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Abstract: By systematically reviewing the progress in Lower Cambrian shale gas exploration and development in the Sichuan Basin and
its periphery, the exploration history of Lower Cambrian shale gas in China is divided into three stages: preliminary investigation and site
selection evaluation, technological research and exploration breakthroughs, and benefit improvement and deep expansion. At present, the
exploration and commercial breakthroughs of Lower Cambrian shale gas in China mainly rely on three innovative understandings and
three iterations of engineering technology. The three innovative understandings mainly include: (1) Tensional troughs control the
development of organic-rich shale and high—quality reservoirs in the Qiongzhusi Formation; (2) breaking away from the traditional
concept of exploring shale gas only in organic-rich shale, two models of shale gas development in the Qiongzhusi Formation are proposed,
namely, “in—place enrichment” and “in—place + carrier-bed enrichment”; and (3) the thermal evolution degree of ancient uplifts is
relatively low, and trough—uplift coupling jointly controls shale gas enrichment. The three technology iterations include: (1) horizontal well
drilling and staged fracturing technologies; (2) three—dimensional horizontal wells and closely spaced fracturing technology; and (3)

intelligent drilling and extreme fracturing technology. Additionally, four key challenges facing Lower Cambrian shale gas exploration and
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development are identified: (1) The hydrocarbon generation, accumulation, and main controlling factors for high—yield enrichment of

different types of shale gas remain unclear; (2) geophysical characteristics differ from those of the Silurian system, and methods for

predicting geological—engineering “sweet spots” face bottlenecks; (3) reservoirs are deeply buried and subject to high in-situ stress, and

efficient drilling and completion technologies urgently require breakthroughs; and (4) cost—effectiveness and environmental protection face

dual challenges. In response to these challenges, related development suggestions are proposed, including strengthening research on

hydrocarbon generation mechanisms and the main controlling factors of enrichment, establishing a multi—genetic pore evolution model,

developing multi-attribute fusion prediction technology, developing high—temperature and high—pressure-resistant equipment, and promoting

integrated technologies for intelligent cost reduction and green development.

Keywords: Sichuan Basin; Lower Cambrian; shale gas; tensional trough; paleo—uplift; development model; engineering technology
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Fig. 1 Typical well productivity and stage division of Lower
Cambrian Qiongzhusi Formation shale gas in Sichuan Basin and its

periphery
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Fig. 2 Total organic carbon contour characteristics and thickness distribution of Lower Cambrian strata in Sichuan Basin and its periphery

(modified from reference [29])

[ | wrbuestiiks

[ & |amins
] s

0.2%~8.0%. f&I A JFE AT 150~500 m, TOC 7% fE
T 2.0% 1) & A HLJTE 0T 35 B W v 0 PR RL5KAE il
G IR R AR (B 2 K 2) . XFh Atk Rz i+
HLIER M Rodinia(F il JE ) M K BG4, 1 M2 5
Pk —UTRE Bl Iy 2E M P2, SR L KR (45 PH—
Ko7 b —5R7) 52 [Rl UAR W7 2445 ], JE i~ v 2 0T
FERS R4, COFL A PN 8 5L A A T o R S SR AR A, T
KA IR B 251G i ik R Sl R A DL AR R
BEZRARD Q75K — K PR TF 200 m, 32 B K A1 B4
TE BRI, A WU IR A RCR AR T 40%~60% 7, 3)
NP TS B R P Ba SEE SRR L IR Rk
S R A bR A A W AT A5 SRR B, Rk Y
AT S 2H R U A LT R AT BB R S SRR AR IR Ui
A= )R R e A TR A A P R [ L, R T RV P,
ARSI

WTFHB AR AN 2EREEAR LR
Rodinia 24 148 15 - U -6 P b Bk A2 il 7 22 RO
G HIEE R . FORLIE NPT 5 30 S AL 43 ) 3
AP AL 5 T - S AL R R A
JELBE 5 i o BRI 25 3 S T2

P76 A A Ay vl P3E PN 25 5 R0 AE R G, R
T - UURRR G R BT DUA G2 19 25 8] 43 Sk A e 1k
oM o LA e RLIE R A SEAT S 2 R 5], KA Y B
BT U2 R (300~500 m) AT HLT B R LB
SR A BT ARAR & A X o BB AR A sk
6 10 I 0T, K 2 W R TR L 8 i R
TR A A AR 5 RO A2 NI i e R T AR S
CRiAE/NT 10 wm) (5 FE KT 80% , e it A HLE S5 35 4
Vs 4R s Wi 240 Bl R BURFR N T B 175 AR M 45

HbJZ S fm
100

600
1100

0 50km |]1600
| I

b. FER AT SP LMD Z R BE S A



782 WPRAE, 45 . VU1 2t 2 el 2% € BRGE SUA SR A2k Jig Bt S il

2026 4F
Fle HaW

R2  HKE AR KA K TUA S RURUEHEX

Table 2 Comparison of shale gas accumulation characteristics between tensional trough and slope of tensional trough
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Fig. 3 Comparison of reservoir space development characteristics between Qiongzhusi Formation and Longmaxi Formation in typical wells
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B AR

aUm
10]



