarine fan, submarine fan, and delta
(shoreline )-( contour-current-reworked ) submarine fan associations. A submarine fan-contourite interaction depositional
model and a spatial distribution model for submarine fans in the Qiongzhusi Formation of the central Sichuan Basin are
proposed. It is suggested that the submarine fans of the Qiongzhusi Formation were formed by turbidity current
deposition under a rapid transgressive setting, and their triggering mechanisms were primarily related to longshore
currents and upwelling. The architecture, spatial distribution, and scale of these submarine fans were mainly controlled
by their genetic mechanisms and the basin-floor configuration during deposition. The originally deposited submarine
fans, together with blanket-like and lobate submarine fans subsequently reworked by contour currents, are encased
within the shales of the Qiongzhusi Formation. Characterized by relatively shallow burial depths and favorable source-
reservoir-caprock assemblages, these submarine fan bodies represent sweet spots for marine shale gas exploration and
development and constitute the most promising targets for reserve growth and production enhancement in the Qiongzhusi
Formation of the Sichuan Basin.
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Fig. 1 Tectonic setting of the central Sichuan Basin and composite stratigraphic column of the Lower Cambrian Qiongzhusi Formation
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Fig. 2 Core scanning images of pebbly mudstone from the Qiongzhusi Formation in the central Sichuan Basin
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Fig. 3 Core scanning images of pebbly sandstone and fine-grained conglomerate from the Qiongzhusi Formation in the central Sichuan Basin
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Fig. 5 Cross-well sedimentary facies correlation section of the Lower Cambrian Maidiping Formation-Qiongzhusi Formation in the central

Sichuan Basin (see Fig. 1b for the section location)
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Table. 1 Genetic classification of submarine fans in the Qiongzhusi Formation, central Sichuan Basin
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Fig. 7 Seismic reflection and geological interpretation section of submarine fans in the Qiongzhusi Formation, central Sichuan Basin

(see Fig. 10 for the section location)
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Fig. 8 Sedimentary facies map of the Lower Cambrian Qiongzhusi Formation, central Sichuan Basin

(see Fig. 1b for the location of the 3D seismic attribute slice )
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Fig. 9 Seismic reflection and geological interpretation section of submarine fans in the Qiongzhusi Formation, central Sichuan Basin

(see Fig. 10 for the section location)
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VK E SR ITBIE BT T2 0 A6 W A
Horpr, BROKOK B & BRI TR P ik 1 B 2& 4. AT
WF9E B IRIK ST B DU A T B i ke A R
Yk (LB ] 3k 25% DL 1), 2 B A i Il < i
R ¥ i R ke i WA B W A S LA U E 2 = S
AT 37 R R AL TR K X Bl U8 ) 25 (W R B A
FEAE PR R SV TR L5 v TR L FLB AR 1A, L
A R I A - S 4G & R R RIS B A 1Y)
fRBBERTT, OO I AR s X IF B T K
(A4 S SR -5 55 ki A A A A L 98 AH A LA
B P R AR 3, O R IR B IR R IR A A B
B, Y A 2. AR BRI B T —
I P RRE R B BT T, 5 T B A R A%
TR A s DORUA (R 4 ) , A ) e i & 8
ST RIS A (R AT

HA, s XF 98 R g8 s SR 2 5 rh IR
K BEAIAR T 2 2 B, 2201 A1 W201 45338 4R A5 i
TP S F " SR TS B Z VORI E i R AR

it AT P T TS R A, B R R IR B AL A A, %
FUURRIRE R )2 R U5 A A2, A T e 58 A= HER
KT B 2R AR B, 2K Tl RBE RIS —F5 1)
X, FER RN I R N H R B R, AR TR TR G 1L
BRI R . 2201 S5 A S 45 SRR 52, SR <p 4
WA B MR, B RBORT 2.0, s H SR Y 55
R AR5 SRR AR R A I T2 SR A LR A TR
FF o 1 b X ZE R 2R 33 A T3 000 ~ 6 000 m
(B 1), HARPT =74l I b T T B AR A A= B Bt o
X 7 S 52 A R A R T S B R A T IR, AN AT
DA U0 v R ) B i ol 3 J2 AR R BT
BRI AT 3 SR AR B D R AR SR Y
B AR, BRI R B SR AT S T )
AN KAV AR —I AR 5 71 2 B , 454~ € 1] v (4 b I
FHAREAWHBZESME. RREIXAH W E TR B R
A BEAATE 22 5, H L5 S8 R TR AU A W i AN
(], DATHT AT AN ] BT A R S PRIAR SR, %)
T EE 7 RS B R R A B 43 AT, LA SR Al A ) b



1110 £S5 KRR R

F41 %

JEAS T T T HASE % S b1 1 2= [ R A, RES ik
— L DU (SR D 5 =) B B ER AU, O
A BRI DA TN ST RO

1) DI 2T S8 iRGE AT <5 4 5 UROKE 1R
TR, MR 0 RDRE 11 vty DV JFS B 70 Ay BIC3E Y 3 35
T R G Y 3 R EEDIBIER  BETH ) I B Y
Wy ORISR L2 o3 ORRAE ST T =AU ) — T IS A
(O B ) 98 JF Bt R = W (2 ) — (SR TR AT ) T G
3PP G,

2) FER AR E AT LR B 52 45 T PRE IR Y 5t
AR DORR , H ik A AL AT RE 322 TR R
FEUAE A OG0 VIR B B 254 (25 (] 43 A7 S A 32 22
ST E T R B 1A IS PRI A B 2 vy TR U A5 A
WA U S R AL B o A AR S ST 1 IR P B — S TR
A EL UG 2 965 JE b 25 18] o A AR

3) N X e 7 B D M AR B S5 R el i T T
JE R}, B IE et S A 2, A ol T D ) 2 — i — i 2L
o HUHURGE Ty 2R M0 SR IEEAR U R A
AR DK AL O 1 b AT < ZE R i b e 2 1 R

BMRHTFRANERRENERIEER S,
BR# AR BT AR Es, AXHLrEHFL
MR E T A ¥R FRBTA TR RAFRLE
APEEMARARGARAT EABEK LR (%
5 :20232216YJ01) fn H R B A B = H 4 (& 5 .
U2344209) 89 ¥ B

2 % x #t

(U] AT, Kb, X 05, 45 DU )1 75 b Rl — o 4l 119 € Ik R 5
TS U GO R R S 22 SRR [T ] Ao 5 R R
J§i,2024,45(2) :420-439.

HE Xiao, ZHENG Majia, LIU Yong,

characteristics and differential genesis of the Cambrian Qiongzhusi

et al. Reservoir
Formation shale under the control of “trough-ridge” in the Sichuan
Basin [J]. Oil & Gas Geology, 2024, 45(2): 420-439.

(2] SRIEF:, WA, 208 A Wl DU AU e 4R ™ 4

W] ARSI 4 ,2017,44(4) :481-491.
GUO Xusheng, HU Dongfeng, LI Yuping, et al. Geological
factors controlling the enrichment and high yield of Fuling shale
gas field [J]. Petroleum Exploration and Development, 2017, 44
(4): 481-491.

(3] IhBife, B4 gE0, 5. DU Fn R ik e Sh R 4 DA U AR 2
BRI KR R A R [T ], bR 59 %, 2020,47(5)
841-855.

MA Xinhua, XIE Jun,

YONG Rui, et al. Geological

(4]

[5]

(6]

(7]

[9]

(10]

[11]

characteristics and controlling factors of high productivity in the
Longmaxi Formation shale gas reservoirs, southern Sichuan Basin
[J]. Petroleum Exploration and Development, 2020, 47 (5) :
841-855.

ARARE EEOAE, BB, A R E BRSO XN BT R R R
TR R BB L] S RAR LR, 2024, 45
(2):309-326.

70U Caineng, DONG DaZhong, XIONG Wei, et al. Advances,
challenges, and countermeasures in shale gas exploration of
underexplored plays, sequences and new types in China [J]. Oil &
Gas Geology, 2024, 45(2): 309-326.