784 WPRAE, 45 . VU1 2t 2 el 2% € BRGE SUA SR A2k Jig Bt S il

2026 4F
et Hal

0 50 100 150 200 km
1 1 J

—»Z

] [
CUTTTVATE NG 0 R

| ....... | /| |_/|

WA hiE AR rsd
RAFIHER

fox bl

IS DU fih MR PR 2T T8 RGTER AT <P 4T 2 A5 AL R AF (R

Fig.5 Raman equivalent R contours of Lower Cambrian Qiongzhusi Formation in Sichuan Basin and its surrounding areas

B M TR S BRSNS R R B E T
FERBI,

PN IR T & Rt HERRE IR, BIF ST X 58 B 1 1K G
FARBEAR, UACFHEH o BOR R A MO, K
S A R 18 681 78 DU 8 2 v R ) S A, K
B8 T - 187 5 S22 1 2 o v AL B e X i 2 1) 5 T SR
O3 B R AR i — 254 K IR BRI 4 o 24/ NBEHEA T
R, BB 4 58 AR R T 2 s AR R e T
TUASRB eI M i . X AR R 455 N H | fift
)2 TUH ST R USR58, B i i S 4 Tt 3 3
TRIETUE SR & SRR 4 22 KR 0 < A LA
I L

222 EZ4RTFHE5FE EAFZKR(2016—2020 F)

LT 3 ST 10 S RERE IO B — KPS
AP AR X SRR 5 2 7 B KB 2 000~

2500 m) , #UAAE R KT 90% ; B U0 E) 20T 200 B )
PR 45 %8 20~30 m, BRI R 2 B BSOS % 30~50 B, R AR
By [ R RE CRLAR 100~800 wm ) $ T 24 4% 42 2= 1% (i) 2
P ARAR 1.2~2.0 km®) ", il gz X B gl 202H8
B R = 4EAKCE I+ U E R 2L, EUR #2871 28 1.5%10°
m?, 58— I 5 80% ;b 36 25 A b I Y v 4 TR
(BEEHE/NT 15 m) , = a4 ot 3 4519,

223 a4 FHSMMELR K021 FFE4H)

BRI FARIE TR A2 > (RL) B3k, SEA @l A i
R BRI 5 T SRR, SEEKCE Bl B 2
AL (CLBIRZ /N T 0.5 m) . WEHE—ZEZYHEY
R AL S0 ARl Sk B 2l S RE RS M A5 KR, Bl IR AR
FETF 40%147 By B 245 AR R R I A COLE Ay 24
WL, B A 2055 (BRI R KT 90% ), [l it 512
B COLETFE ., TEARLAR 50~200 nm 198 BERTHE ) RS e



2026 4F
et Hal

WPRAE, 45 . VU1 23t S Jo 2% T8 iR SUA SR TT Ak Jig Bkt S il 785

B3 32 2848 (EIERBE T 15 MPa) | 3006 AR R 4% N 2%
(O SCREEEER T 5 55/m) o 7350, B BEAL P Rl 4
AT B PR K R %P T I I A - PR oK
i , A A AOCE AL IR I 248 T i, 255 TR UL
SBMARES R (R AL ) o IR R 22 )
LR PN SRR A i it T 07 %8 (AL 36 — B 2
J& EUR P8l #FRAR 30% )14,

WRTUA R TR ARG K =43 D)
I BEAN PR 273 YR AR, A% 0 AL RE TS IR ™ #e [1]
AT R . BB SRR R i R
SN TRRE MR G275 BB R THE)Z %
ERCR G IR AR R i TR AR R
i B AR ) 3 A, K AR - T AR - T — 1K
EIF AR R, LSRR 4 500 m DAUR 5% 8 19 KA 40 2%
k.

3 I A TR B S A R Y

3.1 HIEHEEBK
3.1.1 #HER R EARAFREEE K

TR DU L Z B AR R SRR
YT AR - OB AL B R B 5 e DR A A K%
5 R TOC v B B ) /5 d o T 2€R 48 Ik ToC
ToaA R A I LAITCHLAL e ol & LR AR
FERL e = 8 R s p A = 2 i G 77 80 4
WAL, R R 5 A AN, B ik s )
R, T BT BR800 22 R AL 5 R Y
pOp

3.1.2 MR- TACHE TN KA

HEATSFAAG)ZE LAY 55 S ARSI R
FORIME LURE 400N s 5 e SR LA EL , SRA7T =1 41 00
(4 500~5 500 m/s) 5 [l 4 22 5 46 /1N 20%~30%, 4% i &
PEXT TOC U FEAIG, AlogR 15 3 AR J3 850 5 75 Uk B 25 32 b
T (R SRR T 40%) TH™ &, TR S
Bk R A B ARG eV FE 25 L T 4% ) S PR A O
BESE, T R R ALY,

303 % d R A AALH K

o T g R R AU f 3 T MR R 4 500 m i
FRIRE FA BT 180°C, ML LWD (BEES I3 ) 1%
RABFERT 40%; H )2 . J1 REOK T 1.8, I 4% XU 5 o
A (R F 80 MPa) B il 2448 9 J& (2 K KT 100
m) , RS U8R ™ E (I8 RECK T 5%107* m/min) , FRLJF:

EUR Y (0.8~1.5)x10% m*, SEH-58 822, IR 2 v it
NIRRT B AR R R (W T IX ), SZ R A S
T HAE S WK T 50%524,

314 BAXBLRERPRHAGTHESLE

TUA S ERTT K 1 AR L i 2 5% M FL m] ek JR 1Y)
HELWHE, AR IUA TP R = & BRI
A (1.2~1.5)x10% JC, EUR KT 2x10% m?* J5 rf 2441, {H
PRI BRI T 50%; K22 5 e, IR K KT
2x10* m?*, i 43R HE AL BEXE K, A AU X R A7
PR, sk e Skt R R P & 58 -1,

32 RE#ZEN
32,1 RALE EAER

W BRI SR AT S AL VU SR T A ML, 57 T 1R
SHMTEH AR : ORI F 4 5UA AU E S50 T
A/ N2 BLALEAN T EEAR IS A LS Y B2 AR AE , R
A BRI R T 0T 5 TR A X M A e pASE
S AR SR AT SR AR RIS AL A AR R ) B A ke
BILH A S AR B S U5 LT 7 T BR A5 ) 1 5 Oy e
Z2 L BRTE AR R 4K CT-FIB-SEM BX & R AEH:
A, 78 5 ZI1H 50 ~ 200 nm FiRAL 5 5 ~ 20 pum TURLEE (1 BT
ARG OCER , T AR A IR A RO ; B8 %
25 ST AR A HE TOC  FLIR Sl 8 50 M7 s ) %K
(RTF 1.2) S AT TFE bR A R o B0 Rl 4
BCTEARE , IR RL KA T Be K R AR I X B =
— 8RR : 15 TOC & i (KT 2.0%) R ME e 4 & it R
T 68%) i ALERIE (KT 4.0%) M2 E 2B (KT 1.8);
[ FsF 58 e, = 4 b o A 155 e 8 S T A IO, 5 40 221 i 75
LI A 25 [ R A R

322 KRBT IAZ ALK

fil A 22 H AR T B IR TR — AR < it
SR WEEM AT Y . D& R 2 A B AR B B
AU S8 WAE AVO J& 15 i 3 Hr iR, g2 57 ToC
A AR | F5T 0K FE 7] 1k 80% LA b s @4 Ak H: fi B¢
J7 8, 5l AJC R (F3K5E (ECS) 58 BE IR (NMR) B
AR T, - T, R HUR R A, T FLEREE -5 <
PEE A AR AL 5 DA b 5 — T AR — R AL 3 5 b
IV 7185 KIRZABE L St 0 T S50 M T ek
PN FEEL, N 2407 BT SRR AR bR AR

TR R 5 P i BB 20 529 T 2 AR ot
e W L B 7 1 < ORI 5L 95 O T4, OF



786 WPRAE, 45 . VU1 2t 2 el 2% € BRGE SUA SR A2k Jig Bt S il

2026 4F
Fle HaW

K 220 CHiEs%E T 10 2 48 (40 DL 52 K7 AutoTrakG3) (Bt
WA FT O AR R B K T 965 MPa) , B 2S48 K sk 4 4k
T4 B 1o TR AR R I K T 48 b QAR BR IR T2
TRZ L HE) HE I A COE 2 ARk B 3 e 1) R CRi 424
T 50~200 nm) TR 8 ; @5¢ 36 58 a5 H i it , R I
MEE + K4 G (FUHF 3R KT 100 MPa) , N FH 78
AR (15 15 AR BB R KT 90%) 5 [ 207 ) (UL
F/NTF 0.1 m/min) , JEK L4 A 3500
324 pHBERKHALEHETFL

ST VU Z M TR ST & AR T 0 5 e o I Bk 2 e
ok, R IR AR TG A H AR KRR SR IR
A AR T 1] BOR S R SR A BOCR R | W SRS T 1)
W QLA BB AR I INTF ARFCA T3 B 510
BA AL SR O H A BT A R R 4 1 F
KA B R IRZ DU S & S Bra; QAT 1. sk
FEVE AR 2 AR FC R AL N, R Ry PR IT e JAS [R5
SRR T2 B2 CO TR RS SRR G R FH B
RESHAS MR A | SCEUIF & AR AR S sz 45 B
HENT A A A TR — IR AL PPN AR AR (o IR S b 5 46
VAL as A8 b IT R R Gu b e m AL YR R PEAR W6 5 A B
IR AR BRI RS TR, LT ARk ek
KRG — ; @i BUR LR R ARFTBIR L
B ORHERE 5 G G AR R AR O
7l V& M 75 SERLA  BhHE DU )1 F 0 DU ST R 1) R
gt bR

1) A [ JE G A R D R R 23 34 B B
390 BRI 8 DX B B\ H AR B A5 R S
B BERL R i B T 5 TR R IR B BE . B3 TR BT IA
W O SRR T 5547 7 4L ss A HLB DU 5 e )2 &
B Q7 UE & A VLT PR TCA U £ 50
i, B AT SR A TUE UK O AR R+
JZ w4 WS IORUE X 5 )y A R T T T BE A X AR
CRE-E RS PR S 3 4t TR BOREACORFHA I
PR G  BURSEOR | =K 5 8O R R A
RER T SR BRI ZEEAR) , Xl sl b [ R S GE U <)
PRI H R SRS 2 S B