W4st AR, R AL I N IR AT A R
oA AR R BRI DI L1) . A RS T %, 2012, 39(1)
69-75.

HUANG Jinliang, ZOU Caineng, LI Jianzhong, et al. Formation
conditions and resource potential of shale gas in the Lower
Cambrian Qiongzhusi Formation in the southern Sichuan Basin
[J]. Petroleum Exploration and Development, 2012, 39 (1) :
69-75.

TERNI, SRR WA 45 v [l e O A A R BRI 52 B4 4
TR (— ) B 7 PO XA AR R s (A [T ] Al
LM, 2008, 13(2) : 1-16.

LIANG Digang, GUO Tonglou, CHEN Jianping, et al. New
advances in the study of marine hydrocarbon generation and
accumulation in South China ( I ) Distribution of four sets of
regional marine source rocks [J]. Marine Origin Petroleum
Geology, 2008, 13(2): 1-16.

IER) XL, BB, S DO AR T T JE RS R AT 4
TUATURBARBTITELT ], HUBTeE4f, 2013,87(8) : 1136-1148.
LI Yanjun, ZHAO Shengxian, HUANG Yongbin, et al. Study on
sedimentary microfacies of the Lower Cambrian Qiongzhusi
Formation shale in the southern Sichuan Basin [J]. Acta
Geologica Sinica, 2013, 87(8): 1136-1148.
A, A, T R AR D)1 A B -2 T AR M LA -
RIER M PIRGH AL S A IR m ()], KRR EREL
%,2022,33(8) : 1240-1250.

XIE Wuren, JIANG Hua, MA Shiyu, et al

evolution characteristics and favorable exploration direction of the

Sedimentary

Deyang-Anyue rift from Late Sinian to Early Cambrian, Sichuan
Basin [J]. Natural Gas Geoscience, 2022, 33(8): 1240-1250.
XUHG 4, RIS AR 55 RPRAE T A I - UR S e 0 TUA R
Fift 2R A - LA DO 1 2 P R SR ST <A I [T ). BEAR
F412,2023,41(5) : 1478-1494.

LIU Ruiyan, ZHOU Wen, XU Hao, et al. Control of tectonic-
sedimentary differentiation on shale gas reservoir characteristics in
sequence framework: A case study of Qiongzhusi Formation in
southwestern Sichuan Basin [J]. Acta Sedimentologica Sinica,
2023, 41(5): 1478-1494.

SR, AR, 5RO, A5 1P R A D A < 2 DU R
fiE[J]. B9 41,2014,34(2):96-105.

MENG Xianwu, TIAN Jingchun, ZHANG Xiang, et al.
Characteristics of shale gas of Qiongzhusi Formation in Jingyan
area, southwestern Sichuan [J]. Journal of Mineralogy and
Petrology, 2014, 34(2): 96-105.

BASCR Al A, A5 TP R A U RS S L
BHEX]. ARSI ,2016,43(4) :499-510.



5 4 1]

KA A T FE G AT < 2 T e B4 A B R HGih HB JB R

1111

[12]

[13]

ZHAO Wenzhi, LI Jianzhong, YANG Tao, et al. Comparison and
significance of marine shale gas accumulation in South China [J].
Petroleum Exploration and Development, 2016, 43 (4)
499-510.

JUHFLE BRI, IR, A5 U1t T € G B A <y 2 IR
PR S FE X A s i B ()] PURR A, 2021, 9(4) £ 1004~
1019.

FAN Haijing, DENG Hucheng, FU Meiyan, et al. Sedimentary
characteristics of the Lower Cambrian Qiongzhusi Formation in the
Sichuan Basin and its response to tectonics [J]. Acta
Sedimentologica Sinica, 2021, 39(4): 1004-1019.

G2 HFNGE EEAL L A R AR AU AR AR R R R B
HgigE AR ] DU, 2010,28(5) 1 875-883.

JIN Zhijun, ZHENG Herong, CAI Liguo, et al

Sedimentary conditions for the formation of Pre-Mesozoic marine

Tectonic-

source rocks in China [J]. Acta Sedimentologica Sinica, 2010, 28
(5): 875-883.

e, R BRI P B b R AR AU IR DU
PTG IRT]). HBRAA, 2011,85(4) :526-532.