2) 1R TR P P T B A A - e - BRI B S A
[ 2 R U e ™ g A SRR DR A o AN L L o - T
AR TN 7 T PR A A B A R S ER B AR 4 A
)R BT PR 5 1 B R S I R A SR VBRI 5
FE ST 22 1 DR AL B A S 5 1) D0 1] 3t T € RGeS AT
S U U SO A G TR+ R AT DU

) 2 22 S A PR B e SRR SR 5 A R 22 S P il 5 P B AR
BIF Rt v it e P 2B A, LA BHEA T REAL A S R AR 55
& % x #

(1 B, aRmubk, X 28 B, A5 )1 et DX B 7 < 20 DA SRR &

BRI R RARERRFE, 2025, 36(1): 13-24.
YANG Xuefeng, ZHANG Chenglin, ZHAO Shengxian, et al.
Characteristics of shale gas reservoir and enlightenment of
exploration in Qiongzhusi Formation in southern Sichuan Basin[J].
Natural Gas Geoscience, 2025, 36(1): 13-24.

2] mAT7. RS, SRHRIR.SF ARG 2 X SUE R AR

WAL AIF 5 LA DO 1] 4 00 7 T 2 1 ) 1 DXP A 2 1 )2 S A . il s
PP 5T, 2024, 14(3): 458-467.
GAO Quanfang, ZHANG Peixian, GUAN Linlin, et al. Influence of
lower-level reverse faults on shale gas enrichment and high yield: A
case study of Pinggiao Dong—1 Fault in Nanchuan area, southeast
margin of Sichuan Basin[J]. Petroleum Reservoir Evaluation and
Development, 2024, 14(3): 458-467.

3] EEW, B, BOY, & WIE KT SOERRED

B YU T RS AN (1), R AR O ER B, 2016, 27(3):
423-432.
WANG Yuman, HUANG Jinliang, WANG Shufang, et al. Dissection
of two calibrated areas of the Silurian Longmaxi Formation,
Changning and Jiaoshiba, Sichuan Basin[J]. Natural Gas Geoscience,
2016, 27(3): 423-432.

(4] FBIF. TR SURA 0 AR DO K R 2 e
B GUE TR BRI HuFer i, 2014, 88(7): 1209-1218.
GUO Xusheng. Rules of two—factor enrichment for marine shale gas
in southern China: Understanding from the Longmaxi Formation
Shale gas in Sichuan Basin and its surrounding arealJ]. Acta
Geologica Sinica, 2014, 88(7): 1209-1218.

(5] 2, sk, R, 55 R TR IR TEER R ITUER
AR AR SEERLT]. LR, 2017, 22(1): 21-28.

XIE Jun, ZHANG Haomiao, SHE Chaoyi, et al. Practice of geology—
engineering integration in Changning state shale gas demonstration
arealJ]. China Petroleum Exploration, 2017, 22(1): 21-28.

l6]  ZESL, BREEAE, A2, 55 . DI T — el B R R TUA SR X
Wi TF A AR S IRRI] KRR TAL, 2022, 42(8): 136-147
YONG Rui, CHEN Gengsheng, YANG Xuefeng, et al. Profitable
development technology of the Changning—Weiyuan National Shale
Gas Demonstration Area in the Sichuan Basin and its enlightenment
[J]. Natural Gas Industry, 2022, 42(8): 136-147.

(7] WherA:, sksR S, A, S5 . 0] i R O 5 il X UG — T

IHIE A UR SRR R R SRR (T ). A5 RAR ST, 2025, 46
(6): 1807-1822.
YAO Hongsheng, ZHANG Peixian, HE Xipeng, et al. Classification
and exploration practices of shale gas reservoirs in the Wufeng—
Longmaxi formations in the Sichuan Basin and its periphery[J]. Oil &
Gas Geology, 2025, 46(6): 1807-1822.

(8] WAL, SRR, X I, 45 . DUJI fth FE IR FRAT <P ALHT A e
FURIRHLEE S IR SR A1 imIlR 5 TF %, 2025, 52(1): 57-69.
GUO Tonglou, DENG Hucheng, ZHAO Shuang, et al. Formation
mechanisms and exploration breakthroughs of new type of shale gas

in Cambrian Qiongzhusi Formation, Sichuan Basin, SW ChinalJ].



6%

2026 4F
%543

WPRAE, 45 . VU1 23t S Jo 2% T8 iR SUA SR TT Ak Jig Bkt S il

787

(91

[10]

[11]

[12]

[13]

[14]

[16]

Petroleum Exploration and Development, 2025, 52(1): 57-69.
IR, BESE, HRIE, RO F R A R S
S DU A BT R T TUA RS BURRD A R B R 7R . A1
SR, 2023, 50(1): 24-37.

GUO Tonglou, XIONG Liang, YE Sujuan, et al. Theory and practice
of unconventional gas exploration in carrier beds: Insight from the
breakthrough of new type of shale gas and tight gas in Sichuan Basin,
SW ChinalJ]. Petroleum Exploration and Development, 2023, 50(1):
24-37.