MU Chuanlong, ZHOU Kenken, LIANG Wei, et al. Sedimentary
environment and petroleum exploration of Early Paleozoic source
rocks in the Middle-Upper Yangtze Region [J]. Acta Geologica
Sinica, 2011, 85(4): 526-532.

BRI, G PSR, 55 SN 3 DT FERG A B S AR U5
K DU R S0 5 0k BEPEAN [T] . Al 5 KRR e,
2018,39(3):429-437.

JIA Zhibin, HOU Dujie, SUN Degqiang, et al. Identification and
intensity evaluation of hydrothermal sedimentation of the Lower
Cambrian Niutitang Formation source rocks in Guizhou area [
0il & Gas Geology, 2018, 39(3): 429-437.

AIEH . AR B R B = IR X R EA
WM. JEsT A ol Ak, 2022.

ZHAI Guangming Ed.). China Petroleum Geology (2nd ed.
Vol. 13: Sichuan Oil and Gas Region) [M]. Beijing: Petroleum
Industry Press, 2022.

FEPL, RER S A I FE R R AT SR U SR

RIBITEXLT]. Frim#d,2024,45(9) : 1309-1323.
YONG Rui, WU Jianfa, WU Wei, et al. Discovery and

significance of shale gas exploration in the Cambrian Qiongzhusi
Formation, Sichuan Basin [J]. Acta Petrolei Sinica, 2024, 45
(9): 1309-1323.

FEBL, A0, WL AE . DU A S AR AT S 2 U A -
We s 4R L SR SR D). AR SR ,2024,51(6)
1-16.

YONG Rui, SHI Xuewen, LUO Chao, et al.

enrichment” pattern and exploration practice of shale gas in the

“Trough-ridge

Cambrian Qiongzhusi Formation, Sichuan Basin [J]. Petroleum
Exploration and Development, 2024, 51 (6): 1-16.

e, B KBRS IO AT SE I ORBURRIE MRl — AR
BRI, AR B TR 22 4 (FL AR R , 2021,48(5) -

514-524.
WEN Long, LUO Bing, ZHONG Yuan, et al.

characteristics and genetic model of trough-platform system during

Sedimentary
Dengying period in Sichuan Basin [J]. Journal of Chengdu
University of Technology (Science & Technology Edition) , 2021,
48(5): 514-524.

[20]

[23]

TR, 48 Rk
PR R B R L]
884-897.

WANG Zecheng, JIANG Hua, CHEN Zhiyong, et al. Late Sinian

tectonic paleogeography and its petroleum geological significance

VAR BT X R R 3
£ 5T &, 2020, 47(5) :

in Middle-Upper Yangtze region [J]. Petroleum Exploration and
Development, 2020, 47(5): 884-897.
W2, SRR K2 T, 5 IR b DS A <P 2H DU “URURAAE
BRI, KR HERFI:,2025,36(1) : 13-24.
YANG Xuefeng, ZHANG Chenglin, ZHAO Shengxian, et al.
Characteristics  of shale gas

reservoirs in the Qiongzhusi

Formation, southern Sichuan Basin, and its exploration
implications [J]. Natural Gas Geoscience, 2025, 36(1): 13-24.
g, Jeid 25, 55 DU I T FE R HR AT <F AR DUA S
R RS E AR R AR, 2024b,29(1)
142-145.

HE Xiao, LIANG Feng, LI Hai, et al. Breakthrough of high-yield
wells and enrichment model of marine shale gas in the Lower
Cambrian Qiongzhusi Formation, Sichuan Basin [J]. China
Petroleum Exploration, 2024, 29(1): 142-145.

B— A0, RSCF 45 DU #3758 B -2 I 2 B Al e B
AT A VTR AL B S A R )] ARSI R A}
%,2024,35(12):2106-2120.