SR . PR GUA UK SR Y 5 S8 8 DA Ak B R RN, 4
SIPEN S IF &, 2025, 15(3): 339-348.

GUO Tonglou. Review and reflection on shale gas development in
China: From Silurian to Cambrian[J]. Petroleum Reservoir Evaluation
and Development, 2025, 15(3): 339-3438.

3R, S ILE, 25 DO F 8 P — 2 5 2L e il AR 5
VrSp IR )2 TUA UL BT TR — R Al i 7 T 1 3 S ik S I 8
BELI. LR, 2024, 29(3): 58-68.

ZHENG Majia, GUO Xingwu, WU Ya, et al. Cultivation practice and
exploration breakthrough of geology and engineering integrated high—
yield wells of ultra-deep shale gas in the Cambrian Qiongzhusi
Formation in Deyang—Anyue aulacogen, Sichuan Basin[J]. China
Petroleum Exploration, 2024, 29(3): 58-68.

JEBL. A4 30, B, G5 DU S R SR AT S 2 DU A -
™ U B R AT 5L, AR5 T %, 2024, 51(6): 1211-
1226.

YONG Rui, SHI Xuewen, LUO Chao, et al. Aulacogen—uplift
enrichment pattern and exploration prospect of Cambrian Qiongzhusi
Formation shale gas in Sichuan Basin, SW China[J]. Petroleum
Exploration and Development, 2024, 51(6): 1211-1226.

LMK, SRR, ARIRTT, A5 PO F AR IO R R AR A
BIF R AR K] A73025 48, 2023, 44(1): 91-109.

JIANG Pengfei, WU Jianfa, ZHU Yiqing, et al. Enrichment
conditions and favorable areas for exploration and development of
marine shale gas in Sichuan Basin[J]. Acta Petrolei Sinica, 2023, 44
(1): 91-109.

ARARE, FERUE, BEA, A5 IR UASORIX A L B2 R AR
PR R L PR B XS BT A7 5 K AR M BT, 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 ChinalJ]. Oil &
Gas Geology, 2024, 45(2): 309-326.

SRIET, R, BRSSP EBUE THUBARE . SRS S
KIETT 1. AR S IT &, 2025, 52(1): 15-28.

GUO Xusheng, WANG Ruyue, SHEN Baojian, et al. Geological
characteristics, resource potential, and development direction of
shale gas in China[J]. Petroleum Exploration and Development,
2025, 52(1): 15-28.

(SRR BT N | o A R SR W (Y T = A S Y e
PO SRR R T2, 2025, 48(1): 37-45.

GAO Jian, WANG Haige, SONG Shigui, et al. Reform and
preliminary study on the mode of CNPC engineering intelligent
support center{J]. Drilling & Production Technology, 2025, 48(1):
37-45.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

I, skmefh, AEA, 45 . b DA R R MR RI). i
BlaE5E 2, 2023, 8(4): 491-501.

MA Xinhua, ZHANG Xiaowei, XIONG Wel, et al. Prospects and
challenges of shale gas development in ChinalJ]. Petroleum Science
Bulletin, 2023, 8(4): 491-501.

SF I, JEAE, R, 45 SR SUE SEIRIT DI RE . MU BUREIE AN
TR FIIAAERT HE BOR R A1ih2A4R, 2022, 43(12): 1687-1701.
ZHANG Junfeng, ZHOU Zhi, SONG Teng, et al. Comparison of
exploration and development history, geological characteristics and
exploitation conditions of shale gas in China and the United States
and its enlightenment[J]. Acta Petrolei Sinica, 2022, 43(12): 1687-
1701.

B, ks, FRE, S IR TR ECR ST ST A KA 1 2 8 5T
A BUREAR S o N R S AR R AL, 2025, 12
(1): 19-29.

GE  Zhongwei, SHI Hongliang, ZHOU Hua, et al. Geological
characteristics of shale gas and research on enrichment and high
production geological factors at edge of tensional trough of Cambrian
Qiongzhusi Formation in southern Sichuan[J]. Unconventional Oil &
Gas, 2025, 12(1): 19-29.

VPl SR 4, TR, A5 A SR PRI AR B A = AR
Jr 5 DU e R R A, M B, 2022, 41(7): 1226-1236.

XU Guang, HAN Zhijun, ZHANG Junfeng, et al. Progress of public
oil and gas geological survey during the 13" Five—Year Plan period
and prospect forecast for the 14" Five-Year Plan[J]. Geological
Bulletin of China, 2022, 41(7): 1226-1236.

O, B SR IR R AT IR TS
WMAREN 5T &, 2021, 11(1): 14-21.

XIONG Liang, GE Zhongwei, WANG Tong, et al. Exploration

sl o
RE5u,

potential of Cambrian Qiongzhusi Formation in southern Sichuan
Basin[J]. Petroleum Reservoir Evaluation and Development, 2021, 11
(1): 14-21.

TRKAR, B LM, ARBTIC, 45 DU F R FE G AT < H TR
BRACZE AR S LR B R HLHIT]. KR THERBL2#, 2024, 35(4):
688-703.