YANG Yiming, SHI Xuewen, LIU Wenping, et al. Sedimentary
evolution model and favorable facies belt optimization of the
Qiongzhusi Formation in the middle part of the Deyang-Anyue rift,
Sichuan Basin [J]. Natural Gas Geoscience, 2024, 35 (12) :
2106-2120.

B, TR, Eis i, A5 U1 £ 7 B 22 i 2L R A h B 5
PP DI A S A FIAROLIELT ] &7 41,2019,37
(3):77-89.

XIA Wei, YU Bingsong, WANG Yunhai, et al. Sedimentary
evolution model and favorable facies belt optimization of the
Qiongzhusi Formation in the middle part of the Deyang-Anyue rift,
Sichuan Basin [J]. Journal of Mineralogy and Petrology, 2019, 37
(3): 77-89.

RSN SR Y Ve N AN Ll k770 A P N S o s =
B R R DU R L[], RIRAHIRR, 2021, 32
(9):1308-1323.

WANG Yuman, SHEN Junjun, QIU Zhen, et al. Development
characteristics of concretions in the Lower Cambrian Qiongzhusi
Formation, Middle-Upper Yangtze region and its implications for
sedimentary environment [J]. Natural Gas Geoscience, 2021, 32
(9): 1308-1323.

o8 E2 a3 I S 7 /A S w770 vl NS v o s
ATUBUIREELT]. A S RATHIT, 2019,40(4) : 701-715.
ZHAO Jianhua, JIN Zhijun, LIN Changsong, et al. Sedimentary
environment of the Lower Cambrian Qiongzhusi Formation shale in
the Upper Yangtze region [J]. Oil & Gas Geology, 2019, 40(4)
701-715.

e RBIR AL, 54, 45 DU Zait Je HOJ) 2 T 28 e S 1<
HAPLIURURAE SRR K2R ()], ArimSEg i, 2023,45(5) :
857-871.

XIONG Liang, DENG Hucheng, WU Dong, et al. Fine-grained
sedimentary characteristics and influencing factors of the Lower

Cambrian Qiongzhusi Formation in the Sichuan Basin and its



1112

145 KRR R

F41 %

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

periphery [J]. Petroleum Geology & Experiment, 2023, 45(5) :
857-871.

RIEE &k, 04, %. P LT AR Ty
AE R R E X ()], EEE iR B, 2013, 43(9)

1418-1435.
YU Kuanhong, JIN Zhenkui, SU Kui, et al. Cambrian
sedimentary characteristics and their petroleum exploration

significance on the northern margin of the Middle-Upper Yangtze
Block [J]. Science China Earth Sciences, 2013, 43(9): 1418-
1435.

i e, AR, B0 T, S DO 220 IR B A B L £
L UREIM]. dbat: Bl ,2020:1-569.

HE Dengfa, LI Yinggiang, HUANG HanYu, et al. Formation,
Evolution and Hydrocarbon Accumulation of the Polycyclic
Superimposed Sichuan Basin, China (M. Science
Press, 2020.

AR AL, RS, . T S B R 2 T R IS A M B
SR PR Y SR AR ] A S R,
2023,44(3):764-777.

WU Dong, DENG Hucheng, XIONG Liang, et al.

filling and evolution model of the Lower Cambrian Maidiping—

Beijing:

Sequence

Qiongzhusi formations in the Sichuan Basin and its periphery [J].
0il & Gas Geology, 2023, 44(3): 764-777.

B , 5 Mo S 55 IR R JE R e 22 PR A -5 AT
SFULICER M BRAL 2 FRIE S PREE RS SC-RL IS ) [T ]
DU, 2024,42(5) : 1784-1798.

CHEN Weizhen, TIAN Jingchun, LIN Xiaobing, et al. Elemental
geochemical characteristics and paleoenvironmental implications
of the Lower Cambrian Maidiping-Qiongzhusi formations in
southwestern Sichuan: A case study of well JS1 [T]. Acta
Sedimentologica Sinica, 2024, 42(5): 1784-1798.

AR BTG, 2240 55 U1 st I TPV Rk 1) 2 I
L 1] ARSI % ,2016,43(6) :893-904.