ZHANG Tianyi, HUANG Shipeng, LI Xianging, et al. Sedimentary
geochemical characteristics and organic matter enrichment of the
Lower Cambrian Qiongzhusi Formation in the Sichuan Basin[J].
Natural Gas Geoscience, 2024, 35(4): 688-703.

W—2, frof 30 XSG, A5 DU 4 b 1 B — 22 J 2R B A v B 5
Pr=p AUCBGE AL B S A AR L], KRBT, 2024,
35(12): 2106-2120.

YANG Yiming, SHI Xuewen, LIU Wenping, et al. Sedimentary
evolution model and favorable facies belt selection of the Qiongzhusi
Formation in the middle section of the Deyang—Anyue rift in the
Sichuan Basin[J]. Natural Gas Geoscience, 2024, 35(12): 2106-2120.
MR, f12F 30, 2R A0, A . U1 Z P B — 22 5 A A 3R A <
L SOV S IR T7 [ ()], P iR, 2024, 29(6):
67-81.

YANG Yuran, SHI Xuewen, LI Yanyou, et al. Paleogeomorphology,
sedimentary pattern and exploration orientation of Qiongzhusi
Formation in Deyang - Anyue Rift Trough, Sichuan Basin[J]. China
Petroleum Exploration, 2024, 29(6): 67-81.

XUERHE, 2o, X E e, 45 ) edb AR e s R AT SR 2 o0



788

WPRAE, 45 . VU1 2t 2 el 2% € BRGE SUA SR A2k Jig Bt S il

2026 4F
Fle HaW

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

3 M ER A SRR B T L)) R AR B ER B 27, 2025, 36(5):
936-952.

LIU Huiping, RONG Jia, LIU Ziliang, et al. Element geochemical
characteristics and geological significance of the Cambrian
Qiongzhusi Formation in northern Guangyuan, Sichuan Basin[J].
Natural Gas Geoscience, 2025, 36(5): 936-952.

HRFA, 45, AR, & D0 I T FER G UA A R
e & W E B K b ST B SCID. A il S 6 4 5T, 2019, 413):
435-442.

HAN Yuyue, RAN Bo, LI Zhiwu, et al. Characteristics of biomarker
compounds and their implications for Lower Cambrian black shale on
the northern margin of Sichuan Basin[]J]. Petroleum Geology &
Experiment, 2019, 41(3): 435-442.

W, BUK, slAE, 25 a1 g SRR G AT AR A A L
Jot 22 5 AR AL 5 R SR B PR U T . A il SE 36 b T, 2021, 43
(4): 611-619.
YANG Yu, LUO Bing, ZHANG Benjian, et al. Differential
mechanisms of organic matter accumulation of source rocks in the
Lower Cambrian Qiongzhusi Formation and implications for gas
exploration fields in Sichuan Basin[J]. Petroleum Geology &
Experiment, 2021, 43(4): 611-619.

e, XBPRIN, 4, 55 . DU 1|4t B HL R % FE i e S A < 4L 4
RLIUBURHIE S B2 PR (1. A1 70 S B, 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 Sichuan Basin and on its
periphery[J]. Petroleum Geology & FExperiment, 2023, 45(5):
857-871.

Z0U C, ZHAO Z X, PAN S Q, et al. Unveiling the oldest industrial
shale gas reservoir: Insights for the enrichment pattern and
exploration direction of Lower Cambrian Shale gas in the Sichuan
Basin[J]. Engineering, 2024, 42: 278-294.

WRTEVE , S8, AT — L, 55 . DU )1 4 2 B 1< 7 e skl o B %€
RGP DUA ZLAE DR RAE Sty SRS Shid 2. st BB
IR, 2023, 42(3): 142-152.
CHEN Liqing, WU Juan, HE Yifan, et al. Fracture vein
characteristics and paleofluid activities in the Lower Cambrian
Qiongzhusi shale in the central portion of the Mianyang—Changning
intracratonic Sag, Sichuan Basin[J]. Bulletin of Geological Science
and Technology, 2023, 42(3): 142-152.

WANG R J, LIU Y, LI Z Q, et al. Microscopic pore structure
characteristics and controlling factors of marine shale: A case study
of Lower Cambrian shales in the Southeastern Guizhou, Upper
Yangtze Platform, South ChinalJ]. Frontiers in Earth Science, 2024,
12: 1368326.

EREE, T30k, 2R, 5 AR i — B L X T JER G A4 B
00 BEAE KT BT 5 E R 40 24z, 2016, 37(7):
832-845.

WANG Ruyue, DING Wenlong, GONG Dajian, et al. Development
characteristics and major controlling factors of shale fractures in the
Lower Cambrian Niutitang Formation, southeastern Chongqing—
northern Guizhou areal[J]. Acta Petrolei Sinica, 2016, 37(7): 832-845.
fifie, B, 2=, 45 . PO gt T G AT SR LA DU R
FAIF RS AR T E AR, 2024, 29(1): 142-155.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

HE Xiao, LIANG Feng, LI Hai, et al. Breakthrough and enrichment
mode of marine shale gas in the Lower Cambrian Qiongzhusi
Formation in high—yield wells in Sichuan Basin[J]. China Petroleum
Exploration, 2024, 29(1): 142-155.