GU Zhidong, YIN Jifeng, JIANG Hua, et al.

significance of the Xuanhan-Kaijiang paleo-uplift in the Sichuan

Discovery and

Basin [J]. Petroleum Exploration and Development, 2016, 43
(6): 893-904.

WRIIHT, R0, ThAG oK 55 WIS B DORARARRE R ORI i e e
DIBUC M FE /R XLT]. DU, 2022,40(2) :435-449.
TAN Mingxuan, WU Feng, MA Haoran, et al. Submarine fan
facies models, sedimentary processes, and implications for
sedimentary records [J]. Acta Sedimentologica Sinica, 2022, 40
(2): 435-449.

BTSSR G AR — BRI DU R T A ) i Az
ML R K T A3 3 i AL AR R A B 22 57 [ ] v [ ik
AR (A ABLEERR) ,2025,49(1) : 1-13.

YUAN Jing, ZHAO Guanghao, JING Anyu, et al. Sedimentary
characteristics and differences of deep-water gravity flow fans with
different triggering mechanisms in continental faulted basin in
Chengdao-Zhuanghai area [J]. Journal of China University of
Petroleum (Edition of Natural Science ), 2025, 49(1): 1-13.
Walker R G. Deep-water sandstone facies and ancient submarine
fans: Models for exploration for stratigraphic traps: REPLY [J].
AAPG Bulletin, 1978, 63 (5): 811.

FRARMR RIS, JUIN, 45 TR B ) S R A ELAE TR LR
WS SRR D). W A MR e 4, 2024, 43(4) ;

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

721-733.

GONG Chenglin, XU Changgui, YOU Li, et al. Sedimentary
responses to the interaction between deep-water gravity flows and
bottom currents and their implications for hydrocarbon exploration
[J]. Bulletin of Mineralogy, Petrology and Geochemistry, 2024,
43(4): 721-733.

Shanmugam G. Chapter 5 deep-water bottom currents and their
deposits [M].
Elsevier, 2008: 59-81.

Rebesco M, Hernandez—Molina F J, Van Rooij D, Wahlin A.

2014. Contourites and associated sediments controlled by deep-

Developments in Sedimentology. Amsterdam:

water  circulation processes:  State-of-the-art and  future
considerations [J]. Marine Geology,352: 111-154.

Fonnesu M, Palermo D, Galbiati M, et al. A new world-class
deep-water play-type, deposited by the syndepositional interaction
of turbidity flows and bottom currents: The giant Eocene Coral
Field in northern Mozambique [J]. Marine and Petroleum
Geology, 2020, 111: 179-201.

A TR, B, 55 ORISR ACEAR TR
(2000-20224F)BFFEERELT ], PIREEAR, 2023,41(1):18-36.
LI Hua, HE Mingwei, QIU Chunguang, et al. Research advances
(2000-2022) in the deposits formed by interactions between deep-
water contour currents and gravity flows [J]. Acta Sedimentologica
Sinica, 2023, 41(1): 18-36.

Faugeres J C, Imbert P, Mézerais M L. et al. Seismic patterns of
a muddy contourite fan (Vema Channel, South Brazilian Basin)
and a sandy distal turbidite deep-sea fan (Cap Ferret system, Bay
of Biscay) : A comparison [J]. Sedimentary Geology, 1998, 115
(1/2/3/4) : 81-110.

Gong C L, Wang Y M, Rebesco M, et al. How do turbidity flows
interact with contour currents in unidirectionally migrating
deepwater channels [J]. Geology, 2018, 46(6): 551-554.
Fonnesu M, Palermo D, Galbiati M, et al. A new world—class
deep-water play-type, deposited by the syndepositional interaction
of turbidity flows and bottom currents: The giant Eocene Coral
Field in northern Mozambique [J]. Marine and Petroleum
Geology, 2020, 111: 179-201.

Macquaker ] H S, Taylor K G, Gawthorpe R L. High-resolution
Facies analyses of mudstones: Implications for Paleoenvi ronmental
and sequence stratigraphic interpretations of offshoreancient mud-
dominated successions [J]. Journal of Sedimentary Research,
2007, 77(4): 324-339.

Fuhrmann A, Kane I A, Clare M A, et al. Hybrid turbidite drift
complexes: An integrated multiscale model [J].
Geology, 2020, 48(6) :562-568.

M2, 38Rk, Rmide 55 ) SIS sl S AR AR T
WK IURAR R K A —— LR PG P 205 3 B 4 R 2t
FBT]. AT KA THUTT, 2024, 45(1) : 15-30.

Tian Naxin, GONG Chenglin, WU Gaokui, et al. Development of

submarine depositional systems under dynamic interplays between

channel

sediment gravity flows and seafloor topography: A case study of
the Potiguar Basin on the equatorial Atlantic Ocean [J]. Oil &
Gas Geology, 2024, 45(1): 15-30.

PR R X, A5 D i S AR A S 2R A T
AP SRR ], bR ST %, 2025,52(1)
1-13.



5 4 1]

KA A T FE G AT < 2 T e B4 A B R HGih HB JB R

1113

[48]

[52]

[55]

GUO Tonglou, DENG Hucheng, ZHAO Shuang, et al. Formation
mechanism and exploration breakthrough of a new type of shale gas
in the Cambrian Qiongzhusi Formation, Sichuan Basin [Jl.
Petroleum Exploration and Development, 2025, 52(1): 1-13.
WRIAFF  RARH, Rt . S G DO AR RO BURE B Y
[J]. mkcHBREAdR,2015,21(1) :94-104.
ZHU Xiaomin, ZHU Shifa.
processes and characteristics of hyperpycnal flow deposits [J].
Geological Journal of China Universities, 2015, 21(1 ): 94-104.
BB, R 45 ARG K iR & SR DT
BURTIBIA R LT, HuBiA4f, 2021,95(12) : 3842-3857.
YANG Tian, CAO Yingchang, TIAN Jingchun, et al

Sedimentology and implications of the deep-lacustrine gravity-flow

TAN  Mingxuan, Sedimentary

mixed event layers in continental rift basins [J]. Acta Geologica
Sinica, 2021, 95(12): 3842-3857.

Piper D J] W, Normark W R. 2001. Sandy fans-from Amazon to
Hueneme and beyond [J]. AAPG Bulletin, 85 (8): 1407-1438.
Bouma A H. Fine-grained submarine fans as possible recorders of
long- and short-term climatic changes [J]. Global and Planetary
Change, 2001, 28(1/2/3/4) :85-91.

Li Y, Clift P D, Boning P, et al. Continuous Holocene input of
river sediment to the Indus Submarine Canyon [J]. Marine
Geology, 2018, 406: 159-176.

Zavala C, Arcuri M. Intrabasinal and extrabasinal turbidites:
Origin and distinctive characteristics [J]. Sedimentary Geology,
2016, 337: 36-54.

Hsieh Y H, Liu C S, Suppe J, et al. The chimei submarine
canyon and fan: A record of Taiwan arc-continent collision on the
rapidly deforming overriding plate [J]. Tectonics, 2020, 39
(11): €2020TC006148.

Garzanti E, Bayon G, Dennielou B, et al. The Congo deep-sea
fan: Mineralogical, REE, and Nd-isotope variability in quartzose
passive-margin sand [J]. Journal of Sedimentary Research,
2021, 91 (5): 433-450.

XUBAR , INER BT, 45 26ELI RIS 2 5 U )1 £ R 20 G ik
SEIRLT]. R TR 2R (A 28R R L 2013,40(05) «
511-520.

LIU Shugen, SUN Wei, LUO Zhili, et al. Xingkai taphrogenesis
and petroleum exploration from lower assemblage in Sichuan
Basin, China [J]. Journal of Chengdu University of Technology
(Science & Technology Edition), 2013, 40(5): 511-520.
TEFEN, 24, B BT HIXEO RE MR RS S
MR TIT]. R, 2014,34(04) :27-36.
WANG  Zecheng, JIANG Hua, WANG Tongshan,

Neoproterozoic petroleum system and hydrocarbon exploration

et al.

potential in the Upper Yangtze region [J]. Natural Gas Industry,
2014, 34(4): 27-36.