JARVIE D M, HILL R J, RUBLE T E, et al. Unconventional shale—
gas systems: The Mississippian Barnett Shale of north—central Texas
as one model for thermogenic shale-gas assessment[]]. AAPG
Bulletin, 2007, 91(4): 475-499.

FRE R, BUHTG, X, 45 DUBURORZE ZUR b n] R A A
RO FH : LA 22 30 e b Bl 2 s DX AR 21 7 B S 9 0. 3 o g 2
%, 2024, 30(6): 893-905.

WANG Guanmin, ZHU Xinyi, LIU Hai, et al. The application of
sedimentary microfacies on the fracability of tight sandstone reservoir
in Chang 7 member of Longdong Area in the Ordos Basin[J]. Journal
of Geomechanics, 2024, 30(6): 893-905.

LRI, S, TKREE, A5 DU A T JE RS SR AT <5 20 DA LB
S5 R AE 5 B AR ] R AR Tk, 2024, 44(3):
131-142.

LIANG Feng, WU Wei, ZHANG Qin, et al. Shale pore structure
characteristics and shale gas occurrence pattern of the Lower
Cambrian Qiongzhusi Formation in the southern Sichuan Basin[J].
Natural Gas Industry, 2024, 44(3): 131-142.

SONG D D, TUO J X, DAI S X, et al. New insights into the role of
system sealing capacity in shale evolution under conditions
analogous to geology: Implications for organic matter evolution and
petroleum generation[J]. Marine and Petroleum Geology, 2022, 140:
105659.

F I, fsz, HEEL, 55 . I R X SRATFLBT)Z R OUE B2 RHAIE
(7. SR 5 I 42, 2021, 11(3): 443-451.

WANG Tong, XIONG Liang, DONG Xiaoxia, et al. Characteristics of
shale reservoir in new strata of Qiongzhusi Formation in southern
Sichuan[J]. Petroleum Reservoir Evaluation and Development, 2021,
11(3): 443-451.

g, )T, S, 5 RZ TUA U R B HAME R 5806
F ] KA Tolk, 2021, 41(1): 118-124.

HE Xiao, LI Wuguang, DANG Lurui, et al. Key technological
challenges and research directions of deep shale gas development[J].
Natural Gas Industry, 2021, 41(1): 118-124.

%2, R, Sk, 55 . DU Z b g Bt DX 22 DU U AR T
FHTHEE SRR KRR T T, 2022, 42(8): 24-34.

HE Xiao, CHEN Gengsheng, WU Jianfa, et al. Deep shale gas
exploration and development in the southern Sichuan Basin: New
progress and challenges|J]. Natural Gas Industry, 2022, 42(8): 24-34.
AURR, TR, W E AR A TR EORBUR | PR R
HEF]. RIS, 2013, 33(10): 1-10.

SHI Lin, WANG Haige, JI Guodong. Current situation, challenges
and developing trend of CNPC’ s oil & gas drilling[J]. Natural Gas
Industry, 2013, 33(10): 1-10.

BRLTE, T A, AR, S S SUR UMRTT & SRR,
FIMHLIR, 2011, 39(9): 78-83.

LI Hongsheng, WANG Haige, JI Guodong, et al. Key technologies of
shale gas exploration and development in the United States[J]. China
Petroleum Machinery, 2011, 39(9): 78-83.

PSR, JAEAE, 5T, S R A ICE R R BDIR 5



2026 4F

et H4 WRtE, 55 . U1 B J] 2% FEIRGE VUA U RTT K ik J Pk R B s 789
[J]. " A TR EAE, 2020, 25(2): 14-26. of rubber composite casing for preventing shale gas casing

[44]

[47]

[49]

[50]

[51]

[52]

SUN Huanquan, ZHOU Dehua, CAI Xunyu, et al. Progress and
prospect of shale gas development of Sinopec[]]. China Petroleum
Exploration, 2020, 25(2): 14-26.

TKREHE, %, ZE/NW, A5 L DO F it SO SR R . PR
TS KRR T, 2021, 41(8): 143-152.

ZHANG Liehui, HE Xiao, LI Xiaogang, et al. Shale gas exploration
and development in the Sichuan Basin: Progress, challenge and
countermeasures|J]. Natural Gas Industry, 2021, 41(8): 143-152.
A, ORI, A, A AR IR B0 FOR IR R K R R TT 19T, A
MENRSIT K, 2019, 46(3): 580-587.

LET Qun, GUAN Baoshan, CAI Bo, et al. Technological progress and
prospects of reservoir stimulation[J]. Petroleum Exploration and
Development, 2019, 46(3): 580-587.

BRI A T3 AR I I 4 B R R R R O T
] A ihAEdR, 2020, 41(12): 1445-1464.

JIA Chengzao. Development challenges and future scientific and
technological researches in China’s petroleum industry upstreaml[J].
Acta Petrolei Sinica, 2020, 41(12): 1445-1464.

XVEA, s, B o R R — B E RS R R K
RIEIT ). A7, 2024, 45(1): 312-324.

LIU Yansheng, ZHANG Jiawei, HUANG Hongchun. Key
technologies and development direction for deep and ultra-deep
drilling and completion in ChinalJ]. Acta Petrolei Sinica, 2024, 45
(1): 312-324.

e FEA L AR AL SO TRRHOAR A T AT HE R[], KR T,
2021, 41(8): 153-162.

GAO Deli. Some research advances in well engineering technology
for unconventional hydrocarbon[J]. Natural Gas Industry, 2021, 41
(8): 153-162.

XU 7, A e, FRMEAE . B TR — PR AL Al I H R B ot i K
UK Tr 1) LAY I 4 1 0 S22 50U SR 2 S B[], KRR T,
2021, 41(1): 178-188.

LIU Qingyou, ZHU Haiyan, CHEN Pengju. Research progress and
direction of geology—engineering integrated drilling technology: A
case study on the deep shale gas reservoirs in the Sichuan Basin[]J].
Natural Gas Industry, 2021, 41(1): 178-188.

ARARE, B AR, A5 P EEE S I S POT R S e EOR
FEIR[)]. HuF2E4R, 2015, 89(6): 979-1007.

70U Caineng, YANG Zhi, ZHU Rukai, et al. Progress in China’s
unconventional oil & gas exploration and development and
theoretical technologies|[J]. Acta Geologica Sinica, 2015, 89(6): 979-
1007.

FEREZE, AERR T, o POH, 45 Mk ) A B R 5 8 AR ]
Hi 24, 2011, 85(11): 1744-1805.
YUAN Guiqin, XIONG Shengqing, MENG Qingmin, et al.
Application research of geophysical prospecting techniques|J]. Acta
Geologica Sinica, 2011, 85(11): 1744-1805.
R, 8 SO I 5,45 . BBy A B AR 4L B O
B U sy UIEREFAN L] AR TE,2023, 43 (11): 131-136.
CHEN Zhaowei, ZHOU Wengao, XIANG Degui, et al. Development

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

deformation and its shear resistance evaluation[J]. Natural Gas
Industry, 2023, 43 (11): 131-136.

BEUFAR, B, TR A, A L RZE TUR SR BORME 215 0 0K
[J]. B2k 125, 2019, 42(3): 20-23.

FAN Haofu, ZANG Yanbin, ZHANG Jincheng, et al. Technical
difficulties and countermeasures of deep shale gas drilling[J].
Drilling & Production Technology, 2019, 42(3): 20-23.

FECHEME . 1 R R b DR 2 DA SUR T BRI, A il B AR L
R, 2018, 46(3): 7-12.

ZANG Yanbin. Key drilling technology for deep shale gas reservoirs
in the southeastern Sichuan Region[J]. Petroleum Drilling
Techniques, 2018, 46(3): 7-12.

ARG, ls . 22 [H BUA UK IR ZRIT R BRI R 52 ()], A7
MR 5T &, 2015, 42(6): 801-807.

ZHANG Dongxiao, YANG Tingyun. Environmental impacts of
hydraulic fracturing in shale gas development in the United States[J].
Petroleum Exploration and Development, 2015, 42(6): 801-807.
M, X/INE. 06, 55 . 56 [ UR T R PRI DAL 4 1 i A HG
JAZRITL. AR T, 2013, 33(5): 115-119.

TIAN Lei, LIU Xiaoli, YANG Guang, et al. Enlightenment from
environmental risk control measures in the U. S. shale gas
development[J]. Natural Gas Industry, 2013, 33(5): 115-119.

B ®, 22T USRI EREOR KRB [ BRI, R
SRR 5 A1, 2013, 31(1): 48-53.

QIAN Bozhang, LI Wuguang. Discussion on hydraulic fracturing
technology in shale gas well development and relative environmental
issues[J]. Natural Gas and Oil, 2013, 31(1): 48-53.

s, e s, B, & . RE SUE TR IEZ T BUIR
IF) 5 B A L], RAR Tk, 2018, 38(8): 119-125.

YANG Demin, YU Yuanxiu, LIANG Rui, et al. Environment impact
appraisal(EIA) for shale gas development in China: Present status,
existing issues and proposals[J]. Natural Gas Industry, 2018, 38(8):
119-125.

ANEL B, ThAt e, AF 3 TUA ST R B B R R R AR
[J]. FREE T2, 2015, 33(9): 139-143.

LI Xiaomin, SHI Lingling, MA Jianfeng, et al. Environmental impact
characteristics of shale gas development in ChinalJ]. Environmental
Engineering, 2015, 33(9): 139-143.

g TR, EER, 45 SEETUAE I R T RYIRME S WA )
R ICR7RT]. RERR Tk, 2012, 32(9): 102-105.

FENG Lianyong, XING Yanjiao, WANG Jianliang, et al. Experience
and lessons from the U. S. shale gas development in terms of
environmental and regulatory issues[J]. Natural Gas Industry, 2012,
32(9): 102-105.

K E R . Marcellus JUE S IF R A K B2 IR PR R 5 BRI 52 ma[J]. B4
T2, 2010, 28(18): 103-110.

XIA  Yugiang. The challenges of water resources and the
environmental impact of Marcellus Shale gas drilling[J]. Science &

Technology Review, 2010, 28(18): 103-110.

(% R