B MgPCHE  ARRARN  SF . MU B - LR R A gt -
DUBUEALI LT ). HiERRLY,2019,44(03) :738-755.

DUAN Jinbao, MEI Qinghua, LI Bisong, et al.
sedimentary evolution from Sinian to Early Cambrian in Sichuan
Basin [J]. Earth Science, 2019, 44(3): 738-755.
XUFL, X SR 2R S0l 45 01| i S P A O 5 ke - ¢
TR R L) 5 R T (D). HBTEE, 2021, 67

Tectonic-

[65]

(03):767-786.
LIU Jingjiang, LIU Huirong, LI Wenhao, et al. New research
progress of the rift trough in Sichuan Basin: Discussion on genetic

mechanism and formation time of the rift trough [J]. Geological

Review, 2021, 67(3): 767-786.
JER, 20K, 58, 5. DU 4 7 B — 22 £ [U1RS TR ) LB A AT
AT 1], RIRA T, 2024,44(08) : 13-28.

ZHOU Gang, LUO Bing, ZHANG Xin,

mechanism of the Deyang-Anyue Trough and a new sedimentary

et al. Formation
pattern of the Dengying Formation in the Sichuan Basin [J].
Natural Gas Industry, 2024, 44(8): 13-28.

Mayall M, Jones E, Casey M. Turbidite channel reservoirs key
elements in facies prediction and effective development [J].
Marine and Petroleum Geology, 2006, 23 (8): 821-841.

BRZERH , AR XK, 5. Al = K T DU AT
PRSGREN]. UUBIEAR ,2025,43(03) :827-845.

GENG Junyang, XIAN Benzhong, LIU Zhenxian, et al.
Advances and prospects in flume-tank simulation of deep-water
gravity flow deposition [J]. Acta Sedimentologica Sinica, 2025,
43(3): 827-845.

K E T AR AR, S RIS
MR 17 R AE A3 T — LAV i 5 L T oL 3 R D i
BILI]). T P4, 2023,25(5) : 1049-1068.

ZHANG Zili, LI Qi, ZHU Xiaomin, et al. Sub-lacustrine fan
deposits of gravity flows and characteristics of seismic response in
continental rift lake basin: A case study of the Paleogene Shahejie
Formation in Baxian Sag, Bohai Bay Basin [J]. Journal of
Palaeogeography, 2023, 25(5): 1049-1068.

PR XSRS, g, 5. N KIER-WIR B S A IXCHRPoEr 5t
AR TG S SN UK R PORRARIEL) ] P E s
WA AR ,2025,49(3) : 63-72.

CHEN Hua, DENG Bingwen, WU Gaokui, et al. Characteristics
of deep-water gravity-flow deposits under the background of salt
tectonic activities of the Miocene in Block A of the Lower Congo-
Congo Fan Basin [T]. Journal of China University of Petroleum
(Edition of Natural Science ) , 2025, 49(3) : 63-72.
FIRER, PE/INAS BRI, 55 I L o M T I R R
B BEIA A ] kS KA, 2024,45(1)
81-95.

Wang Guanmin, Pang Xiaojun, Huang Xiaobo, et al.
Characteristics and origin of high-quality gravity-flow sandstone
reservoirs in the 3" member of the Dongying Formation, southern
Liaozhong Sag, Bohai Sea [J]. Oil & Gas Geology, 2024, 45
(1): 81-95.

ARG JAGNS A U] A P — 2 e B B g
AP A AR W R B —ok A 2RI 5 Tk
FLEEPRIUESG [T ], ATl SE g5, 2025,47(5) 1 988-1002.

Ll Yanyou, WU Juan, ZHOU Zhipeng, et al.

enrichment process of shale gas in Cambrian Qiongzhusi Formation

Differential

in middle section of Deyang-Anyue rift trough, Sichuan Basin:
Evidence from fracture veins and fluid inclusions [J]. Petroleum
Geology & Experiment, 2025, 47(5): 988-1002.

(%3 TRE4L)



